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We dedicate this book to the memory of George Lefevre in recognition of his exhaustive
cytogenetic analysis of the X chromosome and in gratitude for his many helpful comments on the
manuscript version of this revision prior to his untimely death in January, 1990.



PREFACE

The last twenty years have witnessed a remarkable
expansion in the definition of the Drosophila genome.
The emergence of Drosophila as an organism of
choice for molecular-genetic investigations of eukary-
otic biology has attracted a large number of talented
workers to the field, and the rapid advances in mo-
lecular technology have provided new and sophisti-
cated tools and generated novel kinds of information.

This work is a revision of “The Genetic Variations
of Drosophila melanogaster” by D. L. Lindsley and
E. H. Grell, which appeared in 1968 and was essen-
tially a complete catalogue of mutations and chromo-
some rearrangements of Drosophila melanogaster as
of the end of 1966. The present volume purports to
be such a catalogue current until the end of 1989. The
illustrations are primarily the work of Edith M.
Wallace, the artist employed by T. H. Morgan; they
were mostly drawn between 1920 and 1940. The
same illustrations were used in “The Genetic Varia-
tions of Drosophila melanogaster” and its predeces-
sor “The Mutants of Drosophila melanogaster” by
Calvin B. Bridges and Katherine S. Brehme. At the
time of the 1968 publication, genes were identified
exclusively through the existence of mutant alleles;
the only wild-type alleles considered were electro-
phoretic variants of a few enzymes, and the only gene
for which there was any molecular information was
bb. Amino-acid and nucleotide sequencing and the
polymerase chain reaction were concepts for the fu-
ture; cloning of DNA sequences had not been imag-
ined; transposable elements, hybrid dysgenesis, and
transformation were unsuspected. These technologi-
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cal advances have shifted the emphasis to normal
gene structure and function rather than exclusive con-
sideration of mutant alleles. This shift in emphasis is
reflected in the title of the present volume, “The Ge-
nome of Drosophila melanogaster.” The ability to
identify a gene from either its protein product or the
homologous product from another species, rather than
the converse, has led to the discovery of many new
genes for which no variant had been previously
recognized. In addition, new genes with interesting
expression pattems are being discovered in enhancer-
detection lines.

Interim versions of the majority of the material con-
tained herein have appeared in the form of volumes
62, 64, 65, and 68 of Drosophila Information Service.
This volume contains information on upwards of 4000
genes and 9000 chromosome rearrangements. There
are categories of effects, little if at all represented in
the 1968 edition, that have assumed major proportions
in the present version. These include developmental
mutations, behavioral mutations, female-sterile mu-
tations, meijotic and mitotic mutations, Y-autosome
translocations, and transposable elements; in addition,
many regions of the genome have been subjected to
saturation mutagenesis so that large numbers of le-
thally mutable loci have been identified and defi-
ciency mapped. A major consequence of the mapping
efforts, utilizing both chromosome rearrangements
and in situ hybridization, is that the polytene map has
displaced the recombination map as the more useful
standard. The 1968 volume was subdivided into seven
sections: Mutations, Chromosome Aberrations,
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Special Chromosomes, Cytological Markers, Depar-
tures from Diploidy, Nonchromosomal Inheritance,
and Wild-Type Stocks. In the present version, the sec-
tion on Wild-Type Stocks has been eliminated, new
sections on Transposable Elements and DNA Se-
quences have been added, and a molecular biology
category has been added to the descriptions of genes
and rearrangements if the information is available.

We are grateful to our colleagues throughout the
world for their contributions and corrections to draft
copies. Those who have submitted entries or sections
of entries are acknowledged on the first line of the en-
try. Special thanks are due to a number of colleagues
whose efforts on behalf of this volume have been
more than substantial. In particular, Jeff Hall has pro-
vided almost all of the material on behavioral and
neuronal genes; George Lefevre and especially his
colleague, Catherine Coyle-Thompson, provided
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massive amounts of information and corrections to the
sections on X-linked lethals; Trudi Schiipbach pro-
vided descriptions of female-sterile and maternal-ef-
fect-lethal mutations. Jim Boyd and Scott Hawley
provided the entries on mutagen-sensitive and
meiotic mutants, respectively. Michael Ashburner
has been especially helpful in keeping us supplied
with his encyclopedic lists of mutations, chromosome
rearrangements, and references; in addition, he has
gone over the draft copies of the work and provided
detailed additions and corrections. Finally, Loring
Craymer and Abraham Schalet were most helpful
in reviewing material and pointing out errors and
omissions.

We apologize for the omissions, inconsistencies,
and errors in this compilation, Every time we reread
it we find new ones, but, mercifully, revision has to
stop sometime.

Dan L. Lindsley
Georgianna G. Zimm
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LOCIL. When the last edition of this book was
prepared, it was necessary to have two alleles of a gene in
order to identify and map a locus genetically. The subse-
quent development of methods for identifying and map-
ping loci by gene-dosage manipulation and by in situ
hybridization with cloned probes has led to the
identification and cytological localization of many genes
for which no allelic variability has yet been detected.
Thus, genes are now recognized by virtue of a phenotypic
response to the dosage of a specific circumscribed chro-
mosome segment, by the in situ hybridization of a
specific transcribed sequence to a polytene-chromosome
band, or by the existence of allelic variation. Each locus
so recognized is given a name which is descriptive of its
mutant phenotype or its wild-type function. The name is
concise and is preferably a simple noun or adjective; for
example, cabbage, canoe, and kidney or Curly,
outstretched, pink and rough. Loci recognized by virtue
of the protein that they encode are named as the protein;
e.g., Alcohol dehydrogenase, Actin, Calmodulin, etc.

The phenotype of flies obtained from natural popula-
tions is considered normal or wild type, and the alleles
carried by such individuals, the normal or wild-type
alleles. When the main characteristic of the nominate
mutant allele is recognized when it is heterozygous with
a wild-type allele, the mutant is considered dominant and
its name begins with an upper-case letter; when the nom-
inate allele is recessive, an initial lower-case letter is
used. The names of genes specifying proteins, for many
of which only the wild-type allele is known, begin with
upper-case letters. Cases arise in which the same locus
has received two or more names; other things being
equal, the earlier-applied name is adopted.

For convenience, a symbol is assigned to each locus.
This symbol is an abbreviation of the name that uniquely
designates the locus in question; it combines brevity with

information. It usually begins with the same letter as the
name, is always italicized, and does not contain sub-
scripts, or spaces; e.g., r for rudimentary, R for
Roughened, ro for rough, rs for rose, and ry for rosy. In
designations of genotypes with several mutant genes,
symbols of genes on the same chromosome are separated
by spaces (e.g., y w f B); symbols of genes on homolo-
gous chromosomes are separated by a slash bar (e.g., y w
JfIB); symbols of genes on nonhomologous chromosomes
are separated by semicolons and spaces (e.g., bw; e; ey).
Names are not italicized in text.

ALLELES. The alternatives or alleles at a particular
genetic locus are designated by the same name and sym-
bol and are differentiated by distinguishing superscripts.
The superscript notation designating alleles may take a
number of different forms. A common device is an
abbreviation that further characterizes the particular allele
or that was used as the locus symbol before allelism was
established. This practice is avoided because it has the
disadvantage of preempting useful symbols and names
from use as locus designations. Another unacceptable
device is the use, as superscripts, of elements of the geno-
type in which the allele arose, since such a designation
implies something more than a trivial connection
between allele and element. Finally, lengthy acquisition
numbers are avoided as allelic designations, since the
information that they contain is of no use to the general
user, and greatly exceeds what is necessary to differen-
tiate one allele from another; in the present version, many
such allelic designations have been abbreviated. In a
large number of cases we have replaced complex, and to
most users uninformative, superscripts with simple
numerial designations; we have not, however, been con-
sistent in this practice. Other acceptable superscripts for
allelic designations are arbitrary numbers, capitalized ini-
tials of the finder or laboratory, or the date of discovery.
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The numeral 1 is the implied superscript of nonsuper-
scripted symbols. Whereas genes in the same allelic
series are designated by the same symbol but with dif-
ferent superscripts, mutants with similar phenotypes at
different loci are not given the same symbol.

For a recessive allele of a preponderantly dominant
series or a dominant allele of a predominantly recessive
series, the superscrigts r and D, respectively, may be
used; e.g., Hn', Hn'*, and bw" . Finally, for the normal
allele in a series, a superscript plus sign may be used;
eg, b’ or BT, The plus symbol alone implies the nor-
mal (wild-type) allele or alleles in any context, such as
y/+ or y m fl+. Absence of a particular locus may be
noted by use of a superscript minus sign with the symbol;
.2, bb . Revertants or partial revertants of mutant
alleles are designated by the superscript rv followed by a
distinguishing number; revertants of dominant mutations
that are deficiencies are treated not as alleles but as
deficiencies and are accordingly not superscripted but
listed with the distinguishing number,

Loci encoding specific polypeptides or transcripts
require special conventions. In many instances, such loci
lack recognized allelic variants, but a single wild-type
allele is known; in others, polymorphisms exist in such
attributes as electrophoretic mobility, abundance, or sta-
bility, or mutants affecting activity, developmental-stage
specificity, or tissue specificity may occur; these are
designated as alleles in the standard manner; €.g., Adh
and Adh”. Alleles specifying the absence of a particular
enzyme or other protein are designated by the superscript
n (null) fo}]owed by a distinguishing number or letter,
e.g. Adh™ or where lack of function is inviable by [
(lethal), e.g., Nrg T Al such loci identified by virtue of
their wild-type gene product are treated as dominants and
are thus named and symbolized with initial upper-case
letters. Since all the genes described in this compilation
are Drosophila genes, we have not used an initial "D" to
designate the Drosophila homologues of genes originally
characterized in other species. Abbreviations for the pro-
tein and the gene are frequently identical, and both are
used in most discussions. The gene symbol may be dif-
ferentiated from the protein symbol by having only its
initial letter capitalized and by being italicized, whereas
the protein symbol is in roman capitals; e.g., ADH.

In several instances where two members of the same
allelic series were formerly given different locus names,
both are here included under one name; eg.,Pm= wa .
In other cases, we assume allelism of mutants with simi-
lar phenotypes and genetic positions even though they
have not been tested for phenotypic interaction. In such
instances, the basis for the assumption is usually noted.
Since the practice has not been consistent, some alleles
may be described as different genes. Except in special
cases, investigation of allelic interaction of sex-linked
recessive lethals is not feasible; consequently, they are
often given distinctive symbols where allelism may actu-
ally exist.

TRANSFORMANTS. Loci transposed to new chro-
mosome locations by transposable elements are enclosed
in brackets to indicate that they are not in their normal
position, followed by a parenthetical indication of their
new position; e.g., (w* J(35BC) and [ry” J(sd). As such
constructs become more complex, a complete description
cannot be incorporated into the symbol. Accordingly,

our policy is to sacrifice information in order to keep the
symbol as simple as possible; thus, transformants of
genes of interest selected by cotransformation with a
selectable marker are designated according to the gene of
interest rather than the selectable marker; e.g.,
[Cpl6](52D) designates an insertion of Chorion protein
16+into 52D, which was selected by cotransformation of
ry’.

MIMICS. Mutants at different loci sometimes have
similar phenotypic effects. Such loci may be handled in
several ways. The simplest is to give each a distinctive
name (e.g., vermilion, cinnabar, scarlet, karmoisin, cardi-
nal); this method has the effect of scattering such mimics
throughout the alphabetical listing. Or a common symbol
followed by a distinguishing symbol may be used (e.g.,
tu-la, tu-1b, -2 for genes controlling production of
melanotic pseudotumors). Loci encoding proteins of
similar function are differentiated by arbitrary numbers
(e.g., Sgs3, Sgs7, Sgs8), by polytene chromosome posi-
tion (e.g., ActSC, Actd2A, ActS7A, etc.), or by molecular
weight (e.g., Hsp68, Hsp70, Hsp83, etc.). Distinctive
suffixes are also useful (e.g., rough, roughoid, roughish,
roughex; plexus, Plexate; dachs, dachsous; maroon,
maroonlike). The latter schemes frequently have the vir-
tue of placing like phenotypes or gene functions in
sequence in an alphabetical listing. Some phenotypes
result from mutation at many loci in all chromosomes;
these are given a common symbol followed by a
parenthetical designation of the chromosome and then by
a distinguishing designation. Examples of this type of
mutant are the female steriles, the lethals, the Minutes,
and the male steriles [e.g., f5(2)B, I(1)lAc, M(1)18C,
ms(2)73d, respectively]. We endeavor in this work to
replace arbitrarily chosen distinguishing designations
with polytene locations where possible. This has become
feasible as the result of remarkable strides in cytogenetic
mapping made possible by the selection characterization
and maintenance of many deficiencies and by in situ
hybridization.

MODIFIERS. The primary effect of some mutants is
to cause another mutant to exhibit a more-extreme depar-
ture from normal (enhancer) or a more nearly normal
phenotype (suppressor). Such mutants are symbolized e
or £ and su or Su, followed in parentheses by the gene
modified. Designation of the particular allele modified
appears as a superscript within the parentheses and alleles
of the modifier gene as superscx}'pts outside the
parentheses; e.g., su(lz” ") and su(Hw)°. Terms such as
dilutor, exaggerator, inhibitor, intensifier, and modifier
were also formerly used, but we have usually attempted
to classify such genes as enhancers or suppressors.

FORMAT. Mutants with their descriptions are listed
alphabetically according to symbol and cross-indexed
according to name. Current terminology is.listed in bold
face. All cases of synonymy are also listed in italics with
cross-references to current usage. Mutants known to be
lost are preceded by an asterisk; however, mutants not
preceded by an asterisk are not therefore known to be
extant. Each mutant is described according to the follow-
ing format:

symbol: name (Author of entry)

location: The location is indicated by the chromosome

number, separated by a hyphen from the genetic position



on the chromosome. Three levels of accuracy of the
genetic location are indicated, those carried to tenths of a
unit being the more accurately determined; e.g., 3.0
represents a more accurate location than 3. In regions
saturated for mutants, map positions may be given in
hundreths, either as the result of detailed recombinational
mapping or by interpolation using deficiency mapping
data. Map positions enclosed in braces are inferred from
cytological map position. Accuracy of a map position
determination is of course dependent on the accuracy of
the positions assigned to the reference markers; i.e., on
the accuracy of the map. We treat the map as a rough
guide 1o the relative positions of loci but, considered on a
refined level, it may be inaccurate with respect to both
position and order of genes. Intense activity in determin-
ing cytological positions in recent years is resulting in the
rapid replacement of the genetic map by the cytological
map as the more useful indicator of gene position.

origin: For induced mutants, the agent is given; mutants
recovered from untreated parents or a wild population are
listed as spontaneous. Isoallelic variants found as major
components of stocks or populations are listed as natur-
ally occurring alleles. Mutagenic agents are frequently
abbreviated, especially in tables of alleles; abbreviations
used are indicated in the accompanying table:

abbreviation & compound

CB 1246 triethylmelamine

CB 1414 nitrogen mustard

CB 1506 2-chloroethyl methanesulfonate

CB 1522 2-fluoroethyl methanesulfonate

CB 1528 ethyl methanesulfonate

CB 1540 methyl methanesulfonate

CB 1592 $-2-chloroethylcysteine

CB 1735 S-mustard

CB 2041 1:4-dimethanesulfonoxybutane

CB 2058 1:4-dimethanesulfonoxybut-2-yne

CB 2348 1:4-dimethanesulfonoxy-1:4-dimethylbutane

CB 2511 D-1:6-dimethanesulfonyl mannitol

CB 2628 L-1:6-dimethanesulfonyl mannitol

CB 3007 DL-p-N,N-di-(2-chloroethyl)aminophenylalanine

CB 3025 L-p-N,N-di-(2-chloroethyl)aminophenylalanine

CB 3026 D-p-N,N-di-(2-chloroethyl)aminophenylalanine

CB 3034 p-N-N.di-(2-chloroethyl)aminophenylethylamine

CB 3086 styrylquinoline

DCE dicholorethane

DEB diepoxy butane

El ethylenimine

EMS ethyl methanesulfonate

ENU ethyl nitrosourea

HCOH formaldehyde

HD hybrid dysgenesis

HMS hycanthon methanesulfonate

ICR170 2-methoxy-6-dichloro-9-(3-ethyl-2-chloroethy! amino-
propylamino)acridine dihydrochloride

MMS methyl methanesulfonate

MR male recombination factor = P element

NMS nitrogen mustard

NMU nitrosomethyl urea

NNG N-methyl-N-nitro-N-nitrosoguanidine

P P-element hybrid dysgenesis

SMS sulfur mustard

spont spontaneous

TEM triethylmelamine

o

CB Chester Beatty; ICR Institute for Cancer Research.

The chromosome of origin of mutations is of interest
when DNA sequence is being studied; such information
is not generally available, however, and is usually not
included. N

discoverer: Name, date of discovery.
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synonym: Alternative symbol or name or both, mostly

obsolete terminology.

references: Sources of the major descriptive material are

listed, but bibliographic material may also appear in
some of the other categories. The second reference to a
paper in an entry is generally abbreviated to just the
author’s name or to name and year. Such abbreviated
references not preceded by a fuller reference in the same
entry are generally to unpublished information. Refer-
ences to CP552 refer to Carnegie Publication 552, which
is "The Mutants of Drosophila melanogaster" by C.B.
Bridges and K.S. Brehme; CP627 refers to "Genetic
Variations of Drosophila melanogaster” by D.L. Linds-
ley and E.H. Grell.

phenotype: The most important departures from normal,

which are usually those suggested by the name, are
described first. Other information about the phenotype
follows, and finally there may be data on viability and
fertility. This revision contains considerable information
on the normal functions of the genes described, including
observations on stage and tissue specificity of expression;
the techniques of in situ hybridization and immunostain-
ing of whole embryos and sectional material have added
a new dimension to phenotypic description. The last item
in the phenotypic description is the rank, abbreviated RK.
In this revision, we have not attempted to assign rank to
mutants; however, we have retained those assignments
appearing in early editions. Mutants were classified by
Bridges into three different ranks according to their util-
ity in experiments in which counts are made: RK1
mutants are easily scored; RK2 mutants are usable but
less convenient; RK3 mutants have limited usefulness.
An RK3 mutant may be one with good expression and
viability but simply not convenient to use in counting
experiments; €.g., enzyme polymorphisms. The letter A
follows the rank of mutants associated with chromosome
aberrations.

alleles: Rather than describing alleles in separate entries, as

was done in previous versions, we have attempted, wher-
ever possible, to tabulate them. Different grouping of the
types of information itemized above appear as columns in
the tables of alleles. When a type of information, such as
phenotype, is too extensive for tabulation, subentries fol-
low the nominate entry. The types of information
included in each table are decided on a case-by-case
basis, but the order of columns approximates the order in
which information is included in full entries.
Deficiencies may be listed in tables of alleles for the pur-
pose of cross-referencing.

cytology: This category is primarily to provide the cytolog-

ical location of the gene, as determined by rearranged
breakpoint-associated alleles, by deficiency mapping, or
by in situ hybridization to polytene chromosomes. It may
also indicate that the mutant was induced in a rearranged
chromosome or occurred in association with a de novo
rearrangement; in tables of alleles, pre-existing rear-
rangements are listed by name; de novo rearrangements
likely to have caused the mutant receive the same desig-
nation as the mutant, and are listed by breakpoints in
tables and by name in the section on chromosome rear-
rangements.

molecular biology: This is a new category of information

that is expanding at an unprecedented rate. It includes
references to the cloning, restriction mapping, sequenc-
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ing, and conceptual amino-acid sequences with indicated
homologies to other proteins and motifs. In allele tables,
it includes sequence alterations associated with different
alleles. Molecular mapping results are currently
presented without regard to an established convention.
Zero coordinates have frequently been chosen at sites not
easily identified in a normal chromosome complement,
such as a rearrangement breakpoint, the site of insertion
of a transposable element, or the end of a random-shear
fragment. We propose that the midpoint of an endonu-
clease restriction site, preferably one shown to be present
in choromosomes of several independent origins, be
chosen as the origin of a restriction map and that 0 marks
not a nucleotide pair, but the plane of symmetry of the
restriction site; ambiguity can result only from restriction
site polymorphism. We also propose that when the chro-
mosomal orientation of the map is determined, positive
values extend to the right and negative values to the left
so that all restriction maps have the same orientation; this

will be especially useful when adjacent restriction maps
fuse. When two studies of the same region have used dif-
ferent sets of coordinates, we have perforce chosen the
one that conforms more closely with the above conven-
tions. No convention has been established for defining
the origin of nucleotide maps of transcription units, and
of course either orientation with respect to the restriction
map may obtain, depending on which strand is tran-
scribed.

other information: This category contains miscellaneous

information that does not fit into one of the other
categories,

Loci that share phenotypic and nomenclatural features
(i.e., mimics) are frequently presented in a single entry in
which the common information is presented once, and
the information that distinguishes among loci is tabu-
lated; the order of the columns of information roughly
corresponds to the order in which the same categories of
information appear in full entries.



a. arc

location: 2-99.2.

discoverer: Bridges, 12¢24.

references: Bridges and Morgan, 1919, Camegie Inst.
Washington Publ. No. 278: 202 (fig.).
Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.
2: 212 (fig.).
Bridges, 1937, Cytologia (Tokyo), Fujii Jub., Vol.
2: 745-55.

phenotype: Wings broader; bent downward in slight, even
arc; edges drawn down to diamond shape. Sometimes in
stock, wings are bent upward instead of downward.
Crossveins closer together. RK2.

alleles: a’, b4 (see below), *a %%/, % 52 g ba3 x, bat
*g badp *g bar *g Ba *g BaC *a Bapl *g BapZ
*g Bax’ L *g

Bay (Goldschmidt, 1945, Untv. Calif. Berkel?'

Publ. Zool 49: 351-56, 388-89, 519; CP627), and *a
(Meyer, 1963, DIS 37: 50).

cytology: Placed between 57F11 and 58E4 on the basis of
its inclusion within Dfi2R)M-1 = Df(2R)57F11-
58A1,58F8-59A1 but not Dp(2;3)P = Dp(2;3)58E3-
4,60D14-E2;96B5-C1 (Bridges, 1937). Likely in band
58D6 or 7 based on Df{2R)a-ba2 = Df(2R)58D5-
6,58D7-8.

a: arc

From Bridges and Morgan, 1919, Camegie Inst. Washington
Publ. No. 278: 148.

bs: arc-broad angular

origin: Spontaneous.

discoverer: Goldschmidt, 1934.

synonym: Referred to as bran: broad angular by
Goldschmidt, but shown by him to be an allele of arc.

references: 1945, Univ. Calif. Berkeley Publ. Zool.

49: 351-56, 388-89, 519.

phenotype: Wings broader and shorter than wild type,
blunt at the tip. Frequently shows upturned posterior scu-
tellar bristles. In combination with svr?”, produces soft
blistered wing. Other interactions described by Goldsch-
midt, 1945, table 74. Wing grows in pupal stage to full
length and then retracts, possibly with histolysis
[Goldschmidt, 1934, Z. Indukt. Abstamm. Vererbungsl.
69: 38-131 (fig.)]l. RK2.

cytology: Salivary chromosomes normal (Kodani).

other information: Claimed to recur repeatedly in certain
lines (Goldschmidt, 1945).

al: see tyrl

GENES

*A: Abnormal abdomen

location: 1-4.5.

discoverer: Morgan, 11g.

synonym: Abnormal.

references: 1915, Am. Naturalist 49: 384-429 (fig.).
Morgan and Bridges, 1916, Carnegie Inst. Washington
Publ. No. 237: 27 (fig.).

phenotype: Tergites and sternites raggedly incomplete,
exposing a thin crinkled cuticle; bristles and hairs on
abdomen correspondingly eliminated. Highly variable,
wild phenotype in old dry cultures. A/+ less extreme
than A/A and A male; homozygous female fully viable
and fertile. RK2 in well-fed cultures.

alleles: *A ! (Morgan and Bridges, 1916), A% (see

below), A [allehsm conjectural (Gooskov, 1971, DIS
46: 41)].
other information: Lost by reversion to wild type.
A: see bw?
A53g

location: 1- (between y and w; may not be allelic to A ).

origin: Spontaneous.

discoverer: Hillman, 53g.

references: 1953, DIS 27: 56.
1973, Genet. Res. 22: 37-53.
1977, Amer. Zool. 17: 521-33.
Hillman and Barbour, 1963, Proc. Intern. Congr. Genet.,

11th, Vol. 1: 170.

phenotype: Epidermal foldings of abdomen abnormal.
Tergite formation incomplete, ranging from loss of ter-
gites 2-8 in extreme cases to loss of lateral part of tergite
in one or more segments. Expression in AS53g/AS3g
females > A53g/ Y males > A53g/ + females. Expression
maternally influenced (Shafer and Hillman, 1974, 7.
Insect Physiol. 20: 223-230). Highly variable; sensitive
to modifiers on X, 2, and 3, including E(A53g) on 2L.
Sensitive to culture conditions; expression reduced in old
cultures and under conditions of crowding, low tempera-
ture (TSP in late second and early third instar), and low
humidity. Also reduced by agents that inhibit RNA or
protein synthesis or oxidative phosphorylation (Hillman,
Shafer, and Sang, 1973, Genet. Res. 21: 229-38). Super-
natents from homogenates of A53g -bearing adults stimu-
late amino acid incorporation and aminoacylation of
tRNA more than those from wild type (Rose and Hill-
man, 1969, Biochem. Biophys. Res. Commun. 35: 197-
204). Mutant late pupae and adults show increased con-
centrations of soluble protein. Expression of biochemical
phenotype correlated with that of visible phenotype
(Rose and Hillman, 1973, Genet. Res. 21: 239-245).
RK2 in young cultures.

cytology: Deficiency analysis places A53g in 3A5 (Hill-
man), which is at variance with the genetic position of A.

a-3: seea(3)26
*A-p: Abnormal abdomen-polygenic

location: Polygenic.
discoverer: Sobels, 49i.
references: 1950, DIS 24: 62.
1951, DIS 25: 75-76.
1952, Genetica 26: 117-279 (fig.).
1952, Trans. Intern. Congr. Entomol., 9th, Vol. 1: 225-
30.
synonym: AA; Asy: Asymmetric.
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phenotype: Incomplete mediodorsal fusion and onesided
reduction of tergites. When more than one tergite is
abnormal, spiral segmentation types are most frequent.
Expression strongly dependent on environment.
Penetrance and expressivity correlated (Bezem and
Sobels, 1953, Koninkl. Ned. Akad. Wetenschap., Proc.
Ser. C. 56: 48-61). In strains selected for penetrance of
A-p, mediodorsal fusion or asymmetrical reduction of
head and thorax also occur. RK3.

*a(1)48: abnormal abdomen in chromosome 1

location: 1- (not located). .

origin: Spontaneous.

discoverer: Zimmerman, 1948.

references: 1952, DIS 26: 69.
1954, Z. Indukt. Abstamm. Vererbungsl. 86: 327-72
(fig.).

phenotype: Used to describe three X chromosomes with
little or no effect of their own but which increase the
incidence of abdominal malformations in crosses with
a(2) and a(3). Viability and fertility good. RK3.

alleles: The three chromosomes designated *a(l)48,
*a(1)50, and *a(1)51 (CP627). Genetic relations not
worked out.

a(1)HM26

location: 1-(y-cv).

origin: Induced by ethyl methanesulfonate.

synonym: [(1)HM?26.

references: Mayoh and Suzuki, 1973, Can. J. Genet. Cytol.

15: 237-54.

phenotype: Missing or reduced sternites; missing or
angled tergites; black specks on ventral surface of abdo-
men in about one-third of males at 22° and more than
half of males at 17°. Viability reduced at 17° relative to
that at 22°.

a(1)HM27

location: 1-(neary).

origin: Induced by ethyl methanesulfonate.

synonym: [(1)HM?26.

references: Mayoh and Suzuki, 1973, Can. J. Genet. Cytol.

15: 237-54.

phenotype: Same as a(1)HM26, more severe at 17° than at
22°. Viability slightly reduced at 17° relative to that at
22°.

*a(2)48

location: 2- (not located).

origin: Spontaneous.

discoverer: Zimmerman, 1948,

references: 1952, DIS 26: 69.
1954, Z. Indukt. Abstamm. Vererbungsl. 86: 327-72

(fig.).

phenotype: Abdominal irregularities most frequently
involve anterior segments. Penetrance 7%. Also shows
maternal effect. Viability and fertility good. RK3.

alleles: Second chromosomes with some or all of these
effects are *a(2)50, *a(2)51, and *A(2)51. Genetic rela-
tions not worked out.

a(3)26 : see abd
*a(3)48

location: 3- (not located).
origin: Spontaneous.

discoverer: Zimmerman, 1948.

references: 1952, DIS 26: 69.
1954, Z. Indukt. Abstamm. Vererbungsl. 86: 327-72
(fig.).

phenotype: Only a maternal effect affecting 2.5% of pro-
geny. Irregularities most frequently involve posterior
segments of abdomen. Viability and fertility good. RK3.

A34: see bw ve

aa: anarista

location: 3-0.

discoverer: Bridges, 23d10.

synonym: al-b: aristaless-b.

references: Morgan, Bridges, and Sturtevant, 1925,
Bibliog. Genet. 2: 218.

phenotype: Aristac bare or tufted. Wings somewhat
broader than wild type. Expression variable, overlaps
wild type often in female and sometimes in male. RK3.

cytology: Placed between 61E2 and 62A6 on basis of its
inclusion in DA3L)D = Df(3L)61E2-FI1;62A4-6 from
T(Y;2,;3)D.

Aa: Altered abdomen

location: 1- (not located).

origin: X ray induced in the In(1)dI-49, y w f component of
C(1)DX.

discoverer: Cicak, 56f.

references: Cicak and Oster, 1957, DIS 31: 80.

phenotype: Heavy deposition of melanin in tergites of
females and males. Aa detachment-bearing males sterile.
RK2A.

cytology: Possibly associated with a rearrangement in
addition to In(1)di-49.

AA: see A-p

ab: abrupt

location: 2-44.0.

origin: Spontaneous.

discoverer: Bridges, 16j16.

references: Morgan, Bridges, and Sturtevant, 1925,
Bibliog. Genet. 2: 218 (fig.).

phenotype: Vein L5 wusually stops after posterior
crossvein. Scutellar bristles usually fewer. Wing effect
probably acts during contraction period (Waddington).
Overlaps wild type. Expression more severe in females
than in males and when pupal stage takes place at 20°
than at 25°. TSP during the first 10% of pupal stage.
(Thompson, Bruni, Carbonaro, and Russo, 1988, DIS
67: 86). RK2.

alleles: ab’, ab? $see below), ab’’8, like ab? in
In2L+2R)Cy; *ab "®" abrupt lethal (CP627).

ab: abrupt
Edith M. Wallace, unpublished.



ab?

origin: Spontaneous.

discoverer: Bridges, 23g6.

synonym: pt: parted.

references: Morgan, Bridges, and Sturtevant, 1925,
Bibliog. Genet. 2: 232.

phenotype: Vein L5 does not reach margin. Scutellar bris-
tles always fewer than wild type. Hairs parted down
midline of thorax and abdomen. Supra-alar bristles
sometimes absent. Coxae tend to be thickened. Males
sterile and have rotated genitalia. ablab? resembles
abiab but has a stronger bristle effect. RK2.

abb: abbreviated

location: 2-105.5.

discoverer: Bridges, 28d6.

references: 1937, Cytologia (Tokyo), Fujii Jub., Vol.

2: 745-55.

phenotype: Bristles smaller, especially posterior scutellars.
Developmental time slightly longer than normal. Viabil-
ity only slightly reduced. Classification difficult, espe-
cially in early eclosions; improves with age of culture.
Enhanced by shr (2-2.3), making classification easy.
RK3; RK2 with shr.

cytology: Placed in region between 59E2 and 60B10 by
Bridges (1937) on basis of its being to the right of
In(2R)bw VP! = In(2R)41B2-C1;59E2-4 and to the left
of Df{2R)Px = Dfi2R)60B8-10,60D1-2.

abb: abbreviated
From Bridges and Brehme, 1944, Carnegie Inst. Washington
Publ. No. 552: 11.

abd: abdominal

location: 3-27 (to the right of se).

origin: Spontaneous.

discoverer: H. A. and N. W. Timoféeff-Ressovsky.

synonym: a-3, a(3)26.

references: 1927, Wilhelm Roux’s Arch. Entwick-
lungsmech. Organ. 109: 70-109.
Schiffer, 1935, Z. Indukt. Abstamm. Vererbungsl.
68: 336-60 (fig.).

GENES

phenotype: Irregular reduction of abdominal tergites, ster-
nites, pigmentation, and bristles; more marked in females
and increased by crowding and dry food (Braun, 1938,
Am. Naturalist 72: 189-92). Schiffer’s data (1935) sug-
gest irregular dominance in heterozygote, overlapping of
wild type in homozygote, and genetic modifiers. RK3.

alleles: abd 2, spontaneous; recovered by Gottschewski,
1939. Partially complements abd’. Allelism inferred
from similarity in genetic location and phenotype and
incomplete complementation.

cytology: Placed in 66D9-E1 based on its inclusion in
Dfi3L)h-i22 = Df(3L)66D9-El (Ingham, Pinchin,
Howard, and Ish-Horowicz, 1985, Genetics 111: 463-86).

abd-A: see BXC

Abd-B: sce BXC
abdomen rotatum: see ar
abdominal: see abd

abe: see mitls

abero: see abr

Abi: Cellular abl oncogene sequence
location: 3-{44}.
origin: Isolated from genome library using v-abl probe.
synonym: Dash.
references: Shilo and Weinberg, 1981, Proc. Nat. Acad.
Sci. USA 78: 6789-92.
Simon, Kornberg, and Bishop, 1983, Nature (London)
302: 837-39.
phenotype: Considered to be the Drosophila sequence
homologous to mammalian c-ab! based both on its origin
and amino acid sequence as inferred from its nucleotide
sequence.

ABL protein detected at the time of germ-band shor-
tening in the axons of the central nervous system in a
bilateral symmetrical series of points that correspond to
the positions of neuromeres; later, protein appears in the
axons growing across the midline, but not in the cell
bodies of the CNS nor in the PNS. As development
proceeds, staining of the longitudinal fascicles and to a
lesser extent the commissural fascicles becomes intense;
staining also seen in association with axonal outgrowth of
neural cells in the eye imaginal disk (Bennett and Hoff-
mann).

Recessive alleles in combination with Dff3L)st-j7 =
Dft3L)73A1-2;73B1-2 either die as late pupae or pharate
adults with complete cuticle and roughened eyes, Ab! ",
or as short lived (5-6 days), rough-eyed adults, Ab/ 2 and
Abl P, Surviving females lay few eggs, some of which
develop into adults; surviving males have motile sperm,
but do not mate and produce no progeny. The rough eye
is a reflection of some loss of photoreceptor cells plus
ommatidial fusion. In combination with a deficiency
extending further to the left, e.g., Dfi3L)stdl] =
Df{3L)73A11-B1,;73D1-2 to include the locus of Dab,
Abl'AbI™ genotypes die as late embryos or early first-
instar larvae with disrupted axonal organization in the
ventral nerve cord (Henkemeyer, Gertler, Goodman, and
Hoffmann, Cell 51: 821-28). CNS of doubly deficient
embryos, i.e., Abl Dab , fails to form commissures and
is defective in axonal outgrowth, although the PNS
develops normally.
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alleles: Three ethyl-methanesulfonate-induced recessive
lethal or semilethal alleles recovered in combination with
Df{3L)st4 or D{3L)st-e5 by Belote, McKeown, and Hoff-
mann are designated Abl ', Abl , and Ab1®. Phenotypic
descriptions given above.

cytology: Localized to 73B by in situ hybridization with
genomic clone (Simon et al. ).

molecular biology: Sequence isolated using v-abl probe
from murine leukemia virus (Hoffman-Falk, Einat, Shilo,
and Hoffmann, 1983, Cell 35: 393-401). ¢cDNA and
genomic sequencing (Telford, Burkhardt, Butler, and Pir-
rotta, 1985, EMBO J. 4: 2609-15; Henkemeyer, Bennett,
Gertler, and Hoffmann, 1988, Mol. Cell Biol. 8: 843-53)
reveal a gene of ten exons distributed over 26 kb of
genomic DNA; the exons encode a protein of 1520 amino
acids, whose sequence is more similar to mammalian c-
abl sequence than to that of any other gene; between resi-
dues 187 and 656, which contains the tyrosine kinase
essential domain, the Drosophila sequence is 75-85%
similar to that of the human @bl gene. 33 bp region
beginning at tyrosine-416 84% homologous to mam-
malian nucleotide sequence and 62% homologous to C-
sr¢ DNA from Drosophila (Hoffmann, Fresco, Hoffman-
Falk and Shilo, 1983, Cell 35: 393-401). The polypep-
tide product as yet unidentified but presumed to be a pro-
tein kinase; Drosophila extracts do contain a tyrosine
kinase activity (Simon er al.). The carboxy half of the
ABL protein is not conserved between flies and mam-
mals. Expression of the kinase essential domain in bac-
teria leads to excessive phosphorylation of proteins at
tyrosine residues. Developmental Northerns probed with
800 base-pair sequence from region of highest homology
with v-abl reveal a 6.2 kb polyadenylated transcript in
early but not late embryos, larvae or adults; most abun-
dant in 0-4 hr embryos; absent after 8 hr (Lev, Liebovitz,
Segev, and Shilo, 1984, Mol. Cell. Biol. 4: 982-84);
returns in a burst of activity in early pupae.

Abnormal: sec A

abnormal abdomen: see a( )
Abnormal abdomen: sec A
abnormal eye: see mitl5
abnormal oocytes: see abo
abnormal tergites: sce abt
abnormal wings: sec abw

abo: abnormal oocyte

location: 2-44.0 (mapped with respect to J, 2-41).

origin: Naturally occurring allele recovered near Rome,
Italy.

references: Sandler, Lindsley, Nicoletti, and Trippa, 1969,

Genetics 64: 481-93.

Mange and Sandler, 1973, Genetics 73: 73-86.
Sandler, 1970, Genetics 64: 481-93,
1975, Israel J. Mol. Sci. 11: 1124-34.
1977, Genetics 86: 567-82.

phenotype: Probability of survival of embryos produced
by abolabo mothers reduced; male embryos more
severely affected than female embryos. Both preblasto-
derm and postblastoderm embryonic death observed; par-
tial rescue of postblastoderm mortality effected by pater-

nally inherited abo * allele; partial rescue of preblasto-
derm mortality by heterochromatic ABO elements located
in Xh between 3/4 and 7/8 of the distance from the cen-
tromere, in YL region h10-11, in ¥S region h19, in 2R
proximal, and perhaps in other heterochromatic regions
(Pimpinelli, Sullivan, Prout, and Sandler, 1985, Genetics
109: 701-24). Gradual loss of phenotype in homozygous
abo stocks accompanied by increase in quantity of ribo-
somal DNA (Krider and Levine, 1975, Genetics
81: 501-13). New restriction fragments appear in
Hind Ill/Hae III double digests of such homozygous
lines probed with nontranscribed spacer sequences of
ribosomal genes (Graziani, Vicari, Boncinelli, Malva,
Manzi, and Mariani, 1981, Proc. Nat. Acad. Sci. USA
78: 7662-64). abo phenotype retumns with subsequent
maintenance in heterozygous condition. Homozygous
abo females exhibit moderate decrease in recombination
with concommitant increase in exceptional progeny (Car-
penter and Sandler, 1974, Genetics 76: 453-75).

cytology: Located in 31F-32E based on its inclusion in
Df(2L)J39 = DA2L)31A-B;32E but not Df2L)J27 =
Df(2L)31B-D;3IF or Df(2L)Mdh = Df{2L)30D-F;3IF.
abo-bearing chromosomes differ from others in having a
blood insertion sequence in 32E (Lavorgna, Malva,
Manzi, Gigliotti, and Graziani, 1989, Genetics
123: 485-94).

ABO

A series of heterochromatic elements capable of reduc-
ing the level of maternally influenced preblastoderm, but
not postblastoderm, mortality among the progeny of
abolabo mothers; embryos that carry ABO elements sur-
vive better than those that do not (Pimpinelli, Sullivan,
Prout, and Sandler, 1985, Genetics 109: 701-24). Ele-
ments identified to date and their heterochromatic loca-
tions, where known, are listed in the accompanying table.
The rescuing capability of ABO-X approximates that of
ABO-YL + ABO-YS. ABO-X apparently defective in
In(1)sc* (Malva, Labella, Manzi, Salzano, Lavorgna, De
Ponti, & Graziani, 1985, Genetics 111: 487-94). Effec-
tiveness of ABO-X and ABO-2R appears to be enhanced

by maintenance in a homozygous abo stock (Sullivan and
Pimpinelli, 1986, Genetics 114: 885-95).

element cytology
ABO-2R

ABO-X h26-28 ¢
ABO-YL h10-11
ABO-YS h19

In region that includes proximal half of h26 and distal half of h28
(Pimpinelli, Sullivan, Prout, and Sander, 1985, Genetics 109; 701-
24).

abr: abero

location: 2-83.

origin: Spontaneous.

discoverer: Bridges, 33b10.

phenotype: Abdominal banding eiched and irregular.
Wing margins irregular. Eyes rough. Bristles and hairs
sparse and disarranged. abr/ + sometimes lacks anterior
dorsocentrals. Viability usually poor. RK3.

other information: Not allelic to fr or nw.

abrupt: sce ab
Abruptex: see Ax, listed under N: Notch



*abt: abnormal tergites

location: 1-45.6.

origin: Induced by 2-chloroethyl methanesulfonate.

discoverer: Fahmy, 1955.

references: 1959, DIS 33: 83.

phenotype: Abdomen affected to various degrees, from
extreme deformation of tergites to slight abnormalities in
distribution of pigment and hairs. Eyes also deformed to
various degrees from gross alterations in shape to slight
derangement of ommatidia. Wings vary from alterations
in size, outline, and venation to small incisions of the
inner margin. Most-extreme effects not always positively
correlated, and all flies show several atypical characters.
Males viable; fertility severely reduced. RK3.

*abw: abnormal wings
location: 1-60.
origin: X ray induced.
discoverer: Halfer, 1963.
phenotype: Wing size reduced; wings upturned; L5 and
crossveins absent. Plexus of veins between L3 and L4.
RK1.

abx: see BXC
ac: see ASC
Ac: see Cu®
Ac-SD: see Rsp

acc: acclinal wing

location: 1-54.5.

origin: Induced by triethylenemelamine.

discoverer: Fahmy, 1952.

references: 1958, DIS 32: 67.

phenotype: Wings upheld but slope backward at 45° angle
from abdomen. Unable to fly or jump; muscles normal in
gross and ultrastructural morphology. Mosaic experi-
ment suggests possible thoracic neural etiology (Deak,
1976, J. Insect Physiol. 22: 1159-65). Viability and fer-
tility good in both sexes. RK1.

alleles: One allele each induced by D-p-N,N-di-(2-
chloroethyl)amino-phenylalanine and by DL-p-N,N-di-
(2-chloroethyl)amino-phenylalanine.

Ace: Acelyl cholinesterase (J.C. Hall)
location: 3-52.2.
synonym: [(3)26.
references: Hall and Kankel, 1976, Genetics 83: 517-35.
Greenspan, Finn, and Hall, 1980, J. Comp. Neurol.
189: 741-74.
Hall, Alahiotis, Strumpf, and White, 1980, Genetics
96: 939-65.
phenotype: The structural gene for acetylcholinesterase
[AChE, acetylcholine acetyl hydrolase (EC 3.1.1.7)], the
enzyme that terminates synaptic transmission by rapidly
hydrolyzing  the  neurotransmitter  acetylcholine.
Biochemical analysis (e.g., Zingde, Rodrigues, Joshi, and
Krishnan, 1983, J. Neurochem. 41: 1243-52; Gnagey,
Forte, and Rosenberry, 1987, J. Biol. Chem.
262: 13290-98; Fournier, Bride, Karch, and Bergé, 1988,
FEBS Lett. 238: 333-37; Haas, Marshall, and Rosen-
berry, 1988, Biochemistry 27: 6453-57; Toutant,
Arpagaus, and Fournier, 1988, J. Neurochem. 50: 209-
18; Fournier, Bergé, Almeida, and Bordier, 1988, J. Neu-
rochem. 50: 1158-63), indicates that the mature enzyme

GENES

contains noncovalently associated subunits of 16 and 55
kd, which are processed from a primary translation pro-
duct of ca 70 kd such that the 16-kd moiety is from the N
terminus and the 55-kd moiety is from the C terminus:
two such associations are linked via disulfide bonds con-
necting the 55-kd polypeptides anchored to membrane
via a glycoinositol phospholipid anchor covalently linked
to the C termini of the 55-kd subunits. Extracts contain
amphiphilic dimers and monomers as well as hydrophilic
dimers and monomers, which lack the glycoinositol phos-
pholipid anchor. Developmental profile studied by
Dewhurst, McCaman, and Kaplan (1970, Biochem.
Genet. 4: 499-508; see also Arpagaus, Fournier, and
Toutant, 1988, Insect Biochem. 18: 539-49); total AChE
activity shows a transient peak during first larval instar
and rises again to a maximum in the adult. In the
developing eye disc, AChE first appears in retinula cells
three to four days before they are functional and when it
cannot have a synaptic function; levels are reduced in
retinula cells midway through pupal development, and
the enzyme accumulates rapidly in the neuropils of the
optic lobes of the brain and the midbrain (Wolfgang and
Forte, 1989, Dev. Biol. 131: 321-30). Putative nulls are
lethal at end of embryonic stage; then ultrastructural
observations of CNS in such mutants suggest neural-
degenerative defects (Chase and Kankel, 1988, Dev.
Biol. 125: 361-80). ACE-minus tissues survive in mosa-
ics unless enzyme absent from posterior midbrain; sur-
viving mosaics have defective visual physiology, opto-
motor behavior or courtship, depending on location of
mutant clone. Such clones associated with defective
morphology or neuropile of various ganglia in central
nervous system (Greenspan et al., 1980). In heat-
sensitive combinations of Ace mutations (Greenspan et
al., 1980), both membrane-bound and soluble enzyme
has reduced activity (Zador, 1989, Mol. Gen. Genet.
218: 487-90).

alleles: Unless noted otl}erwise in comments column
alleles are null as is Ace .

allele origin discoverer synonym ref * comments

Ace’P  Xray Schalet (326 4.8

Ace? EMS Deland 3ml5 4

Ace? EMS Hilliker, Clark I(3)B2-5 4

Ace? EMS Hilliker, Clark (3)B4-2 4

Ace? EMS Hilliker, Clark /(3)B8-2 4

Ace® EMS Hilliker, Clark I(3)B15-2 4  hypomorphic

Ace’ EMS Hilliker, Clark (3)B22-1 4

Ace® EMS Hilliker, Clark /3)822-2 4 hypomorphic

Ace? EMS Hilliker, Clark {3)B27-1 4

Ace'  EMS Hilliker, Clark {(3)B29-1 4

Ace!!  EMS Hilliker, Clark [3)8292 4

Ace’  EMS Hilliker, Clark [3)H36 4

Ace’®  EMS Hilliker, Clark {3)H4I 4

Ace’™  EMS Hilliker, Clark [(3)H89 4

Ace’  EMS Hilliker, Clark [3)B21-5 4

Ace'®  EMS Hilliker, Clark {3)HIS 4

Ace'P1B yp 5

Acel’®  Ems !

Ace?!  Ems !

Ace’?7  Ems !

Acelzgﬁ EMS 1,2  cold sensitive

AceP¥!  Ems 1

Acel?  Ems 1

AcelP  Ems !

Ace/®  Ems !

Ace"w B EMS 1, 2,7 few survivors;
ja1 suppressor of variegation

Ace EMS 1
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allele origin discoverer synonym ref * comments
Acel® gy !
Ace ’:4 B Ewms 1
Ace/5  Eums !
Ace EMS 1
Ace’!  Ems !
Ace’  Eums 1
Acel®  pms !
Ace!M358 pyis 3 hypomorphic
Ace I"'" 5 EMS 3
Ace'M13 ppg 3
AceC!  EMS Gelbant
Ace mr B spont 5
o

1 = Greenspan, Finn, and Hall, 1980, J. Comp. Neurol. 189: 741-74;
2 = Hall, Alahiotis, Strumpf, and White, 1980, Genetics 96: 939-65;
3 = Hall and Kankel, 1976, Genetics 83: 517-35; 4 = Hilliker, Clark,
Gelbart, and Chovnick, 1981, DIS 56: 65-72; 5 = Mortan and Singh,
1982, Biochem. Genet. 20: 179-98; 6 = Nagoshi and Gelbart, 1987,
Genetics 117: 487-502; 7 = Reuter, Gausz, Gyurkovics, Friede,
Bang, Spierer, Hall, and Spierer, 1987, Mol. Gen. Genet. 210: 429-
36; &8=Schalet, Kemaghan, and Chovnick, 1964, Genetics
50: 1261-68.

B More detailed description below.

cytology: Located in 87E3 based on its location between
Df(3R)ryl301 = Df{3R)87D2-4,87E1-2 and Df(3R)GE41
= Df(3R)87E4 (Hall and Spierer 1986, EMBO J.
5: 2949-54).

molecular biology: Locus comprises ten exons and nine
introns distributed within a 34-kb transcription unit
(Fournier, Karch, Bride, Hall, Bergé, and Spierer, 1989,
J. Mol. Biol. 210: 15-22) extending from approximately
coordinates 18 to 52 kb on the molecular map of Bender,
Spierer, and Hogness (1983, J. Mol. Biol. 168: 17-33)
whose origin is 6.5 kb to the left of the left breakpoint of
In(3R)Chbx ™ with positive values extending to the right.
Transcription takes place from right to left. The 5°
untranslated region is transcribed from exons I and II; the
signal sequence is encoded in exon II, the 16-kd polypep-
tide by exons II, III, and IV; the 55-kd polypeptide by
exons IV, V, VI, VII, VI, and IX; the hydrophobic pep-
tide exchanged in mature protein with a glycolipid anchor
as well as the 37 untranslated region by exon X. The
mature transcripts are estimated at 4.2 and 4.5 kb
(Nagoshi and Gelbart, 1987, Genetics 117: 487-502).
cDNA sequencing (Hall and Spierer, 1986; Fournier et
al., 1989) indicates mature transcript of 4291 nucleotides
encoding a 650-amino-acid protein product, which
displays a high degree of homology with AChE from
Torpedo californica; however, the Drosophila protein
carries a 38-amino-acid signal sequence lacking in Tor-
pedo, and a 41-amino-acid hydrophilic sequence extend-
ing from residues 140 to 180 that is not contained in the
Torpedo sequence; the latter is encoded by exons Il and
IV, and contains the site of proteolytic cleavage of the
Drosophila AChE primary translation product.

Ace'’

phenotype: Temperature insensitive lethal; lethal in
homozygotes or in combination with deficiency for
Ace *. Lethality at end of embryonic stage. Greatly
reduced levels of acetylcholinesterase. AChE-minus tis-
sues survive in mosaics unless enzyme absent from pos-
terior midbrain; surviving mosaics have defective visual
physiology, optomotor behavior, or courtship depending
on location of mutant clone. Such clones associated with
defective morphology of neuropile of various ganglia in

central nervous system.

molecular biology: DNA insert in fifth intron (Fournier ef
al., 1989) observed at approximately coordinate +30;
separable by recombination from the Ace’ mutation
(Nagoshi and Gelbart, 1987, Genetics 117: 487-502).

AceHD1

phenotype: Retains some ACE activity (Nagoshi and Gel-
bart, 1987, Genetics 117: 487-502), but only as soluble
enzyme outside CNS (Zudor et al., 1986).

molecular biology: Deleted of promoter region and first
(non-coding) exon (Fournier et al., 1989).

Ace’®
phenotype: The original allele of this complementation
groug. Cold sensitive lethal. Maximum survival of
Ace’”I Df(3R)I26d at 27°, no survival at 18°, Exposure
to 18° does not reduce AChE activity. Ace’? alters Km
of enzyme, further implying structural gene locus.

Ace!®
phenotype: Nearly completely lethal. Two percent sur-
vival in combination with Df{3R)I26d at 18°, none at 29°,
Partial complementation of Ace 1% and Ace j50; heat sen-
sitive; extracts of Ace **’ lack the 110 kilodalton molecu-
lar species, whereas Ace’’® and Ace’™ lack the 64 and
75 kilodalton species (Zingde, Rodrigues, Joshi, and
Krishnan, 1983, J. Neurochem. 41: 1243-52). Enzyme
produced by heteroallelic combinations raised under per-
missive conditions is thermolabile. Exposure of
Ace™ 1ace ™ or Ace’™ Ace ™™ flies to restrictive tem-
perature during late embryonic-early larvae stage lethal;
little effect on mid and late larval stages; pupal exposure
causes defects in adult phototaxis and motor activity.
Heat treatment of adults causes no decline in ACE
activity but decrements in phototaxis g29°), and cessation
of movement (31°) observed. Ace* produces enzyme
with altered Km.
molecular biology: Appears to map proximal to a DNA
insert located between coordinates +43 and +48 (Nagoshi
and Gelbart, 1987).
Ace'*
molecular biology: Associated with a molecularly defined
structural variation; probably loss of a Bam HI site
around coordinate +33 (Gausz, Hall, Spierer, and Spierer,
1986, Genetics 112: 65-78). Structural variant and
mutation appear to be inseparable by recombination
(Nagoshi and Gelbart, 1987).

phenotype: Hypomorphic allele. Exhibits reduced sur-
vival (< 30%) in combination with Df{3R)I26d. Enzyme
activity in Ace ™~/ + heterozygotes lower than in hetero-
zygotes for more severe alleles.

Ace™: Acetylcholinesterase-malathion resis-

tant

origin: Recovered from line selected for malathion resis-
tance.

phenotype: Acetylcholinesterase from homozygotes has
lower K L lower activity, and slightly increased electro-
phoretic mobility compared to wild type. Relation to
malathion resistance unclear.
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ACE1: Amplification Control Element tein homodimer with subunit molecular weight of
on chromosome 1 50,000 daltons. Purification and biochemical characteri-

A sequence required for amplification in ovarian folli- zation by Feigen, Mitrick, Johns, Postlethwait, and

cle cells of the cluster of chorion-protein genes located at Sederoff (1980, J. Biol. Chem. 255: 10338-43). Serves
7F1-2 (Cp36 and Cp38); provisionally located between as a reliable cytochemical marker in many tissues (Hall,

654 and 266 base pairs upstream from Cp38 (Wakimoto). 1979, Genetics 92: 437-57). Enzyme appears to be pro-
ACE3 duced in nurse cells and follicular cells of ovary and

transferred to oocyte through the ring canals and by pino-
cytosis, respectively (Sawicki and MacIntyre, 1977, Dev.
Biol. 60: 1-13); maternally produced enzyme persists to
third instar; paternal gene function detectable in gels after
9-10 br of embryonic development (Yasbin, Sawicki, and
Maclntyre, 1978, Dev. Biol. 63: 35-46); and after 5 hr

A sequence required for amplification in ovarian folli-
cle cells of the cluster of chorion-protein genes located at
66D11-15 (Cpl5, Cpl6, Cpl8 and Cpl9); located
between 615 and 187 base pairs upstream from Cpl8
(Kalfayan, Levine, Orr-Weaver, Parks, Wakimoto,

deCicco, and Spradling, 1985, Cold Spring Harbor Symp. histochemically (Sawicki and Maclntyre, 1978, Dev.

Quant. Biol. 50: 527-35). Biol. 63: 47-58). Enzyme found in larvae, pupae, and
Acetyl choline receptor: sec Acr adults; levels increase during adult life (Postlethwait and
Gray, 1975, Dev. Biol. 47: 196-205).

achaete: see acunder ASC alleles: In addition to the information tabulated below,

Ach: see emcD panigwise combina;ions of Acph-1 2 Acph-1 "3, Acph-
. 1™, and Acph-1"" exhibit 20-40% normal levels of cross
Acp: Accessory gland protein reacting material (CRM).
Gene.s inferred from banqs on SDS poly.acrylan.m‘ie allele origin derivative of discoverer ref ® comments
gels. Six polypeptides are highly polymorphic, exhibit-
ing several electrophoretic variants; these all map to Acph-1A spont Maclntyre 4 slow
chromosome 2 and are tabulated below. Codominant Acph-1g spont Maclntyre 4  intermediate
expression indicates that variants are in structural genes ACP:-1n1 spont g Mechyre 4 fast o
and not attributable to differences in post-translational Acph-1 EMS  Acph-1 Maclntyre 1 :e'tl;kr:d'i“l::my mn
rlnl(zldiﬁ707at9ig? (Whalen and Wilson, 1986, Genetics Acph-1 :; EMS Acph- 12 Maclntyre  /
2 1=32). Acph-1 EMS Acph-1 Maclntyre  /
genetic  cytological molecular Acph—1:5 EMS  Acph-1 4 MacIntyre  /  0-5% normal CRM
locus location location mass (kd) Acph-1 n EMS  Acph-1 B Maclntyre  /  0-5% normal CRM
AcpA 5 165-70 Acph-1 EMS  Acph-1 MacIntyre  /  A-like mobility in
heterodimer
AcpB 2-428  36DI1-E4 130-140 n7 B
o Acph-1 EMS Acph-1 Maclntyre /
53 -
::::_c 1% ;_?3 (5) 32_12 Acph-1 n: EMS Acph-1 A MacIntyre /  0-5% normal CRM
9 ’ Acph-17 EMS  Acph-1 B Maclntyre /
AcpJd 2 45 n10 A
Acok © 2541 43 Acph-1 EMS  Acph-1 Maclntyre /
p ’ Acph-1 n11 EMS  Acph-1 B MacIntyre  /  0-5% normal CRM
variants inctude a null allele. Acph-1 n13 EMS  Acph-1 g MacIntyre  /
] :cpz-; :’114 EMS Acph-jA Maclntyre 5 0-5:,: noxmi{ CRM
Acp70A: Accessory gland pept’de cph- EMS  Acph- Maclntyre B-like mobility in
. heterodimer
location: 3-{40}. . . . Acph-1"15 EMS  Acph-1 A Maclntyre /  0-5% normal CRM
references: Chen, Stumm-Zollinger, Aigaki, Balmer, Acph-1nGB1 spont Acph-1B 2,3 B-like mobility in
Bienz, and Bohlen, 1986, Cell 54: 291-98). nGB2 5 heterodimer
phenotype: Encodes a 36-amino-acid peptide that is syn- Acph-1 spont Acph-1 2,3
: : : Acph-1 nNC1 spont Acph-1 B 2,3
thesized in the accessory gland and is transferred to the P ’
female where it represses female sexual receptivity and % I'=Bell, Maclntyre, and Olivieri, 1972, Biochem. Genet. 6; 205-16;
stimulates oviposition. The peptide contains a high con- 2 = Burkhart, Montgomery, Langley, and Voelker, 1984, Genetics
centration of basic amino acids, tryptophan and hydrox- 107: 295-306; 3 = Langley, Voelker, Leigh Brown, Ohnishi, Dick-

. . . son, and Montgomery, 1981, Genetics 99: 151-56; 4 = Maclntyre,
yproline as well as an unique residue of unknown nature 1968, DIS 3: 60.

that is encoded by a leucine codon.
cytology: Placed in 70A by in situ hybridization.

molecular biology: Gene cloned and sequenced; concep- cytology: Located between 99CS and 7 based on its dele-
tual sequence indicates a hydrophobic amino-terminal tion by Dff3R)ca-R14 = Df(3R)99A8-9,99D1-2 but not
signal sequence of 19 residues. mRNA for prepeptide by Dfi3R)ca-165P = Df{3R)99B2-4,99C5-6 (Frisardi and
accumulates exclusively in the male accessory gland. MaclIntyre, 1984, Mol. Gen. Genet. 197: 403-13).

Acph-1: Acid phosphatase 1 Acr60C: Acetyl choline receptor in 60C

location: 3-101.1 (between ca and bv). location: 2-{107}.

discoverer: Maclntyre, 1964. references: Shapiro, Wakimoto, Subers, and Nathanson,

references: 1966, DIS 41: 61. 1989, Proc. Nat. Acad. Sci. USA 86: 9039-43.
1966, Genetics 53: 461-74. Onai, FitzGerald, Arakawa, Gocayne, Urquhart, Hall,

phenotype: Structural gene for acid phosphatase 1 Fraser, McCombie, and Venter, 1989, FEBS Lett.
[ACPH-1 (EC3.1.3.2)], the major phosphatase in adults; 255: 219-25.
responsible for approximately 90% of the low-pH phenotype: The structural gene encoding a Drosophila
nucleotidase activity throughout development. Glycopro- homologue of vertebrate muscarinic acetylcholine recep-
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tor (mAChR). When expressed in Y1 adrenal cells it is
physiologically active as measured by agonist dependent
stimulation of phosphatidylinositol metabolism.

cytology: Placed in 60C7-8 by in situ hybridization.

molecular biology: Genomic clone isolated from library
using a probes from vertebrate muscarinic acetylcholine
receptor genes. Nucleotide sequences of cDNA clones
reveal a long open reading frame that encodes a 788-
amino-acid protein with calculated molecular weight of
84,807 (Onai et al.). The amino-acid sequence shows a
number  of  features  characteristic = of  the
muscarinic/adrenergic receptor gene superfamily in ver-
tebrates: three potential N-linked glycosylation sites (Asn
65, 84, and 87), seven putative membrane-spanning
domains. It displays a high degree of amino-acid identity
with vertebrate muscarinic acetylcholine receptors, ~60%
overall and up to 88% in transmembrane regions; the seg-
ment between transmembrane domains 5 and 6 is consid-
erably longer than that of vertebrate sequences; also the
gene has three introns in the region.

Acré4B

location: 3-{8}.
synonym: ard.
references: Hermans-Borgmeyer, Zopf, Ryseck,
Hovemann, Betz, and Gundelfinger, 1986, EMBO J.
5: 1503-08.
Wadsworth, Rosenthal, Kammermeyer, Potter, and Nel-
son, 1988, Mol. Cell Biol. 8: 778-85.
Sawruk, Hermans-Borgmeyer, Betz, and Gundelfinger,
1988, FEBS Lett. 235: 40-46.
phenotype: Structural gene encoding a Drosophila homo-
logue of a subunit of vertebrate nicotinic acetylcholine
receptors (nAChR). Antibody raised against Acr64B
fusion proteins immunoprecipitate one of two high-
affinity o-bungarotoxin-binding sites from detergent
extracts of Drosophila head membranes (Schloss,
Hermans-Borgmeyer, Betz, and Gundelfinger, 1988,
EMBO J. 7: 2889-94). In situ hybridization localizes
Acr64B expression to nervous tissue, especially in late
embryos, pupae, and newly eclosed adults (Hermans-
Borgmeyer, Hoffmeister, Sawruk, Betz, Schmitt, and
Gundelfinger, 1989, Neuron. 2: 1147-56).
cytology: Placed in 64B by means of in situ hybridization.
molecular biology: Genomic clones identified using a Tor-
pedo californica nAChR probe; these hybridize to a 3.2-
kb mRNA present at high levels on developmental North-
em blots in late embryos and during metamorphosis,
periods of neuronal differentiation. Genomic probes used
to isolate overlapping cDNA clones. The gene comprises
six exons distributed over approximately seven kb of
genomic sequence. The predicted mature protein after
cleavage of a 24 amino-acid signal sequence, consists of
497 amino acids, has a calculated molecular weight of
57,340 and shows extensive homology to all known
nAChR genes of other species along its entire amino acid
sequence, conforming most closely to neuronal o subun-
its, although it lacks the cysteine doublet at residues 201
and 202 characteristic of all other ¢ subunits. It contains
four putative transmembrane domains, a potential amphi-
pathic o helix, and a canonical N-glycosylation site
Asn48; however, the N-linked glycosylation site found at
residue 141 in all vertebrate nAChR s is absent in Droso-
phila.

12

Acr9bA

location: 3-{83}.

synonym: ALS: Alpha-Like Subunit.

references: Bossy, Ballivet, and Spierer, 1988, EMBO J.

7: 611-18.

phenotype: Structural gene encoding a Drosophila homo-
logue of a subunit of vertebrate nicotinic acetylcholine
receptors (nAChR); inferred to be homologous to neu-
ronal o subunits based on the cystein doublet at amino-
acid residues 201 and 202.

cytology: Placed in 96A by in situ hybridization.

molecular biology: Genomic clones identified using as a
probe a fragment of the chick neuronal nAChRo2 gene;
these hybridize to a 10.5 kb mRNA present at high levels
on developmental Northern blots from late embryo to
pupation, decreasing in late pupae and adults; genomic
probes used to isolate overlapping cDNA clones. The
gene comprises ten exons distributed over 54 kb of
genomic sequence; combined nucleotide sequence from
the cDNA clones defines a single long open reading
frame of 1701 nucleotides bracketed by 1282 5" and 514
3’ nucleotides. The ORF encodes 567 amino acids,
which show 40-44% sequence conservation with mam-
malian neuronal nAChR o subunits and with Drosophila
Acr64B product. Structural domains homologous to
those of vertebrate nAChR subunits include a cystein
doublet at residues 201 and 202 that characterizes all o
subunits, four transmembrane domains, two potential
glycosylation sites (Asn 24 and 212) characteristic of ver-
tebrate neuronal o subunits, and an amphipathic o-helical
region in the C-terminal quarter of the polypeptide. In
addition, the positions of four Drosophila introns
correspond exactly to those of four of seven vertebrate
AChR introns.

Activator of SD : see Rsp
act: actidione sensitive

location: 3-90 (21 units to the right of H).

origin: Naturally occurring allele.

references: Marzluf, 1969, Biochem. Genet. 3: 229-38.

phenotype: act/act killed by 0.1 the concentration of
actidione (cycloheximide) that act +-bearing strains sur-
vive.

alleles: Recessive allele fixed in Oregon-R and Canton-S
strains. Urbana-S and Swedish-b carry act *.

Act5C: Actin in region 5C

location: 1-{14}.
references: Tobin, Zulauf, Sdnchez, Craig, and McCarthy,
1980, Cell 19: 121-31.
Fyrberg, Kindle, Davidson, and Sodja, 1980, Cell
19: 365-78.
Fyrberg, Bond, Hershey, Mixter, and Davidson, 1981,
Cell 24: 107-16.
phenotype: Codes for cytoplasmic actin; transcribed
throughout development; one of two actin genes
transcribed in Kc cells and several other cell lines (Fyr-
berg, Mahaffy, Bond, and Davidson, 1983, Cell
33: 115-23). One of three actin genes expressed in the
wing disc during wing development, each with its charac-
teristic profile. Peak expression at 44h of pupal age, little
or no expression at 60h rising again at 80h. 44h peak
corresponds to time of maximum change in cell shape
(Peterson, Bond, Mitchell, and Davidson, 1985, Dev.



Genet. 5: 219-25). Transcripts present in the preblasto-
derm embryo suggesting maternal transcription; during
blastoderm formation, Act5C transcripts accumulate at
the periphery of the embryo; local concentrations of tran-
script observed in anterior and posterior midgut rudi-
ments in stage 13 embryos; hybridization also observed
in the developing ventral nervous system. Later in
embryogenesis, transcript found in all tissues but with
dramatic concentrations of transcripts in the anterior and
posterior midgut and the proventriculus. Exon specific
probes demonstrate that transcripts containing exon 1
tend to be concentrated in anterior portions of early
embryos, including the anterior midgut primordium and
the proventriculus, as well as in the posterior midgut pri-
mordium; during germ-band extension, small local con-
centrations of exon 2 transcripts are seen in posterior and
ventral regions of the embryo (Burn, Vigoreaux, and
Tobin, 1989, Dev. Biol. 131: 345-55).

cytology: Localized to 5C2-5 based on failure of ActS
specific probe to hybridize to either Df{I)N73 =
Dft1)5C2;5C5-6 or Df(1)C149 = Df{1)5A8-9;5C5-6
(Sodja, Rizki, Rizki and Zafar, 1982, Chromosoma
86: 293-98).

molecular biology: Genomic clone restriction mapped
(Fyrberg er al., 1980) and partially sequenced (Fyrberg et
al., 1981). Comparison with cDNA clones indicates the
presence of three exons, two of which are included in any
c¢cDNA (Bond and Davidson, 1986, Mol. Cell Biol.
6: 2080-88). Partial sequence (Bond and Davidson;
Vigoreaux and Tobin, 1987, Genes Dev. 1: 1161-71)
indicate that all protein encoding sequences reside in
exon 3, that either exon 1 or exon 2 is spliced to exon 3,
and that there are three transcription start sites, one in
exon 1 and two in exon 2, giving rise to different 5°
untranslated regions; also there are indications of at least
three polyadenylation sites generating messages with 3°
untranslated regions of 375, 655, and 945 nucleotides.
Using discriminating 5° and 3” probes, Burn, Vigoreaux,
and Tobin (1989) have shown that transcripts differing in
5" untranslated regions display different tissue
specificities; no 3~ specificities are seen. Exons 1 and 2
are each preceded by a functional promoter (Bond-
Matthews and Davidson, 1988, Gene 62: 289-300).

GENES

Act57A
location: 2-{93}.
references: Tobin, Zulauf, Sdnchez, Craig, and McCarthy,
1980, Cell 19: 121-31.
Fyrberg, Kindle, Davidson, and Sodja, 1980, Cell
19: 365-78.
Fyrberg, Bond, Hershey, Mixter, and Davidson, 1981,
Cell 24: 107-16.
phenotype: According to Fyrberg and Davidson, Act574
encodes the actin I protein isoform, which is the major
actin species of larval intersegmental muscle; also
encodes adult cephalic and abdominal muscle (Fyrberg,
Mahaffy, Bond and Davidson, 1983, Cell 33: 1 15-33).
cytology: Localized to 57A by in situ hybridization.
molecular biology: Genomic clone = ADmA4; coding
region restriction mapped and partially sequenced (Fyr-
berg er al., 1981). Intervening sequence of approxi-
mately 630 base pairs inserted in the glycine codon at
amino acid position 13 (Fyrberg et al., 1981).

Act79B
location: 3-{47.5}).
references: Tobin, Zulauf, Sanchez, Craig, and McCarthy,
1980, Cell 19: 121-31.
Fyrberg, Kindle, Davidson, and Sodja, 1980, Cell
19: 365-78.

Fyrberg, Bond, Hershey, Mixter, and Davidson, 1981,
Cell 24: 107-16.
Zulauf, Sénchez, Tobin, Rdest, and McCarthy, 1981,
Nature 292: 556-58.
Sanchez, Tobin, Rdest, Zulauf, and McCarthy, 1983, J.
Mol. Biol. 163: 533-51.

phenotype: According to Zulauf er al. (1981), Act79B
appears to code for actin I, a larval muscle-specific actin.
Initial translation product, which migrates as actin II,
apparently acetylated to become actinI. Using probe
from 3" transcribed-but-not-translated  sequences,
Sénchez et al. demonstrated two minor peaks of
transcription during embryogenesis and major peaks dur-
ing first and second instar and to a lesser degree in the
pupa. Fyrberg, Mahaffy, Bond, and Davidson, (1983,
Cell 33: 115-23) on the other hand, find Act79B to be
expressed in adult legs and tubular muscles of thorax,
including direct flight muscles, pleurosternal muscles,

Act42A and muscles of various leg segments. In addition,
location: 2-55.4 (inferred from polytene position). Act798B is expressed in muscles that support the head and
references: Tobin, Zulauf, Sanchez, Craig, and McCarthy, abdomen, in the scutellar pulsatile organ, and in two pairs

1980, Cell 19: 121-31.
Fyrberg, Bond, Hershey, Mixter, and Davidson, 1981,
Cell 24: 107-16.
phenotype: Codes for cytoplasmic actin; transcribed
throughout development; one of two actin genes
transcribed in Kc cells and several other cell lines (Fyr-
berg, Mahaffy, Bond, and Davidson, 1983, Cell
33: 115-23). One of three actin genes expressed in the
wing disc during wing development, each with its charac-
teristic profile. Peak expression at 44h of pupal age, little
or no expression at 60h rising again at 80h. 44h peak
corresponds to time of maximum change in cell shape
(Peterson, Bond, Mitchell, and Davidson, 1985, Dev.
Genet. 5: 219-25).
cytology: Located in 42A by in situ hybridization.
molecular biology: Genomic clone = ADmA3. Partial
nucleotide sequence in Fyrberg et al. (1981).

13

of abdominal muscles that are present only in male flies
(Courchesne-Smith, and Tobin, 1989, Dev. Biol.
133: 313-21). One of three actin genes expressed in
wing development each with its characteristic develop-
mental profile; peak activity at 80h of pupal age (Peter-
sen, Bond, Mitchell, and Davidson, 1985, Dev. Genet.
5: 219-25.

cytology: Localized to 79B by in situ hybridization.

molecular biology: Genomic clone by Zulauf er al. (1981)
and as ADmAG by Fyrberg ef al. (1981). Coding region
restriction mapped and partially sequenced by Fyrberg et
al. (1981). Intervening sequence of 357 nucleotides
within a glycine codon at position 307 (Fyrberg er al.,
1981). Coding sequences, intervening sequences and
flanking sequences completely sequenced (Sanchez et
al.). Encodes a 374-amino-acid 43-kd polypeptide
which is 95% homologous with the product of Act88F
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and 91% homologous with rabbit actin.

Act87E
location: 3-{52.3}.
references: Tobin, Zulauf, Sdnchez, Craig, and McCarthy,
1980, Cell 19: 121-31.
Fyrberg, Kindle, Davidson, and Sodja, 1980, Cell
19: 365-78.
Fyrberg, Bond, Hershey, Mixter, and Davidson, 1981,
Cell 24: 107-16.
phenotype: Encodes actin found in larval muscle and adult
cephalic and abdominal muscle (Fyrberg, Mahaffey,
Bond, and Davidson, 1983, Cell 33: 115-23).
alleles: No lethal alleles of Act87E recovered in a lethal-
saturation study (Manseau, Ganetzky, and Craig, 1988,
Genetics 119: 407-20).
cytology: Placed in 87E9-12 by in situ hybridization;
included in Df{3R)ry619 = Df(3R)87D7-9,87E12-F1,
but not in Df{3R)ryl168 = Df{3R)87B15-C1,87E9-12
(Manseau et al., 1988).
molecular biology: Genome clone restriction mapped and
partially sequenced by Fyrberg et al. (1981). Com-
parison of genomic and cDNA sequence indicates a 556
nucleotide intron in the 5° untranslated region. Concep-
tual amino-acid sequence shows ~95% identity with
other Drosophila actins (Manseau et al., 1988).

Act88F
location: 3-57.1 (based on 41 cu-sr and 84 red-e recom-
binants).
references: Tobin, Zulauf, Sdnchez, Craig, and McCarthy,
1980, Cell 19: 121-31.
Fyrberg, Kindle, Davidson, and Sodja, 1980, Cell
19: 365-78.
Fyrberg, Bond, Hershey, Mixter, and Davidson, 1981,
Cell 24: 107-16.
Sdnchez, Tobin, Rdest, Zulauf, and McCarthy, 1983, J.
Mol. Biol. 163: 533-51.
phenotype: Structural gene encoding actin III; expressed
only in the developing thorax, specifically in the indirect
flight muscles (Fyrberg, Mahaffey, Bond, and Davidson,
1983, Cell 33: 115-23; Hiromi and Hotta, 1985, EMBO
J. 4: 1681-87). The only actin expressed in indirect
flight muscle (Fyrberg). Heterozygotes for null muta-
tions or Act88F deficiencies are flightless; flightlessness
is apparently caused by imbalance between myosin heavy
chains and actin III; whereas hemizygosity for either Mhc
or Act88F leads to complex myofibrillar defects and
flightlessness, double hemizygotes have nearly normal
fibrillar structure and are able to fly [Beall, Sepanski, and
Fyrberg, 1989, Genes Dev. 3: 131-40 (fig.)]. Major
peaks of transcription during pupal stage (Sanchez et ql.,
1983). Heterozygotes and to a greater degree, homozy-
gotes and heteroallehc heterozygotes for antimorphic
alleles Act88F ¢ and Act88F ° show constitutive synthesis
of heat-shock proteins, with HSP26 and HSP27 less
actively synthesized than HSP22, HSP70, and HSP84;
response to heat shock normal (Hiromi and Hotta).
alleles:

allele origin synonym ref ® comments

Act88F T EMS ifm(3)1, Ifm(3)2
weak inducer of HSP
arg 28 — cys

Act88F2 EMS ifm(3)4

3,4,7 dominant antimorphic allele

3,4, 7 dominant antimorphic allele

allele origin synonym ref * comments
weak inducer of HSP
ile 76 — phe
ActsgF3 EMS ifm(3)6 17

Acts8F? EMs Ifm(3)7, Aci88FKM75 3 7.8 dominant antimorphic allele
strong inducer of HSP
trp 356 — opal

Act88F s Acwsgp HHS 2,8 dominant antimorphic allele
strong inducer of HSP
gly 366 — ser

Act88F 6 Acigsp KM88 2,8 dominant hypomorphic allele

75 — ambera
ActssF’ Acigsp KM129 28
Act88F 8 spont Act88F rsd 5.6
o

I = Ball, Karlik, Beall, Saville, Sparrow, Bullard, and Fyrberg, 1987,
Cell 51: 221-28; 2 = Hiromi and Hotta, 1985, EMBO J. 4: 1681-87;
3 = Karlik, Coutu, and Fyrberg, 1984, Cell 38: 711-19 (fig.); 4=
Karlik, Saville, and Fyrberg, 1987, Mol. Cell Biol. 7: 3084-91; 5 =
Lang, Wyss, and Eppenberger, 1981, Nature 291: 506-08; 6=
Mahaffey, Coutu, Fyrberg, and Inwood, 1985, Cell 40: 101-10; 7 =
Mogami and Hotta, 1981, Mol. Gen. Genet 183: 409-17; 8=
Okamoto, Hiromi, Ishikawa, Yamada, Isoda, Mackasa, and Hotta,
1986, EMBO 1. 5: 589-96.

cytology: Placed in 88F by in situ hybridization.

molecular biology: Genomic clones isolated by Tobin et
al. (1980) and by Fyrberg et al. (1981). Sequence
analysis reveals a translated sequence accounting encod-
ing a 374-amino-acid polypeptide of molecular weight 43
kd, which shows 95% homology with the Act79B gene
product and 92% homology with rabbit actin. The
genomic sequence shows an intron of 60 nucleotides
within codon 307 (Sanchez er al., 1983). Deletion
analysis of upstream cis-acting regulatory sequences car-
ried out by Geyer and Fyrberg (1986, Mol. Cell Biol.
6: 3388-96). Arthrin, a 55-kd protein found in indirect
flight muscle shown to be an uniquinated form of actin II1
(Ball, Karlik, Beall, Saville, Sparrow, Bullard, and Fyr-
berg, 1987, Cell 51: 221-28).

Aci88F*

phenotype: Dominant flightless allele; actin ITI replaced by
a truncated polypeptide of 42 kd that is stable and capa-
ble of incorporation into myofibrils; actin II reduced in
homozygotes (Hiromi and Hotta, 1985). Myofibrils in
indirect flight muscles of homozygotes severely
deranged; sarcomere structure obliterated; indirect-
flight-muscle nuclei enlarged. Skeins of morphologically
normal but highly disorgainzed thick filaments present,
but Z discs absent. Thin filaments scarce. Electron dense
material of unknown origin seen m sections. Wild-type
flies transformed with cloned Act* sequence produces
both the 42-kd and the heat-shock proteins (Hiromi,
Okamoto, Gehring, and Hotta, 1986, Cell 44: 293-301).

Act88F°

phenotype: Produces half normal amount of actin isoform
1II; shows increased synthesis of actin I, normally present
in only trace amounts in indirect flight muscle. Indirect-
flight-muscle nuclei enlarged and myofibrils disrupted.
Heterozygotes flightless.

Act88F°

phenotype: Actin III entirely absent from indirect flight
muscle in homozygotes; levels of actin II also reduced.
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7 .
Act88F Mahowald, 1985, Genetics 111: 23-41).
phenotype: Actin III replaced by a truncated polypeptide alleles:
of 38 kd; its low concentrations on gels suggests high ins- allele origin  discoverer  synonym ref ®  comments
tability (Hiromi and Hotta, 1985).
1
Actn EMS Homyk ﬂlA 1,2,3
Act88F° Actn§ EMS  Homyk  fiA> 1,2,3
phenotype: Studied only in combination with rsd at 95.4 Actn’  EMS  Homyk ﬂzAj 12,3
on chromosome 3; not examined in rsd™ background. Actn EMS  Homyk fia 1,2,4  heat-sensitive
Wings of homozygotes held straight up, nearly meeti pupal lethal
gth o ygotes h : 81t up, nearly meeting Actng Xray Lefevie  [(1)AIIS 6,8  larval lethal
over thorax; heterozygotes ave wings held normally, but Actn?  Xmy Lefevre N1)C212 6 T(1:3)1A7.2C3:80
are nearly flightless. Electron microscropy of homozy- Actn Xray Lefevre 1(1)GA17 6,8  embryonic lethal
gotes reveals grossly abnormal indirect-flight-muscle 8 (double mutant)
structure; lack thin filaments and Z discs (Deak, Bellamy, Actn Xray  Lefevre {1)HC207  1,6,8 In(1)2C3;7B1;

. . . . . polyphasic lethal
Bienz, Dubuis, Fenner, Gollin, Rahmi, Ramp, Reinhardt, Actn? % ray  Lefevre HIHC288 6,8  larval-pupal lethal
and Cotton, 1982, J. Embryol. Exp. Morphol. 69: 61-81). Actn 1 Xiay  Lefevre W 1HF356 6
Abnormal protein accumulation observed in thoraces. Actn ;; Xray Lefevre K1)JC111 6 In(1)2C3,9A2-3
Actin III and its ubiquinated derivative, arthrin, absent in Actn o EMS  Lefevie  [1)EA43 7.8 larval lethal

Actn EMS Lefevre I(1)EA4S 7

Act88F & homozygotes Lang et ix -

) ye (Lang g Zl ) s lother polypep Actn ;; EMS  Lefevre I(1)EA82 1,7,8 larval lethal
ndes including an.m(.:hrect .lg t-muscle tropomyosm Acin EMS  Lefevre (1)EALT 7
isoform and two indirect-flight-muscle tropomyosin- Actn ;g EMS  Lefevre I(1)VE692 7,8  larval lethal
related isoforms, markedly reduced. Homozygotes Actn 18 SPomt  Schalet I(1)4-3
transformed with Act88F * show restoration to approxi- 2":” 19 SP}:’A"S‘ Schalet 5” " 7'449’1
mately normal levels of the six reduced polypeptides. cn H (1M2 3

o

Accumulation of actin III and arthrin still negative, how- I = Homyk and Emerson, 1988, Genetics 119: 105-21; 2 = Homyk

ever; the latter attributed to the failure of post- and Grigliatti, 1983, Dev. Genet. 4: 77-97; 3 = Homyk and Shep-
pard, 1977, Genetics 87: 95-104; 4 = Homyk, Szidonya, and Suzuki,

translat_lonal mOdlﬁcat.lo.n in the presence of homozygous 1980, Mol. Gen. Genet. 177: 553-65; 5 = Kramers, Schalet, Paradi,
rsd. Viability and fertility normal. and Huiser-Hoogteyling, 1983, Mutat. Res. 107: 187-201;
molecular biology: a null mutant; Act88F mRNA reduced 6 = Lefevre, 1981, Genetics 99: 461-80; 7 = Lefevre and Watkins,
10-15 fold; alteration of normal sequence apparently out- 1986, Genetics 113: 869-95; 8=Perrimon, Engstrom, and

side the coding region; mRNA level, and to some degree, Mahowald, 1985, Genetics 111: 23-41.

the phenotype rescuable by germ-line transformation cytology: Placed in 2C3 based on breakpoint common to

uslng Act8§F normal genomlc.sequence. Seguence of three rearrangement associated lethal alleles (Lefevre).
coding region of DNA including 60-nucleotide intron Covered by Dp(l:3jw"® = 1:3)2B17-CI :3C4-
reveals differences from that of Canton-S that account for y op = Dp g
. . . 5,77D3-5,81 but not by Dp(1;Y)w * = Dp(1,;Y)2D1-

five amino-acids substitution (Mahaffey er al.). 2:3D3-4 (Perrimon, ef al.)

other information: Conceivable that Act88F ° is a wild- ’ o
type isoallele with normal phenotype in the absence of ad: arcoid
rsd. location: 2-60.7.

- e origin: Spontaneous.

actidione sensitive: sce act discoverer: Curry, 38a2.

Actin: see Act references: 1939, DIS 12: 45.

phenotype: Wings arched, broad, and somewhat shor-

Actn: o Actinin tened; crossveins close; scutellar groove shallow. Legs

location: 1-1.0. may be slightly shorter than wild type. RK3.
synonym: I(1)2Ch 3
phenotype: The structural gene for o Actinin (Fyrberg). add-B: see dmd

Both lethal and viable alleles recovered; allelism deter-

Additional sex combs: see Asx
mined by Homyk and Emerson. Viable alleles uncondi- A

tionally flightless; wing position normal, but unable to fly ade1: adenosinel

or beat wings; jump abnormally short distances. Gynan- location: 1-57 (right of f).

dromorph studies of Actn indicate a bilateral pair of origin: Induced by ethyl methanesulfonate.

submissive foci located mid ventrally close to the synonym: adel-1 sd

embryonic midline (Homyk and Emerson). ERG normal references: Falk and Nash, 1974, Genetics 76: 755-766.
(Homyk and Pye, 1989, I. Neurogenet. 5: 37-48). Actn 4 phenotype: Eclosion delayed 2 or 3 days; delay abolished
is a heat sensitive lethal, and when raised at low tempera- by supplementation of minimal medium with adenosine
ture, causes aberrant wing display of courting males; or guanosine.

Actn ' Acn? jumps and flies abnormally when raised at ade2 (S. Henikoff and D. Nash)

22° but normally when raised at 29°; temperature sensi-
tive period for this effect in first half of pupal stage
(Hom]k et al ,1980). Trans heterozygotes (i.e., Actn 3,
Actn Acm , and Actn! ) with hdp- a? also flightless.
Lethal alleles die in late larval or early pupal stages;
homozygous maternal germline clones produce normal
ova. Polyphasic lethality of Actn'® attributed to position
effect of the inversion on arm (Perrimon, Engstrom, and

location: 2-17.7 [based on 73 ci-spd recombinants (Keizer,
Nash, and Tiong, 1989, Biochem. Genet. 27: 349-53)].
references: Johnstone, Nash, and Naguib, 1985, Biochem.
Genet. 23: 539-55.
Henikoff, Nash, Hards, Bleskan, Woolford, Naguib, and
Patterson, 1986, Proc. Nat. Acad. Sci. USA 83: 3919-
23.
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Tiong, Keizer, Nash, Bleskan, and Patterson, 1989,
Biochem. Genet. 27: 333-48.

phenotype: Purine nucleoside auxotroph supplementable
with adenine, adenosine, and inosine. Eye color
reddish-brown similar to rosy. Lacks detectable levels of
the fourth purine de novo synthetic-pathway enzyme, for-
mylglycineamide ribotide amidotransferase (FGARAT:;
EC 6.33.5.3). Homozygotes and heteroallelic combina-
tions of many alleles have defective wings; the defects
include reduced wing size, deranged posterior wing mar-
gins, and extra wing veins. Macrochaetae are somewhat
thmner than normal and reduced in length. ade2’
ade2 ° , and ade? ” are sterile, perhaps owing to general
deblhty, when homozygous or in heteroallelic combina-
tion with one another. Only ade2 7 was not tested owing
to a linked lethal. Most homozygotes and heteroallelic
heterozygotes display reduced viability, with the appear-
ance of pharate adults unable to eclose.

alleles:

L. . o
allele origin discoverer synonym ref ~ comments

ade2 ! EMS Naguib 2,3 weak allele
ade2 2 Yray 5
ade2 3 yray 5
ade2 4 Yray 5
ade2 5 Y ray 5
ade2 6 yray 5
ade2 7 Yray 5
ade2® yray 5 In(2LR)26B;
40-41;57B-C
ade2? yray S T(2:3)26B1-2,97D
ade2 10 spont Bryson, 1939 pyml 1,5

‘ade2 Ly spont Neel, 1941 pym 2 4

R Bryson, 1940, DIS 13: 49; 2 = Henikoff, Nash, Hards, Bleskan,

Woolford, Naguib, and Patterson, 1986, Proc. Nat. Acad. Sci. USA
83: 3919-23; 3= Johnstone, Nash, and Naguib, 1985, Biochem.
Genet. 23: 539-55; 4= Neel, 1942, Am. Nat. 76: 630-34; 5=
Tiong, Keizer, Nash, Bleskan, and Patterson, 1989, Biochem. Genet.
27: 333-48.

cytology: Placed in 26B, probably 26B1 2, based on break-

points common to In(2LR)ade = In(2LR)26B;40-
41;57B-C and T(2,3)ade = 7(2,3)26B1-2,97D. Also
included in Df(2L)ade2-1 = Df(2L)25F;26B5-6,

Df(2L)ade2-2 = Df(2L)25F2-3,26D-E, and Df{2L)ade2-3
= Df(2L)26A,;26B5-6.

ade3 (S. Henikoff and D. Nash)
location: 2-20.
origin: Induced by ethyl methanesulfonate.
discoverer: Nash.
synonym: Gart.
references: Johnstone, Nash, and Naguib, 1985, Biochem.
Genet. 23: 539-55.

Henikoff, Nash, Hards, Bleskan, Woolford, Naguib, and
Patterson, 1986a, Proc. Nat. Acad. Sci. USA 83: 3919-
23.

Henikoff, Keene, Sloan, Bleskan, Hards, and Patterson,
1986b, Proc. Nat. Acad. Sci. USA 83: 720-24.

phenotype: Purine nucleoside auxotroph supplementable
with adenine, adenosine, and inosine. Recovery of ade3
progeny from crosses between ade3 and ade3/SM5 is
about 1% when raised on minimal medium. Less than

3% of the normal activity purine de nove synthetic path-

way enzyme, glycineamide ribotide transformylase [EC

2.1.2.2 (GART)]. Eye color normal.
cytology: 27C by means of in situ hybridization of cloned
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sequence.

molecular biology: Corresponds to the cloned sequence

selected by Henikoff, Keene, Tatchell, Hall, and
Nasmyth [1981, Nature (London) 289: 37] by its ability
to complement ade8 in yeast, which codes for GART.
Seven exons specify a 4.7 kb mRNA encoding the
second, third, and fifth de novo purine biosynthetic-
pathway enzyme activities, glycineamide ribotide synthe-
tase [EC 6.3.4.13 (GARS)], aminoimidazole ribotide syn-
thetase [EC 6.3.31 (AIRS)], and GART, on a 1353
amino-acid polypeptide. The first four exons also specify
a 1.7 kb mRNA encoding Gars alone on a 434 amino acid
polypeptide (Henikoff e al.). This smaller polypeptide
is identical to the NH,-terminal portion of the larger,
except for the last amino acid, as a consequence of alter-
native processing of the primary transcript. The ade3
mutation is a single base transition changing a conserved
glycine (found at that position in yeast ade8) to a serine
at amino acid 1164 of the large polypeptide.

A functional pupal cuticle protein gene is found within
the first intron (interrupting the GARS domain), is
encoded on the other DNA strand, and is itself inter-
rupted by a single intron between codons 4 and 5 of a 184
amino-acid open reading frame. This intronic gene (Pcp)
is expressed primarily in abdominal epidermal cells that
secrete the pupal cuticle (Henikoff, Keene, Fechtel, and
Fristrom, 1986, Cell 44: 33-42)

Adenine phosphoribosyl! transferase:

see Aprt

Adenylate kinase C: see Adk-C

Adh: Alcohol dehydrogenase (M. Ashburner)
location: 2-50.1.
references: Johnson and Denniston, 1964, Nature (Lon-

don) 204: 906-07.
Grell, Jacobson, and Murphy, 1965, Science 149: 80-82.
Ursprung and Leone, 1965, J. Exp. Zool. 160: 147-54.

phenotype: Structural gene for alcohol dehydrogenase

[ADH (EC 1.1.1.1)]. Natural populations are
polymorphlc for three electrophoretic alleles (Adh
AdnS, Adn TP ) and for three rarer electrophoretlc
alleles (Adn' Y5, adn ™', aan YF). The frequency of the
Adh T allele increases, at the expense of AdhS , with
increasing latitude in both northem and southern hemi-
spheres [Johnson and Schaffer, 1973, Biochem. Genet.
10: 149-63; Vigue and Johnson, 1973, Biochem. Genet.
9: 213-27; Wilks, Gibson, Oakeshott and Chambers,
1980, Aust. J. Biol. Sci. 33: 575-85; Anderson, 1981,
Genetic Studies of Drosophila Populations (Gibson and
Oakes, eds.). Australian National University Press,
Pp. 237-50; Anderson and Chambers, 1982, Evolution
36: 86-96].

Confers resistance to ethanol; flies lacking ADH
rapidly become intoxicated and eventually die on expo-
sure to ethanol (Grell, Jacobson and Murphy, 1968, Ann.
N.Y. Acad. Sci 151: 441-45; Vigue and Sofer, 1976,
Biochem. Genet. 14: 127-135; David, Bocquet, Arens
and Fouillet, 1976, Biochem. Genet. 14: 989-97). How-
ever, ethanol sensitivity is complex since even Adh nulls
are more resistant to ethanol when young than when old
(Vigue and Sofer, 1976; Tsubota). Adh * flies are killed
by low concentrations of unsaturated secondary alcohols
(e.g. 1-penten-3-ol; l-pentyn-3-ol) but not by unsa-



turated primary alcohols (e.g. 1-penten-1-ol) (Sofer and
Hatkoff, 1972, Genetics 72: 545-49), presumably due to
the formation of toxic ketones. This allows the chemical
selection of Adh nulls (Sofer and Hatkoff, 1972:
O’Donnell, Gerace, Leister and Sofer, 1975, Genetics
79: 73-83). ADH may play a metabolic role independent
of alcohol detoxication, i.e. in the metabolism of higher
alcohols (see Winberg, Thatcher and McKinley-McKee,
1982, Biochem. Biophys. Acta 704: 7-16). ADH also
catalyses the oxidation of acetaldehyde to acetate (Heins-
tra, Eisses, Schoonen, Aben, de Winter, van de Horst,
van Marrewijk, Beenakkers, Scharloo and Thérig, 1983,
Genetica 60: 129-37; Moxon, Holmes, Parsons, Irving,
and Doddrell, 1985, Comp. Biochem. Physiol.
80B: 525-35).

Specific activity of ADH changes with development,
with peaks at the end of the third larval instar and about
four days after eclosion (Ursprung, Sofer and Burroughs,
1970, Wilhelm Roux’s Arch. Entwicklungsmech. Org.
164: 201-08; Dunn, Wilson and Jacobson, 1969, J. Exp.
Zool. 171: 185-90; Leibenguth, Rammo and Dubiczky,
1979, Wilhelm Roux’s Arch. Dev. Biol. 187: 81-88:
Maroni and Stamey, 1983, DIS 59: 77-79; Anderson and
McDonald, 1981, Canad. J. Genet. Cytol. 23: 305-13).
Most of the activity is in the larval fat body and gut and
the adult fat body (Ursprung, Sofer and Burroughs).
Maternal inheritance of ADH by embryos and larvae
(O’Donnell et al.; Leibenguth ef al.). Half life of ADH-
F in vivo estimated as 553 hours (Anderson and
McDonald, 1981, Biochem. Genet. 19: 411-19). Not
expressed in SL2 tissue culture cells, but transfected
cloned gene is (Benyajati and Dray, 1984, Proc. Nat.
Acad. Sci. 1701-05).

Ethanol tolerance usually correlated with ADH activity
and polymorphic experimental populations exposed to
ethanol usually show an increase in the frequency Adh F
(McDonald and Avise, 1976, Biochem. Genet. 14: 347-
55; Cavener and Clegg, 1978, Genetics 90: 629-44; van
Delden, Kamping and van Dijk, 1975, Experientia
31: 418-19; Oakeshott, Gibson, Anderson and Champ,
1980, Aust. J. Biol. Sci. 33: 105-14; McDonald,
Chambers, David and Ayala, 1977, Proc. Nat. Acad. Sci.
USA 74: 4562-66). Flies carrying Adh © tend to be more
resistant than those carrying only Adh® 1o ethanol
[Kamping and van Delden, 1978, Biochem. Genet.
16: 541-55; Ainsley and Kitto, 1975, Isozymes (C.
Markert, ed.). Academic Press, Vol. II, pp.733-43;
Briscoe, Robertson and Malpica, 1975, Nature (London)
253: 148-49].

Electrophoresis of homozygous genotypes usually
reveals three interconvertable isozymes [Ursprung and
Leone; Johnson and Denniston; Grell er al., 1965;
Ursprung and Carlin, 1968, Ann. N.Y. Acad. Sci.
151: 456-75; Jacobson, Murphy and Hartmann, 1970, J.
Biol. Chem. 245: 1075-83; Jacobson and Pfuderer, 1970,
J. Biol. Chem. 245: 3938-44; Jacobson, Murphy and
Ortiz, 1972, Arch. Biochem. Biophys. 149: 22-35;
Knopp and Jacobson, 1972, Arch. Biochem. Biophys.
149: 36-41; Schwartz, Gerace, O’Donnell and Sofer,
1975, Isoenzymes (C. Markert, ed.). Academic Press,
Vol. I, pp. 725-51]. These vary in activity and stability,
the most cathodal being more active, but less stable, than
the more anodal forms. They probably result from the
binding of 0, 1 or 2 moles per mole of a NAD * addition

17

GENES

complex with a carbonyl compound [Schwartz and Sofer,
1976, Nature (London) 263: 129-31; Schwartz,
O’Donnell and Sofer, 1979, Arch. Biochem. Biophys.
194: 365-78; Winberg, Thatcher and McKinley-McKee,
1983, Biochem. Genet. 21: 63-80]. Feeding flies
acetone, propan-2-ol, or 3-hydroxy-butanone, for exam-
ple, converts isozymes to most anodal form and results in
loss of enzyme activity in vitro and in vivo (Schwartz and
Sofer, 1976; Papel, Henderson, van Herrewege, David
and Sofer, 1979, Biochem. Genet. 17: 533-63). ADH
has been purified (Sofer and Ursprung, 1968, J. Biol.
Chem. 243: 3118-25; Schwartz et al., 1975; Thatcher,
1977, Biochem. J. 163: 317-23; Leigh Brown and Lee,
1979, Biochem. J. 179: 479-82; Juan and Gonzalez-
Duarte, 1980, Biochem. J. 189: 105-10; Elliot and
Knopp, 1975, Methods Enzymol. 41: 374-79; Chambers,
1984, Biochem. Genet. 22: 529-50). It is a homodimer
with monomeric subunit molecular weight of 27500 dal-
tons (Thatcher, 1980, Biochem. J. 187: 875-83); molecu-
lar extinction coefficient 4.8 X 10* liter/mol/cm (Juan
and Gonzalez-Duarte, for ADH-S). Complete amino acid
sequence determined by Thatcher (1980; see also
Schwartz and Jornvall, 1976, Europ. J. Biochem.
68: 159-68; Auffret, Williams and Thatcher, 1978, FEBS
Lett. 90: 324-26; Benyajati, Place, Powers, and Sofer,
1981, Proc. Nat. Acad. Sci. USA 78: 2317-21;
Chambers, Laver, Campbell and Gibson, 1981, Proc. Nat.
Acad. Sci. USA 78: 3103-07) with secondary structure
predictions (Thatcher and Sawyer, 1980, Biochem J.
187: 884-86; Benyajati et al., 1981). Limited homology
in supposed catalytic region with ribitol dehydrogenase
of Klebsiella (Jornvall, Persson and Jeffry, 1981, Proc.
Nat. Acad. Sci. USA 78: 4226-30).

ADH shows a broad substrate specificity but is more
active (by at least a factor of 5) with secondary than pri-
mary alcohols and shows highest activity to 3-6 carbon
alcohols (Sofer and Ursprung; Thatcher and Camfield,
1977, Winberg et al., 1982, Chambers et al.). Differ-
ences in substrate specificity, kinetic constants and stabil-
ity of different electrophoretic variants often reported
(Anderson and McDonald, 1983, Proc. Nat. Acad. Sci.
USA 80: 4798-802). Considerable heterogeneity in the
specific activity of ADH within and between different
Adh® and AdhS strains, though Adk S strains tend to be
lower than Adh® [Day, Hillier and Clarke, 1974,
Biochem. Genet. 11: 141-53, 155-65; Day and Needham,
1974, Biochem. Genet. 11: 167-75; Gibson, 1970,
Nature (London) 227: 959-61; Gibson, Chambers,
Wilkes and Oakeshott, 1980, Aust. J. Biol. Sci. 33: 479-
89; Gibson and Miklovitch, 1971, Experientia 27: 99-
100; Kreitman, 1980, Genetics 95: 467-75; Qakeshott,
1976, Aust. J. Biol. Sci. 29: 365-73; Sampsell, 1977,
Biochem. Genet. 15: 971-88; Sampsell and Sims, 1982,
Nature (London) 296: 853-55; Thoérig, Schoone and
Scharloo, 1975; Biochem. Genet. 13: 721-31; Vigue and
Johnson; Hewitt, Pipkin, Williams and Chakrabartty,
1974, J. Hered. 65: 141-44; Ward, 1974, Biochem.
Genet. 12: 449-58; Ward, 1975, Genet. Res. 26: 81-93;
Maroni, Laurie-Ahlberg, Adams and Wilton, 1982,
Genetics 101: 431-66; Rasmuson, Nilson and Zep-
pezauer, 1966, Hereditas 56: 313-16; Clarke, Camfield,
Garvin and Pitts, 1979, Nature (London) 180: 517-18;
Laurie-Ahlberg, Maroni, Bewley, Lucchesi and Weil,
1980, Proc. Nat. Acad. Sci. USA 77: 1073-77; Bames
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and Birley, 1978, Heredity 40: 51-57, Barnes and Birley,
1978, Biochem. Genet. 16: 155-65; McDonald and
Ayala, 1978, Genetics 89: 371-88; McDonald er al.,
1980; Lewis and Gibson, 1978, Biochem. Genet.
16: 159-70]. With the exception of the studies by
Thatcher and Sheik (1981, Biochem. J. 197: 111-17),
Winberg er al. (1982), McDonald, Anderson and Santos
(1980, Genetics 95: 1013-22); Eisses, Schoonen, Aben,
Scharloo, and Thorig (1985, Mol. Gen. Genet. 199: 76-
81) and Moxon et al. (1985), these were all done with
crude extracts and not purified enzyme. Thatcher and
Sheikh find the relative thermostabilities to be ADH-S >
ADH-F > ADH-n5 > ADH-D. ADH-S shows slower dis-
sociation of NADH from NADN-enzyme complex than
ADH-F (Winberg, Hovik, and McKinley-McKee, 1983,
Biochem. Genet. 23: 205-16).

ADH is not a metalloenzyme (Place, Powers and
Sofer, 1980, Fed. Proc. 39: 1640); but, paradoxically, is
inhibited by certain metal ion chelators, e.g. pyrazole
(Place, Powers and Sofer; Winberg et al., 1982; Moxon
et al., 1985).

Utilization of ethanol as an energy source (van Her-
rewege and David, 1974, C. Rend. Acad. Sci. Paris
279D: 335-38; van Herrewege, David and Grantham,
1980, Experientia 36: 846-47; Libion-Mannaert, Del-
cour, Deltombe-Lietaert, Lenelle-Montfort and Elens,
1976, Experentia 32: 22-23) depends on ADH activity
(David, Bocquet, van Herrewege, Fouillet and Arens,
1978, Biochem. Genet. 16: 203-11). Adh F homozygotes
usually show a better ability to survive on ethanol as a
sole energy source than Adh’S homozygotes (Daly and
Clarke, 1981, Heredity 46: 219-26; Anderson,
McDonald and Santos, 1981, Experientia 37: 463-64).
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Adh® and Adn® homozygotes also show behavioural
differences in their response to ethanol (Parsons, 1977
Oecologia 30: 141-46; Cavener, 1979, Behav. Genet.
9: 359-65; Gelan and McDonald, 1980, Behav. Genet.
10: 237-49; Hougonto, Lietaert, Libion-Mannaert, Feyt-
mans and Elens, 1982, Genetica 58: 121-28; Parsons,
1980, Behav. Genet. 10: 183-90; Parsons, 1980,
Experientia 36: 1070-71).

D. simulans enzyme monomers form heterodimers
with those of D. melanogaster (E.H. Grell); D. simulans
enzyme purified (Juan and Gonzalez-Duarte, 1981,
Biochem. J. 195: 61-69). Sequence of D. simulans ADH
(from DNA) similar to that of AdhS with following
changes: serl — alal; gIn82 — 1ys82; ile184 — vall84
(Bodmer and Ashburner, 1984, Nature 309: 425-30). D.
simulans and D. melanogaster enzymes differentially
regulated in hybrids (Dickenson, Rowan, and Brennan,
1984, Heredity 52: 215-25). The Adh genes from D.
orena and D. mauritiana have also been sequenced (Bod-
mer and Ashburner), and those of D. erecta, D. teissieri
and D. yakuba mapped with restriction enzymes (Lang-
ley, Montgomery and Quattlebaum, 1982, Proc. Nat.
Acad. Sci. USA 79: 5631-35).

alleles: Large numbers of alleles have been selected and

characterized. This information is summarized in the fol-
lowing tables: The first table describes the origins and
phenotypes of the electrophoretic variants, the majority
of which were isolated from natural populations; the
second describes the origins and phenotypes of the null
alleles; In addition 16 isolations of null alleles from four
Australian Jocations have been described (Freeth and
Gibson, 1985, Heredity 55: 369-74); not clear how many
mutational events represented.



S adxm R ™

allele origin source discoverer ref o migration B thermo
rate (pI) stability
Adn71kY spont Thorig 5,6, 13,22 (6.4) > AdhF
Adh A18 recomb. Adh nl /Adh Maroni 13,15 (@] < Adh
AdnB78 recomb. Adn™ jAdn Maroni 13,15 0 < Adh
AdnD EMS Adh Grell 9,19 )
Adh F spont Johnson and 1,7,12,16,20 6.4
y Denniston

Adh F spont (Congo) David 4,17,20 6.5
AdnFlo)ve spont Eisses 6 (6.4) >Adh F
Adn F-ChDe spont Lewis 2,3.8,14,24 (6.4) >AdhT ;> AdnS
AdnFm? spont Sampsell 18 6.4)
Adnfre spont Sampsell 13,18 (6.4) > AdhF
AdnFs spont Sampsell 13,18 (6.4) < Adh
Adh 1T spont Ursprung 11,23 (6.4)

and Leone
Adh i spont Ursprung 11,23 (@)

and Leone
Adh s spont Johnson and 7

Denniston
Adh Smn spont Sampsell 18 )
AdhSs spont Sampsell 13,18 (7) <AdhF
Adn YF spont 20,21 6.0
AdnUS spont (Congo) David 4,10,20 7.8

GENES

I = Benyajati, Place, Powers, and Sofer, 1981, Proc. Nat. Acad. Sci. USA 78: 2717-21; 2 = Chambers, Laver, Campbell, and Gibson, 1981, Proc. Nat. Acad. Sci.
USA 78: 3103-07; 3 = Chambers, Wilks, and Gibson, 1981, Aust. J. Biol. Sci. 34: 625-37; 4 = David, 1978, Recherche 9: 482-83; 5 = Eisses, Schoonen, Schar-
loo, Thorig, 1985, Comp. Biochem. Physiol. 82: 863-68. 6 = Eisses, Thorig, and Scharloo, 1981, Genetics 97: s33; 7= Fletcher, Ayala, Thatcher, and
Chambers, 1978, Proc. Nat. Acad. Sci. USA 75: 5609-12; 8 = Gibson, Chambers, Wilkes, and Oakeshott, 1980, Aust. J. Biol. Sci. 33: 479-89; 9 = Grell, Jacob-
son, and Murphy, 1968, Ann. NY Acad. Sci. 151: 441-55; 10 = Grossman, Koreneva, and Ulitscaya, 1970, Genetika (Moscow) 6(2): 91-96; 11 = Hewitt, Pipkin,
Williams, and Chakrabartty, 1974, J. Hered. 65: 141-48; 12 = Johnson and Denniston, 1964; Nature (London) 204: 906-07; 13 = Kreitman, 1980, Genetics
95: 467-75; 14 = Lewis and Gibson, 1978, Biochem. Genet. 16: 159-70; 15 = Maroni, 1978, Biochem. Genet. 16: 509-23; I6 = Retzios and Thatcher, 1979,
Biochemie 61: 701-04; I7 = Retzios and Thatcher, 1980, Biochem. Soc. Trans. 9: 298-99; I8 = Sampsell, 1977, Biochem. Genet. 15: 971-88; /9 = Schwartz
and Jornvall, 1976, Europ. J. Biochem. 68: 159-68; 20 = Thatcher, 1980, Biochem. J. 187: 875-83; 2/ = Thatcher and Camfield, 1977, Biochem. Soc. Trans.
5: 271-72; 22 = Thorig, Schoone, and Scharloo, 1977, Biochem. Genet. 13: 721-731; 23 = Ursprung and Leone, 1965, J. Exp. Zool. 160: 147-54; 24 = Wilks,
Gibson, Oakeshott, and Chambers, 1980, Aust. J. Sci. 33: 375-85.
Numbers in Barentheses inferred from phenotypic description; others represent actual measurements (Thatcher, 1980, Biochem J. 187: 875-83).

Unlike Adk

Probably identical.

Probably the same a5 Ad 1

, will oxidize dihydroorotic acid to orotic acid and sarcosine to glycine.

=adnt .
=adnS.
derivative forms active
allele origin o of discoverer ref B activity CRM hybrid enzyme notes
Adn M4 formaldehyde AdnP Sofer 24,9 - -
Adh N6 formaldehyde Aan®D Sofer 24,9 - -
Adn 23 formaldehyde ~ AdhD Sofer 24,9 - + ¥
Adh fn24 formaldehyde Adh b Sofer 24,9 - -
Adn™! EMS AdnS EH. Grell 67,10, 14 20% + + 5
Adh ™ EMS Adrn® EH. Grell 6,7,10,14 - 5% -
Adh™ EMS Adrn® EH. Grell 6.7,.10, 14 - 15% -
Adn™ EMS AdnP EH. Grell 6,7, 10,14 - -
Adh™ EMS Adn2 E.H. Grell 6,12-14, 17, 18 teaky ts + ¢
Adh" EMS adnt Gerace 59,14 - 44% -
Adn"7 EMS aant Gerace 5,9, 14 - 54% -
Adn" EMS adn® Gerace 5,9, 14 - 61% -
Adh™ EMS adn® Gerace 59,14 - 7% -
Adn ™10 EMS adn® Gerace 5.9, 14 - -
Adh 11 EMS Aanf Sofer 9-12,13, 0.02% 7% + ¢
14-17
Adn 12 EMS adnf Sofer 9,10, 14 - 73% -
Adh 13 EMS AdnF Sofer 9,10,14 - 5% -
Adn14 EMS aant Sofer 9,10,14 - -
Adh ng67 spont 18 n
Adh"A EMS <0, Adn~ Sofer 5,14 - -
Adn"B EMS Cy0, Adh T Sofer 5,14 - + )
Adh"C1 EMS adnUF Ashburner
Adn"162 EMS adnUF Ashbumer leaky ts
Adn"LA2 X ray adit Aaron 1.8 - + v
Ash "LA73 X ray adn® Aaron 1,8 - -
AdhNLA74 X ray Aant Aaron 1.8 - +
Adh nLA80 X ray Adh Aaron 1,8 - + x
Adn "LA248 X ray Adh Aaron 1,8 - -
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derivative forms active
allele origin @ of discoverer ref B activity CRM hybrid enzyme notes
n NLA249 X ray AdnF Aaron 1.8 - +
h nLA252 X ray AdnF Aaron 1,8 - +
Adh nLA319 spont Adh Aaron 1,8 - +
Adh nLA378 X ray AdnF Aaron 1,8 -
Adh nLA405 X ray Adh Aaron 1,8 - + !
@ Adhf n_ Adhf 724 and Adn ™ _ Adh ni4 selected as larvae on pentenol; Adh "6 _ Adn™0 , Adh nA , Adh nB , and the Adh nLA series of alleles selected as
adults on pentenol.
B I'= Aaron, 1979, Mutat. Res. 63: 127-37; 2 = Benyajati, Place, Powers, and Sofer, 1981, Proc. Nat. Acad. Sci. USA 78: 2717-21; 3= Benyajati, Place, and
Sofer, 1983, Mutat. Res. 111: 1-7; 4 = Benyajati, Place, Wang, Pentz, and Sofer, 1982, Nucleic Acids Res. 10: 7261-72; 5= Gerace and Sofer, 1972, DIS
49: 39;6 = Grell, Jacobson, and Murphy, 1968, Ann. N.Y. Acad. Sci. 151: 441-55; 7 = Kamping and van Delden, 1980, DIS 55: 89; 8 = Kelley, Mims, Far-
net, Dicharry, and Lee, 1985, Genetics 109: 365-77; 9= O’Donnell, Gerace, Leister, and Sofer, 1975, Genetics 79: 73-83; /0= Pelliccia and Sofer, 1982,
Biochem. Genet. 20: 297-313; J/ = Reddy, Pelliccia, and Sofer, 1980, Biochem. Genet. 18: 339-51; /2 = Sampsell, 1977, Biochem. Genet. 15; 971-88; 13 =
Schwartz and Jomvall, 1976, Europ. J. Biochem. 68: 159-68; /4= Schwartz and Sofer, 1976, Genetics 83: 126-36; 15= Thatcher, 1980, Biochem. J.
187: 875-83; 16 = Thatcher and Retzios, 1980, Protides of Biol. Fluids 28: 157-60; 17 = Thatcher and Sheikh, 1981, Biochem. J. 197: 111-17; 18 = Vigue
and Sofer, 1974, Biochem. Genet. 11; 387-96.
g Polypeptide smaller than wild type. ‘ )
e Polypeptide slightly larger than wild §ype on SDS gels and electrophoretic mobility altered on non-denaturing gels.

takes several days (Vigue and Sofer; Tsubota).

Purified enzyme thermolabile; Adh ™ flies grown at 18° show loss of both ADH activity and CRM following a shift to 30° (Tsubota); recovery on return to 18°

S Mutation in adenine ribose pocket of coenzyme binding domain; is not bound to 5° -AMP sepharose and cannot recognize NAD?Y (Thatcher and Retzios),
(Schwartz and Jormvall; Schwartz and Sofer, Pelliccia and Sofer). Shows weak intracis-

Adn® 1aan ™1
tronic complementation with Adk™ Adh

forms an active dimer that migrates as Adh " /Adh
"7 adn™? and Adn

(Thatcher; Reddy et al.). Adh 6 /Adh il

heterozygotes display partial resistance to

alcohol; hybrid enzyme activity heat labile; displays altered substrate binding properties (Pelliccia and Couper, 1984, DIS 60: 160-62).

Isolated from natural population.
Polypeptide shorter than normal (24 kilodaltons).

A - o3

Protein unstable by two-dimensional gel electrophoretic analysis.

cytology: Placed in 35B3 by in situ hybridization.
molecular biology: Structural gene cloned (Goldberg,
1980, Proc. Nat. Acad. Sci. USA 77: 5794-98) and
sequenced {Goldberg; Benyajati er al., 1981; Haymerle,
1983, Thesis, University of Cambridge; Kreitman, 1983,
Nature (London) 304: 412-17; Benyajati, Place, Wang,
Pentz, and Sofer, 1982, Nucleic Acids Res. 10: 7261-
72]. Partial sequence (3’ end) of cDNA clone by Benya-
jati, Wang, Reddy, Weinberg and Sofer (1980, Nucleic
Acids Res. 8: 5649- 67). Variation in restriction enzyme
sites within and around Adh (Langley er al.). Adh®
alleles are polymorphic for insertion substitution changes
within the 5" non-coding region intron (Kreitman, 1983).
Sequence comparisons between 5" flanking regions and
exons in D. melanogaster and D. simulans indicate
excess polymorphism in the D. melanogaster 5’ flanking
region (Kreitman and Aguade, 1986, Genetics 114: 93-
100; Aquadro, Desse, Blond, Langley, and Laurie-
Ahlberg, 1986, Genetics 114: 1165-90).

Standard amino acid sequence taken to be that of
ADH-S (Thatcher, 1980 with two corrections: glu25 (not
gln) and an extra tryptophan at 251 (Benyajati er al.,
1981). Standard DNA sequence is that of Adh S allele
from clone pSAC1 of Goldberg (Benyajati er al., 1981,
1982, 1983; Haymerle); numbered from -1/+1, +1 being
the "A’ of the ATG initiating codon. All changes with
respect to coding strand.

Two primary transcripts: major larval transcript ini-
tiated from -69, 24 bp from a TATA box (-100 to -94);
major adult transcript initiated from -766, 24 bp from a
TATA box (-808 to -800). The major adult transcript is
processed by the removal of an intervening sequence
between -689 and -36. There are two introns within the
coding sequence, from +100 to +164 and from +571 to
+639. The polyA addition site is from +1028 to +1034
and the 3" end of the mRNA at +1079. (Benyajati ef al.,
1981, 1983, Henikoff, 1983, Nucleic Acids Res.
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In vitro translation product of mRNA smaller than that of wild type (Pelham and Bodmer).

11: 4735-52).

An 11.8 kb Sacl restriction fragment of the Adn©
allele shown by P-element-mediated germline transfor-
mation to contain all cis-acting DNA sequences neces-
sary for correct expression (quantitative levels of mRNA
and enzyme; tissue specificity; developmental switch in
promoter usage)(Goldberg, Posakony, and Maniatis,
1983, Cell 34: 59-73. In vitro recombinants rule out the
5" flanking sequences as responsible for the two- to three-
fold higher enzyme activity and increased amount of
ADH protein in Adh compared to Adh 5; the only con-
sistent differences are at three nucleotide positions, one at
1490 responsible for the electrophoretic difference and
two silent third-codon substitutions at nucleotides 1443
and 1527 (Laurie-Ahlberg and Stamm, 1987, Genetics
115: 129-40); increase probably not attributable to
increased levels of mRNA (Laurie and Stamm, 1988,
Proc. Nat. Acad. Sci. USA 85: 5161-65). Transcript of
Drosophila gene transfected into yeast spliced normally
(Watts, Castle, and Beggs, 1983, EMBO J. 2: 2085-91).
A fusion of Adh to the Hsp70 promoter has been inserted
into a P element and used in transformation experiments
in Adh deficient flies; in such transformants Adk * func-
tion is under heat-shock control (Bonner, Parks, Parker-

Thornberg, Mortin and Pelham, 1984, Cell 37: 979-91).
Molecular information on alleles in following table.

allele molecular biology ref &
Adn 77k 1 ;

ys 192 — thr 192; pro 214 — ser 214 7
AdnP lys 192 > thr 192; gly 232 > glu 232 10, 12
AdnF lys 192 = thr 192; A7/3 — C713 110,11, 14
adnf ala 51 - glu 51 10
AdhFChD 10y e 192, pro 214 o ser 214 4
Adh fn4 No mature mRNA; 16 bp deletion in 2,3

first intron (146-162);
AG(163-164) splice
acceptor changed to
GG splicing defective,

Adh 6 No mature mRNA; 6 bp deletion in 2,3



allele molecular biology ref o

first intron (106-111); 101-105

substituted by CGATC;

splicing defective.

34 bp deletion in 3" coding region 2,3

(724-758); read through of

normal termination triplet.

Adn 124 50% wild-type mRNA level; 2,3
11 bp deletion in second exon (256-266);
Premature chain termination

Adn 23

Ath C312 - T312; gln 83 — ter 83 2,3
Destroys Pvu II site (Chia)

Adn 111 gly 14 > asn 14 10,12,13

Adn "B UGG — UGA 89

in trp 234 codon; suppressible
in vitro with yeast ochre suppressor

tRNA
Adn NLA248 250 bp insertion formed by 5.6
unequal crossover between
exon 3 (at +708) and
exon 2 (at +465) with
7op (GTGCAAC) inserted
at the junction.
Adh s standard nucleotide sequence 1,2,3,10,13
Adh UF asn® —ala”;ala 3 —)asp45; 10,13, 14
lys 192 — thr 192
AdnYS lys 192 unchanged 11
o

I = Benyajati, Place, Powers, and Sofer, 1981, Proc. Nat. Acad. Sci.
USA 78: 2717-21; 2 = Benyajati, Place, and Sofer, 1983, Mutat.
Res. 111: 1-7; 3 = Benyajati, Place, Wang, Pentz, and Sofer, 1982,
Nucleic Acids Res. 10: 7261-72; 4 = Chambers, Laver, Campbell,
and Gibson, 1981; Proc. Nat. Acad. Sci. USA 78: 3103-07;
5 =Chia, Karp, McGill, and Ashburner, 1985, J. Mol. Biol.
186: 689-706; 6 = Chia, Savakis, Karp, Pelham, and Ashburner,
1985, J. Mol. Biol. 186: 679-88; 7 = de Boer, Andriesse, and Weis-
beek; 8 = Kubli, Schmidt, Martin, and Sofer, 1982, Nucleic Acids
Res. 10: 7145-52; 9 = Martin, Place, Pentz, and Sofer, 1985, J. Mol.
Biol. 184: 221-29; 10 =Retzios and Thatcher, 1979, Biochimie
61: 701-04; 11 = Retzios and Thatcher, 1980, Biochem. Soc. Trans.
9: 298-99; 12 = Schwartz and Jornvall, 1976, European J. Biochem.
68:: 159-68; 13 =Thatcher, 1980, Biochem. J. 187: 875-83;
14 = Thatcher and Camfield, 1977, Biochem. Soc. Trans. 5; 271-72.

adl: see l(1)adl

adp®: adipose

location: 2-83.4.

origin: Spontaneous.

discoverer: Doane, 1960.

references: 1961, DIS 35: 78.
1963, DIS 38: 32.
1963, Proc. 23rd Ann. Biol. Coll., Oregon State Univ.
Press, Corvallis, pp. 65-88.
1969, J. Exp. Zool. 171: 321-42.

phenotype: Adult fat body hypertrophies as cells become
distorted by enormous oil globules. Lipid accumulated at
expense of glycogen in fat body; yolk deposition retarded
(Doane, 1963, DIS 37: 73-74; Doane, 1980, Evolution
34: 868-74). Lipid content and fatty acid profiles com-
pared for various developmental stages in adp "~ and
wild type (Teague, Clark, and Doane, 1986, J. Exp. Zool.
240: 95-104). Abnormal fat bodies visible through body
wall of 6-day-old and older adults when submerged in
95% alcohol and then water. Corpus allatum of mated
females hypertrophies. Females fertile but egg hatchabil-
ity reduced to 45-90%, depending on residual genome;
dorsal appendages of chorion convoluted or fused (King
and Koch, 1963, Quant. J. Microscop. Sci. 104: 297-
320); adult emergence lowered to 33-85%. (Doane,
1963, DIS. 37: 73-74). Males viable and fertile. Hetero-

GENES

zygotes show desiccation tolerance superior to that of
wild type or adp 60 homozygotes (Clark and Doane,
1983, Hereditas 99: 165-75). RK3.

cytology: Placed in 55A-C1 based on its inclusion in
Df(2R)PC4 = Df(2R)55A;55F but not Df{2R)P29 =
Df(2R)55C1-2;56B1-2 (Doane and Dumapias, 1987, DIS
66: 49).

adp”: adipose-female sterile

origin: Spontaneous.

discoverer: Counce, 1956.

synonym: fs(2)adp: female sterile(2) adipose.

references: Doane, 1959, Genetics 44: 506.
1960a, J. Exp. Zool. 145: 1-22 (fig.).
1960b, J. Exp. Zool. 145: 23-42.
1961, J. Exp. Zool. 146: 275-98.

phenotype: Adult fat body phenotype like adp 60; lipid
accumulated at expense of glycogen in fat body; yolk
deposition in ovaries retarded; carbohydrate levels low in
8-day-old adults (Cummings and Ganetzky, 1972, DIS
30: 48. Corpus allatum }éypertrophies in mated females
to same degree as in adp O Females completely sterile;
sterility autonomous. Eggs laid by homozygotes show
meiotic or mitotic abnormalities, or both, never develop
beyond early cleavage stages; chorion, chorionic
filaments and vitelline membrane defective in some.
Males 78% fertile. Heterozygotes fertile, but females
become sterile with age. Viability generally good but
longevity reduced; homozygotes with selective advantage
under starvation; heterozygotes superior under desicca-
tion. Average water content of well-fed adults reduced;
percentage of lipids, as a function of dry body weight,
almost double that of wild type. Iodine numbers show
greater degree of saturation of mutant lipid extracts than
of wild type. RK3.

*ae: aeroplane

location: 2-55.8.

origin: Spontaneous.

discoverer: Mohr, 26k24.

references: Quelprud, 1931, Hereditas 15: 97-119 (fig.).

phenotype: Wings spread, balancers drooping. Overlaps
wild type. RK3.

*Ae: Aechna

location: 3- (rearrangement).

origin: X ray induced.

discoverer: Belgovsky, 45a14.

references: 1946, DIS 20: 63.

phenotype: Wings spread at right angles to body axis.
Homozygous lethal. RK1A.

other information: Reduced crossing over in the th-e
region suggests presence of pericentric inversion.

aea: see dv’
aeroplane: sece ae
ag: agametic

location: 1-20.7.

origin: Spontaneous.

references: Engstrom, Caulton, Underwood, and
Mahowald, 1982, Dev. Biol. 91: 163-70 (fig.).

phenotype: Maternal effect mutant; approximately 40% of
gonads of progeny of homozygous females agametic.
Although some eggs of homozygous females exhibit
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abnormal polar granules, normal numbers of pole cells
form; some pole cells abnormal with degenerating polar
granules and nuclear bodies, but pole cells reach gonads
at 14 hr of development and then in 40% of the gonads
become necrotic and disappear; responses of right and
left gonads correlated. Phenotype most pronounced at
25°, decreasing at higher and lower temperatures.
Mutant not completely recessive; expression in progeny
of heterozygous females half that in those of homozy-
gotes.

cytology: Placed between 7B4 and 7C1 based on its posi-
tion to the right of ¢t and its inclusion in Df{1)ct268-42 =
Df(1)7A5-6,7B8-C1.

*agl: angle winglike

location: 1- (not located).

origin: Recovered among descendants of flies treated with
natural gas.

discoverer: Mickey, 49¢7.

synonym: Originally called angle wing but this name
preoccupied by ang.

references: 1950, DIS 24: 60.

phenotype: Wing bent upward in middle. Overlaps wild
type. RK3.

agn: agnostic
location: 1-38.9.
references: Savvateeva, Korochkina,
Kamyshev, 1985, DIS 61: 144.
Savvateeva, Peresleny, Ivanushina, and Korochkin, 1985,
Dev. Genet 5: 157-72.
phenotype: Identified as three temperature sensitive lethal
mutations. Adenylate cyclase activity somewhat higher
than normal at 22° and readily activated at 29°. Phospho-
diesterase activity assayed in heat-pretreated homogen-
ates higher than normal. Locomotor activity decreased

and learning activity increased at 22°, like dnc at 29°.
alleles:

Peresleny, and

allele origin  synonym
agn! EMS  iips398
agn EMS  i(l)s622
agn EMS  [(1)1s980

agq: atrophie gonadique

location: 2-3 polygenic.

origin: Recovered from natural population on French
Mediterranean coast.

references: Periquet, 1970, DIS 45:; 33.
1979, Biol. Cell. 33: 33-38.

phenotype: Gonads atrophic either unilaterally or bila-
terally owing to pole cell degeneration. Degree of effect
correlated with both temperature during the first hours of
development and with the number of agq -derived auto-
somes. Pole cells, but not oocytes, thermosensitive.
Responses of right and left gonads correlated.
Penetrance higher in females than males.

al: aristaless
location: 2-0.4 [Golubovsky, Kulakov, and Korochkina,
1978, Genetika (Moscow) 14: 294-305].

references: Morgan, Bridges, and Sturtevant, 1925,
Bibliog. Genet. 2: 213 (fig.).
Stern and Bridges, 1926, Genetics 11: 510 (fig.).
phenotype: Aristac strongly reduced. Postscutellars
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widely separated and erect but strongly divergent. Scu-
tellum shortened; sternopleurals irregular in size, posi-
tion, and number; wings slightly bowed downward, nar-
rowed, and pointed; first longitudinal vein raised and
thickened. Tarsal claws transformed into bristle-like
structures or absent; effect enhanced by presence of th or
55 *% or both [Mglinetz and Ivanova, 1975, Genetika
(Moscow) 11, 4: 88-96]. Enhances transformations of
Antp ™ [Mikuta and Mglinetz, 1978, Genetika (Moscow)
14: 1578-85] and 55 **™; al 55%*% flies exhibit partial
transformation of third antennal segment to basitarsus;
anomalous outgrowths of distal basitarsus and foreshor-
tening of second and third tarsal joints of thoracic legs;
spineless phenotype also enhanced. al females exhibit
reduced mating success (Burnet, Connolly, and Dennis,
1971, Anim. Behav. 19: 409-15). RK1.

alleles:

allele origin  discoverer ref *  comments

al! spont  Bridges, i7k7  2,6,7  viable

al 2 spont  Stern, 26a 7 <al * ; poorly
viable

*al 3 spont  Bridges, 33g2 >al ! ; semilethal;
female sterile

art spont  Bridges, 33127 1,2 <al " ; viable;
In2LR)bw V1

al 8 X ray 4 >al * ; lethal;
In(2LR)21C1-2,41C

al 36 Xray  Glass, 36c 2,3 =al * ; viable

*al M60 Xray  Meyer, 60f 2,5 lethal; In{2LR};
variegated?

aV Xray EB.Lewis, 1940 [  lethal;
In(2LR)21B-Cl 41,
variegated

I =Bridges, 1935, DIS 3: 5; 2=CP627; 3=Glass, 1939, DIS
12: 47; 4= Korochkina and Golubovsky, 1978, DIS 53: 197-200;
5 = Meyer, 1963, DIS 37: 50; 6 = Morgan, Bridges, and Sturtevant,
1925, Bibliog. Genet. 2: 213 (fig.); 7 = Stern and Bridges, 1926,
Genetics 11: 510-511 (fig.).

Phenotype defined with respect to homozygous viablility and
strength of expression in comparison with gl * .

cytology: Placed in 21C1-2 doublet on the basis of its
inclusion in Df{2L)al = Df(2L)21B8-C1;21C8-D1 but not
in Dfi2L)S5 = Df(2L)21C2-3;22A34 (Lewis, 1945,
Genetics 30: 137-166).

al®
phenotype: Homozygous lethal; 1% survival in combina-
tion with Df(2L)al = Df{2L)21B8-C1;21C8-D1; sur-
vivors have reduced aristae, broad thorax, arched wings
with incomplete veins, enlarged eyes.
cytology: Associated with In(2LR)al 8 =
2:41C.

In(2LR)21C1-

al-b: see aa

ala: see dy™

ala parvae: see dy®™

B alanyl dopamine hydrolase : see ¢
B alanyl dopamine synthetase: see e
alarless: see alr

alb: alberich
location: 2-(unmapped).
origin: Induced by ethyl methanesulfonate.
references: Tearle and Niisslein-Volhard, 1987, DIS



66: 209-26.
phenotype: Maternal-effect lethal; occasional embryo
lacks abdominal segments (Lehmann).

Alcohol dehydrogenase: see Adh

ald: altered disjunction (A.T.C. Carpenter)

location: 3-61.

origin: Induced by ethyl methanesulfonate.

references: O’Tousa, 1982, Genetics 102: 503-24.

phenotype: Homozygous females display elevated levels
of nondisjunction of X and fourth chromosomes (9.5 and
6.0% respectively); double exceptions are predominantly
XX,0 and 0,44, products expected from nonhomologous
disjunction; behavior of large autosomes nearly normal.
Exchange frequencies normal, and sex-chromosome
exchange tetrads contribute to exceptional products.

Ald: Aldolase

location: 3-91.5.

origin: Naturally occurring polymorphism.

references: Voelker, Ohnishi, and Langley, 1979,

Biochem. Genet. 17: 769-83.

phenotype: Structural gene for fructose-biphosphate aldo-
lase (EC 4.1.2.13). Enzyme multimeric based on the for-
mation of heteromultimeric bands on gels from heterozy-
gotes for electrophoretic variants. Amino-acid sequence
determined; protein is a 158-kd multimer comprising four
360-amino-acid polypeptides. Monomers show 71%
identity with rabbit muscle aldolase (Malek, Suter, Frank,
and Brenner-Holzach, 1985, Biochem. Biophys. Res.
Comm. 126: 199-205). Mixed multimers of rabbit and
Drosophila subunits able to function (Brenner-Holzach
and Leuthard, 1972, Eur. J. Biochem. 31: 423-26).
Sequence analysis suggests alternating domains of alpha
helix and beta sheet; domain boundaries correspond to
boundaries between exons as seen in rat-liver aldolase
(Sawyer, Fothergill-Gilmore, and Freemont, 1988,
Biochem. J. 249: 789-93).

cytology: Placed in 97A-B on the basis of its being
between the autosomal breakpoints of T(Y;3)R87 =
T(Y;3)97A and T(Y,;3)B158 = T(Y;3)97B.

alleles: Two electrophoretic variants described; Ald ¢ pro-
ductzmigrates toward the anode more rapidly than that of
Ald“.

Aldehyde oxidase: see Aldox

Aldolase: see Ald

Aldox-1: Aldehyde oxidase-1
location: 3-57.2 (between red and sbd ).
origin: Naturally occurring polymorphism.
synonym: Ao.
references: Dickinson, 1970, Genetics 66: 487-96.
Warner, Watts, and Finnerty, 1980, Mol. Gen. Genet.
180: 449-53.
Warner and Finnerty, 1981, Mol. Gen. Genet. 184: 92-
96.
Bogart and Bernini, 1981, Biochem. Genet. 19: 929-46.
phenotype: Structural gene for aldehyde oxidase [AO-1
(EC1.2.3.1)]. A molybdenum-containing homodimer
with subunits of 140,000-dalton molecular weight. As
with other molybdenum hydroxylases, activity is inhi-
bited by tungsten and depends on the presence of a low-
molecular-weight cofactor (Warner and Finnerty).

GENES

Enzyme activity increases nonuniformly during develop-
ment with step increases at pupation and midway through
pupal stage. First increase appears to be controlled by a
closely linked cis -acting element (Dickinson, 1975, Dev.
Biol. 42: 131-40) and the latter by Aldox-2* (Bentley
and Williamson, 1979, Z. Naturforsch. 34: 304-05).
Control independent of that of Ipo located 0.08 unit to the
left (Dickinson and Weisbrod, 1976, Biochem. Genet.
14: 709-21). Enzyme activity absent in cin (Browder
and Williamson, 1976, Develop. Biol. 53: 241-49) and
mal and reduced in Ixd (Courtright, 1967, Genetics
57: 25-39); cross-reacting material observed in all three
genotypes (Browder, Wilkes, and Tucker, 1982,
Biochem. Genet. 20: 111-24). These mutants presumably
affect the availability of molybdenum cofactor (Warner
and Finnerty). Autonomous in transplants. Enzyme
composition in egg and early larva reflects maternal
genotype, giving way to that of zygotic genotype during
larval life. Tissue specificity varies with stage and strain
(Dickinson, 1972, Genetics 71: sl14; Cypher, Tedesco,
Courtright and Kumaran, 1982, Biochem. Genet.
20: 315-32). Heptaldehyde serves as specific substrate
(Cypher ez al.). Differential staining for enzyme noted in
different compartments of the wing imaginal disc (Kuhn
and Cunningham, 1976, Genetics 83: s42).

alleles: Three electrophoretic variants superscripted 1, 2,
and 3 in order of increasing mobility described by Dic-
kinson §1970) presumably correspond to Aldox-1 4,
Aldox-1°, and Aldox-1° (1978, DIS 53: 117); 6 electro-
phoretic variants numbered in order of increasing mobil-
ity from / through 6 described by Langley, Tobari, and
Kojima (1974, Genetics 78: 921-36). Correspondence of
two sets of alleles unknown. Two null alleles super-
scripted n/ and n2 are homozygous viable but produce no
recognizible product either in the form of enzyme activity
or by the formation of heterodimers with functional gene
products; however, cross-reacting material found in lar-
val hemolymph but not in extracts of adults (Browder ez
al., 1982). Thirteen other null alleles isolated from
natural Ggopulations in Great Britain (Aldox B! 1o
Aldox"®®%) and North Carolina (Aldox ™€ 4o
Aldox "Ncg); all thirteen exhibit residual enzyme activity
and except for Aldox "°B! are Aldox* derivatives and fail
to participate in heterodimer formation with normal gene
products. Aldox "Bl is an Aldox ® derivative and forms
heterodimers (Burkhart, Montgomery, Langley, and
Voelker, 1984, Genetics 107: 295-306). lao: low
aldehyde oxidase (Collins, Duck, and Glassman, 1971,
Biochem. Genet. 5: 1-13) considered allelic based on its
phenotype and genetic position (3-56); aldehyde oxidase
levels of Aldox "/Aldox “° higher than expected if Aldox "
amorphic.

cytology: Placed in region between 88F9 and 89B4 on the
basis of its inclusion in Df{3)sbd105 = Df{3R)88F9-
88A1,89B4-5 but not Df{3R)sbd45 = Df{3R)89BI-
4,89B10-13 (Spillmann and Nothiger, 1978, DIS
53: 124). Narrowed to 89AI-2 by Langhout and van
Breugel (1985, DIS 61: 181) on basis of reduced staining
of that doublet in Aldox ™.

Aldox-1P?"

origin: Polymorphic in laboratory and natural populations.
references: Dickinson, 1975, Dev. Biol. 42: 131-40.
phenotype: Exhibits substantial increase in enzyme
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activity between late larval and early pupal stages fol-
lowed by a second increase in late pupal stage. Results in
relatively high pupal:adult activity ratio.

Aldox-17#

origin: Polymorphic in laboratory and natural populations.

references: Dickinson, 1975, Dev. Biol. 42: 131-40.

phenotype: Exhibits little change in enzyme activity
between late larval and early pupal stages, but there is a
substantial increase in late pupal and adult stages.
Results in relativel; low pupal:adult activity ratio.
Aldox-17%1 Aldox-1T" has intermediate phenotype.

other information: 1.5% recombination with electro-
phoretic Aldox-1 alleles recorded. The difference
between Pal and Pa2 postulated to reside in a cis-acting
site that exerts temporal control on gene activity.

Aldox-1""

origin: Polymorphic in natural population from Lima,
Peru.

references: Dickinson, 1978, I. Exp. Zool. 206: 333-42.

phenotype: Cytochemically, enzyme activity in paragonia
uniformly distributed and high at eclosion. By end of
first week of adult life enzyme accumulated into intracel-
lular bodies giving accessory gland a spotted appearance.

alleles: Aldox-1%? characterized by lower activity that
remains uniformly distributed in paragonia as detected
histochemically.

other information: Not separated genetically from electro-
phoretic alleles of Aldox-1. Pbl and Pb2 postulated to
differ in a cis-acting control site with tissue-specific
effects on gene activity.

aldox2: aldehyde oxidase 2
location: 2-82.9 (based on 112 c-px recombinants ).
origin: Naturally occurring polymorphism.
references: Bentley and Williamson, 1979, Z. Naturforsch.
34: 304-05.
1980, Genetics 94: s8.
Meidinger and Bentley, 1986, Biochem. Genet. 24: 683-
99.
Bentley, Meidinger, and Braaten, 1989, Biochem. Genet.
27: 99-118.
phenotype: Not a structural gene for aldehyde oxidase.
Homozygotes for aldox2 fail to show increased levels of
molybdoenzymes, aldehyde oxidase, pyridoxal oxidase,
sulfite oxidase, and xanthine oxidase, that normally occur
late in the pupal period; adult levels lower than normal.
Enzyme activity less sensitive to tungsten and more
responsive to molybdenum than in wild type; aldehyde
oxidase activity, at least, more heat labile and pH
optimum slightly more acidic than normal (Meidinger
and Bentley, 1984, Genetics 107: $73). Duplication of
aldox2™ without effect on enzyme levels.
cytology: Placed in region 54 based on the failure of ¥ 72
from T(Y;2)H149 = T(Y;2)h21;54F 1o cover it and its
genetic map position to the right of Amy, which has been
placed in 54A1-B1 by in situ hybridization.

ale: almond eye
location: 3-47.5 (located with respect to D and Sb).
origin: Spontaneous in natural population.
references: Golubovsky and Zakharov,
49: 112.
Golubovsky, Ivanov, and Zakharov,
(Moscow) 9(8): 168-71.

1972, DIS

1973, Genetika
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phenotype: In homozygotes, eye almond shaped but with
normal facet development. Phenotype normal in hetero-
zygotes with normal third but mutant when heterozygous
to D. Dfdlale show normal eye size, and 20% of flies
show tufted vibrissae characteristic of Dfd/ +. ale Mc
homozygotes completely eyeless.

other information: Both Dfd and ale map to 47.5. No
wild-type recombinants recovered among 569 tested pro-
geny of Dfdlale females. ale acts as a transdominant
suppressor of Dfd.

Ali"; Aliesterase-negative

location: 3- (not located).

origin: Spontaneous.

synonym: ali: aliesteraseless.

references: Ogita, 1961, Botyu-Kagaku 26: 93-97.
1962, DIS 36: 103.

phenotype: Probably the structural gene for aliesterase
[ALI (EC3.1.1.1)]. Homozygotes for Ali" practically
unable to hydrolyze methyl butyrate, whereas wild type
shows high activity; Ali "/+ exhibits intermediate
activity. Homozygotes shown by Beckman and Johnson
to lack a normally present esterase that migrates slowly
on starch gel (their band F). RK3.

alleles: Ali " is a null allele; no other variants reported.

Alkaline phosphatase: see Aph and Aph-2

aliesteraseless : see Ali"

almond : see Dfd”
almondex: see amx

almondex-55: see Iz%

almond eye: sce ale

*alo: alopecia

location: 1-38.3.

origin: Induced by 2-chloroethyl methanesulfonate.

discoverer: Fahmy, 1956.

references: 1958, DIS 32: 67.

phenotype: Abdominal hairs much reduced in number;
pigmentation frequently lighter and patchy. Effect very
pronounced in females reared at 25° but overlaps wild
type in both sexes when reared at a low temperature.
Viability and fertility good in males but reduced in
females. RK3.

Alp: Abnormal leg pattern
location: 2-10.
references: Tearle and Niisslein-Volhard,
66: 209-26.

phenotype: Defined by two dominant gain-of-function
alleles. Heterozygotes viable with fusion of metatarsal
and second tarsal segments. Alp I/Alpz is pupal lethal
with more extreme tarsal fusions.

alleles: Two X-ray mduced alleles. Alp is associated with
T(2,;3)XTI and Alp is associated with T(2;4)X2.

cytology: Placed in 23F6-24A1 based on breakpoint com-
mon to translocations.

1987, DIS

alpha : see tyr-1

alpha methyldopa hypersensitive: see amd



*alr: alarless

location: 3- (not located).

origin: Spontaneous.

discoverer: Steinberg, 40b.

references: 1940, DIS 13: 51.

phenotype: Outer postalar bristle always missing; poste-
rior supra-alar missing in about 80% of the flies. Ante-
rior scutellars, humerals, and notopleurals frequently
duplicated. Never overlaps. Viability and fertility excel-
lent. RK3.

ALS : see Acr96A
Altered abdomen: sec Aa
altered disjunction: see ald

Alu: Alula

location: 2-54.9 (Muller places Alu to the left of pr).

origin: Spontaneous.

discoverer: Bridges, 38al2.

references: Curry, 1939, DIS 12: 45.

phenotype: Heterozygote has alula fused to main wing;
wings often bent, broader. May overlap wild type but
intensified by cold and by heterozygous ds with buckling
effect increased. Homozygote at 19° shows extreme
buckling owing to rotation of wing and alula. Homozy-
gote viable and resembles heterozygote. RK2.

alleles: *Alu>% (CP627).

*alw: arclike wing
location; 2- (near b).
discoverer: Sturtevant, 1948,
references: 1948, DIS 22: 55.
phenotype: Wings evenly bent downward at tips. Over-
laps wild type. RK2.

am: see Dfd"
Ama: see ANTC
Ama: see Rpll ¢

Ama-1: o-amanatin resistant 1

location; 3-19.

origin: Recovered from natural populations from India,
Malaysia, and Taiwan.

references: Phillips, Willms, and Pitt, 1982, Can. J. Genet.

Cytol. 24: 151-62.

phenotype: Flies homozygous or heterozygous for Ama-I
and Ama-2 have LD, to o-amanatin 10-30 times that of
wild type. Sensitivity of RNA polymerase II activity to
o-amanatin same as wild type. Ama-1 alone sufficient to
confer resistance, but in three independent isolations both
Ama-1 and Ama-2 present.

Ama-2
location: 3-100.
origin: Recovered from natural populations in India,
Malaysia, and Taiwan.
references: Phillips, Willms, and Pitt, 1982, Can. J. Genet.
Cytol. 24: 151-62.
phenotype: Same as for Amaq-1.

Amalgam: see Ama under ANTC

Amanatin resistant: see also
Amrand Rpll
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amb: amber

location: 1-6.8.

origin: Induced by triethylenemelamine.

discoverer: Fahmy, 1950.

references: 1958, DIS 32: 67.

phenotype: amb has pale yellow body color; bristles very
thin and short; hairs less affected. Eyes slightly brighter
red. Males sterile. Viability 10-50% wild type. RK2.
amb? less extreme, males viable and fertile, females
sterile.

alleles: *amb ', amb? (Fahmy, 1958 and CP627). Also
one allele each induced by triethylenemelamine, DL-p-
N,N-di-(2-chloroethyl)amino-phenylalanine, 2-
chloroethy! methanesulfonate, and nitrogen mustard and
two alleles induced by p -N,N-di-(2-chloroethyl)amino-
phenylethylamine.

cytology: Placed in 4C7-8 on the basis of its inclusion in
DA1)bi-D3 = Df(1)4C5-6;4C7-8 but not Df{1)rbdl =
Df{1)4B6-C1,4C7-8 (Banga, Bloomquist, Brodberg, Pye,
Larrivee, Mason, Boyd, and Pak, 1985, Chromosoma
93: 341-46).

amd: alpha methyldopa hypersensitive
location: 2-53.9 [.002 units (2.1 kb) to the left of Ddc].
synonym: amd; I(2)amd ¥ (2)37Bk.
references: Sparrow and Wright, 1974, Mol. Gen. Genet.
130: 127-41.
Wright, 1977, Am. Zool. 17: 707-21.
Wright, Black, Bishop, Marsh, Pentz, Steward, and
Wright, 1982, Mol. Gen. Genet. 188: 18-26.
Gilbert, Hirsh, and Wright, 1984, Genetics 106: 679-94.
Marsh and Wright, 1986, Genetics 112: 249-65.
Black, Pentz, and Wright, 1987, Mol. Gen. Genet.
209: 306-12.
Wright, 1987, Adv. Genet. 24: 127-222.
phenotype: amd/+ flies die when reared on levels of alpha
methy! dopa that are not lethal to wild type; resistance
proportional to the number of amd™ loci present. Adult
amd/+ females fed alpha methyldopa become sterile and
lay eggs that cannot complete embryogenesis. Dopa
decarboxylase levels normal. amd homozygotes lethal;
lethal phase at times of larval hatching, larval molts, and
pupariation; larval anal organ extruded and necrotic;
pupal cuticle thin and friable. Appears to play role in
cuticle formation. amd ’/amd complementing adults
deficient for one or more unidentified catecholamines
involved in the colorless sclerotization of cuticle.
alleles: The first seven alleles selected as alpha methyl
dopa hypersensitive in the heterozygous condition; the
remainder recovered as recessive lethal mutations.

Interallelic complementation ~ observed, suggesting
dimeric product.

allele origin discoverer synonym ref © comments

amd! EmSs Sparrow  i2Zjamd L 1.2

amd2 EMS Sparrow  I(2)amd 2

amd>  EMS Sparrow  K(2)amd 114 5

amd 4 EMS Sparrow  I(2)amd 2

amd® EMmS Sparrow  K(2)amd 182 3

amd® Ems Sparrow  1(2)amad 1% 12

amd? EMS Sparrow  i2jama 1121 ;5

amd® Ems Wright  i2)jamd® 3.4

amd®  Ems Wright  i2jamad 70 3 4

amd 19 gms Wright  I2)Jamd 1122 3 4

amd 1 Ems Wright  I2jamd 1140 3 4

amd 12 X ray Hodgetts  I(2)amd X! 3 4
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allele  origin discoverer synonym ref * comments chromosomes are homozygous lethal, and Amdr T1Amar?

21 is nearly lethal, allowing the inference of a single locus.
amd*  EMS Wright  §2)203 4
amd 7% kM Wright - 1(2)245 4 amethyst: see amy
amd<® EMS Wright  4(2)258 4 .
amd?? Ems Wright  1(2)283 4 amiel
amd§5 EMS + HCOH Wright  [(2)305 4 location: Autosomal.
amd’,_ EMS + HCOH Wright  /(2)329 4 origin: Spontaneous.
amd<’ EMS +HCOH Wright  [(2)337 4 . Amiel
amd?8 EMS + HCOH Wright  12)341 4 synonym: Amiel.
amd?® EMS + HCOH Wright  1(2)346 4 references: Rushton and Metcalfe, 1971, DIS 46: 61.

20 E C g (2) )
amd 37 EMS Wright  1(2)602 4 phenotype: Homozygous males court abnormally; wing
a’"z 3o EMS Wright l(Z)Z; 6 : vibrations and copulation attempts more vigorous than in
:zd‘? Em: g:i:t 5;;;643 4 wild type, but mutant males take longer to achieve copu-
amd?* pms Wright  /(2)674 4 lation and have higher incidence of unsuccessful court-
amd®3 Ems Steward  /(2)RS! 4 ships. Homozygous females behave normally.
amd?® EMS +yray wright  2)7301 4 ] ]
amd37 EMS +yray Wright 1(2)7401 1,4 750-bp insert, Amtel . see amtel

destroys EcoRI . P . .
site at -5.6.kb Aminoimidazole ribotide synthetase: see ade2

38 .
amd EMS +yray Wright 1(2)7413 4 . .
amdsz EMS +yray Wright  1(2)7433 4 amn: amnesiac (J.C. Hall)
amd®® ems +yray Wright  [(2)7439 1,4 Bgll site at -4.8-kb location: 1-63.

altered; at intron discoverer: Sziber.

24! Ems Wright  1(2)7445 ‘ splice acceptor origin: Induced by ethyl methanesulfonate.
am EMS + yray right . . N _
amd®2 Ems Schiipbach 1(2)WK26 references: Quinn, Sziber, and Booker, 1979, Nature (Lon
amd ¥ EMS +yray Cecil  42)C7 don) 277: 212-14. _ _
amd:; EMS +vray Cecil [2)AA3 phenotype: Homozygous or hemizygous mutant flies can
amd o EMS +yray  Cecil lf2)BB2 be conditioned to avoid odors associated with electric
amd o EMS+yray - Cecil lt2)BB3 shocks, but effects of conditioning decay with a half life
amd”®’ EMS+7yray Cecil 12)B1 . .

o of 15min compared to 60 min for normal. Memory

1= Black, Pentz, and Wright, 1987, Mol. Gen. Genet. 209: 306-
12; 2 = Sparrow and Wright, 1974, Mol. Gen. Genet. 130: 127-41;
3 = Wright, Bewley, and Sherald, 1976, Genetics 84: 287-310; 4 =
Wright, Black, Bishop, Marsh, Pentz, Steward, and Wright, 1982,
Mol. Gen. Genet. 188: 18-26.

cytology: Placed in 37B9-C1 based on its inclusion in
Df(2L)NST but not Df{2L)VAI7.

molecular biology: Located between coordinates -4.7 and
-2.42, where 0 is the axis of symmetry of the Hpal site
near the terminus of the Ddc coding sequence and posi-
tive values extend to the right. Genomic sequence con-
tains a 483-bp intron near the 5” end; the usual upstream
regulatory sequences identified as well (Marsh, Erfle, and
Leeds, 1986, Genetics 114: ’453-67). A 2.0-kb amd tran-
script first detectable early in embryogenesis; reaching
maximum level at 12-16 hours; low levels observed in
adults; concentrated in the nurse cells of stage 8-9
oocytes; smaller transcripts with sequence homology to
the 2.0-kb transcript observed in third-instar larvae. amd
and Ddc transcribed from opposite strands; two regions
of extensive homology between amd and Ddc detected;
intron sequences and positions not conserved, although
homology across intron junctions is high (Eveleth and
Marsh, 1986, Genetics 114: 469-83). Sequence predicts
a 50,481 dalton polypeptide with a slight negative
charge; 38% amino acid homology with dopa decarboxy-
lase.

Amdr: Alpha methyl dopa resistant

location: 3- (between % and ).

origin: Induced by ethyl methanesulfonate.

references: Bishop and Sherald, 1981, DIS 56: 21.

phenotype: Based on two of 16 chromosomes selected for
conferring resistance to oo methyl dopa when heterozy-
gous. LD to L-o-methyl dopa for the two chromo-
somes_is %9325 mM for Amdr'/+ and 0.35 mM for
Amdr I+, compared to 0.10 mM for wild type. Both

decay biphasic; rapid for first hour and slow thereafter
(Tully). Substitution of reward (1.0 M sucrose) for pun-
ishment (electric shock) lengthens memory span from
one hour to six hours (Tempel, Bonini, Dawson, and
Quinn, 1983, Proc. Nat. Acad. Sci. USA 80: 1482-86).
Groups of amn flies exhibit apparently abnormal acquisi-
tion of learning in tests using visual cues (Folkers, 1982,
J. Insect. Physiol. 28: 535-39); it appears that short-term
memory is defective in the mutant (in shock-odor tests),
with long-term memory being normal (Tully and Quinn,
1985, J. Comp. Physiol. 157: 263-77); in experiments
involving "operant" conditioning, with heat as the aver-
sive unconditioned stimulus, amn exhibits a small decre-
ment in learning per se and subsequently has no detect-
able memory (Mariath, 1985, J. Insect Physiol. 31: 779-
81). In tests of "simple learning," amnesiac individuals
habituate to or are sensitized by sugar stimuli subnor-
mally; the sensitization defect maps to the same proximal
locus as that affecting associative conditioning (Duerr
and Quinn, 1982, Proc. Nat. Acad. Sci. USA 79: 3646-
50). The effects on courtship behavior or pre-exposure to
fertilized females decay more rapidly in amnesiac than in
normal males (Siegel and Hall, 1979, Proc. Nat. Acad.
Sci. USA 76: 3430-34; Ackerman and Siegel, 1986, J.
Neurogenet. 3: 111-23), but amnesiac males are defec-
tive in expressing after-effects of exposure to immature
wild-type males when tested immediately after such
exposure (Gailey, Jackson, and Siegel, 1982, Genetics
102: 771-82). Females defective in ability to be primed
by courtship song (Kyriacou and Hall, 1984, Nature
(London) 308: 62-65).

cytology: Placed in 19A1 based on its inclusion in

Df(l)mall2 = Df(1)I19A1;20F but not Df(l)malll =
Df(1)19A2-3;19E1 or Df{1)mal3 = Df(1)19A2-3;20E-F
(Tully and Gergen, 1986, J. Neurogenet. 3: 33-47).
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Amplification Control Element: sce ACE Amy: Amylase

location: 2-77.9 (based on 5039 c-wt recombinants).
origin: Polymorphic locus.

discoverer: Kikkawa, 1957.

references: Kikkawa and Abe, 1960, Annotationes Zool.

Amr: Amanatin resistant
location: 3- (not mapped).
origin: Induced by ethyl methanesulfonate.

references: Nishiura, 1981, Biochem. Genet. 19: 31-46.

phenotype: Heterozygotes survive 5pug/ml o amanatin.
RNA polymerase II activity in Amr -bearing flies resistant
to L amanatin.

alleles: Three lines poss1bl)l contammg different alleles
designated Amr Y O,A mr ", and Amr

other information: Genetic analysis lacking. If it is
demonstrated that this locus codes for an RNA
polymerase II subunit, it will be renamed Rpll plus a
subunit designation.

amx: almondex
location: 1-27.7 [to the left of Iz (Green and Green, 1956,
Z. Indukt. Abstamm. Vererbungsl. 87: 708-21)].
origin: X ray induced.
discoverer: Ball, 32k20.
phenotype: Eyes slightly reduced, narrower below. Tri-
dent pattern stronger than in /z. Maternal effect lethal.
Studies by Shannon [1972, Genetica (The Hague)
43: 244-56] show that amx progeny and many amx/ +
progeny of amx mothers are embryonic lethals. Ovaries
and egg production of amx females normal. General
disorganization of early embryo with amx/ + progeny of
amx mothers less extreme than amx progeny (Shannon,
1973, J. Exp. Zool. 183: 383-400); amx/+ daughters
show 0.2% survival; amx/ Dp(1;1)Iz-2 show considerably
higher survival (Campos-Ortega); Lethal embryos exhibit
hypertrophy of central nervous system at the expense of
epidermal tissue (Lehmann, Dietrich, Jiménez, and
Campos-Ortega, 1981, Wilhelm Roux’s Arch. Dev. Biol.
190: 226-29; Lehmann, Jiménez, Dietrich, and Campos-
Ortega, 1983, Wilhelm Roux’s Arch. Dev. Biol.
192: 62-74). Similarly peripheral nervous elements, the
sensilla, exhibit increased numbers and abnormal mor-
phology; cells diverted from epidermal to neurological
pathway (Hartenstein and Campos-Ortega, 1986,
Wilhelm Roux’s Arch. Dev. Biol. 195: 210-21).
Embryonic phenotype locally rescuable by injections of
ooplasm from wild-type or pcx ova during preblastoderm
stages (Campos-Ortega, La Bonne and Mahowald, 1985,
Dev. Biol. 110: 264-67). lz/amx is wild type. Mosaics
in amx/+ daughters of +/+ or amx/+ females show that
ventral tissues are sensitive to reduced amx * activity; no
clones of amx tissue found in cuticle of amx/+ daughters
of amx mothers (Germeraad and Disano, 1984, Genetics
107: s36). RK2.
cytology: Located in 8D (region 8D4 through 8E2) by
Green and Green (1956).
amx> : see Iz%
*amy: amethyst
location: 2- (not located).
discoverer: Bridges.
references: Morgan, Bridges, and Sturtevant, 1925,
Bibliog. Genet. 2: 218.
phenotype: Transparent, light-purplish eye color. RK3.
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Jpn. 33: 14-23.

Kikkawa, 1960, Jpn. J. Genet. 35: 382-87.

Kikkawa and Ogita, 1962, Ipn. J. Genet. 37: 394-95.

Kikkawa, 1963, DIS 37: 94.

Bahn, 1967, Hereditas 58: 1-12.

1964, Jpn. J. Genet. 39: 401-11.

Doane, 1969, J. Exp. Zool. 171: 321-42.

1969, Problems in Biology: RNA in development
(Hanly, ed.). U. of Utah Press, Salt Lake City, pp. 73-
109 (fig.).

Hickey and Benkel, 1986, CRC Crit. Rev. Biotech. (fig.).

phenotype: The structural gene for o-amylase [AMY

(EC 3.2.1.1)]. A monomeric protein based on failure to
form hybrid enzyme molecules of intermediate mobility
in heterozygotes for alleles coding for electrophoretic
variants. Activity mainly in midgut and hemolymph with
smaller amounts in other tissues; activity found in ante-
rior or posterior, or both, but not middle, region of
midgut; three spatial patterns of adult posterior midgut
activity encountered on standard medium; controlled by
the trans-regulatory effect of map (2-80) (Abraham and
Doane, 1978, Proc. Nat. Acad. Sci. USA 75: 4446-50);
adult anterior midgut activity under regulation of another
separable regulatory locus (Doane, 1980, DIS 55: 36-
39). Larval midgut activity affected by closely linked
cis-acting regulatory elements (Klarenberg, Kisser, Wil-
lemse, and Scharloo, 1986, Genetics 114: 1131-45).
Amylase activity is glucose repressible (Hickey and
Benkel, 1982, Biochem. Genet. 20: 1117-29); the degree
of repression can be greater than one hundred fold in lar-
vae and occurs at a pretranslational, probably transcrip-
tional, level of regulation (Benkel and Hickey, 1985,
Genetics 110: S25; 1986, Genetics 114: 137-44, 943-54;
1987, Proc. Nat. Acad. Sci. USA 84: 1337-39).

alleles: Eight electrophoretic variants of a-amylase have

been recorded; they are numbered, in order of decreasing
rates of migration toward the anode, from -1 through +7
(Doane, Treat-Clemons, Gemmill. Levy, Hawley,
Buchenberg, and Paigen, 1983, Isozymes: Curr. Top.
Biol. Med. Res. 9: 63-70). Enzymes with mobilities 2
and 3 exist in forms with different heat sensitivities:
Amy the most frequent allele, may be expressed at three
different activity levels in different strains, 1a, 1b, and 1c
in which 1a has twice the activity of 1b and 1b has twice
the activity of Ic; purified o-amylases from la and Ic
strains have identical specific activities (Treat-Clemmons
and Doane, 1982, Isozyme Bull. 15: 90-91); enzyme lev-
els here are apparently under the control of closely linked
transacting regulatory elements (Hickey, 1981, Biochem.
Genet. 19: 783-96). A chromosome may express none,
one, or two of these forms. Bahn recovered one Amy 3
and two Amy recombmants from Amy /Amy 23 hetero-
zygotes and one Am jy 4 and two Amy 28 recombinants
from Amy /Amy heterozygotes. From these obser-
vations it was concluded that the Amy locus is duplicated
and the two copies are separated by 0.008 cm; further-
more, flanking marker segregations indicated that deter-
minants of forms 1,2 (thermostable), and 4 are to the left
of those for 3 (thermostable) and 6. Conservation of res-
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triction endocuclease sites in DNA from Bahn’s Amy 23
in comparison with Amy 13 (from Canton-S) and Amy L6
(from Suyama, Japan) indicates that the determinant of
form 1 is to the left of those of forms 3 and 6 in the latter
two chromosomes (Gemmill, Schwartz, and Doane,
1986, Nucl. Acids Res. 14: 5337-52). Amy’
monomorphic allele in Oregon-R has been shown to be
Amy!! (Hawley, 1989, PhD thesis, Arizona State
University).

cytology: Placed in S4A based on in situ hybridization
(Gemmill, Levy, and Doane, 1985, Genetics 110: 299-
312).

Amy-d: Amylase distal

The distal member of the Amy repeat. Electrophoretic
alleles include Amy-d3 (thermostable). Amy-d ® and
likely Amy-d2 (thermolabile); some chromosomes
apparently lack Amy-d activity.

Amy-p: Amylase proximal

The proximal member of the Amy repeat. Electro-
phoretic alleles include Amy-p I Amy-p 2 (thermostable},
Amy-p 4, probably Amy-p 3 (thermolabile), and Amy-p°;
a null allele also exists. Allelic compositions of various
strains are tabulated in the accompanying table.

strain source Amy-p Amy-d ref &
Amy 1a Amy-p la inactive?
Amy 1b Amy-p 16 inactive?
Amy Te Amy-p le inactive?
Amy 1.2p adpfs s Amy-p ! Amy-d2 2,3,
Kaduna thermo- 4,5
labile
Amy 13 Canton-S Amy-p ! Amy-d 3 3,4,
5,6
Amy 1.4 Amy-p 1 Amy-d 4
Amy 1.6 Suyama Amy-p ! Amy-d 3.4,5
thermo-
4 2 2 %abilc?
my Amy-p inactive?
Amy 23 Copenhagen ~ Amy-p 2 Amy-d 1,35
Amy 26 Amy-p 2 Amy-d 6
Amy 3.6p Kyoto Amy-p 3 Amy-d 3.4
thermo- thermo-
labile labile
Amy 4.5 Amy-p 4 Amy-d
Amy 4.6 adp 60 \ Amy-p 4 Amy-d 6 1,3,4
Kaduna thermo- thermo-
labile labile
Amy 5 Africa Adp-p S inactive ? 8
Amy96  Africa AdppS  Adp-d® 8
Amy n Texas inactive inactive 7

1 =Bahn, 1967, Hereditas 58: 1-12; 2 = Doane, 1967, J. Exp. Zool.
164: 363-78; 3 =Doane, 1969, Problems in Biology. RNA in
Development (W. E. Hanley, ed.). Univ. Utah Press, Salt Lake City,
pp. 73-109; 4 = Doane, 1969, J. Exp. Zool. 171: 321-42; 5 = Gem-
mill, Schwartz, and Doane, 1986, Nucl. Acids Res. 14: 5337-52:
6=Levy, Gemmill, and Doane, 1985, Genetics 110: 313-24:
7 = Haj-Ahmed and Hickey, 1982, Nature 299: 350-52; 8 = Puijk
and DeJong, 1972, DIS 49: 61.

B Tentative assignments.

molecular biology: Clones homologous to mouse -
amylase gene isolated from Maniatis library (Doane,
Treat-Clemons, Gemmill, Levy, Hawley, Buchberg, and
Paigen, 1983, Curr. Top. Biol. Med. Res. 9: 63-90).
ADm32 hybridizes to polytene region 53CD; no homolo-
gous mRNA detected; postulated to be pseudogene.
ADm65 hybridizes to 54A1-B1 and is homologous to a
1450-1500 nucleotide transcript (Gemmill, Levy, and
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Doane, 1985, Genetics 110: 299-312). 15kb insert in
ADm65 contains reverse repeat by restriction mapping;
subclones, each containing one of the repeated
sequences, injected into Xenopus oocytes; one subclone
capable of producing isozyme 1 of a-amylase; the other
capable of producing isozyme 3; confirms duplicated
nature of locus (Levy, Gemmill, and Doane, 1984, Iso-
zyme Bull. 17; 1985, Genetics 110: 313-24). Directions
of transcription of the two genes divergent. (Levy, 1985,
Genetics 110: 137); separated by 4 kb. Seven strains
exhibiting no, one, or two electrophoretic forms of o-
amylase all carry the dqulication as ascertained from res-
triction analysis. Amy ‘‘ contains an approximately 10
kilobase insert some 10 kb proximal to Amy-p. 12% of
chromosomes isolated from diverse natural populations
contain large inserts in the vicinity of the Amy loci (Lang-
ley, Shrimpton, Yamazaki, Miyashita, Matsuo, and
Aguadro, 1988, Genetics 119: 619-29). Two molecular
inversions that could have arisen through interlocus
exchange recorded; one had normal levels of amylase
activity (Langley e al.) and the other was a null allele
that produced reduced levels of mRNA and was insensi-
tive to glucose repression (Hickey, Benkel, Abukashawa,
and Haus, 1988, Biochem. Genet. 26: 757-68; Schwartz
and Doane, 1989, Biochem. Genet. 27: 31-46). An
amylase cDNA has been cloned and sequenced (Boer,
and Hickey, 1986, Nucleic Acid Res. 14: §399-8411).
This sequence shows 57% identity to mouse amylase; the
predicted amino-acid sequence indicates a 54.5-kd
polypeptide of 493 residues, the 18 N-terminal ones of
which are signal sequence; there is 55.4% amino-acid
identity with mouse amylase. Upstream sequence con-
tains a repeated motif also found in a negatively regu-
lated mammalian gene (Hickey, Genest, and Benkel,
1987, Nucleic Acid Res. 15: 7184). Northern blots
probed with this cDNA show that the glucose repression
effect is at the level of amylase mRNA abundance.

Amy . see Amy 14
Amy™: see Amy !

Amy®: see Amy*®
Amy®: see Amy*®
wh 14
Amy """ see Amy
Amyloid protein precursor-like: see Appl

an: ancon

location: 2-44 (34-54).

discoverer: Bridges, 30e3.

phenotype: Wings and legs somewhat short in an ! ;an
(CP627) more extreme with gnarled legs, scraggly
abdominal bristles, etched sclerites; eyes small and
roughish. an !1an? like an 2,

alleles: an’ and an’.

2

anarista: see aa
ancon: see an
And: Andante (J.C. Hall)

location: 1-36.2

origin: Induced by ethyl methanesulfonate.

discoverer: Konopka, R. Smith and Orr, 1976.

references: Jackson, Gailey, and Siegel, 1983, I. Comp.



Physiol. 151: 545-52.

phenotype: The normal free-running 24 hr periods of the
circadian rhythms of eclosion and adult locomotor
activity (in constant conditions) are lengthened by 1.5-2
hr/cycle; And/+ heterozygotes have a period phenotype
intermediate between wild-type and mutant homozygotes
(Konopka, R. Smith and Orr). The phase-response
curves (PRCs) for eclosion and activity rhythms, indicat-
ing light-induced phase shifts, show a similar degree of
lengthening as seen in free-running periodicities. And
thythms are highly temperature-compensated, as are
those of wild-type (Konopka er al). And males are
defective in after effects on courtship behavior that are
usually induced by prior exposure to mated females or
very young males (Jackson et al., 1983).

cytology: Placed in 10E1-2;10F1. The And homozygote-
like activity rhythm phenotype is uncovered by Df{1)KA6
= Df(1)IOE1;11A7-8 and Df(1)KA7 = Df(1)10A9;10F6-
7, but heterozygotes involving And and Df{1)N10S =
Df(1)10F7;11D1, Df{1)RA47 = Df{(1)10F1;19F9-10, or
DAmM®** = Df1)10C2-3;10E1-2 are like And/+
(Konopka er al.). The two And-uncovering Df's just
noted over wild type give normal periods. An anomaly
then, is that Df{1)HA8S = Df(1)I10CI-2;11A1-2, which
uncovers And as it should (see above), leads to
significantly longer-than-normal periods when over wild
type (Konopka et al.).

other information: And lengthens in an additive manner,
the periodicities associated with certain other rhythm
mutants, i.e., those which by themselves cause shorter- or
longer-than-normal locomotor activity periods (viz, per S,
perL , per L2 Clk). And, on its isolation, was associated
with a dy wing phenotype, and the rhythm abnormalitz
maps to the dy-m locus (see "cytology”); but dy and m
have normal activity rhythm periods, and And over either
of these two visibles gives the same periods as seen in
And/+ (Konopka et al.); however, of four gamma-ray
induced dy’s - dy ™, dy ", dy™, and dy™, all but dy™
are And-like in their locomotor activity rhythms (Jackson,
Newby, and DiBartolomeis, 1989, Neurosci. Abstr.
15: 461).

ang: angle wing

location: 2-10.5.

origin: Spontaneous.

discoverer: Mittler and Goldberg, 48i16.

references: Mittler, 1950, DIS 24: 61.

phenotype: Wings held up from dorsal surfaces and
extended outward 15-90° from the mid-dorsal line.
Longitudinal dorsal median muscles 5 and 6 fused (Gold-
berg, 1954, Ph.D. Thesis, I11. Inst. Technol.). No increase
in expressivity with temperature. Does not overlap wild
type. RK2.

ang: see ano
angle wing: see ang
angle wing : see agl
angle winglike: see agl

*ano: anomogenitals
location: 1-35.7.
origin: Induced by triethylenemelamine.
discoverer: Fahmy, 1952.
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synonym: Originally symbolized ang, but this symbol
preoccupied.

references: 1958, DIS 32: 67.

phenotype: Many bristles on head and thorax either
reduced in size or absent. Thoracic and abdominal hairs
appreciably fewer. External male genitalia invariably
abnormal, sometimes completely absent. Melanized
exudate frequently present in furrow between mesonotum
and scutellum near anterior scutellar bristles. Males
sterile; viability less than 10% wild type. RK3.

ant: antennaless

location: 2- (not located).

origin: Spontaneous.

discoverer: Gordon, 1936.

references: 1941, DIS 14: 39.
1941, Proc. Intern. Congr. Genet., 7th. p. 131.
Gordon and Sang, 1941, Proc. Roy. Soc. (London), Ser.

B 130: 151-84 (fig.).

Vogt, 1947, Biol. Zentr. 66: 388-95 (fig.).

phenotype: Antennae missing on one or both sides.
Expression affected by residual genotype, nutritional
environment, and temperature. Time of action about 70
hours after hatching [Begg and Sang, 1945, J. Exp. Biol.
21: 1-4 (fig.)]. Used in experiments to locate chemore-
ceptors [Begg and Hogben, 1946, Proc. Roy. Soc. (Lon-
don), Ser. B 133: 1-19] and in studies of mating behavior
(Begg and Packman, 1951, Nature 168: 953). RK3.

ANTC: The Antennapedia Complex
(T.C. Kaufman)
location: 3-47.5.
references: Kaufman, Lewis, and Wakimoto, 1980, Genet-
ics 94: 115-33.

Lewis, Wakimoto, Denell, and Kaufman, 1980, Genetics
95: 393-97.

Denell, Hummels, Wakimoto, and Kaufman, 1981, Deyv.
Biol. 81: 43-50.

Kaufman, 1983, Time, Space, and Pattern in Embryonic
Development, Alan R. Liss, New York, pp. 365-83.

Kaufman and Abbott, 1984, Molecular Aspects of Early
Development, Plenum, New York, pp. 189-218.

Wakimoto, Turner, and Kaufman, 1984, Dev. Biol.
102: 147-72.

Regulski, Harding, Kostriken,
McGinnis, 1985, Cell 43: 71-80.

Gehring and Hiromi, 1986, Ann. Rev. Genet. 20: 147-
73.

Akam, 1987, Development 101: 1-22.

Fechtel, Natzle, Brown, and Fristrom, 1988, Genes
120: 465-74.

Mahaffey and Kaufman, 1988, Developmental Genetics
of Higher Organisms: A Primer in Developmental Biol-
ogy, Macmillan, New York, pp. 329-59.

Kaufman, Seeger, and Olsen, 1990, Genetic Regulatory
Hierarchies in Development, Academic Press, New
York, pp. 309-62.

phenotype: The existence of the homeotic ANTC was ori-
ginally proposed based on the tight linkage of the probos-
cipedia (pb). Sex combs reduced (Scr) and Antennapedia

(Antp) loci. All were found to reside in a set of three

doublet bands at the proximal end of section 84

(84A1,2-3,4 and 84B1,2) in the right arm of polytene

chromosome 3. Subsequent genetic analyses have shown

that two other homeotic loci labial (/ab) and Deformed

Karch, Levin, and
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(Dfd) are also members of the complex. The homeotic
loci of the ANTC are involved in the specification of seg-
mental identity in the posterior head (gnathocephalic) and
anterior thoracic regions of the embryo and adult. More-
over the linear order of the homeotic loci in the complex
lab, pb, Dfd, Scr, and Antp corresponds to the anterior
posterior order of altered segments (intercalary, mandibu-
lar, maxillary, labial, and thoracic) found in animals bear-
ing mutations in each of the resident loci. Specifically
Antp transforms posterior T1, all of T2, and the anterior
of T3, Scr transforms T1 and labial, Dfd affects the max-
illary and mandibular lobes, pb affects the derivatives of
the maxillary and labial segments and finally lab func-
tions in the intercalary segment. Taken together the
results of mutational analyses indicate that members of
the complex are necessary to repress head development
in the thorax (Antp) and elicit normal segmental identity
in the anterior thorax (Scr) and posterior head (Scr, Dfd,
pb, and lab). The ANTC is distinguished from the
bithorax complex not only by virtue of the domain of
action of its homeotic loci (anterior vs. posterior) but also
by the residence of loci which are not homeotic in nature.
Two of these fushi tarazu (f#z) and zerkniillt (zen) have
been shown to affect segment enumeration (f#z) and the
formation of dorsal structures (zen) in the early embryo.
A third nonhomeotic gene is bicoid (bcd). Mutations in
this locus result in female sterility and maternal effect
lethality. Eggs laid by bcd females fail to develop nor-
mal anterior ends and instead produce mirror image
duplications of structures normally produced at the poste-
rior terminus of the embryo. In addition to these geneti-
cally defined loci there are several other "genes"” which
have been found in the ANTC by molecular mapping.
The first of these is a cluster of cuticle-protein-related
genes which map between the lab and pb loci. Eight
small (ca. 1 kb) transcription units make up the cluster
and all have sequence similarities to known cuticle pro-
tein genes. These "genes” are also apparently regulated
by ecdysone in imaginal discs. Deletion of the entire
cluster has no apparent effect on the development or cuti-
cle morphology of embryos, larvae, or adults. The
second molecularly identified "gene” is the Amalgam
(Ama) transcription unit. The encoded protein places the
gene in the immunoglobulin superfamily and like the
cuticle cluster the locus can be deleted from the genome
with no discemnible effect on the organism.

cytology: Placed in the 84A1-B2 interval by the inclusion
of the complex in Df{3R)Scr and the location of break-
point associated inactivations of the lab, pb, Dfd, Scr, fiz,
and Antp loci.

molecular biology: The entire complex has been cloned
and has been shown to cover 335 kb of genomic DNA.
The most distal transcription unit is Anfp which covers
the distal-most 100 kb of the complex and is made up of
eight exons. Proximally the next 75 kb contain the Scr
and fiz loci. The distal 50 kb of this interval house
sequences necessary for Scr expression as well as the two
exons of the f#z locus and its associated regulatory ele-
ments. The proximal 25-kb contain the three identified
exons of the Scr transcription unit. The five exons of the
Dfd gene are found in the central portion of the next-
most-proximal 55-kb interval. The Dfd transcription unit
covers only 11 kb of this region and it is likely that one
or both of the 20-kb intervals flanking the gene are the
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location of cis-acting regulatory elements for the locus.
The next 25-kb interval contains four of the nonhomeotic
transcription units which help distinguish the ANTC and
BXC. The distal most is Ama, next bcd, and finally zen
and z2. The 22, zen, and Ama transcription units are all
relatively small (1-2 kb) and comprise two exons each.
The bcd gene is somewhat larger (3.6 kb) and is made up
of four exons. Immediately proximal to the z2 transcrip-
tion unit (ca. 1 kb from its 3" end) is the 5" end of pb; the
latter gene extends over the next 35 kb of genomic DNA
and contains nine exons. The next 25 kb of the complex
contain the cuticle cluster and its eight identified tran-
scription units. The final 25 kb are the residence of the
lab gene which is made up of three exons.

Despite the nonhomeotic nature of three of the smaller
transcription units (zen, bcd, and fiz) resident in the com-
plex, these loci are tied to the larger homeotic genes of
the region by the nature of their protein products. All
five of the large homeotics (Anp, Scr, Dfd, pb, and lab)
and the three small genes have a homeobox motif and
their protein products are found in the nuclei of the cells
in which they are expressed. Thus eight of the genes in
the ANTC encode regulatory proteins which act as tran-
scription factors. The z2 gene also contains a homeobox;
however, the biological significance of the gene is not
known as deletions of this transcription unit have no dis-
cernible effect. The cuticle-like genes and Ama do not
contain a homeobox.

The reasons for the clustering of these developmen-
tally significant loci of similar function is not known.
The existence of common or overlapping regulatory ele-
ments, the need to insulate regulatory sequences from
position effect and the possibility of higher order chroma-
tin structures for proper expression have all been pro-
posed. Whatever the reason, the homeotic complex
structure has a long evolutionary standing. Similar clus-
ters are found in vertebrates, an observation consistent
with a very early origin of these genes, likely predating
the separation of protostomes and deuterostomes.

Ama: Amalgam

location: 1-{47.5}.

origin: Isolated as an unidentified third transcription unit in
a 50 kb region known to harbor bcd and zen.

references: Seeger, Haffley, and Kaufman, 1988, Cell

55: 589-600.

phenotype: Antibody staining first detects Amalgam in the
mesoderm during gastrulation; as neuroblasts delaminate
from the ectoderm staining appears in a row of mesecto-
dermal cells along the ventral midline of the extended
germ band. Amalgam appears in the first neurons gen-
erated from the ganglion-mother cells, but not in the neu-
roblast precursors of these cells. Neuronal accumulation
of Ama gene product increases during CNS development,
but appears to be confined to the CNS and initially does
not extend to axons exiting the CNS in segmental, inter-
segmental, or peripheral nerves; with time three rows of
PNS-associated cells accumulate Ama protein; staining
heavy around spiracle sensory organ and several cephalic
sensory structures. Simultaneously there is a complicated
temporal and spatial sequence of staining of mesodermal
derivatives. Embryonic phenotype of deletion of Ama
attributable to simultaneous deletion of zen; no effect of
Ama detectable.
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cytology: Placed in 84A1 based on its juxtaposition with
bed.

molecular biology: Sequence of a putatively full-length
cDNA clone compared with that of the corresponding
genomic region reveals a gene with a 316 bp intron in the
5 untranslated region. Transcription from left to right.
Conceptual amino-acid sequence indicates a protein pro-
duct of 333 amino acids, the first 23 of which have the
characteristics of a signal sequence. The sequence con-
tains three internal repeats of approximately 100 amino
acids each that exhibit homology to the immunoglobulin
or Ig domain of vertebrates; each contains two widely
spaced cysteine residues and the show 22-36% identity to
one another with greatest identity found around the cys-
teines. There are two potential N-linked glycosylation
sites in the first domain and one in the third. In addition
there is a potential C-terminal membrane-attachment
domain of amino acids. Comparison with sequences in
the data base indicate that the Amalgam sequence is
closest to members of the Ig class of proteins that act as
cell-adhesion molecules.

Antp Le, Antennapedia of Le Calvez
From Le Calvez, 1948, Bull. Biol. France Belg. 82: 97-113.

Antp: Antennapedia
location: 3-47.5.
references: Denell, 1973, Genetics 75: 279-97.

Struhl, 1981, Nature 292: 635-38.

Garber, Kuroiwa, and Gehring, 1983, EMBO J.
2: 2027-34.

Hafen, Levine, Garber, and Gehring, 1983, EMBO J.
2: 617-23.

Hazelrigg and Kaufman, 1983, Genetics 105: 581-600.
Levine, Hafen, Garber, and Gehring, 1983, EMBO J.
2: 2037-46.

Scott, Weiner, Polisky, Hazelrigg, Pirrotta, Scalenghe,
and Kaufman, 1983, Cell 35: 763-76.

Hafen, Levine, and Gehring, 1984, Nature 307: 287-89.
Abbott and Kaufman, 1986, Genetics 114: 919-42.
Carroll, Laymon, McCutcheon, Riley, and Scott, 1986,
Cell 47: 113-22.

Frischer, Hagen, and Garber, 1986, Cell 47: 1017-23.
Laughnon, Boulet, Bermingham, Laymon, and Scott,
1986, Mol. Cell Biol. 6: 4676-89.
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Martinez-Arias, 1986, EMBO J. 5: 135-41.
Schneuwly, Kuroiwa, Baumgartern, and Gehring, 1986,
EMBO I. 5: 733-39.
Wirz, Fessler, and Gehring, 1986, EMBO 1. 5: 3327-34.
Jorgensen and Garber, 1987, Genes Dev. 1: 544-55.
Schneuwly, Klemenz, and Gehring, 1987, Nature
325: 816-18.
Schneuwly, Klemenz, and Gehring, 1987, EMBO 1I.
6: 201-06.
Bermingham and Scott, 1988, EMBO J. 7: 3211-22.
Boulet and Scott, 1988, Genes Dev. 2: 1600-14.
Gibson and Gehring, 1988, Development 102: 657-75.
Muller, Affolter, Leupin, Otting, Wuthrich, and Gehring,
1988, EMBO J. 7: 4299-304.
Otting, Gottfried, Qian, Muller, Affolter, Gehring, and
Wauthrich, 1988, EMBO J. 7: 4305-09.
Perkins, Daly, and Tjian, 1988, Genes Dev. 2: 1615-26.
Stroeher, Gaiser, and Garber, 1988, Mol. Cell Biol.
8: 4667-75.
Bermingham, Martinez-Arias, Petitt, and Scott, 1990,
Development 109: 553-66.
loss-of-function  alleles result in
embryonic lethality. Animals succumb at the end of
embryogenesis and show homeotic transformations in the
larval cuticle of the first, second, and third thoracic seg-
ments. Specifically the cuticle derived from paraseg-
ments 4 and 5 are transformed to a more anterior identity
such that the posterior of the first thorax produces frag-
ments of mouth hook material on its dorsal surface
presumably owing to a new posterior labial identity,
whereas the anterior of the second thorax resembles the
first thorax. The anterior of the third thoracic segment is
weakly transformed toward a T1-like identity. The pos-
terior of T2 is presumably T1 like as there are no gnathal
structures seen in this compartment. There are also par-
tial loss-of-function mutations which allow survival into
the larval, pupal, and adult stages. Those that allow adult
survival produce animals in which the anterior of the dor-
sal mesothorax shows a transformation to prothorax.
There are no other apparent defects associated with these
lesions. Those "leaky” mutants which die in the pupal
and larval stages show similar parasegmental transforma-
tions as the null alleles, except that only the parasegment
4 to 3 homeosis is generally apparent. Animals which
survive to the pupal stage fail to evert their anterior spira-
cles resulting in a blunt appearance of the anterior pupa.
This same phenotype is seen in genotypes which survive
to the adult stage. These partial mutants in many cases
are associated with chromosome rearrangements notably
deletions which approach the locus from its distal end.
Moreover these mutations have been shown to comple-
ment fully other seemingly null mutations. Subsequent
molecular analyses have shown that these results are
accounted for by the presence of two promotors, one, P1,
distal to the other, P2. The partial mutants affect the abil-
ity of the P1 promotor to initiate transcription, while the
complementing lesions inactivate P2. Null mutants affect
the transcription unit and protein encoding portion of the
gene which is common to both promotors (see below).
X-ray induced somatic clones of Anfp  cells demon-
strate that the locus is required in the adult for the proper
development of the dorsal pro and mesothorax, and legs.
The former is reduced in size presumably refiecting an
anteriorward transformation while the latter are



transformed to antennae. Thus Antp+ function is
required in the embryo and adult in parasegments 4 and 5
to prevent more anterior segmental identities, specifically
those normally found in the anterior thorax and head.

The Antp locus was initially recognized by virtue of
several striking dominant gain-of-function alleles. Thir-
teen of these transform the antenna of the adult into a

mesothorac1c leg (Ant 49, Anp B, Anp Y Anp ¥
Antp , Antp R,. Antp "7, Antp™", Antp RM, Antp 73b,
Antp B, Antp 7% and Antp™). Three of these also have

effects on the orbit of the eye and the vibrissal reglon of
the ventral head (Antp ™ Ansp 7% and Antp 5. There
are also two dominant alleles (Antp “* and Anp™)
which transform portions of the head capsule (dorsal and
posterior) and the eye to a dorsal mesothoracic identity.
In some cases this includes the production of wing tissue
in the eye. Finally, a unique dominant Anzp produces
bristles on the normally bald propleurae just ventral to
the mesothoracic spiricle. This latter phenotype has been
interpreted as the production of sternopleural bristles on
the propleurae, and thus a T1 to T2 transformatlon With
the exception of Antp M5 and Antp 7 all these dominant
lesions are associated with recessive lethality and gross
chromosome rearrangements. All the breakpoints fall in
the interval between the distal and proximal promotors.
The dominant gain-of-function phenotype results from
the misregulation of the P2 promotor by position affect or
by the production of novel transcripts initiated in the
newly juxtaposed sequences and spliced to the down-
stream Anip coding sequences. Both events result in the
ectopic accumulation of the Ansp protein product in the
eye-antennal disc where the normal head repressive func-
tion of the gene causes the observed alteration. The
recessive lethality associated with these lesions falls into
the partially deficient category mentioned above. That is,
these 1es1ons show complementatlon with the P2 specific
(Antp and Antp ) mutations and in general show only
strong parasegment 4 — parasegment 3 transformations.
However, there is a gradient of this affect among the
breakpoints. Those closest to P1 and furthest from P2 are
the weakest, whereas those close to P2 show the strongest
phenotype and earlier lethal phase. This same result is
obtained with breakpoint mutations in the P2-to-P1 inter-
val which are not associated with a dominant phenotype.
Therefore this interval likely contains sequences neces-
sary for the proper regulation of the P2 promoter.

Three of the dominant gain-of-function lesions
(Antp Antp ® and Antp Ns %) have been reverted. The
revertants are e1ther complete nulls, thus obviating the
potential for ectopic expression, or are partial mutants;
the latter mutants likely remove the potential for ectopic
expression by altering the juxtaposed sequences required
for abnormal P2 activity.

Both in situ hybridization and immunostaining have
been used to determine the spatio-temporal pattern of
Antp expression. Both the protein and RNA are strongly
accumulated in the ventral nerve cord and more weakly
in the epidermis and mesoderm of the embryo. Protein
and RNA are first detected during cellular blastoderm in
a band of cells in the parasegment 4-6 anlagen. This ini-
tial spatial pattern is further elaborated at full germ-band
extension. In the ectoderm Ansp products are found start-
ing in the region of the first thoracic segment (paraseg-
ments 3 and 4) and extending posteriorly to the level of
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the seventh abdominal segment. In the mesoderm, they
are found in parasegments 4-6. During germ band shor-
tening the gene products are accumulated in the CNS
from parasegment 4 (posterior T1) through to the poste-
rior end of the ventral nerve cord. In the integument tran-
scripts and protein are mainly restricted to the paraseg-
ments 4-5 interval although some weak expression can be
seen in parasegments 3. As embryogenesis proceeds, the
posterior CNS expression diminishes but is still detect-
able at the end of embryogenesis. The major accumula-
tion in the CNS at this time is in the neuromeres of
parasegments 4 and 5. The mesodermal expression is
found in the anterior midgut; quenching of Antp expres-
sion is found in the posterior portion of the anterior
midgut and has been shown to be dependent on the
expression of Ubx. In later stages Antp protein can be

detected in the leg, dorsal prothoracic, and wing discs.

alleles:
allele origin  discoverer synonym type cytology
Ant, 17 as8 .
D Xray  Abbott Antp hypomorphic normal

Antp? Xray Abbott  Anp®  hypomorphic Df(3R)84B2,84D3

Antp 3 Xray  Abbott Antp a2 null normal

Antp 4 Xray Abbott Antp a7l null normal

Antp? Xray Abbor  Ampé In(3R)84B287C

Antp S Xray Abbott  Amp® nhypomorphic  Dfi3R)84B2-C6

Antp 7 EMS  Denell Antp a7 null normal

Antp 8 DEB  Stephenson Antp €8 null normal

Antp 9 EMS  Fomili Antp hypomorphic normal

Anfp 10 EMS  Fomili Antpﬂ 2 pull normal

Antp 1 EMS  Fomili Antpﬁ 6 null normal

Antp 12 EMS  Fomili Antpf 40 normal

Antp 13 EMS  Fomili Antp null normal

Antp 4 Xray Kaufman Amp® T(2,3)36C-D:
84B1-2
+In(3LR)62B;
98F

Antp 15 EMS  Kaufman Antp kS null normal

Antp 16 EMS  Matthews Antp kml ?

Antp 17 Xray Lopez  Anpl  hypomorphic T(2;3)25F :84BI-2

Antp 18 Xray Lopez Antp 2z null normal

Antp 19 Xray Pultz Antpp4 null normal

Antp 20 EMS R Lewis Antp 4 hypomorphic normal

Antp 21 EMS R.Lewis Antp ri0 null normal

Antp?2 EMS R Lewis Amp™7 nul normal

Antp 23 Xray  Scott Antp sl hypomorphic normal

Antp 24 Xray Scott Antp 52 hypomorphic In(3R)80.84B1-2

Antp 25 EMS  Wakimoto Antp wi0 null normal

Antp 2 EMS  Wakimoto Antp w24 null normal

Antp 49 Xray Pitemick Antp 4703 weak lesion in 84B1-2

Antp 50 Xray Pitemick Antp 4715 strong extra band distal
to 84B1-2

Antp 59 Xray Pitemick weak =Antp

Antp 60 Xray Pitemick weak =Antp 30,

Antp 72 spont  Baker viable normal

Antp 73b spont  Green stron% In(3R)84B1-2

Antp 73b-rv1 spont  Green Antp revertant

Antp 73b-rv2 spont  Green Antp 73b cevertant

Antp730TVS 0y Hazelrigg Antp 3P revertant 1(2:3)57B6-8;
84B1-2;97B3

Antp 73b-rv7 Xray Hazelrigg Antp 73b revertant 7(2,;3)40,84B1-2

Antp 73b-rv8 Xray Hazelrigg Antp revertant Dp(3;3)84D5-8;
85F5-8

Antp 73b-rv9 Xray Hazelrigg Antp 73b revertant In(3R)84BI-2;
84C5-6

Antp B Xray Bacon moderate dominant In(3R)84BI-2.85E

Antp cB Xray Black moderate dominant Jn(3R)84B1-2;
99F-100A

Antp CX Xray Lewis  Ct strong dominant  T(2:3)35B:84BI-2

AntpHY Xray Ruch Hu moderate dominant In(3R)84BI-2;
84F4,86C7-8

Antp Hu-rv1 Xray Hazelrigg Antp Hu revertant Df{3R)84B1-2;
84D6-F4
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allele origin  discoverer synonym type cytology
Antp JK spont  Kennison recessive
Antp Lc Neutron LeCalvez  Ar/ss ar moderate dominant In(3R)84A5-6,92A5-6
Antp Ns spont  Gehring  Ns viable dominant  normal
AnpNSTV1T X 00 Denell Antp™® revertant In(3R)81:84B1-2
Antp Ns-rv2 yray  Duncan Anp™S tevertant  In(3R)81F;90BC
Antp Ns-rv3 Y ray Duncan Antp Ns revertant T(Y,3)Y;84A4-B2
Antp Ns-rvé yray  Duncan Anp ™S revertant In(3LR)79D1-2;
84A4-B2
Antp Ns-rvé yray  Duncan Antp™S revertant  normal
Antp Ns-rvi1 o ray  Denell Anp™® revertant  normal
Antp Ns-rv13 Yray  Duncan Antp™ revertant  T(2;3)84A4-B2;
40-41
Antp Ns-rvi6 Yray Duncan Antp Ns revertant Complex
AntpNSTVIB L Duncan Anp S revertant  TyY;3)Y;8444-B2
Antp Ns-rv19 Y ray Duncan Antp Ns revertant  T(Y.3)Y;84B1-3
Antp Ns-rv25 Xray Denell Antp NS revertant In(3R)81;
84B1-2;85A
Antp Ns-rv70 Xray Denell Antp NS revertant normal
AntpNSTVI2 4 0 Denell Antp™S revertant  Dfi3R)84B3:84D
AntpNSTVES  y 0 Denell Antp™S revertant  In(3R)81:84B1-2
AntpNSTVIE 5 0 Denell Antp " revertant  T(Y;3)Y:84B1-2,94C
Antp Ns-rvC1 EMS  Struh! Antp NS fevertant  normal
Antp Ns-rvC2 EMS  Struhl Antp NS revertant  normal
Antp Ns-vC3  pys Sinnl Antp™ revertant normal
AntpNSTVE4 pyg Gl Antp™ revertant  In(3LR)75B;84B1-2
Antp Ns-vC5 pys  Sirunl Anp™ revertant  normal
Antp Ns-rvC6 EMS  Struhl Antp NS fevertant  normal
AntpNSVE8  pyig gin Antp ™S revertant  T(2:3)41,84B1-2
Antp Ns-rvCo EMS  Struhl Antp NS revertant  normal
AntpNSTVCI0 Lyg i Anp™ revertant  T(Y,3)Y:84B1-2
Antp Ns-rvC11 EMS  Struhl Antp NS evertant normal
Antp Ns-rvC12 EMS  Struhl Antp NS fevertant normal
Antp PW MDN ¢ Pinchin strong dominant  In(3LR)71F;84B1-2
Antp R Xray Rappaport ss? moderate dominant In(3R)84B1-2;86C
Antp RM Xray R. Meyer moderate dominant In(3R)82E1;84B1-2
Antp Scx spont  Hannah Scx weak dominant normal
Antp w Xray Wohlwill moderate dominant T(3,4)84B1-2;102F
+T(2,3)33E,;66C
Antp WU yray Wy strong dominant  In(3LR)75C 84BI-2
Antp YV Xray Yu strong dominant  T(2:3)22B,83E-F
+ T(2,;3)38E,;98A
o

MDN = methoxy diethylnitrosamine,

cytology: Placed in 84B1-2 based on Antp’s inclusion in

the overlap region between Df{3R)Scr and Df(3R)A41 as
well as the commonly held breakpoint of four forward,
eleven gain-of-function and eighteen revertant of gain-
of-function mutations (see table of alleles).

molecular biology: The Ansp transcription unit lies at the

distal end of the ANTC and is transcribed in a distal to
proximal (i.e., left to right) direction with respect to the
right arm of the third chromosome. The locus has been
identified in the DNA through the localization of break-
points associated with both loss- and gain-of-function
mutations. Additionally regulatory portions of the gene
have been used to drive the expression of B galactosidase
reporter constructs in vivo and these constructs produce
spatial patterns of expression similar to those seen for the
normal gene. The identified transcription unit is 100 kb
long and is made up of eight exons. Exons 1 and 2 are
the most distal and are found at the 5" end of RNAs ini-
tiated from the P1 promotor mentioned previously. Exon
3 is approximately 60 kb downstream of the P1 5" end
and represents the leader sequences unique to transcripts
initiated at the P2 promotor. The remaining five exons
(E4-EB) are common to transcripts initiated at both Pl
and P2. Exon 4 also encodes a leader sequence and the
identified open reading frame begins in exon 5, 36
nucleotides downstream of the splice acceptor. The open
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phenotype: Maternal-effect

reading frame continues through exons 6, 7, and 8 ending
240 nucleotides downstream of the splice acceptor of E8.
Two polyadenylation sites are used at the downstream
end of E8. The first (Al) is ca. 875 nucleotides down-
stream of the 5” end of the exon; the other (A2) is ca.
2300 nucleotides more proximal. The two promotors
coupled with the two adenylation sites result in the pro-
duction of four size classes. of transcript (P1/A1 = 3.2 kb,
P1/A2 = 4.6 kb, P2/A1 = 3.4 kb, P2/A2 = 4.8 kb). All of
these have been seen on Northern blots. There is no
apparent preferential association of promotor with respect
to 3" end formation. However, the two promotors do
have different spatial patterns of expression. Notably the
P1 promotor is seen to be strongly expressed in the
anlagen of the dorsal prothoracic disc, a tissue dramati-
cally affected by its deletion. The P2 promotor is more
evenly expressed in Antp’s spatial domain (see below),
consistent with the defects associated with its inactiva-
tion. The 3”end of the transcription unit is ca. 30 kb dis-
tal to the 3" end of fiz and 50 kb distal to the identified 5
end of Scr. The distance to the next most distal transcrip-
tion unit from the P1 5" end is nearly 50 kb. The site of
the Antp Hu breakpoint is in this 50 kb interval.

In addition to the transcript heterogeneity mentioned
above, Anfp also undergoes alternate splicing among the
ORF-containing introns. Specifically exon 6 which
encodes thirteen amino acids is found predominantly in
embryonic transcripts and less frequently in imaginal disc
derived RNAs. Additionally there is an alternate splice at
the 3" end of exon 7, resulting in the deletion of four
amino acids just upstream of the homeobox motif if the
short splice is made. It appears that the long form splice
is used preferentially but that all four potential protein
forms are made in imaginal discs. The exon-6-less tran-
scripts are rare in embryonic RNA. There is no apparent
preferential association of alternate splicing patterns with
either of the two promotors. The longest potential pro-
tein (E6 + 7L) is 378 amino acids in length, and has a
predicted molecular weight of 43 kd. The homeobox
motif is encoded in E8 and the opa like repeats in ES.

bed: bicoid
location: 3-{47.5} (between zen and Ama).
synonym: mum.: multimorph.
references: Frohnhéfer

and Niisslein-Vollhard,
Nature (London) 324: 120-25 (fig.).

Fronhofer and Niisslein-Volhard, 1987, Genes Deyv.
1: 603-14.

1986,

lethal mutations showing
defective head and thorax development. Females homoz-
ygous for strong alleles produce embryos in which head
and thorax are replaced by duplicated telson, including
anal plates, tuft, spiracles, and filzkorper; however, no
pole cells formed at the anterior end. Deletions and
fusions of anterior abdominal segments and occasionally
anterior abdominal segments in reversed polarity are also
observed. Strong alleles amorphic based on phenotypic
similarities of embryos produced by homozygous and
hemizygous females. Weak alleles result in pattern
defects in heads of embryos; lack only labral derivatives
(median tooth, dorsal bridge); intermediate weak geno-
types produce reduced head but retain normal thoracic
development; intermediate strong produce further reduc-
tion of head, deletion of second and third and reduction



of first thoracic dentical belts; thoracic segments fused.
Partial rescue of embryonic phenotype effected by injec-
tion of cytoplasm (5% of volume) from the anterior ends
of unfertilized wild-type eggs into the anterior pole of
newly fertilized eggs of bcd mothers; injection into ecto-
pic sites stimulates differentiation of anterior structures at
site of injection; efficiency proportional to number of
bed ™ alleles carried by cytoplasm donor. Phenocopies
result from leakage of 5% of egg volume from anterior
perforation of normal embryos. The distance of the head
fold at gastrulation is proportional to the number of bedt
alleles in the maternal genotype. bcd mRNA appears as a
flattened disc plastered to the anterior extremity of early
embryos; by the time of pole cell migration it has become
localized to the clear cytoplasm at the periphery, forming
a cap over the anterior end of the egg and is distributed in
a steeply decreasing gradient such that 90% of the RNA
is in the anterior 18% of egg length; by nuclear cycle 14
the RNA begins to disappear and becomes undetectable
by midway through cellularization. bcd protein on the
other hand forms a shallower gradient in which 57% of
protein is in the anterior 18% of egg length, and the gra-
dient doesn’t reach baseline until the posterior 30% of
egg length; the gradient forms from two to four hours
after oviposition in both fertilized and unfertilized eggs,
and except during mitosis is concentrated in nuclei; diffu-
sion postulated to account for the establishment of the
protein gradient following translation from anteriorly
anchored RNA. Protein levels decrease during cellulari-
zation, although some nuclear staining persists until the
end of germ-band elongation. bcd transcript first detect-
able in the ovaries of bcd females; forms a ring around
the anterior margin of the developing oocyte in stages 5
and 6; in stages 9 and 10 nurse-cell accumulation
observed to be localized toward the periphery of the cyst;
by stage 12 the nurse cells have emptied their contents
into the oocyte and the bcd transcript appears as an ante-
rior cap (St. Johnston, Driever, Berleth, Richstein, and
Niisslein-Volhard, 1989, Development Supplement: 13-
19). No evidence of translation of bcd protein during
oogenesis. Formation of the bcd gradient is regulated by
three maternally active genes exu, sww, and stau; exu
appears necessary for nurse cell accumulation; sww is
required for anterior localization of bcd mRNA in the
oocyte; and stau appears to be involved in RNA localiza-
tion in the embryo. A defect in any of these functions
results in little or no gradient of bed activity. bed in turn
appears to control the activity of anterior gene activity;
specifically the anterior pattern of hb expression is not
observed and is replaced by a mirror-image posterior kb
stripe in bcd  embryos (Tautz, 1988, Nature 332: 281-
84; Schrdder, Tautz, Seifertz, and Jackle, 1988, EMBO J.

GENES

allele origin  synonym ref & comments
+ TA inserted; frameshift — 55
out-of-frame amino acids replacing
amino acids 156-494, including
homeodomain

bed 7 EMS bed £2 1,2 Strong allele; 260 base-pair deletion
overlapping homeodomain

bed 8 EMS  bed 2,5 intermediate allele; strongly temperature
sensitive; 2406 C — T; 131 ser — leu

bed 9 EMS bed E4 2,5 intermediate allele; 2393 C - T;
127 leu — phe

bed™®  EMS  bed® 25 weakallele; 2804 C > T;
264 gln — amber

bed EMS  bea®0 s 2388-2420 deleted; amino acids
125-135 deleted

bed? EMS  5cd%® 25 swongallele; 2486 C— T
158 gln — amber

bed 13 3 hypomorphic allele

bed 14 3 hypomorphic allele

bed 15 4 strong hypomorphic allele

bed 16 4 strong hypomorphic allele

I = Berleth, Burri, Thoma, Bopp, Richstein, Frigerio, Noll, and
Niisslein-Volhard, 1988, EMBO J. 7: 1749-56; 2 = Fronhofer and
Niisslein-Volhard, 1986, Nature 324: 120-25; 3 = Lambert, 1985,
PhD Thesis, Indiana University; 4 = Seeger, 1989, PhD Thesis, Indi-
ana University; 5= Struhl, Struhl, and MacDonald, 1989, Cell
12: 59-73,

cytology: Placed in region 84Al on the basis of failure to

be complemented by Df{3R)9A99 = Df(3R)83F2-
84A1;84B1-2;  DF3R)LIN, and Dfi3R)Scr =
Df(3R)84A1-2,84B1-2, and complementation by
Df(3R)4SCB = Df{3R)84A6-B1,;84B2-3, and
Df(3R)Antpl7 = Df(3R)84A6,84D13-14.

molecular biology: Gene identified in an 8.7-kb genomic

fragment from coordinates —42 to -33 kb of the chromo-
some walk of Scott, Weiner, Hazelrigg, Polisky, Pirrotta,
Scalenghe, and Kaufman (1983, Cell 35: 763-76) by
germ-line transformants that completely rescue the
mutant phenotype (Berleth, Burri, Thoma, Bopp, Rich-
stein, Frigerio, Noll, and Niisslein-Volhard, 1988, EMBO
I. 7. 1749-56; see also Frigerio, Burri, Bopp,
Baumgardner, and Noll, 1986, Cell 47: 735-46;
Kilchherr, Baumgardner, Bopp, Frei, and Noll, 1986,
Nature 321: 493-97). The transcription unit comprises
four exons and produces a major mRNA of 2.6 kb, which
contains all four exons, and a minor 1.6-kb mRNA from
which exons 2 and 3 are spliced. Splice-acceptor-site
variation in the third exon leads to translation products of
489 and 494 amino acids (53.9 kd). The first exon con-
tains a PRD repeat, consisting essentially of alternating
histidines and prolines, found within a number of genes,
including prd, expressed early in development; the 5” end
of exon 3 encodes a novel homeodomain with no more
than 40% amino-acid homology with other homeobox
sequences; the 3” end contains a series of repeated glu-

al]Zie§°881-87)' tamines, opa repeats. Also contains a RNA-recognition

- « motif, mostly in exon 4 (Rebagliatti, 1989, Cell

allle  origin  synonym  ref © comments 58: 231-32). A highly acidic C-terminal domain is

bed!  EMS  bed?® 25 intermediate allele; 2564 C — T: thought to prov1de‘ transcriptional actl.vatl.on; the latter

184 gln — amber can be replaced with heterologous activating sequences

bed?  EMS a3 2,5 weak allele; 3885 T — A; and still display bedt activity (Driever, Ma, Niisslein-

3 23-16 453 leu — his Volhard, and Ptashne, 1989, Nature 342: 149-54). The

bed)  EMS = bed". 7 2 strong allele sequence responsible for the anterior localization of bcd

bed EMS bed 2 strong allele RNA at th teri bryoni ole localized to 625
bed®  EMS  bed!!! 25 weakallele; 2798C — T at the anterior embryonic pole localized |

262 gln — amber nucleotides in the 3 untranslated region, which include

bed®  EMs  bed! 1,2,5  strong allele; 2482-2650 deleted regions capable of forming extensive secondary structure
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(Macdonald and Struhl, 1988, Nature 336: 595-600).
The ten residues from 138 to 147 comprise the DNA

recognition helix of the bcd homeodomain; replacing the

Iysine in the ninth position of this ten-amino-acid

sequence with either alanine or glutamine is sufficient to
destroy recognition of hb sequences; in addition, the
latter substitution confers a new specificity for Antp and

Ubx upstream target sequences (Hanes and Brent, 1989,

Cell 57: 1275-83). Bicoid protein binds to five high-
sequence
TCTAATCCC) upstream from the b transcription start
site  (Driever and Niisslein-Volhard, 1989, Nature

affinity binding sites (consensus

337: 138-43). The posterior boundary of the anterior 4b

domain responds to changes in the number or affinity of
these sites as well as to the dose of bed” such that

increases cause a more posterior and decreases a more

anterior boundary (Driever, Thoma, and Niisslein-

Volhard, 1989, Nature 340: 363-67; Struhl, Struhl, and
Macdonald, 1989, Cell 57: 1259-73).

Dfd: Deformed

transformation (30-50% penetrance) has also been noted
in animals hemizygous for a breakpoint-associated rever-
tant of the single dominant gain-of-function allele
(Dfd vl ). The phenotype is an appargpt transformation
of the H piece and lateral-graten wifch appear to be
replaced by cephalopharyngeal plates.” This phenotype
has not been observed in any other mutant genotype and
the reason for its low-penetrance production by this par-
ticular allele is not known. X-ray-induced somatic clones
of Dfd " cells have shown that the locus is also required
for adult head development. These cells develop nor-
mally in the thorax and abdomen but do not form struc-
tures in the ventral anterior aspect of the head;
specifically the vibrissae and maxillary palps. Clones in
the dorsal posterior part of the head form ectopic bristles
which have been interpreted as a head to thoracic
transformation. A temperature-conditional allele has
been used to define two temperature-critical periods for
Dfd+ activity. The first is during embryogenesis during
segmentation and head involution, while the second
occurs in the late third instar larval through mid pupal
stages. These times correlate nicely with the observed
cuticular defects in mutant animals and the times of peak
gene product accumulation. There is a single dominant
gain-of-function allele which causes defects in the ventral
aspects of the adult head similar to those seen in the Dfd~
head clones mentioned above. There are no defects seen
in the posterior of the head nor does this allele cause any
embryonic or larval defects as a heterozygote, homozy-
gote, or hemizygote. This allele is associated with a
group of BI04 (roo) insertion elements (ca. 50 kb of
inserted DNA) as well as a duplication of the 3" exons of
the Dfd transcription unit (see below). The mutant causes

an extended spatial domain of expression of the locus
into the eye portion of the eye-antennal disc as compared
to the pattern seen in normal animals. The precise
cause-effect relationship between the observed molecular

From Bridges and Morgan, 1923, Camegie Inst. Washington
Publ. No. 327: 94.

Dfd: Deformed

location: 3-47.5.

references: Chadwick and McGinnis, 1987, EMBO J.
3: 779-89.
Hazelrigg and Kaufman, 1983, Genetics 105; 581-600.
Jack, Regulski, and McGinnis, 1988, Genes Dev.
2: 635-51.
Kuziora and McGinnis, 1988, Cell 55: 477-85.
Martinez-Arias, Ingham, Scott, and Akam, 1987, Dev.
100: 673-83.

Merrill, Tumner, and Kaufman, 1987, Dev. Biol.

122: 379-95.

Regulski, McGinnis, Chadwick, and McGinnis, 1987,

EMBOJ. 3: 767-77.
Chadwick, Jones, Jack, and McGinnis, 1990, Dev. Biol.
141: 130-40.

phenotype: Null mutations act as recessive lethals.

Homozygous or hemizygous animals die at the end of
embryogenesis and show a spectrum of defects in the
head. There are no discernible defects in the trunk. The
head defects are associated with missing structures nor-

mally derived from the mandibular and maxillary seg-

ments, the dorsal lateral papillae of the maxillary sense
organ, the mouth hooks, and the maxillary cirri. The

remaining gnathal structures are present albeit disar-
ranged likely due to abnormalities in the movements
associated with head involution. A weak homeotic
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defect and the mutant phenotype is not known except that
partial deletion of the BI04 elements but not the 3 end
duplication causes a reversion of the dominant phenotype
and has no apparent effect on the wild type function of
the resident Dfd gene. This dominant allele has been
reverted and these revertants act as a simple recessive
loss-of-function alleles with the one exception noted
above. The Dfd transcript is initially detected at the blas-
toderm stage in a band of cells at the position of the
future cephalic furrow. This RNA shows maximal accu-
mulation from 6-12 hours of embryogenesis when it is
found in the mandibular and maxillary lobes, as well as
in the subesophageal reigon of the CNS. The amount of
Dfd RNA diminishes through the first and second larval
instars and peaks again during the third instar. At this
point, it is found in the peripodial membrane cells of the
eye-antennal discs. The cells which accumulate the RNA
are those which have been fate mapped to give rise to the
adult-head-capsule structures which are defective in Dfd~
clones. Antibodies raised to Dfd protein have shown a
similar pattern of accumulation to that seen for the RNA.
The protein is first detected in cellular blastoderm stage
in a stripe of six cells which circumscribes the embryo.
As germ-band elongation proceeds and segmentation
becomes evident Dfd protein is detected in the mandibu-
lar and maxillary lobes and a portion of the dorsal ridge.
During germ-band shortening protein is no longer detect-



able in the mandibular lobe or in the anterior lateral
aspect of the maxillary lobe. The process of head involu-
tion carries the Dfd-expressing cells interiorly where they
are found in portions of the pharynx at the end of
embryogenesis. Dfd-positive cells are also found in the
subesophageal region of the CNS in the maxillary gan-
glion. This expression pattern has been shown to be
dependent on the prior expression of the gap and pair-
rule segmentation genes for its inception and on an auto-

GENES

end of Dfd. Distally the 3" end of Dfd is 20 kb from the 3°
end of Scr. The five exons sum to 2.75 kb, a figure in
good agreement with the 2.8 kb transcript size seen in
Northern blots. Sequence analysis of a full length cDNA
shows a long open reading frame of 1758 nucleotides
encoding a protein of 586 amino acids, yielding a molec-
ular weight of 63.5 kd. The homeobox is encoded by
exon four and the opa repeats are downstream in exon
five.

genous regulatory element upstream of the Dfd transcrip-
tion initiation site for the maintenance of Dfd expression
into the later stages of embryogenesis. Immunostaining
of imaginal discs shows Dfd-positive cells in the peripo-
dial membrane of the eye-antennal discs with no detect-
able accumulation in the disc proper. There are also a
few cells in the stalk of the labial discs which appear to
accumulate Dfd protein. The Dfd cDNA driven by a heat
shock promotor has been returned to flies and used to
ectopically express Dfd protein. Animals carrying this
construct subjected to heat shock produce ectopic mouth
hooks and maxillary cirri in the ventral aspect of their
thoracic segments, two structures missing in Dfd
animals. There is no phenotypic affect on abdominal pat-
tern; however, head development is severely disrupted in
heat-pulsed animals.

fiz: fushitarazu
location: 3-47.5.
references: Hafen, Kuroiwa, and Gehring, 1984, Cell
37: 833-41.
Jirgens, Wieschaus, Niisslein-Volhard, and Kluding,
1984, Wilheim Roux’s Arch. Dev. Biol. 193: 283-95.
Kuroiwa, Hafen, and Gehring, 1984, Cell 37: 825-31.
Laughon and Scott, 1984, Nature 310: 23-31.
Wakimoto, Turner, and Kaufman, 1984, Dev. Biol.
102: 147-72.
Weiner, Scott, and Kaufman, 1984, Cell 37: 843-51.
Carroll and Scott, 1985, Cell 43: 47-57.
Hiromi, Kuroiwa, and Gehring, 1985, Cell 43: 603-13.
Duncan, 1986, Cell 47: 297-309.
Hiromi and Gehring, 1987, Cell 50: 963-74.

alleles: Doe, Hiromi, Gehring, and Goodman, 1988, Science

llele igin discoverer non tolo 239: 170-75.

a origl 1SCOVI T § m C . . .
£ yiony fype yoosy phenotype: Null loss-of-function mutations result in

pra! spont Cattell, 13g dominant allele normal embryonic lethality. Animals survive to the end of

embryogenesis and exhibit a pair-rule mutant phenotype
in the cuticle. This same phenotype is observable in
animals at the beginning of segmentation of the germ
band. Prior to deposition of cuticle, fiz animals have

Dfd? EMS Cain Dfa"®
Dfd3  EMS Cain D1
Dfd* EMS Fomili D!
Dfd® EMS Fomili D78
Dfd® Xray Kaufman Dfa"™%?

hypomorphic allele  normal
temperature sensitive normal
hypomorphic allele  normal
hypomorphic allele  normal
null allele ?

Dfd”  Xray Kaufman Dfa’®20  nypomorphic allele 2 two rather than three mouth (gnathocephalic) segments
Dfd: EMS Marthews d’g’é‘ hypomorphic allele  normal and five as compared to ten trunk metameres. The
Dfd 70 EMS Mathews DA :RI hypomorphic allele  normal material deleted is derived from the even-numbered
Dfd .\ EMS R.Lewis bra o5 hypomorphic allele  normal parasegments, ps2 through psl2. Similar metameric

Drd!! EMS R.Lewis D

2 null allele normal
Dfd’? EMS R.Lewis DRl

hypomorphic allele  normal deletions/fusions are seen in the neuromeres of the ven-

Dfd ;3 EMS Merrill Dfd” VZ hypomorphic allele  normal tral nerve cord of the CNS. The name of the locus
Dfd = EMS Menil Dfd:r% hypomorphic allele  normal derives from the phenotype and is Japanese for "seg-
Dfd . EMS Wakimoto Dfd hypomorphic allele  normal ment" (fushi) "deficient” (tarazu) (N.B. — there is only

Dfd 16 EMS Wakimoto DferZI null allele normal

pra'v X ray Hazelrigg Df i +RX1 Dfd! revertant Tp(3:3)83D4-5; one le'tter t In tarazu; it is at'the start of the word i.e.,
84A4-5:98F1-2 there is no second t preceding the z). Temperature-
pra™? X ray Hazelrigg Dfd +RX13 Dde revertant Df(3R)83E3; sensitive alleles of the gene have shown that the

84A44-5 temperature-critical period for viability and phenotype
g’g;i);zj i 15 falls between 1 and 4 hours of embryogenesis with the
DId™* X ray Hazelrigg Dfa *RX17 Dfd! revertant normal mid point of 2.5 hours at the blastoderm stage. The

recovery of clones of fiz cells created by X-ray-induced
somatic exchange after cellular blastoderm have demon-
strated that ftz+ activity is not necessary for normal cutic-
ular morphogenesis subsequent to this point in develop-
ment. In addition to these recessive null and hypo-
morphic alleles there are two classes of dominant gain-
of-function lesions at the fiz locus. The first, fiz-
Regulator of postbithorax-like, causes a variable transfor-
mation of the posterior haltere into posterior wing. The
second, fiz-Ultra-abdominal-like, is associated with a
patchy transformation of the adult first abdominal seg-
ment toward third abdominal identity. The former
(ftz Rp I) lesion also shows a recessive loss-of-function
phenotype while the latter class (ftz Ual) has no discern-
able embryonic phenotype and is homozygous viable.
The fact that these dominant alleles produce mutant
phenotypes that mimic lesions in the BXC has been inter-

Dfd™? Xray Hazeligg Dfd R0 par! revertant

cytology: Placed in 84A4-5 by its inclusion in Df{3R)Scr,
Df(3R)Antpl7, and Df({3R)Dfd13 and the location of two
revertant-associated breakpoints Dfd ™ and Dfd "z,

molecular biology: The Dfd transcription unit has been
identified in the ANTC by its association with two Dfd
revertant breakpoints which interrupt it and result in the
recessive lethal mutant phenotype. The identified tran-
scription unit covers 11 kb of genomic DNA and is made
up of five exons. The 5-most three exons are separated
by two relatively small introns and these are separated
from the 3" -most two exons by a large 7-kb intron. Tran-
scription proceeds from proximal to distal (with respect
to the chromosome centromere to telomere). This orien-
tation is opposite to that of all the other homeotic loci in
the ANTC. The next most proximal gene in the complex
is Ama, the 3" end of which is just over 20 kb from the 5°
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preted as demonstrating a regulatory link between the

segment enumeration genes and the homeotics.
alleles:

allele origin discoverer  synonym type cytology
fiz! DEB M. Bender fiz b3drs hypomorphic allele normal
fiz 2 DEB M. Bender fiz bsts hypomorphic allele normal
ftz 3 EMS Cain frz o5 allele normal
fiz4 EMS Cain ftz cls hypomorphic allele normal
fiz 5 EMS Fornili ftzf 471s hypomorphic allele normal
fiz 6 EMS Kaufman  frz null allele normal
fiz 7 EMS Matthews  fiz kmi3 null allele normal
ftz 8 EMS K. Matthews frz mQ allele normal
fiz 9 EMS R.Lewis fiz Ri3 null allele normal
fiz 10 EMS R.Lewis  fiz Ri4 null allele normal
11 EMS Wakimoto  fiz %20 null allele normal
fiz 120 EMS Jirgens fz
ftz 13 EMS Jirgens fiz OH34
fiz 14 EMS Jiirgens fiz 9093
ftz 15 EMS Jirgens iz 260
fiz 16 EMS Jiirgens frz E193
ftz Rpl X ray Duncan frz Rpl dominant allele T(2;3)84A6-B1;41
fiz Ual1 EMS E.B.Lewis frz Uall dominant allele normal
Uai2 ENU Chiang fz Uai2 dominant allele normal
ual3 EMS Duncan fiz Ual3 dominant allele normal
Uai2rv1 EMS Duncan fiz revertant of fz Ualz | rmal
Ual2rv2 X ray Duncan fiz revertant of ftz Ual2 | mal
ftz Val2rv3 g spont Duncan fiz revertant of ftz Uaiz 4

Associated with a 5-kb insertion element in the transcribed region of frz.
Behaves genetically as a deletion of ftz, Scr, and Antp.

cytology: Placed in 84B1-2 based on its inclusion in
Df{3R)Scr and the 3R breakpoint of T(2;3)fz *', which
is known to interrupt the coding region of the fiz tran-
scription unit.

molecular biology: The localization and identification of
the fiz transcription unit within the ANTC has been
accomplished through the mapping of ftz-associated aber-
rations in the DNA [ftz ! and T(2;3)ftz ®"'] and the res-
cue of ftz  genotypes using P-element mediated transfor-
mation. The transcription unit is just over 2 kb in length
and is made up of two exons of 800 and 980 base pairs
and a single 150-base-pair intron. The open reading
frame is 1,239 nucleotides long and initiates in the (800
bp) 5" exon. Conceptual translation of the open reading
frame predicts a protein of 398 amino acids with a molec-
ular weight of 43 kd. The most prominent motifs in the
protein are the homeodomain (encoded in the second
exon) and a PEST domain which may be important in the
dynamic pattern of ftz expression. Northern blots have
shown that the fiz transcript is accumulated in early
embryos starting at about 2 hours (syncytial blastoderm),
peaking shortly afterwards and declining at about 4
hours. These times are coincident with the temperature-
sensitive-period data noted above. The spatial pattern of
RNA accumulation is first seen as a broad band at syncy-
tial blastoderm extending from the position of the future
cephalic furrow posteriorly to about 15% egg length. At
cellular blastoderm this broad single band resolves into
seven transverse stripes which circumscribe the embryo.
These stripes disappear as gastrulation proceeds and are
gone by mid gastrulation. Protein accumulation lags
behind the RNA and is first detected at cellular blasto-
derm in the seven-stripe pattern. The position and width
of the stripes indicates that ftz expression occurs within
the even-numbered parasegmental anlagen, which are
missing in ftz animals. Subsequent to the ectodermal
expression in the germ band, the ftz protein product is
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again detected in the later stages of germ-band shorten-
ing, in a subset of cells in each of the segmental ganglia
of the ventral nerve cord. This expression continues to
the end of embryogenesis and has been shown to be
important in the proper morphogenesis of a specific set of
neurons repeated in each ganglion. Transformation stu-
dies have resulted in the identification of at least three
cis-acting upstream regulatory elements necessary for
normal fz expression. An 1-kb fragment just upstream of
the start of transcription is necessary for the establish-
ment of the striped pattern at cellular blastoderm.
Another fragment just distal to this element is needed for
expression in the CNS, while about 6 kb upstream is an
element necessary for the maintenance of stripes. It has
also been shown that this cis-acting maintenance element
requires the presence of fiz protein and therefore that fz
is apparently autogenously regulated in the later stages of
its expression.

lab: labial
location: 3-47.5.
references: Diederich, Merrill, Pultz, and Kaufman, 1989,

Genes Dev. 3: 399-414.

Merrill, Diederich, Turner, and Kaufman, 1989, Dey.
Biol. 135: 376-91.

Mlodzik, Fjose, and Gehring, 1988, EMBO J. 7: 2569-
78.

phenotype: Null mutations act as recessive embryonic

lethals. Animals survive to the end of embryogenesis and
have normal thoracic, abdominal, and caudal segments.
However, the head is abnormal, and shows defects in
derivatives of all of the gnathocephalic segments. There
is no obvious homeotic transformation in these animals.
Analysis of earlier stages shows abnormalities in the pro-
cess of head involution. X-ray-induced clones of lgb~
cells demonstrate that /ab function is unnecessary for the
development of the adult thorax and abdomen. However,
clones in the head fail to develop normally and show
deletions in the maxilla and eye. Dorsally the posterior
head capsule is transformed toward an apparent thoracic
identity. A temperature conditional allele has been used
to show a temperature critical period between 6 and 14
hours of embryogenesis. This period coincides with an
interval in which head involution, a process disrupted by
lab™, takes place. Antisera raised to lab protein have
shown it to initially accumulated just anterior to the
gnathocephalic region of the germ band at the early
stages of segmentation. This protein also is found in a
row of cells extending above the gnathal region in the
procephalic lobe and more dorsally into the dorsal ridge.
As segmentation, germ-band shortening and head involu-
tion proceed, the cells expressing the protein are involved
in the process complexities of head involution. Finally at
the end of morphogenesis, lab positive cells are found in
the lateral aspects of the pharynx, the tritocerebral gan-
glia of the CNS, and the frontal sac. In addition to this
expression in the head, lab protein is also found in
endodermal cells at the posterior of the anterior midgut
and the anterior cells of the posterior midgut. The posi-
tion and movements of the cephalic cells accumulating
lab is consistent with the interpretation that this locus is
expressed in the intercalary or most anterior of the
gnathal segments.
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alleles: phenotype: Null alleles transform the labial palps of the
allele origin  discoverer  synonym  comments adult into portions of the prothoracic leg. The distal tar-
; 9 sal segments are present, including claws and pulvilli.
. r . . . . .
lab EMS  R.Lewis  lab hypomorphic allele The distal portion of the first tarsal segment including the
fab Xray  Kaufman  lab ;‘;"lpe‘a‘“‘e‘se"s““’e sex comb in males is fused directly to the proximal por-
cle . . e
lab3 EMS  Fomili N hypomorphic allele tl.On of the femur. Thus proximal first tars.us, tibia, and
b4 EMS  Fomili labﬁ;o null allele distal femur are absent. Leg segments proximal to femur
Iab6 EMS  Fomili lab}; 3 hypomorphic allele are not present. Hypomorphic alleles produce a labial-
lab >~ EMS  Fomili lablyp  Dypomorphic allele palp-to-antenna transformation. Generally only more
Iab8 EMS Fomnili lab null allele distal (arista) tennal structure E I
lab?  EMS Fomili b  hypomorphic allele anfenna’ structures are seen. Extremely
1ab?  Xray Abbort 16970 null allele: weak hypomorphic alleles exist which produce no osten-
10 14 [nORIBIAI2BIE sible phenotype as homozygotes but do reveal a weak
. V. . . . . . . .
lab EMS  Merrill lab hypomorphic allele antennal transformation in combination with a deletion or
lab 11 DEB Seeger ab® null allele :
1ab’2  DEB See:er 1ab 110 hypomorphic allele null allele. Both null and hypomorphic alleles also show
1ab1®  DEB Seeger 1abB1 hypomorphic allele an alt.eratlon in maxillary palp r.norphology which has
1ab™  Xray Diederich iap"¥  nun allele; been interpreted as a transformation toward an antennal
(insertion) identity.
lab 15 Xray Diederich  lab vd2 hypomorphic allele; alleles:
(deletion) L.
lab 16 Xray  Merill lab vd2]l null allele; allele  origin discoverer synonym phenotype cytology
17 T(3:4)84A1-2,101 1
lab Xray  Merill tab"22  pypomorphic allele pb"  spont Bridges and 18° - antenna +
18 da3s  romorp
lab Xray  Merrill lab ™ hypomorphic allele 2 Dobzhansky 29° > leg +
pb Yray Duncanand leg +
Kaufman
cytology: Placed in 84A1-2 based on its inclusion in pb3 Yray Duncan and leg +
Df{3R)Scr and the location of the proximal 3R break- 4 Kaufman
points of two rearranged alleles In(3R)lab’ and PO~ yray E::;;::"d antenna *
T(3:4)lab '5. These latter two breakpoints have been pb® yray Duncanand leg +
located in the DNA and are known to interrupt the lab 6 Kaufman )
transcription unit. b~ spont Baker, WK. pb Zlg weak antenna  +
meolecular biology: The lab transcription unit is the most Pb.  Xray Abbott pb oy e +
R . . pb Xray Abbott pb leg +
proximal in the ANTC and has been localized and pb?  Xray Abbort b0 leg .
identified by mapping the position 09f four lg’b_ assl()Sciated pb ;‘17 Xray Diederich  pb bd; leg +
rearrangements in the DNA (lab”, lab*®, lab *°, and pb 12 EMS Cain prI ; antenna +
E—_— .. raw
lab !5 and the rescue of lab™ animals by a minigene con- P: 13 X;Sy Ka“f_’l'_'a" Po leg +
structed from the transcription unit implicated by the zb 14 EMS 1]::2::11 Z Zﬂ3 ;Vseak _)a"a;:z:a:
breakpoints. The lab transcription unit is 17 kb in length, 20° > leg
is made up of three exons and is transcribed from distal pb ;g EMS Hazelrigg pb 7621 antenna +
to proximal on the chromosome. Exons two and three Pb - Xray Kaufman  pb ”‘:je leg In(3LR)66B;84A4-5
are separated by a 245-bp intron and these from the 5~ Pb o EMS Matthews  pb B *
. . . pb EMS Matthews  pb leg +
exon by a 13.8-kb intron. The open reading frame begins pb 1% EMS Matthews ™ e .
at nucleotide +239 in the first exon and extends through pb20 Xray Pultz pb ™2 g Df(3R)84A4-5
the third. Conceptual translation of the open reading Pbg Xray Pultz prZ 2 leg T(2:3)84A4-5;26D-F
frame predicts a protein of 629 amino acids and a molec- P: 23 iray ::‘Z ”i map8 ieg + deetion
. . p ray tz p eg + (deletion
u.lar weight of 67.5 kd. Northern blot’analys1s detects a 24 x ray Pultz P69 1eg In(3R)84A4-5:84D
+ .
single Poly(A? RNA of 3.0 kb, a size in good agreement pb gg Xray Pultz pb™P10 1o In(3R)84A4-5 et
with the identified exons of 1455, 416, and 935 bp. This pb2> Xray Puliz pb mpg leg In(3R)84A4-5 85D
. . ma, .
RNA 1s first detected at 2-4 hours of embryogenesis and PbYg Xray Pultz pb maZ e + (deletion)
remains present through the larval and pupal stages. ::29 ;(;Sy ;“ltz.n p Z V10 ;’mega“"g leg i"(3R)84A4'5"h”
. . . CIT1. €,
There is no detectable accumulation in adults. The pb3% EMS Memill Z b V12 le: N
encoded protein contains opa sequences as well as a pb31 EMS Wakimoto pb 4 18° - leg +
homeodomain. The latter is encoded by sequences in 22 wpo 297 —antenna
exons two and three, has its closest similarity to the pb P“: 23 iMS I‘:’"“f‘mom PZ winl ;‘"‘e’"‘a ;)f(3R)84A4 s.84812
. . ;s P ray Kaufman D 3 eg RN -
homeo@orpam, z.m(.i shares .w1th that homeobox the posi b3 X ray Kaufman  pb""  leg DSI3R)84A4-5.84C1.2
tion of its intronic interruption. pb® Xy Kaufman  pp ™™ leg .
36 wini2
. . . *pb Xray Kaufman  pb leg In(3R)84A4-5,87A5
pb: proboscipedia pb37 Xy Kautman  pp*.  leg .
location: 3-47.5. pbgg Xray Kaufman pbxj leg Df{3R)84A4-5:84B1-2
references: Bridges and Dobzhansky, 1933, Wilhelm pb %0 X ray Kaufman pbi ” leg T(2;3)44F ;84D
Roux’s Arch. Dev. Biol. 127: 575-90. Pb™" Xray Mathews  pb leg *
Kaufman, 1978, Genetics 90: 579-96.
Lewis, Wakimoto, Denell, and Kaufman, 1980, Genetics cytology: Placed in 84A4-5 based on its inclusion in
95: 383-97. Df(3R)Scr and the location of eleven pb-associated
Pultz, Diederich, Cribbs, and Kaufman, 1988, Genes breakpoints in this doublet (see table of alleles).
Dev. 2: 901-20. molecular biology: The pb transcription unit extends over
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35 kb of DNA in the proximal portion of the ANTC. It is
bounded distally by the z2 transcription unit and proxi-
mally by a cluster of at least eight cuticle-like genes.
Neither the proximal nor distal transcripts have any
demonstrable function in the fly. The transcription unit
produces a single 4.3-kb mRNA which is derived from
nine exons distributed over the interval. The open read-
ing frame begins in exon two and ends in exon nine. The
homeobox motif is encoded in exons four and five and is
split by intron four in the same position as the homeobox
is split in the labial gene. The opa sequences are in exon
eight and are therefore downstream of the homeobox.
Exon three is roughly equidistant between its two flank-
ing exons and the two largest introns of the gene. This
exon is 15 nucleotides long and is alternately spliced.
The RNA and protein products of the gene are accumu-
lated in the maxillary and mandibular lobes of the
embryo and the labial discs of the larvae.

Scr: Sex combs reduced
location: 3-47.5.

references: Kuroiwa, Kloter, Baumgartner, and Gehring,
1985, EMBO J. 4: 3757-64.
Sato, Hayes, and Denell, 1985, Dev. Biol. 111: 171-92.
Mabhaffey and Kaufman, 1987, Genetics 117: 51-60.
Martinez-Arias, Ingham, Scott, and Akam, 1987,
Development 100: 673-83.
Riley, Carroll, and Scott, 1987, Genes Dev. 1: 716-30.
Carroll, DiNardo, O’Farrell, White and Scott, 1988,
Genes Dev 2: 350-60.
Glicksman and Brower, 1988, Dev. Biol. 127: 113-18.
LeMotte, Kuroiwa, Fessler, and Gehring, 1989, EMBO J.
8: 219-27.
Mahaffey, Diederich, and Kaufman, 1989, Development
105: 167-74.
phenotype: Null mutations at the locus result in embryonic
lethality. Animals die at the end of embryogenesis and
show evidence of homeotic transformation in the cuticle
derived from the labial and first thoracic segments. The
first thorax is transformed to a second thoracic identity
and the labial segment toward maxillary. This latter
phenotype is seen as a duplication of the maxillary sense
organs and the cirri. Deletions of the locus as well as
null alleles also produce a dominant phenotype most
clearly seen in males as a reduction in the number of
sex-comb teeth. This reduction is indicative of a partial
transformation of first leg to second, a conclusion borne
out by the recovery of hypomorphic alleles of the locus
which as hemizygotes allow survival to the adult stage
and have no obvious effect in the embryo. These sur-
vivors show a complete transformation of ventral
prothorax to mesothorax including the presence of steno-
pleural bristles on the propleurae; they also show an
apparent transformation of the dorsal prothorax toward a
mesothoracic identity. In addition to these thoracic
transformations, the labial palps are transformed toward a
maxillary palp morphology. All of these adult transfor-
mations can also been seen in X-ray-induced somatic
clones of Scr cells. Thus Scr activity is needed for
proper segmental identity in both the embryo and adult in
the anterior-most segment of the thorax and the
posterior-most metamere of the head. In the absence of
Scr product these two segments are transformed diver-
gently to the identity of the next most posterior and ante-
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rior metamere respectively. The only other homeotic
mutation to produce such a divergent homeosis is pb,
which appears to act similarly in the adjacent maxillary
and labial segments of the adult head. In addition to
these loss-of-function mutations there are several gain-
of-function dominant alleles. All result in a similar
phenotype in adults, most clearly seen in males as the
production of sex combs on the second and third thoracic
legs. Additionallgl, strong alleles of this type (Scr 5™,
Scr 5 and Scr > show the loss of sternopleural bris-
tles indicative of a more complete transformation of
mesothorax to prothorax. All of these dominants are
associated with genomic rearrangements and with the
excegption of Scr°™ act as recessive lethals (ScrM*
Scr 3! Sep 512 and Ser 5Py or semilethals (Scr W
and Scr ) at the locus. Examination of animals car-
rying these lesions at the end of embryogenesis as hetero-
zygotes with a normal chromosome or hemizygotes
reveals no evidence of the gain-of-function transforma-
tion of T2 and T3 — T1, only the loss-of-function pheno-
types described above. These phenotypic observations
have been extended by showing that Scr protein is accu-
mulated ectopically in the second and third leg imaginal
discs in dominant gain-of-function genotypes but not in
the second and third thoracic segments at any point in
embryogenesis. Thus it appears that the spatial pattern of
Scr expression is differentially regulated at these two
times. Genetic analyses have shown that at least one
difference lies in Scr imaginal expression being subject to
a transvection-like effect. The gain-of-function lesions
cause or allow the ectopic expression of the structural
gene on the trans- rather than the cis-coupled transcrip-
tion unit. This is most clearly seen in the case of
Scr 5! which is broken within the transcribed portion
of Scr and is therefore incapable of making a functional
gene product. Scr mRNA is first detected in embryos in
early gastrulae in a band of cells just posterior to the
cephalic furrow. Protein is not detected at this time but
later during germ-band elongation; it is found in the
region of the labial lobe. Subsequently, during germ-
band retraction, RNA and protein are detected in the first
thoracic segment with the highest concentration at the
anterior border of this segment. RNA and protein are
also detected in the subesophageal region of the CNS in
the labial ganglion and in mesodermal cells associated
with the anterior midgut. As head involution proceeds,
the Scr-expressing cells of the labial segment are carried
inside where they are found associated with the pharynx
and the mouthparts at the end of embryogenesis. In the
third larval instar, protein is found in the prothoracic leg
discs, the dorsal prothoracic discs, the labial discs, and a
small group of cells in the stalk of the antennal portion of
the eye-antennal disc where it attaches to the mouthparts.
In addition to this disc expression, Scr protein is accumu-
lated in the subesophageal region of the CNS. This spa-
tial pattern of expression in the epidermis is consistant
with the spectrum of defects seen in Scr animals and
clones.

alleles:
allele origin discoverer synonym type cytology
1 d8
Scer EMS Denell Scr null allele normal
Scr 3 Xray Kaufman Scr k6 null allele normal
Ser EMS R.Lewis Ser'8 hypomorphic allele normal



allele origin discoverer synonym  type cytology

scr? EMS Wakimoto Scr*!7 null allele normal

scr® EMS Wakimoto Scr * hypomorphic allele normal

Ser EMS Fomili  Scr/*S  cold-sensitive normal

hypomorphic allele
Ser 7 EMS  Fornili serf7! hypomorphic allele normal
Scra EMS  Fornili scrf76¢s cold-sensitive normal
hypomorphic allele

Scr®  Xray Abbott  5cr%8  nul allele I3LR)77D;
84B1-2

Scr™  Xray Avbott  Ser%? null allele I(3LR)75B;
84B1-2

Scr!’  EMS Lambert  Ser¢  null allele normal

Ser 12 EMS Stephenson Scr “40 allele normal

Ser 13 EMS Matthews Scr "0 null allele normal

Ser “ EMS Matthews Scr ¥7 hypomorphic allele normal

scr18 EMS Matthews Scr X712 hypomorphic allele normal

scr16 EMS Matthews Scr ¥715 null allele normal

scr1? Xray Pultz serP’® allele normal

Ser™  Xray Memill  Ser"P30 null aliele In(3R)84BI-2;
95F

Ser!®  Xray Jigens  SorXFS null aliele 7(2:3)?

Scr 20 Xray Jiirgens Ser XTI45 null allele T(2;3)?

ScrMsc spont Tokunaga Msc Dominant allele In(3R)84B1-2;
84F1-2

Ser w EMS Wakimoto Scr*!5 Dominant allele 50 kb inversion in 84B1-2

Ser Wrvi Xray Hazelrigg Ser ¥ revertant T(2;3)58F1-2;
84B1-2

Ser Wrv3 Xray Hazelrigg Scr ¥ revertant normal

Ser WSy oy Hazelrigg Scr ¥ reverant  In(3R)81:84B1-2

Ser Wrvé Xray Hazelrigg Scr ¥ revertant T(2,3)22D;
63A1-2+
T(2,3)54A1;
80-81

sor™'  Xray Tong  Sor™  Dominantallele  Tp(3:3)80-81:
84B1-2,;84D5-6

Sor™  Xray Tiong S Domimantallele  T(2:304041;
84B1-2

Ser L] Xray Tiong ser B Dominant allele T(2,3)25D;40;
84BI1-2+
T(2:3)29B;
9IE

serP  Xray Puitz sl Dominantallele  T(3:4)80-81
84B1-2;102F

scrS DEB Seeger Scr™st Dominant allele

cytology: Placed in 84B1-2 based on its inclusion in

Dfi3R)Scr, and the common 84B1-2 breakpoints of
eleven Scr mutations.

molecular biology: The Scr transcription unit has been

identified by the localization of twelve Scr-associated
breakpoints and the overlap junction of six deletions.
Three of these approach Scr from its distal limit
[Dft3R)Antp7, Df{3R)A41, and Df(3R)Hu]; the remainder
delete the proximal end of the gene [Df{3R)Dfdl3]. The
identified transcription unit spans 25 kb of genomic DNA
and is made up of three exons. Proceeding from 5” to 3
they are 0.5, 1.0, and 2.5 kb in length. The two introns
are 6.0 and 15 kb respectively. The 3”end of Scr is 20 kb
distal to the 3" end of Dfd, and the 5" end of Scr is 18 kb
proximal to the 5 end of fiz and 50 kb proximal to the 3°
end of Antp. Breakpoint associated mutations in this
latter 50-kb interval all affect Scr function indicating that
this region is important for the normal expression of the
transcription unit. The sum of the three identified exons
is in close agreement with the 3.9-kb mRNA detected on
Northern blots. There is a single large open reading
frame, which initiates in exon 2 just downstream of the
splice acceptor, and terminates in exon 3 about 300
nucleotides downstream of the splice acceptor. Thus the
37 tail is just over 2 kb in length. The total open reading
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frame is 1,245 nucleotides in length and encodes a pro-
tein of 413 amino acids with a predicted molecular
weight of 45 kd. The homeobox motif is encoded in
exon 3 and opa-like repeats are found in exon 2.

22: zen-2

location: 3-47.5 (inferred from close proximity to zen).

synonym: :zpr: zen pattern related.

references: Rushlow, Doyle, Hoey, and Levine, 1987,

Genes Dev. 1: 1268-79.
Pultz, Diederich, Cribbs, and Kaufman, 1988, Genes
Dev. 2: 901-20.

phenotype: Simultaneous deletion of both z2 and pb pro-
duces only a pb mutant phenotype. Thus absence of z2
function has no discernible effect on development or
morphology.

cytology: Placed in 84A4-5 based on its inclusion in
Df{3R)Scr and exclusion from Df{3R)LIN.

molecular biology: The z2 transcription unit maps 10 kb
proximal to zen and about 1 kb distal to the transcription
initiation site of pb. An open reading frame starts 67 bp
downstream of the transcription start site in exon 1 and
extends to 114 bp upstream of a consensus poly(A) addi-
tion site. The transcript produced is 1.0 kb in length and
shows the same spatio-temporal expression pattern as the
neighboring zen gene. Like zen conceptual translation of
the z2 open reading frame reveals the presence of a
homeobox domain (encoded in exon 2). This sequence
shows good similarity to the zen homeobox (75%), but
there is little other sequence similarity found in the
remainder of the proteins. The function of this locus is
not known, but in light of the fact that its deletion causes
no detectable effect, and zen mutants can be rescued by a
genomic fragment which does not contain z2, it is likely
the locus represents a pseudogene. Consistent with this
conclusion is the finding that a z2 homologue is not found
in the ANTC of D. pseudoobscura.

zen: zerknllit
Location: 3-47.5 (between pb and bcd in the ANTC).
references: Wakimoto, Turner, and Kaufman, 1984, Dev.
Biol. 102: 147-72.
Rushlow, Doyle, Hoey, and Levine, 1987, Genes and
Dev. 1: 1268-79.
Rushlow, Frasch, Doyle, and Levine, 1987, Nature
330: 583-86.
Doyle, Harding, Hoey, and Levine, 1986, Nature
323: 76-9. :
phenotype: Null mutations result in embryonic Iethality
and the loss of several dorsally derived embryonic struc-
tures, including the amnioserosa, optic lobe, and dorsal
ridge. These animals also fail to fully extend their germ
bands and go through the process of head involution.
The name for the locus derives from the characteristic
"wrinkled" appearance of the germ band seen in the SEM
at the time of normal germ-band retraction. Hypo-
morphic mutations result in the absence of dorsal struc-
tures but do undergo normal gastrylation movements. A
temperature-sensitive allele has been used to define the
time of zen™ action between 2 and 4 hours of embryo-
genesis, just prior to and overlapping the earliest observ-
able morphogenic defects. X-ray induced somatic clones
have further shown that zen™* function is unnecessary for
postembryonic development. The RNA product of zen is
first detected at about 2 hours of development during the
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eleventh to twelfth cell cycle of the syncytial blastoderm.
At this early stage the RNA is found on the dorsal surface
of the embryo extending around the anterior and posterior
poles. As cellularization proceeds and the early events of
gastrulation begin, the RNA becomes restricted to a
mid-dorsal stripe of cells. These cells have been fate
mapped and give rise to the amnioserosa and the lobes in
the dorsal posterior of the embryonic head, i.e., the struc-
tures absent in zen animals. The time of appearance of
zen RNA also correlates nicely with the temperature-
sensitive-period data obtained using the conditional
allele. Antisera to the zen protein product has been used
to follow its accumulation pattern, and this analysis
agrees with and expands the in situ results. The protein is
located in the nuclei of cells expressing the gene and at
cellular blastoderm is found in a mid-dorsal stripe seven
cells wide and seventy cells in length. During gastrula-
tion these cells eventually give rise to the amnioserosa,
the optic lobe, and dorsal ridge; these structures continue
to show zen protein accumulation until the end of germ-
band extension at about 4 to 6 hours of development.
This end point also correlates well with the end of the
temperature-sensitive period of the conditional allele.
The spatial pattern of zen expression has been shown to
be dependent on the products of several of the maternally
expressed genes which specify the anterior-posterior and
dorsal-ventral polarity of the embryo, and zen would
appear to lie near the end of the axis-determining path-
way.

alleles: Seven ethyl-methanesulfonate-induced alleles, all
of which have normal cytology.

allele discoverer  synonym  comments

zen ! Fornili zenf 16 temperature-sensitive
hypomorphic allele

zen 2 Fornili zenﬂ 7 null allele

zenz Fornili zenfs 5 null allele

zen  Fomil zenf02  null allele

zen Fornili zenf7 5 hypomorphic allele

zen 5 Merrill zen vl null allele

zen 7 Wakimoto  zen w36 null allele

cytology: Placed in 84BI1-2 based on its inclusion in
Df(3R)Scr and Df(3R)SCB-XL2.

molecular biology: One of a pair of regions between pb
and bed in the ANTC has been shown to be zen by P-
element mediated transformation and rescue of a zen
genotype. The rescuing fragment is 4.5 kb in length and
carries a single 1.3 kb transcription unit. It is composed
of two exons separated by a 64-base pair intron. The
start of translation is 52 base pairs downstream of the
transcription start site in the first exon. The open reading
frame ends 169 base pairs upstream of a poly(A) addition
site in exon 2. The predicted size of mature message
from genomic and cDNA sequence analysis is 1.3 kb
which is in agreement with the transcript size observed
on Northern blots. Conceptual translation of the open
reading frame shows the presence of a homeodomain and
PEST sequences, which are enriched for the amino acids
serine, threonine, proline, and glutamic acid. The pres-
ence of both of these motifs correlates well with the DNA
binding activity of zen protein and the dynamic pattern of
protein accumulation seen for zen protein in vivo.

antenna. see ems
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Antennapedex: sce Apx
Antennapedia: see Antp under ANTC
anterior open: see aop
anterobithorax: see abx under BXC
Antp: sec ANTC

ants: antennas
location: 3-49.4.
origin: Spontaneous.
references: Ribd, 1968, DIS 43: 59.
phenotype: Antennae modified—Ilengthened or reduced—
especially in males. Viability good.

aop: anterior open
location: 2-12 (approximate).
references: Niisslein-Volhard, Wieschaus, and Kluding,
Wilhelm Roux’s Arch. Dev. Biol. 193: 267-82. (fig.).

Tearle and Niisslein-Volhard, 1987, DIS 66: 209-26.

phenotype: Embryonic lethal. Homozygous embryos have
anterior dorsal hole in epidermis. Brain and sometimes
gut extrude through hole. Head involution normal. Visi-
ble during dorsal closure.

alleles: Six ethyl-methanesulfonate induced alleles; aopI
and aop 2 (recovered as IP and /IS) retained.

aor: abdominmal one reduced
location: 3-{85}.
references: Gonzilez, Molina, Casal, and Ripoll, 1989,
Genetics 123: 371-77.

phenotype: Hemizygotes lack the first abdominal segment.
Histoblasts of third-instar larvae normally present in Al.

cytology: Placed in 96A1-7 based on its association with
In(3R)Ubx Lo In(3R)89E;96A1-7 and its inclusion in
Df(3R)L16 = Df{3R)96A1-10;96E.

*ap: apterous (T.G. Wilson)

location: 2-55.2.

references: Metz, 1914, Am. Naturalist 48: 675-92.
Bridges and Morgan, 1919, Carnegie Inst. Washington

Publ. No. 278: 236 (fig.).

Stevens and Bryant, 1985, Genetics 110: 281-97.
1986, Genetics 112: 217-28.

phenotype: Wings and halteres reduced to traces. Bristles
eliminated from area around wing base (including poste-
rior notopleurals, anterior and posterior supra-alars, and
anterior postalars); posterior scutellars erect when present
but missing in first counts; dorsocentrals smaller and
fewer; hairs on thorax sparse and irregular. Sutural fur-
row reduced; thorax disproportionately small. Flies
small, pale, weak, and very short lived. Viability about
70% that of wild type but erratic. Both sexes sterile.
RK2.

alleles: Apterous alleles generally fall into three groups
based on phenotypic differences. Most of the character-
ized apterous alleles belong to the first group and have
basicall)} the ap or ap 4 phenotype. Some alleles (ap bir2
and ap 60) have a less severe wing. phenotype, being
straplike. Alleles also vary in their expressivity of the
precocious adult death and nonvitellogenic ovary pheno-
typic characters; some alleles result in a low number of
escapers, similar to ap # while others have an escaper
percentage of as much as 50%. There is little correlation
between expressivity of the wing deficiency phenotype



and either precocious adult death or nonvitellogenic
ovary development, but a good correlation exists between
expressivity of the latter phenotypic characters (Wilson,
1980). Generally, heterozygous combinations of these
alleles do not show complementation for any Ehenotypic
characters. Another group, represented by ap lt, exhibits
a less severe, somewhat different phenotype; attributable
to localized lysosomal cell death in the presumptive wing
blade. (Sedlock, Mango, and Stevend, 1984, Dev. Biol.
104: 489-96). A third group includes two dominant
alleles. The apterous locus appears to be a complex
locus, containing several partially complementing groups
for the wing deficiency and adult-death/ female-sterility
phenotypic characteristics. However, by studying the
effects of a number of different temperature regimens on
phenotypic expression of three different temperature-
sensitive alleles, Stevens and Bryant (1986) conclude that

all phenotypes are explicable in terms of changes in
quantity rather than quality of gene product.

allele origin discoverer synonym ref * phenotype B
*ap 1 spont E.M. Wallace, 4,8,
13h 14
'ap2 spont Bridges, 16j20 ap-c 3,4.8 ap 4
ap2®  EMS Wilson, 1978 20
'ap3 spont Morgan, 23a  ap-c,nowings 8,17 ap 4
ap38  EMS Wilson, 1978 20 ap
ap 4 Medvedev, ap-d 8,13, v
32al5 20
ap?®  EMs wilson, 1978 20
ap 5 U.V. Byers, 49f 8,16 ap 4
ap 6 spont Faulhaber 6,8,10 ap
ap’®  EMS wilson 20
ap!®  EMS wilson, 1978 20
ap2®  EMS Wilson, 1978 20
ap32  EMS Wilson, 1978 20
ap?9  EMS Wilson, 1978 20 o
ap%®  EMs wilson, 1978 20
ap??  EMS Wilson, 1978 20,21
ap 99 spont Ritterhoff, 8,11, ap 4
49j 20 .
ap®®  EMS Wilson, 1978 8,20, ap’¥
2]
ap 56f spont  Thompson, 5.8 v
56f 20
ap®”  EMS Wilson, 1978 20
ap%  EMS Wilson, 1978 20
ap 67e spont Lee 12
ap%%1 EMs au 7
ap %92 pmMs Gottschalk 7
ap 69¢3 EMS Nadler 7
ap 73n spont Altorfer, 73n 1 ap 4
ap77f  EMS Wilson, 77 20,23 y
ap 78? EMS Wilson, 78¢
ap7¥  EMS Wilson, 78j 20,21, y
24
ap bit spont Groscurth, bt 8 v
Bit* 31bl
ap 20
ap?"2  spont Whittinghill, 8,22 <ap?
44h
ap bit3 spont Semenza, 49k blt $49% 2,8 ap 4
ap ; 20
ap spont . 18 v
aplD ap id 20 aan?
ap 760 Xray Thomas, 60g 8,15 <ap 4
ap trw spont rw 9 v
ap Xa Xray Serebrovsky, Xa 819, vy
28a 20

Rl g Altorfer, 1977, DIS 52: 2; 2 = Barigozzi, 1950, DIS 24: 54;
3 = Bridges, 1919, J. Exp. Zool. 28: 370. 4 = Bridges and Morgan,
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1919, Camegie Inst. Washington Publ. 278: 236 (fig.); 5 = Burdick,
1956, DIS 30: 69; 6= Butterworth and King, 1965, Genetics
52: 1153-74; 7 = Butterworth, Nolph, Au, Gottschalk, Nadler, and
Tuma, 1970, DIS 45: 36; 8 = CP627; 9 = Crist, Fontaine, and Mer-
rell, 1980, DIS 55: 204; 10 = Faulhaber, 1963, DIS 37: 48: 1] =
Glass, -1951, DIS 25: 76-77; 12 = Lee, 1972, DIS 48: 18: 13 =
Medvedev and Bridges, 1935, Tr. Inst. Genet. Akad. Nauk. SSR
10: 119-209; 14 = Metz, 1914, Am. Nat. 48: 675-92 (fig.); IS =
Meyer, 1963, DIS 37: 50; 16 = Meyer, Edmondson, Byers, and
Erickson, 1950, DIS 24: 59; /7= Morgan, 1929, Carnegie Inst.
Washington Publ. 399: 183; /8 = Roberts and Bownes, 1982, DIS
58: 209; 19 = Serebrovsky and Dubinin, 1930, J. Hered. 21: 259-
65; 20= Stevens and Bryant, 1985, Genetics 110: 281-97; 2] =
Stevens and Bryant, 1986, Genetics 112: 217-28; 22 = Whittinghill,
1947, DIS 21: 71; 23 = Wilson, 1980, Dev. Genet. 1: 195-204; 24 =
Wilson, 1981, Dev. Biol. 85: 425-33,

Designation of allele with similar phenotype.

v Phenotypes described below in separate entries.

cytology: Placed in salivary region 41B-C (Schultz).

4

phenotype: Wings less than 10% normal length, lacking

all wing blade structures. Halteres reduced to structure-
less remnants less than 25% normal size. Scutellar and
dorsocentral bristles sometimes missing (Butterworth and
King, 1965, Genetics 52: 1153-74). Wing phenotype
disc autonomous in ap “/ap * mosaic flies, although small
patches of ap4 wing structures are found in ap 4/ap *
mosaic wings. Haltere phenotype disc autonomous (Wil-
son, 1981, Dev. Biol. 85: 434-45). Adults become
paralyzed about 30 hr following eclosion and die soon
thereafter. Around 1% of adults are long-lived
"escapers” of this phenotype (Wilson, 1980, Dev. Genet.
1. 195-204). Precocious adult-death phenotype fate-
maps to proximity of Malpighian tubules, and tubule
malfunctioning postulated to result in this phenotype
(Wilson, 1981). Foregut of females swollen owing to
accumulation of peritrophic membrane (King and Sang,
1958, DIS 32: 133). Female sterile with underdeveloped
ovaries; nurse cell nuclei become pycnotic after stage 7,
and stage-8 oocytes are the most advanced (King and
Burnett, 1957, Growth 21: 263-80; Wilson, 1980). ap *
ovaries develop nonautonomously when transplanted to a
wild-type host (King and Bodenstein, 1965, Z. Natur-
forsch. 20B: 292-97). Application of juvenile hormone
mimic, ZR-515, to newly eclosed ap * females results in
vitellogenic oocytes [Postlethwait and Weiser, 1973,
Nature (London) New Biol. 244: 284-85]. Membranes
of vitellogenic oocytes lack microvilli and pinocytoxic
vesicles normally present; development of these struc-
tures stimulated by administration of ZR-515 (Tedesco,
Courtwright, and Kumaran, 1981, J. Insect. PI}ysiol.
27. 895-902). Corpora allata from adult ap” are
juvenile-hormone deficient when bioassayed
[Postlethwait, Handler, and Gray, 1975, The Juvenile
Hormones (L.IL Gilbert, ed.). pp.449-69]. Nonvitello-
genic oocyte phenotype fate-maps to same or similar
location as precocious adult death phenotype (Wilson,
1981). Escaper females develop stage-14 oocytes (King
and Sang, 1958) and are fertile (Wilson, 1980). Males
show immature sexual behavior and are sterile, but testes
appear normal with motile sperm (King and Sang, 1958).
Larval fat body histolysis delayed; this phenotype is
nonautonomous as determined by transplantation experi-
ments (Butterworth, 1972, Dev. Biol. 28: 311-25).
Application of ZR-515 accelerates larval fat body histo-
lysis in ap # adults (Postlethwait and Jones, 1978, J. Expt.
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Zool. 203: 207-14). Ovarian acid phosphatase level low
in ap 4 females and is restored after application of ZR-
515 (Postlethwait et al., 1975). ap 4 ovaries cultured in
vitro are capable of yolk protein synthesis (Redfern and
Bownes, 1982, Mol. Gen. Genet. 195: 181-83).
ap 4 Dfi2L)M41A-54 hemizygote has nearly normal
complement of bristles but otherwise resembles ap4
homozygote (Butterworth and King, 1965).
56t

phenotype: Wing and haltere phenotype like ap 4. Scutel-
lar and dorsocentral bristles missing (Butterworth and
King, 1965, Genetics 52: 1153-74). Rear and middle
legs occasionally twisted, more frequently in female than
in male. Both sexes fertile and long lived when homozy-
gous and in combination with other ap alleles.
ap 39 M(2)82 4 have normal complement of dorsocentral
and scutellar bristles (Butterworth and King, 1965).

77f

phenotype: Weakest non-temperature-sensitive  allele
known. Wing has reasonably good wing blade develop-
ment, with missing triple-row elements and posterior
wing margin. Haltere less well developed but more so
than ap 4 Adults long lived and fertile. Less dominant
in heteroallelic combination with ap #_like alleles than is
ap 5 ap 77 Df(2R)M41A4 has more severe phenotype
than ap *”/ homozygotes.
78j

phenotype: A temperature-sensitive allele of apterous.
When raised at 22°, wing and haltere phenotype
approaches wild type except for missing patches of
triple-row bristles and posterior wing margin. When
raised at higher temperatures, phenotype becomes more
severe and resembles ap 4 at 29°. Two nonoverlapping
temperature-sensitive periods in development, one in
late-second to middle-third instar for wing and haltere
deficiency phenotype and the other during the first day of
pupal development for precocious adult death and nonvi-
tellogenesis phenotype. Wing discs of heat-pulsed larvae
failed to exhibit cell death by trypan blue exclusion.

ap™: apterous-blot

phenotype: Wings blistered, sometimes inflated and dark
due to trapped hemolymph. Mirror-image duplication of
posterior wing blade structures occurs [Waddington,
1939, Proc. Nat. Acad. Sci. USA 25: 299-307; Whittle,
1979, J. Embryol. Exp. Morphol. 53: 292-303 (fig.)].
Wing venation may be disrupted. Portions of posterior
wing compartment may be transformed into anterior
compartment structures, an effect like that of engrailed
(en; 2-62.0). Despite relatively mild adult phenotype,
extensive cell death observed, localized to wing pouch of
imaginal discs; associated with acid phosphatase and
lysosomal activity (Sedlak, Manzo, and Stevens, 1984,
Dev. Biol. 104: 489-96). Clonal analysis revealed
nonautonomous eyégression of phenotype. Heterozygotes
with ap4 or ap F and hemizygotes show blistering
phenotype only  (Whittle). ap */ap 7" shows
transformation phenotype, and aldehyde oxidase histo-
chemical staining of these wing discs is consistent with
transformation (Whittle and Sprey, 1982, Wilhelm
Roux’s Arch. Dev. Biol. 191: 285-88). Much overlap-
ping with wild type, and expressivity variable. Adults
long lived and fertile.
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phenotype: Homozygotes display extreme wing reduction,

particularly of the posterior wing compartment. Approxi-
mately 50% of the flies have duplications of the anterior
wing margin, distal costa, and triple row bristles. In
wings with large amounts of wing blade, very little vena-
tion is present; however, these may often have triplica-
tions or even four copies of the anterior wing margin,
some located in the posterior part of the wing. Dried
hemolymph sometimes trapped between the dorsal and
ventral wing surfaces giving the wing a puffy blackened
appearance. This mutant therefore has duplications and
deficiencies characteristic of cell death followed by regu-
lation in the wing, but also has transformations of the
posterior wing compartment to the anterior wing com-
partment. 8% of the flies have defective third legs, more
frequently in females than in males. Halteres and scutel-
lar bristles appear to be normal. Homozygotes viable and
fertile.

ap'™: apterous-torn wing
phenotype: Distal part of wing in homozygotes shows

sawtooth pattern as if tip torn away. Expression uniform
in males and females. Viability and fertility good.

other information: Genetic location and phenotype sug-

gests allelism with apterous, but not tested with viable ap
alleles.

Xa
ap™:
From Bridges and Brehme, 1944, Carnegie Inst. Washington
Publ. No. 552: 228.

apterous-Xasta

ap*®: apterous-Xasta
phenotype: Wings reduced in length to about 70% normal;

irregular in outline with a V-shaped incision with apex at
L2, uniformly present giving wing a mitten-like shape
with the thumb between marginal vein and L2. Excellent
dominant with no overlap. Fertile and fully viable in
heterozygote. Usually lethal in homozygous conditions,
but occasionally ecloses very late as pale dwarf with
wings and balancers like vg. Deep notch visible in tip of
wing fold in prepupa (Waddington, 1939, Proc. Nat.
Acad. Sci. USA 25: 299-307). In homozygotes and in
combination with ap 4, ap 6, or Df{2R)M41A4, wings are
straplike and 30-70% normal length, and haltere 1en§th is
25-50% normal; longevity and fertility like ap /ap4
except for an occasional long-lived ap *“/ Df{2R)M41A4
female that may be fertile [Butterworth and King, 1965,
Genetics 52: 1153-74 (fig.)]. In heterozygous combina-
tion with ap™, duplications of the notum occur fre-
quently. Wing disc cell death found in both ap*% +
(Fristrom, 1969, Mol. Gen. Genet. 103: 363-79) and
ap*%ap ™ [Postlethwait, 1978, Genetics and Biology of
Drosophila (Ashburner and Wright, eds.). Academic
Press, London, New York, San Franciso, Vol. 2C,



pp. 418-19 (fig.)].

cytology: Shown by Sturtevant (1934, DIS 2: 19) to be
associated with T(2;3)ap X® = T(2;3)41F89E8-F1 which
is superimposed on In(2R)Cy and In(3R)P (Morgan,
Bridges, and Schultz, 1936, Year Book - Carnegie Inst.
Washington 35: 294; Lewis, 1951, DIS 25: 109).

ap-c: seeap 2
ap-c. seeap 3
ap-d: see ap 4
apang: see apg
Apart; see Apt

*apb: apterblister

location: 2-44.7.

origin: Ultraviolet induced.

discoverer: Edmondson, 49k.

references: Meyer, Edmondson, Byers, and Erickson,

1950, DIS 24: 59-60.

phenotype: Wings always notched, nearly always spread,
and usually blistered but expression somewhat variable.
Homozygous imagos live less than 24 hr, owing to intes-
tinal obstructions. Abdomens characteristically turn dark
grey before death because of accumulation of digested
food products. Although not at same locus as ap, apb
+/+ ap * flies show slight notching of wings and many
die within a day; those that survive are fertile. ap 3 gives
a similar heterozygous effect. RK2.

Ape: Apurinic endonuclease

location: 3-{47}.

synonym: AP3.

references: Kelly, Venugopal, Harless, and Deutsch, 1989,

Mol. Cell Biol. 9: 965-73.

phenotype: Encodes an apurinic-apyrimidinic =DNA
endonuclease, AP3. Biochemical studies by Spiering and
Deutsch (1986, J. Biol. Chem. 261: 3222-28).

cytology: Placed in 79C-D by in situ hybridization.

molecular biology: Isolated from a cDNA expression
library using antiserum directed against human enzyme
known to cross react with the Drosophila enzyme (Spier-
ing and Deutsch). The conceptual translation product
predicts a 317-amino-acid polypeptide of molecular
weight 34.2 kd. Region between nucleotides 30 and 173
shows 66% homology with recA of E. coli and 42%
amino-acid identity. Two helix-turn-helix domains
detected in the carboxy-terminal end of the polypeptide.
Northern blots identify a 1.3-kb transcript at all stages of
development, but somewhat reduced in pupae and adult
males; there is also transiently present, a 3.5-kb transcript
in four-to-eight-hour embryos that disappears after
second larval instar.

apexless: sce apx

aperA: abnormal proboscis extension
reflex A (J.C. Hall)

location: 1-22.1.

origin: Induced by ethyl methanesulfonate.

discoverer: Kimura.

references: Kimura, Shimozawa and Tanimura, 1986, J.
Exp. Zool. 239: 393-99.

phenotype: Variable phenotypic defects in the sugar-
induced proboscis extension reflex (PER): some aperA
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flies cannot extend their probosces at all, whereas they
are able to open the labellar lobes; some individuals
extend their probosces only to the right or the left side of
the body; each mutant individual seems to have a fixed
phenotype, e.g., a fly which shows one-sided PER always
extends its proboscis to the same side; the array of aber-
rant phenotypes is different under the influence of the
two mutant alleles: for aperA 1, 47.0% were unable to
extend their probosces, 16% only to the left side, and the
remainder extended their probosces normally; for
aperA 2 39 could not extend their probosces, 23%
could extend them only to the right side, and 22% only to
the left side (the remainder behaved normallyz).

alleles: Two alleles; aperAI (=TT1), aperA“ (=TT360),
with the overall penetrance for the former ca. 79%; 77%
for the latter.

aperB (J.C. Hall)

location: 1-0.6.

origin: Induced by ethyl methanesulfonate.

discoverer: Kimura..

references: Kimura, Shimozawa and Tanimura, 1986, J.

Exp. Zool. 239: 393-99.

phenotype: Given sugar stimuli gperB flies extended their
probosces, not straight forward (as does wild-type), but
backward; when these mutants show a partial extension
of their probosces, the direction of the extensions is nor-
mal; the expression of the aperB gene is sensitive to cul-
ture temperature: when the aperB ! mutants were reared
at low temperature (18° or 20°C), over 90% of the flies
were normal, whereas the high culture temperature (over
25°C) caused an abnormal PER; the temperature at which
the proboscis extension reflex was tested did not affect
the phenotype.

cytology: Maps to 2D3-F3; based on its inclusion in
Dfil)Pgd = Df(1)2D3;2F5 but not DFI1)JCI9 =
Df(1)2F3,3C5; w*Y = Dp(1;Y)2D2;3D2-3 covers
aperB ".

alleles: Two alleles: aperB ! (=TT665) and aperB?
(=TF48), which lead to indistinguishable phenotypic
defects.

other information: aperB mutations are completely reces-
sive, and complement the closely linked aperC mutation.

aperC (J.C. Hall)

location: 1-0.4.

origin: Induced by ethyl methanesulfonate.

discoverer: Kimura.

references: Kimura, Shimozawa and Tanimura, 1986, J.
Exp. Zool. 239: 393-99.
1986, Devel. Biol. 117: 194-203.
1987, J. Neurogenet. 4: 21-28.

phenotype: Sugar-induced proboscis extension nearly
absent (i.e. no extension at all of rostrum and haustel-
lum), but not until adults are three to six days old; this
defect, which is completely recessive, wanes such that at
least half of the adults behave normally again by approxi-
mately day 10-11; correlated with these behavioral
changes is time-dependent degeneration and regeneration
of a pair of muscles, the rostral protractors; behavioral
and histological phenotypes are temperature-sensitive:
18° causes defects later in adult life, and yet there is no
recovery; 29° causes lower than usual (i.e. 25°) propor-
tion of adults developing the defects, and high tempera-
ture is compatible with recovery; temperature-sensitive



THE GENOME OF DROSOPHILA MELANOGASTER

period is from two to four days post-eclosion.

cytology: Maps to 1F5-2A, based on its inclusion in
Df(1)A94 = Df{1)IF5;2BI15 and Df(1)S39 =
Df(1)1E4;2B11-20 plus the fact that the X-chromosome
duplication from the distal tip to 24, from T(1,Y)G20,
covers aperC.

other information: aperC completely recessive and com-
plements the closely linked aperB mutations.

apg: apang

location: 2-7.7.

origin: Induced by ethyl methanesulfonate.

references: Shakaron and Sharma, 1983, DIS 59: 110

(fig.).

phenotype: Homozygotes when raised at 19° show occa-
sional absence of one or both claws; veins L4 and L5
interrupted; fertile at 19° but become sterile when shifted
to 28°; produce embryos with range of germ band abnor-
malities. Homozygous pupal lethal when raised at 28°;
pharate adults show defective tarsal development of all
six legs; condensed, poorly developed and curved meta-
tarsus and tarsi; duplications in tibial and tarsal segments;
claws absent. Temperature sensitive period first instar to
early pupa.

Aph-1: Alkaline phosphatase-1

location: 3-47.3 (between W and p) (Wallis and Fox).

references: Beckman and Johnson, 1964, Nature 201: 321

(fig.).

1964, Genetics 49: 829-35 (fig.).
Wallis and Fox, 1969, Biochem. Genet. 2: 141-58.

phenotype: Locus responsible for one of several different
alkaline phosphatase species [APH1 (EC3.1.3.1)]
formed during the life cycle. Specifies the enzyme that
becomes active in the larval cuticle and muscle during
the third instar. Electrophoretic mobility of a pupal form
of the enzyme, which differs from that found in the larva,
also appears to be controlled by this locus (Wallis and
Fox). Dimeric nature of enzyme inferred from the pres-
ence of enzymes of hybrid mobility in larvae heterozy-
gous for electrophoretic variants. Biochemical character-
ization of larval enzyme by Harper and Armstrong (1972,
Biochem. Genet. 6: 75-82; 1973, Biochem. Genet.
10: 29-38; 1974, Biochem. Genet. 11: 177-80).

alleles: Naturally occurring alleles superscripted F and §
reported by Beckman. Wallis and Fox describe AphA
which specifies larval enzyme migrating faster than
Aph F but a pupal enzyme with same characteristics as
that produced by Aph F Apho reported by Johnson
(1966, Science 152: 361-62) produces no detectable
enzyme activity but causes the appearance in extracts of
Aph S/Apho larvae of a band migrating slightéy faster
than the hybrid band produced by Aph Fr Aph” larvae.
Naturally occurring alleles superscripted 2, 4, 6, and 10
characterized by Harper and Armstrong (1972, 1973,
1974); 4 is synonymous with F as is 6 with §; 2 migrates
more slowly than § and /0 more rapidly than F, not clear
that /0 and A are different. That the larval and pupal
enzymes are differently modified products of the same
locus is indicated by genetic inseparability and by con-
cordance in the orders of mobilities of electrophoretic
alleles (Wallis and Fox).
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Aph-2

location: 2- not mapped.
references: Schneiderman, Young, and Childs, 1966, Sci-
ence 151: 461-63.

phenotype: The alkaline phosphatase found in adult
hindgut.

alleles: Two different alleles recorded superscripted A and
B. Enzyme produced by Aph-2 A homozygotes migrates
more rapidly than that produced bX Aph-2 B homozy-
gotes; enzyme produced by Aph-2"/Aph-2 B has same
mobility as that produced by Aph-2 A homozygotes.

apo: altered pattern orientation (J.C. Hall)

location: 1- (not localized).
origin: Induced b}/ ethyl methanesulfonate.
synonym: apo 5129
references: Heisenberg, 1979, Handbook of Sensory Phy-
siology (H. Autrum, ed.). Springer-Verlag, Berlin,
Vol. VII/6A, pp. 665-79.
Biilthoff, 1982, DIS 58: 31.
1982, Biol. Cybernet. 45: 63-70.
phenotype: Poor orientation to objects, including spots in
Y -maze test; electroretinogram normal.

app: approximated

location: 3-37.5.

discoverer: Curry, 34a25.

references: 1935, DIS 3: 6.

phenotype: Crossveins close together; veins diverge at
greater angle than wild type; effect visible in prepupal
wing [Waddington, 1940, J. Genet. 41: 75-139 (fig.)].
Legs short with four-jointed tarsi; the penultimate joint
characteristically swollen [Waddington, 1939, Growth
Suppl. 37-44 (fig.)]. Joint between second and third tar-
sal segments often incomplete; invaginations or internali-
zation of cuticle seen in tarsi 1, 3, and 4 (Held, Duarte,
and Derakhshanian, 1986, Wilhelm Roux’s Arch. Dev.
Biol. 195: 145-57). Thickset body. Posterior scutellars
farther apart than normal. Eyes smaller and flatter than
normal, also bumpy. Spread wings; thickened veins.
RK1.

alleles: app °/¢ (CP627).

cytology: Placed in 69A2-4 on the basis of its inclusion in
Df(3Ljvin6 = Dfi3L)68C8-11;69A4-5 but not Df{3L)vin5
= Df(3L)68A3;69A1-2 (Akam, Roberts, Richards, and
Ashburner, 1978, Cell 13: 215-26).

Appl: B-Amyloid protein precursor like

(K. White; J.C. Hall)

Location: 1-{0}.

origin: Isolated as cDNA clones derived from cloned
genomic DNA in the 1B division.

references: Rosen, Martin-Morris, Luo, and White, 1989,

Proc. Nat. Acad. Sci. USA 86: 2478-82.

Martin-Morris, and White, 1990, Dev. (In press).

molecular biology: A 6.5 kb transcript corresponding to
the cDNA clones encodes a polypeptide that is conceptu-
ally an 886 amino acid transmembrane protein; this
predicted amino-acid sequence shows strong homology
in certain of its regions to the B-amyloid protein precur-
sor protein of humans (Rosen ef al., 1989). Two forms of
the actual protein, which is N-glycosylated, are detect-
able (in studies involving extracts, primary cultures, and
transfected cells); an 145 kd membrane-associated pre-
cursor and a 130 kd secreted form lacking the



cytoplasmic domain inferred from sequencing (Luo,
Martin-Morris, and White, 1990, J. Neurosci., in press).

. The source of the Appl transcript spans ca. 38 kb of
genomic DNA; this RNA localizes to post-mitotic neu-
rons (and apparently not to non-neuronal tissues) in all
developmental stages and in adults (Martin-Morris and
White, 1990). Consistent with these in situ hybridization
data are those showing APPL protein immunoreactivity
in developing neurons, concomitant with axonogenesis;
this staining remains associated with differentiated neu-
ronal cell bodies and axonal tracts (including neuropil
regions) in embryos, APPL immunoreactivity is observed
exclusively in post-mitotic CNS and PNS neurons (Luo
etal., 1990).

other information: The APPL-encoding gene initially
suggested (Rosen er al., 1989) to correspond to vnd
(which was defined originally by embryonic neural-lethal
mutations). This has been disproved, in that a terminal
deletion Df{1)78 which retains vad function removes
most of the Appl coding sequences (Martin-Morris and
White).

apr: see w*

Aprt: Adenine phosphoribosyltransferase

location: 3-1.49 (0.13 cM to the right of R; estimated by
Johnson and Friedman to be 3.03 units from the tip of
3L).

synonym: aprt.

references: Johnson and Friedman, 1981, Science
212: 1035-36.
1983, Proc. Nat. Acad. Sci. USA 80: 2990-94.

phenotype: Is the structural gene for adenine
phosphoribosyltransferase [APRT, AMP: pyrophosphate
phosphoribosyltransferase (EC 2.4.2.7)], a homodimer
with 23,000 dalton subunits. It is a purine salvage
enzyme which catalyzes the synthesis of AMP from 5-
phosphoribosyl-l-Pyrophosphate. Flies homozygous for
a null allele Aprt ° survive on 15 times the concentration
of purine that wild type tolerates and show about 2%
wild-type enzyme activity; Aprt !/+ exhibit about half
wild-type activity. Aprtz has 9% normal enzyme
activity. The dosage response suggests that the mutant
affects the structural gene for APRT.

alleles: Electrophoretic variants AprtA (more acidic) and
AprtB (more basic) in wild-type stocks Oregon R and
Canton S, respectively. Aprt ! (Duck), Aprtz and Aprt3
(Gelbart and Chovnick) induced by ethyl methanesul-
fonate; Aprt “and Aprt” selected on purine food by, John-
son and Friedman (1983). .

cytology: Placed in 62B8-12 based on its inclusion in the
region of overlap of Dff3L)R-G7 = Df{3L)62B8-9,62F2-
5 and Df(3L)R-G2 = Df(3L)62B2-4;62B11-12 (Sliter,
Henrich, Tucker, and Gilbert, 1989, Genetics 123: 327-
36). in situ hybridization identifies 62B9 as the site of
Aprt (Johnson et al.).

molecular biology: Genomic clone isolated by chromo-
somally walking from sequences isolated and cloned by
microdissection of region 62B from polytene chromo-
somes. Gene recognized by hybrid selection of an 1-kb
mRNA that translated an APRT product. :cDNA’s have a
common 5 initiation site but two different 3” polyadeny-
lation sites. The primary transcript contains two introns,
the first of which has alternative 5” sites, which are
spliced to the same 3° site; one product encodes the
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functional enzyme and the other a prematurely ter-
minated and presumably nonfunctional polypeptide
(Johnson and Henikoff, 1989, Mol. Cell Biol. 9: 2220-
23).  Conceptual amino-acid sequence predicts a
polypeptide of 194 amino acids and about 20 kd in
molecular weight. Drosophila APRT amino-acid
sequence displays approximately 40% identity and nearly
80% homology with all known APRT proteins (Johnson,
Edstrom, Burnett, and Friedman, 1987, Gene 59: 77-86).

*Apt: Apart
location: 3- (between £ and p).
origin: X ray induced.
discoverer: Belgovsky, 34¢23.
references: 1935, DIS 3: 27.
phenotype: Wings spread widely. Viability, fertility, and
separability good. Homozygous lethal. RK2A.

cytology: Associated with In(3L)JApt — no salivary
analysis.

other information: Ap#/ D survive; therefore not an allele
of D.

apterblister: see apb
apterous: sec ap
Apurinic endonuclease: sece Ape

*apx: apexless

location: 1-11.3.

origin: Induced by DL-p-N,N-di-(2-chloroethyl)amino-
phenylalanine.

discoverer: Fahmy, 1954.

references: 1959, DIS 33: 83.

phenotype: Slightly larger fly with large eyes containing
various numbers of deranged ommatidia. Wings broad
and blunt; in many flies, margin removed to various
degrees, from a small incision of inner margin to removal
of entire inner margin, costal vein, and parts of the mem-
brane as far as L3. Region from L3 to costal cell unaf-
fected. Rarely L4 and 5 are interrupted. Males viable
and fertile; female fertility reduced. RK3.

Apx: Antennapedex (R.E. Denell)

location: 1-70 (said to map 12 units to the right of B).

origin: Neutron induced.

references: Ginter, 1969, DIS 44: 50.

phenotype: Males and heterozygous females show vari-
able expression from small additional segment on the
third antennal segment to a nearly complete leg including
femur, tibia, and tarsus. Arista usually present. Homoz-
ygous females lethal but X0 males survive. Crosses
involving either Apx males or females produce many
inviable embryos.

cytology: Polytene X appears normal, but genetic results
suggest a T(1;3) with breakpoints in the proximal part of
Xh and at Antp. ‘

Apx-2: see Antp

ar:' abdomen rotatum
location: 4- (proximal to bz, Fung and Stern, 1951, Proc.
Nat. Acad. Sci. USA 37: 403-4.
origin: Spontaneous. '
discoverer: Beliajeff, 1926.
references: 1931, Biol. Zentralbl. 51: 701-8 (fig.).
Bridges, 1935, Biol. Zh. 4: 401-20.
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Marengo and Howland, 1942, Genetics 27: 604-11 (fig.).

phenotype: Abdomen twisted clockwise through 45° to
60°. No overlapping with wild type. Male external geni-
talia often missing. Males usually sterile; females par-
tially fertile. Puparia not so smooth as normal; larval
segmentation remains. Puparia have deep constriction
near posterior end just anterior to spiracles. Existing
chromosomes marked ar also carry i(4) and, in combina-
tion with Df{4)M, show counterclockwise rotation of
male abdomen when viewed from behind (Hochman).
RK2.

alleles: ar?, *ar>7%, and *ar>’% X ray induced (CP627).
Ethyl methanesulfonate induced alleles superscripted 65f,
65h, 68i, and 69g described by Hochman (1971, Genetics
67: 235-52; 1972, DIS 48: 17). ar %81 shows best viabil-
ity and fertility.

cytology: Placed in salivary chromosome region 101E
through 102B16 on basis of its inclusion in Dff4)M =
Df(4)I101E-F;102B6-17.

Ar: see AntpLC
arc: sec a

arch: arch

location: 2-60.5.

origin: Spontaneous.

discoverer: Curry, 36g3.

references: 1937, DIS 7: S.

phenotype: Wings curved evenly downward, both longitu-
dinally and transversely; sometimes shorter and blunter;
rarely divergent. RK2.

arclike wing: see alw
arcoid: see ad
arctops: see at
arctus oculus: see at
ard: see Acr64B

aret: arrest (T. Schipbach and E. Wieschaus)

location: 2-48.

origin: Induced by ethyl methanesulfonate.

references: Schiipbach and Wieschaus.

phenotype: Female sterile; homozygous females often
have underdeveloped ovaries which seem to lack germ
cells altogether. In some females a small number of
developing egg chambers is found. These never develop
beyond the first few stages of oogenesis.

alleles: Eight, aret VO = aret!, aret ™™, aret Pa aret 7,
aret’”, aret’ ", aret QB, aret ™ Females homozygous
for aret 7 and aret 28 usually have a number of egg
chambers in their ovaries in which the nurse cells and
oocyte never seem to develop beyond stage 2 or 3 of
oogenesis, but the follicle cells nevertheless synthesize a
tiny round chorion around the cysts. Females homozy-
gous for aret PA, aret P and aret ™ usually have almost
normal numbers of early stages of egg chambers in their
ovaries which degenerated before yolk uptake occurs.

cytology: Placed in 33B3-F2, since uncovered by
Df(2L)Prl = Df{2L)32F1-2;33FI1-2 and Df{i2L)prdl.7 =
Dfi2L)33B2-3,;34A1-2.

C

Argentine Curly: see cu®

48

Argk: Arginine kinase

location: 3-25.2.

references: Fu and Collier, 1981, Genetics 97: 537-38.
1983, Bull. Inst. Zoo. Acad. Sinica 22: 25.
James and Collier, 1988, J. Exp. Zool. 248: 185-91.

phenotype: Structural gene for arginine Kinase [ARGK
(EC 2.7.3.3)] based on gene dosage studies. Cellular and
mitochondrial forms behave as if both are products of the
gene. (Munneke and Collier, 1985, Genetics 110: s85).
In 108-hour third-instar larvae, activity is high in body-
wall and digestive-tract musculature; lower in brain, ima-
ginal discs, and salivary glands; present in head, thorax,
and abdomen of adults, being highest in indirect flight
muscle of thorax. Activity levels increase during
development reaching a peak at the pupal stage; then an
abrupt decrease during the pupal stage is followed by a
second increase beginning around the time of eclosion
and climbing to high adult levels (James and Collier).

cytology: Located to 66B by segmental aneuploidy.

Arista: sce Ata
aristaless: see al
aristaless-b: see aa
Aristapedia: see Antp Le
Aristapedioid: sec Arp

arm: armadillo
location: 1-1.2.
origin: Induced by ethyl methanesulfonate.
references: Niisslein-Voelhard, Wieschaus, and Jiirgens,
1982, Verh. Dtsch. Zool. Ges. 1982: 91-104.
Gergen and Wieschaus, 1986, Wilhelm Roux’s Arch.
Dev. Biol. 195: 49-62.
Klingsmith, Noll, and Perrimon, 1989, Dev. Biol
134: 130-45.
phenotype: Homozygous lethal; embryonic segmentation
defective by time of germ-band shortening; naked cuticle
ordinarily comprising the posterior two thirds of each
segment replaced by mirror-image duplication of the
anteriorly situated denticle belt; strong alleles delete first
denticle row in abdominal segments. May have dorsal
hole in cuticle. Embryonic CNS development quasi nor-
mal (Patel, Schafer, Goodman, and Holmgren, 1989,
Genes Dev. 3: 890-904). Autonomous at the level of
single cells as shown by denticulate clones of homozy-
gous cells in the naked cuticle of abdominal segments in
arm/+ embryos (Wieschaus and Riggleman, 1987, Cell
49: 177-84). Clones of homozygous female germ cells
arrested at stage 10 of oogenesis (Wieschaus and Noell,
1986, Wilhelm Roux’s Arch. Dev. Biol. 195: 63-73). An
exception is arm 8 for which progeny from homozygous
germ-line clones have been recovered (Klingsmith er al.).
Cell lethal in imaginal discs; although clones of homozy-
gous cells not observed in adults, their formation seems
to engender mirror-image duplications, which are not
seen in response to homozygosing other cuticular cell
lethals (Wieschaus). Transcript found with minor
fluctuations in amount, in all cell types at all stages in
development (Riggleman, Wieschaus, and Schedl, 1989,
Genes Dev. 3: 96-113).



alleles:

allele origin  synonym ref*  comments

arm ! EMS arm XK22 3 strong allele

arm2 EMS  armXMI9 3 hypomorphic allele

arm 3 EMS  arm*F33 3 strong allele

arm 4 EMS  arm YD 3 strong allele

arm 5 P arm D3 2 1.2-kb P insert

arm 6 P arm 183 2 1.3-kb P insert

arm 7 P arm D3 2 complex molecular rearrangement
arm 8 EMS arm H86 1 temperature-sensitive allele

o

I = Klingsmith, Noll, and Perrimon, 1989, Dev. Biol. 134: 130-45;
2 = Riggleman, Wieschaus, and Schedl, 1989, Genes Dev. 3: 96-
113; 3 = Wieschaus, Niisslein-Volhard, and Jiirgens, 1984, Wilhelm
Roux’s Arch. Dev. Biol. 193: 296-307.

cytology: Located in region 2B15 by in situ hybridization.
Complementation with other lethals in 2B apparently not
tested.

molecular biology: Gene isolated by transposon tagging
and identified by germ-line transformation (Klingsmith,
Noll, and Perrimon, 1989, Dev. Biol. 134: 130-45).
Genomic sequences identify a single 3.2-kb transcript;
two classes of cDNA’s isolated which have different first
exons spliced to six common exons; the first exons are
500 base pairs apart, so that exon 1 of one transcript is
within the first intron of the other; they also show slightly
different 3” polyadenylation sites. The mature transcript
contains an open reading frame of 2529 nucleotides,
which encodes a predicted 843-amino-acid, 91.1-kd
acidic protein with an isoelectric point of 5.86. The con-
ceptual amino-acid sequence contains no indication of
either a signal or a transmembrane sequence; it does con-
tain a 23-amino-acid glycine-rich sequence, which lacks
charged amino acids, near the C terminus. In addition,
internally there are 12.5 tandem repeats of a 42-amino-
acid sequence with a consensus sequence to which the
various repeats show 28 to 80% identity.

arp-1: see ss™P
Arp: Aristapedioid (P. Adler)

location: 2-67 (inseparable from vg)

origin: Hybrid dysgenesis.

references: Adler, 1984, Genetics 107: sl.
Adler, Charlton, and Brunk, 1989, Dev. Genet. 10: 249-

60.

Brunk and Adler, 1990, Genetics 124: 145-56.

phenotype: Homozygous lethal. Two dramatic dominant
phenotypes: One is a partial transformation of arista to
tarsus, the other is the loss or reduction in size of medi-
ally located macrochaetae on the dorsal thorax. Both
phenotypes show high penetrance but variable expres-
sivity.

alleles: Arp ' and Arp ~. _

cytology: Both alleles associated with In(2R)49A12-
B349E5-F1 with P-derived sequences at either end.
Deficiency analysis shows that lethality common to the
two alleles associated with the 49A12-B3 breakpoint and
thus localizes Arp. Both alleles revert by reinversion in
dysgenic (1/200) and control (1/2000) crosses.

other information: Concluded to be homeotic gain-of-
function alleles of Su(z)2 (Brunk and Adler).
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arr: arrow

location; 2-66.

origin: Induced by ethyl methanesulfonate.

references: Niisslein-Volhard, ‘Wieschaus, and Kluding,

1984, Wilhelm Roux’s Arch. Dev. Biol. 193: 267-82

(fig.).
Tearle and Niisslein-Volhard, 1987, DIS 66: 209-26.

phenotype: Embryonic lethal. Additional denticle bands
anterior and posterior to normal denticle bands, espe-
cially in ventral midline. Strongest at 18°.

alleles: Nine ethyl-methanesulfonate-induced alleles; arr’
and arr 2 (recovered as IB and /IW) retained.

Arr1: Arrestin 1
location: 2-{53}.
references: Smith, Shieh, and Zuker, 1990, Proc. Nat.
Acad. Sci. USA 87: 1103-07.
Hyde, Mecklenburg, Pollock, Vihtelic, and Benzer, 1990,
Proc. Nat. Acad. Sci. USA 87: 1108-12.
LeVine, Smith, Whitney, Malicki, Dolph, Smith, Bur-
khart, and Zuker, 1990.
phenotype: Encodes a Drosophila homologue of mam-
malian arrestin, a protein that interacts stoichiometrically
with activated rhodopsin, inhibiting its ability to interact
with the G protein, transducin, thus terminating the visual
response. ARRI1 presumed to be the 41-kd protein that is
phosphorylated by exposure to light in the presence but
not the absence (i.e., ninaFE flies) of rhodopsin. Expres-
sion first detected in late pupae, when other genes
involved in phototransduction are also first expressed.
Transcript localized to photoreceptor cells of the com-
pound eye, the ocelli, and the larval light sensitive organ.
cytology: Placed in 36D1-2 by in situ hybridization.
molecular biology: Sequence isolated from an eye specific
genomic library produced by subtractive hybridization
with cDNA from body and eya flies. The genomic clone
identifies an 1.4-1.5-kb transcript in late pupae. Sequenc-
ing of genomic and cDNA clones indicates a primary
transcript with four exons separated by introns of 421,
233, and 60 nucleotides; the conceptual amino-acid
sequence indicates a protein of 364 residues that displays
42-45% amino-acid identity with bovine and human
arrestins. Drosophila arrestin, however, lacks the 30 C-
terminal amino acids, which share homology with o-
transducin in human and bovine arrestins.

Arr2
location: 3-{26]}.
references: Yamada, Takeuchi, Komori, Kobayashi, Sakai,
Hotta, and Matsumoto, 1990, Science 248: 483-86.
Levine, Smith, Whitney, Malicki, Dolph, Smith, Bur-
khart, and Zuker, 1990.
phenotype: Encodes a second Drosophila homologue of
mammalian arrestin, a 49-kd (or 46-kd) protein that is
phosphorylated by exposure to light in wild type but not
in ninaE flies which lack rhodopsin in photoreceptor cells
1-6, nor norpA flies which are deficient in phospholipase
C activity. Phosphorylation dependent on the presence of
Ca’ ", whose intracellular levels are regulated by phos-
pholipase C. Expression first detected in late pupae,
when other genes involved in phototransduction are also
first expressed. Arr2 expression is approximately seven
times that of Arrl. In the adult, transcript localized to
photoreceptor cells of the compound eye and the ocelli.
cytology: Placed in 66D10-11 by in situ hybridization
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(Levine et al.).

molecular biology: Sequence isolated by screening an
expression library with a monoclonal antibody raised to
the Drosophila 49-kd protein (Yamada ef al.). or with a
synthetic oligonucleotide based on partial amino-acid
sequence (LeVine e al.). Also apparently isolated as
autonomous head-specific clones by Levy, Ganguly,
Ganguly, and Manning (1982, Dev. Biol. 94: 451-64).
The sequence identifies a single transcript of 1.8 kb (or
1.65 kb) on Northern blots; the conceptual amino-acid
sequence indicates a protein of 401 amino acids, a calcu-
lated molecular mass of 44,972 daltons, and an isoelectric
point of 8.9. ARR?2 shares 206 residues with ARR1, and
181 with bovine arrestin; 146 residues are conserved in
all three polypeptides. ARR2 shares with bovine arrestin
virtually identical hydropathy plots and potential
glycosylation sites but differs in being basic (pl = 8.9)
rather than an acidic (pI = 6.0). The carboxy terminus of
ARR? displays only partial homology to the sequence of
the proposed rhodopsin binding site of a-transducin;
also, the arrestin sequences that resemble the adenosine
diphosphate- ribosylation sites of transducin are not
found in ARR2.

Ars: Arylsulfatase
references: Maclntyre, 1974, Isozyme Bul. 7: 23-24.
phenotype: Inferred as structural gene for arylsulfatase
[ARS (EC 3.1.6.1)] on basis of response of enzyme level
to gene dosage.
cytology: Placed in 74A-79D by segmental aneuploidy.

art: aristatarsia

location: 3- (not mapped; modifying factors on chromo-
some 2 ).

origin: Spontaneous.

discoverer: Ouweneel, 69e.

references: 1970, DIS 45: 35.

phenotype: In homozygotes, arista replaced by tarsus-like
structure. Penetrance more than 70%. Complements ss 4
but enhances Antp B in heterozygous condition;
penetrance of Anép B/ + less than 1%, of Antp B/art more
than 60%; Antp “J also enhanced.

arth: arthritic

location: 1-0.0 [between ewg and y (Fleming).

references: Schalet and Roberts, 1973, DIS 50: 23.

phenotype: Legs weak with pigmented joints; tarsal seg-
ments frequently askew with claws fused; movements
somewhat uncoordinated. Brownish-black pigment
present at joints of over 90% of males, most frequently in
meso- and metathoracic legs between femur and tibia but
sometimes between coxa and trochanter or proximal to
coxa.

cytology: Placed in 1AS5-8 based on arthritic phenotype of
males carrying Df{1)yl5 = Df(1)1A4-5;1A8-Bl in combi-
nation with /(1)IAr *Y. Included in Df(1)sc *°, whereas
ewg is not (Schalet).

as: ascute

location: 3-46.

origin: Spontaneous.

discoverer: Bridges, 16j21.

references: Bridges and Morgan, 1923, Carnegie Inst.

Washington Publ. No. 327: 170.

phenotype: In as 1, front of scutellum elevated, with par-

tial obliteration of transverse furrow; deep chested. Bub-
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ble in scutellum or midline of thorax; dried black
exudate, often at each side of scutellum, may appear at
any of the sutures of head and thorax; black deformed
lump behind cheek. Wings droop at sides. Overlaps wild
type. RK3.

alleles: *as , *as? (CP627), as .

cytology: Placed in region 72D3-73A5 by Velissariou and
Ashburner, 1981, Chromosoma 84: 173-85.

as": ascute-hangende
origin: Spontaneous.
references: Franke, 1934, DIS 2: 9.
Gottschewski, 1935, DIS 4. 15.
phenotype: Wings held laterally downward, ends occa-
sionally resting on legs; eyes small and knobby. RK2.

ASC: achaete-scute complex
location: 1-0.0.
references: Garcia-Bellido, 1979, Genetics 91: 491-520.
Carramolino, Ruiz-Gémez, Guerrero, Campuzano, and
Modolell, 1982, EMBO J. 1: 1185-91.
Campuzano, Carramolino, Cabrera, Ruiz-Gémez, Vil-
lares, Boronat, and Modolell, 1985, Cell 40: 327-38.
Dambly-Chaudiere and Ghysen, 1987, Genes Dev.
1: 297- 306.
Ghysen and Dambly-Chaudicre,
2: 495-501.
phenotype: The achaete-scute complex (ASC) produces a
number of transcripts whose translation gene products
function in the specification of diverse sensilla and their
centrally projecting neurons. Insertions of transposable
elements and rearrangement breakpoints in ASC result in
the loss of certain subsets of bristles (both macrochaetae
and microchaetae) and other sensilla, including their
associated accessory cells, such as those forming sockets
and peripheral neurons; these lesions, with few excep-
tions, occur outside of transcribed regions. The complex
was subdivided into four components based on the sites
of lesions causing mutant phenotypes by Garcia-Bellido
(1979); they are, from left to right, ac, sca, I(1)sc, and
scB; a fifth component, scy, has been identified by
Dambly-Chaudiere and Ghysen (see also Ghysen and
Dambly-Chaudiere). Four genes that function in neuro-
genesis, and thus comprise ASC, are ac, sc (in the sca,
region), /(1 )sc, and ase (in the scy region); some lesions
in sc affect sex determination and are currently denoted
sis-b. ac, and ase function in the genesis of both larval
and adult peripheral nervous-system elements; I(])sc
functions in central-nervous-system development. Hw
alleles are dominant gain-of-function mutations in ASC;
unlike loss of function mutations, at least two Hw muta-
tions have foreign sequences inserted inmto structural
genes of ASC (Campuzano, Balcells, Villares, Carramol-
ino, Garcia-Alonzo, and Modolell, 1986, Cell 44: 303-
12). Deficiencies for most regions of the complex are
hemizygous and homozygous viable; however, deficiency
for I(1)sc is lethal. Interestingly, sc rearrangements with
breakpoints in the sco region have their second break-
points in pericentric heterochromatin, whereas those bro-
ken in the scP region have euchromatic second break-
points (Garcia-Bellido, 1979). Different segments of ASC
tend to affect different subsets of bristles in the adult, as
will be described in entries to follow; detailed descrip-
tions of these bristle patterns are given by Dubinin (1933,
J. Genet. 27: 446) and Garcia-Bellido (1979). ASC

1988, Genes Dev.
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deficiencies also result in absences of campaniform and
trichoid sensilla (Garcia-Bellido and Santamaria, 1978,
Genetics 88: 469-86). In larvae, ASC specifies neurons
innervating peripheral sensory organs plus another class
of neurons of uncertain (perhaps proprioceptive) func-
tion, but not chordotonal-organ-innervating neurons; here
too, different components of ASC specify different and
sometimes overlapping subsets of pattern elements
(Dambly-Chauditre and Ghysen). Double hemizygotes
for ASC and da [Df{1)260-1/+; Df{2L)J27/+] or ASC and
Dff4)M101-62f show loss of macrochaetae, which none
of the single hemizygosities does (Dambly-Chaudire,
Ghysen, Jan, and Jan, 1988, Roux’s Arch. Dev. Biol.
197: 419-23). Homozygous ASC deficiencies tend to
counteract the embryonic effects of deficiencies for the
neurogenic loci; i.e., they cause a partial return to epider-
migenesis (Brand and Campos-Ortega, 1988, Roux’s
Arch. Dev. Biol. 197: 447-56). In the following treat-
ment of ASC, ac, ase, Hw, I(1)sc, sc, and sis-b are dis-
cussed in turn; a general discussion of phenotype of each
element is followed by a table of alleles, after which
specific aspects of various alleles are described.

ac: achaete
From Bridges and Brehme, 1944, Carnegie Inst. Washington
Publ. No. 552: 12.

cytology: Placed in 1B1-7 based on its beinﬁ’positioned to
the right of the left breakpoint of In(l)y~" = In(1)1BI-
2;20F and to the left of the left breakpoint of Tp(/;2)sc ?
= Tp(1;2)IB1-2;1B4-7,25-26. The region has been sub-
divided by rearrangement breakpoints in the followin
order: In(1)y 3P, In(1)y 4, ac, In(l)sc 8, scol, 1n(1)scL ,
In(1)sc™, In(1)sc *, 1jse, Inf1)sc®, sB, Dft1)scl9, scv,
Df(1)260.1.
molecular biology: Most of the complex has been cloned
and restriction_ mapped in a chromosome walk of over
100 kb (Campuzano et al.); insertions and rearrangement
breakpoints associated with different s¢ mutations located
on restriction map. The coordinate system designates 0
as an arbitrarily chosen EcoRlI site in the scB region with
positive values extending to the left (Carramolino, Ruiz-
Gomez, Guererro, Campuzano, and Modolell, 1982,
EMBO J. [: 1185-92). Sequence variation in ASC
region of chromosomes isolated from natural populations
investigated by Aguadé, Miyashita, and Langley (1989,
Genetics 22: 607-15). Nine different transcription units,
originally designated T1 to T9, identified in the ASC
region. Four of these, T5, T4, T3, and T8 (formerly
T1a), appear to be responsible for the neurogenic func-
tions of the complex and correspond to ac, sc, I(1 )sc, and
ase, respectively; they are transcribed from left to right
and encode members of the helix-loop-helix class of pro-
teins, which are able to bind, as dimers, to DNA. In addi-
tion, the ac, sc, and I(1)sc transcripts share a 15-
nucleotide acidic C-terminal sequence (Villares and
Cabrera, 1987, Cell 50: 415-24; Alonso and Cabrera,
1988, EMBO J. 7: 2585-91; Gonzilez, Romani, Cubas,
Modolell, and Campuzano, 1989, EMBO J. 8: 3553-62).
Transcription unit T2 is found in the sc region; its pro-
tein product and spatial pattern of expression rule out a
neurogenic function and therefore membership in ASC.

ac: achaete

phenotype: ac specifies the formation of the anterior and
posterior dorsocentral, the posterior supra-alar (as does
sc ), the anterior vertical bristle, and in addition the acros-
tichal rows of microchaetae on the notum. Absence of
bristles accompanied by absence of associated socket and
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underlying centrally projecting neuron (Stern, 1938,
Genetics 23: 172-73). In addition mutant alleles of ac
tend to remove the interocellar hairs and the hairs on the
surface of the eye and a restricted subset of the campani-
form sensilla on the wing blade (Leyns, Dambly-
Chaudiére and Ghysen, 1989, Roux’s Arch. Dev. Biol.
198: 227-32). Trichomes are not affected. ac
deficiencies, e.g., In(1)y 3PLsc 8R, survive as fully mobile
and fertile adults (Garcia-Bellido, 1979, Genetics
90: 491-529). A series of terminal deficiencies
approaching the ac coding sequence from the left a few
hundred base pairs at a time, when tested in heterozy-
gotes with In(1)y 3PLsc &R or Df(1)sc 19, cause, with few
exceptions, progressive loss of chaetae as the amount of
deleted material increases; response of anterior verticals
erratic. First effects of deficiencies noted with chromo-
somes broken 10 kb upstream of the transcription start
site. Despite loss of most of the DNA upstream from the
transcribed region, the phenotypes associated with these
deletions still suppressed by emc and % (Ruiz-Gémez and
Modolell, 1987, Genes Dev. 1: 1238-46). Deficiencies
for ac act as suppressors of 4 (Sturtevant, 1970, Dev.
Biol. 21: 48-63), whereas extra doses of ac’ enhance
expression of & (Moscoso del Prado and Garcia-Bellido,
1984, Wilhelm Roux’s Arch. Dev. Biol. 193: 242-51).
Longitudinal stripes of expression on either side of the
midline during gastrulation become internalized and seg-
mented into four longitudinal rows of clusters of express-
ing cells at half-segment intervals. ac RNA undetectable
in germ band at time of germ-band shortening. Several
regions of high expression seen in cephalic region. Also
expressed in posterior midgut rudiment (Romani, Cam-
puzano, and Modolell, 1987, EMBO J. 6: 2085-92;
Cabrera, Martinez-Arias, and Bate, 1987, Cell 50: 425-
33). In third-instar larvae, expression in wing imaginal
disks restricted to regions where precursors of cuticular
organs specified by ac are known to reside (Romani,
Campuzano, Macagno, and Modolell, 1989, Genes Dev.
3: 997-1007).
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alleles:
allele origin discoverer synonym ref ® comments
ac! spont Weinstein,  sc 1/ 8  deletion for kb 84
16b3 to 64; includes y
*ac? Xray Dubinin, 2,6 induced with s
1928
3 . 10 11 . .
ac X ray Dubinin, s¢,s¢ 3,4,5 In(1)1B2-3;1B14-Cl;
1929 kb 59.6 to 58.8
ac 38 1 gypsy at kb +63.7
*ac? Xray Dubinin, 1929 ac’ 3,4,5
ac>¥® ¥ iy W.K.Baker withy ¥ iny*ty
*ac 260-28 Xray Sutton, 7
39126
a

1 =Campuzano, Carramolino, Cabrera, Ruiz-Gémez, Villares,
Boronat, and Modolell, 1985, Cell 40: 327-38; 2 = Dubinin, 1929,
Biol. Zentr. 49: 328-39; 3 = Dubinin, 1930, Zh. Eksperim. Biol.
6: 300-46; 4 = Dubinin, 1932, J. Genet. 25: 163-81; 5 = Dubinin,
1933, I. Genet. 27: 443-64; 6 = Serebrovsky and Dubinin, 1930, J.
Hered. 21: 259-65 7=Sutton, 1943, Genetics 28: 210-17;
8 = Weinstein, 1918, Genetics 3: 133-72.

cytology: Placed in 1B1-2 based on its position between
left breakpoints of In(l )y4 = In(1)1A8-B1;18A3-4 and
In(1)sc® = In(1)1B2-3,20F.

molecular biology: The ac transcription unit, designated
TS by Campuzano et al. is located from kb 59 to 58, and
transcription is from left to right. ¢cDNA and genomic
sequences of the putative ac transcribed region deter-
mined by Villares and Cabrera (1987, Cell 50: 415-24);
the transcription unit of 911 nucleotides is without
introns and specifies a 201-amino-acid polypeptide of
22.7kd.

ac’

phenotype: Hypomorphic; phenotype of homozygous
females weaker than in hemizygous females (Garcia-
Bellido, 1979, Genetics 91: 491-520). Posterior dorso-
central bristles missing; also posterior supra-alar and
anterior vertical bristles frequently missing. Anterior dor-
socentrals displaced anteriorly (Claxton, 1969, Genetics
63: 883-96). Garcia-Bellido (1979) finds anterior dorso-
central bristles more strongly decreased than posterior
dorsocentrals. Hairs usually fewer near position of poste-
rior dorsocentrals; interocellar hairs invariably fewer,
typically absent. Eyes partly devoid of hairs. Trichomes
unaffected. Limited nonautonomy near the borders of
somatic spots with respect both to numbers and positions
of bristles and hairs (Stern, 1954, Am. Sci. 42: 212-47;
Roberts, 1961, Genetics 46: 1241-43; Claxton, 1976,
Genet. Res. 27: 11-22). ac partially suppresses h; Hw/ac
= Hw/ + (Sturtevant, 1969).

molecular biology: A deficiency extending from a point
between kb 64.9 and 63.5, which is approximately 5 kb
upstream from the presumptive ac transcription unit, to
the left to approximately kb 82. (Campuzano, Carramol-
ino, Cabrera, Ruiz-Gémez, Villares, Boronat, and
Modolell, 1985, Cell 40: 327-38).

*ac?

phenotype: Since ac 2 and sc ® were for practical purposes
inseparable by crossing over, the effect of ac alone
could not be assessed. The double mutant removed all
bristles except scutellars and postdorsocentrals. ac 2/ac?
and ac?/ + suppress h (Sturtevant). Viability of males
low; females nearly inviable. RK2.

cytology: Salivary chromosomes normal (Schultz).
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ac’®

synonym: Called ac 2 by Dubinin, the earlier ac 2 with sc?
having been omitted from the series, sc 0 51 (Stur-
tevant and Schultz, 1931, Proc. Nat. Acad. Sci. USA
17: 265-70).

phenotype: Posterior and usually anterior dorsocentrals
lacking; other bristles wild type. Hairs removed from
areas across rear and front edges of thorax, through mid-
dorsal area, and between ocelli. ac™ even in ac™/+
heterozygotes exerts strong suppression on # (Sturtevant,
1970, Dev. Biol. 21: 48-61). RK2A.

cytology: Inseparable from In(]/ )ac3 = In(1)1B2-3;1B14-
CI (Muller, Prokofyeva, and Raffel, 1935, Nature (Lon-
don) 135: 253-55).

molecular biology: Left breakpoint of In(I)ac’ at DNA
coordinate +59 near the transcription start site of the ac
transcript; transcript levels substantially reduced in both
embryos and pupae; the /(/)sc transcript but not the sc
transcript also reduced (Campuzano, Carramolino,
Cabrera, Ruiz-Gémez, Villares, Boronat, and Modolell,
1985, Cell 40: 327-38).

ac3B

phenotype: Low level of absence of dorsocentral bristles
as well as microchaetae. Bristles normally removed by
sc mutations not missing.

molecular biology: A gypsy insert in the ac region of ASC
at +63.7; in addition there is a 0.5 kb insert in the scf
region at approximately -5.0 to -6.5, which shows
sequence homology with the gypsy LTR.

other information: ac 2 is a derivative of scZ, which
originally displayed a sc ! 1ike phenotype. The original
phenotype is no longer present and a weak achaete
phenotype appears instead. Apparently a gypsy element
originally inserted between -5.0 and -6.5 has excised,
leaving a 0.5 kb remnant and resulting in reversion of the
sc phenotype, and a new gypsy has inserted at 63.7, about
4 kb upstream from the ac transcription unit, to produce
the Jgresent ac phenotyple. Level of ac transcript reduced.
ac™" complements ac ° (Garcia-Bellido, 1979, Genetics
91: 491-520).

ase: asense
location: 1-0.0.
references: Ghysen and Dambly-Chauditre, 1988, Genes
Dev. 2: 495-501.
Gonzédlez, Romani, Cubas, Modolell, and Campuzano,
1989, EMBO J. 8: 3553-62.

phenotype: ase I (formerly sc 2) shown to be a molecular
deletion including the ase transcription unit. ase
embryos lack a subset of peripheral neurons (Dambly-
Chaudigre and Ghysen, 1987, Genes Dev. 1: 297-306);
third-instar larvae show disrupted optic-lobe develop-
ment; in adults almost all abdominal chaetae are removed
as are the extra chaetae induced by Tft. Abdomen tends
to be swollen; wings poorly expanded; viability of
homozygous and hemizygous females low (Garcia-
Bellido, 1979, Genetics 91: 491-520). Gene expression
first detectable in the neural primordium, presumably in
the neuroblasts. In later embryos, RNA is detected in
most cells of the CNS primordium as well as in the
labrum, optic lobe rudiment, procephalic neurogenic
region, and the posterior midgut rudiment. Expression
lasts into germ-band retraction. Also expressed sparsely
in third-instar larvae; scarce in imaginal disks except for
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one large cell cluster in each leg disk; strong in the CNS, 1961, Genetics 46: 671-82; 6= Neel, 1941, Genetics 26: 52-58;

especial‘ly in a cap of cells over each optic lobe, which ;; I;;e_k;?;i, gssel::; ::‘;lsgéhi;d}::ﬁ:? 139"7‘19,1;";13};61134}9{; B(Iss
are destined to generate ganglion mother cells of the lam- Arch. Dev. Biol. 186: 235-65.
ina and medulla; expression also seen in inner anlagen of
optic lobes, which give rise to cells of the medulla and
lobula complex. Otherwise expression in brain and ven-
tral ganglion occurs in isolated clusters of cells and single
cells. Expression thought to identify actively proliferat-
ing cells (Gonzélez et al.).

cytology: Placed in 1B4-7, the 22-kb region defined as scy
by Dambly-Chaudiére and Ghysen (1987), based on its
being included in the apparently terminal deficiency
Df(1)260.1 = Dff1)1B4-6 but in neither Df(l)scl9 =
Df(1)1B1-2;1B4-5 mnor in the terminal duplication
afforded by the 4 *X © element of T(1:4)sc 7.

molecular biology: Both ¢cDNA and genomic clones iso-
lated and sequenced (Gonzdlez et al); 1596 ORF
encodes a protein of 486 amino acids; in addition to the
helix-loop-helix motif, it contains a centrally located
acidic region and a proline-rich region near the N ter-
minus; it lacks the N-terminal acidic domain characteris-
tic of the other three ASC transcripts. The protein also
contains PEST and opa sequences. The genomic
sequence is without introns. ase’ mutation is a small
deletion from coordinates -11.5 to -30 kb that includes
the ase transcription unit, which is located at approxi-
mately coordinate -25 kb.

Hw: Hairy wing Hw: Hairy wing
references: Campuzano, Balcells, Villares, Carramolino, Edith M. Wallace, unpublished.
Garcia-Alonzo, and Modolell, 1986, Cell 44: 303-312.
Garcia-Alonzo and Garcia-Bellido, 1986, Wilhelm 1
Roux’s Arch. Dev. Biol. 193: 259-64. Hw
Balcells, Modolell, and Ruiz-Gémez, 1988, EMBO J. phenotype: Males and heterozygous females have extra
7 3899-3906. bristles on the head (especially occipitals), the notum and

the mesopleurae; also extra bristles, including sensory
ones and campaniform sensilla (Palka, Schubiger, and
Hart, 1981, Nature 294: 447-49), along longitudinal
veins and in membrane of wing. Classifiable in a single
dose in triploids (Schultz, 1934, DIS 1: 55). Homozy-
gous females more extreme; 110 extra chaetae on wing
vs. 49.5 for Hw 1/+,' 11 on scutellum and postnotum vs.
0.7 in Hw/+ (Garcia-Bellido and Merriam, 1971, Proc.

phenotype: Gain of function alleles of ASC, which lead to
the development of supernumerary bristles and hairs in
all segments of the fly: in the prefrons, postfrons,
postgena, and occipital regions of the head; in the preep-
isternum, episternum, anepisternum, scutum, scutellum,
postnotum, wingblade, legs, humerus, and halteres of the
thorax; and in the tergites, pleura, and sternites of the
abdomen. Phenotype suppressed by three doses of h *

(Botas, Moscoso del Prado, and Garcia-Bellido, 1982, Na}t‘ Ac.ad. Sci. USA 68: 222.2'26)‘ Number of extra
EMBO J. 1: 307-10) and enhanced by &, emc, and pyd bristles inversely correlated with temperature (0l11n am]i
(Neel, 1941, Genetics 26: 52-58; Moscoso del Prado and Sheldon, 1979’ Genetics ‘66: 517"%0)‘_‘ Hw'/Hw

Garcia-Bellido, 1984, Wilhelm Roux’s Arch Dev. Biol. females exhibit 40-80% wild-type viability and are

agametic steriles; clones of homozygous germinal cells in

193: 242-45). Numbers of super numerary bristles X
Hw/+ females capable of producing progeny (Garcia-

reduced in dat hemizygotes (Dambly-Chaudiére,

Ghysen, Jan and Jan, 1988, Roux’s Arch Dev. Biol. Bellido and Robbins, 1983, Genetics 103: 235-47); how-
97: 419-23). ’ ever, Garcia-Alonzo and Garcia-Bellido claim that their
alleles: strain is no longer homozygous female sterile. Viability

and fertility of Hw T)Y males and Hw '/+ females good.

allele origin discoverer ref ® comments 1 1 . . A
Hw “/Hw * and * autonomous in somatic clones until 8 hr
Hw!  spont Bridges, 23cI2 1,3,6 iny before pupz‘trium formation; altering‘cellular genotype
Hw49¢: spont Nichols-Skoog, 3520 2 derivative of Hw! after that time is without effect owing to perdurance
Hw 599 P King, 49¢21 4,8 withsc ©¢ (Garcia-Bellido and Merriam). X-ray-induced full and
Hw Xray Green 3.7 dnsc’ partial revertants are frequently mutant for ac (Garcia-

In(1)1Bi2B34 Al d Garcia-Bellido). RK1 as male or h
ngasp Cline s TUIB2E onzo and Garcfa-Bellido). as male or heterozy-
Hw spont Garcia-Bellido 1 deri\éative of Hw gous female.

HwY®  spont Garcia-Bellido 1,3 iny© sc cytology: Claimed by Demerec and Hoover (1939, Genet-
O 1 = Campuzano, Balcells, Villares, Carramolino, Garcia-Alonzo, ics 24: 68) to be assoc1ateq ‘Wlth dup!lcatlon for q]e
and Modolell, 1986, Cell 44: 303-312; 2 =CP627; 3 = Garcia- 1B1-2 doublet; however restriction mapping of ASC fails
Alonzo and Garcfa-Bellido, 1986, Wilhelm Roux’s Arch. Dev. Biol. to confirm this claim (Campuzano et al.). Many rear-
193: 259-64; 4 = Gottleib, 1964, Genetics 49: 739-60; 5 = Green, rangements with breakpoints in distal portion of sc com-
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plex have a weak Hw effect, especially as indicated by
microachaetae on the mesopleurae; duplications for rear-
ranged scute loci have enhanced effects; duplications of
Hw ™ without phenotypic effects except that they
suppress A (Botas ez al. ).

molecular biology: Carries a gypsy insert near the mid-
point of the ac structural gene (TS) as well as a 2.6 kb
insert (Sancho 2) located 8.5 kb to the left of the gypsy.
Transcript 5 shortened from 1.1 kb seen in wild type to
0.9 kb; initiation normal; termination takes place in
insert. Developmental Northern blots show peak accu-
mulations in early embryos and early pupae; this tran-
script, which contains only the 5" half of the normal TS5,
is still functional in that no ac bristles are removed; it is
present in many fold excess at all developmental stages
examined (Campuzano ef al.). The distribution of
expressing cells in the wing disk is much less localized
than in wild type (Balcells et al.).

Hw?

phenotype: Females homozygous for Hw? show only
occasional extra hairs along wings. Overlaps wild type.
RK3A.

cytology: Salivary chromosome analysis by Schultz (Mor-
gan, Schultz, and Curry, 1941, Year Book - Carnegie
Inst. Washington 40: 284) shows small inversion of the
region from 1A3 through 1Bl j.e., associated with
In()Hw? = In(1)1A2-3;1B1-2.

Hw 49¢

phenotype: More extreme than Hw I Homozygous
female has doubling and tripling of many bristles, three
or four extra dorsocentral bristles per side, extra wing
veins, gap in posterior crossvein, and extra hairs on vein
L2 and in wing cells. Width of mesonotum in region
between dorsocentral bristles increased leading to
increased numbers of acrostichal rows as well as extrane-
ous extra microchaetae (Gottlieb, 1964, Genetics
49: 739-60); many lack one or more ocellar or postverti-
cal macrochaetae (Stoddard, 1972, DIS 48: 137-38).

49c 49c-rvd4 is

restriction fragment as that of In(1)Hw Hw
associated with T(1;2)IB;21A; its 1B breakpomt is
between sc and I(1)sc in 26.8 kb to 25.0 kb. Hw **¢75 is
associated with an eight-base-pair deletion in the sc cod-
ing region; it produces a polypeptide containing the first
114 amino acids of the sc translation product followed by
53 nonsense amino acids; the truncated polypeptide
retains the basic region but not the helices of the helix-
loop-helix motif. A null allele of sc.

Hw*%
phenotype: Extra vertical, dorsocentral, and scutellar bris-

tles.59Suppression of sc with su(Hw) ? does not suppress
Hw %,

Hw685
references: Ruiz-Gémez and Modolell, 1987, Genes Dev.

1: 1238-46.
Balcells, Modolell, and Ruiz-Gémez, 1988, EMBO J.
7: 3899-3906.

phenotype: Df(1)Hw 685/Df(1 )sc 1 generates lateral clus-

ters of microchaetae on the scutellum and promotes dif-
ferentiation of extra sensilla campaniformia on the dorsal
radius of the wing, of microchaetae or other sensilla on
wing vein 3, and occasional microchaetae on wing vein
2. Slight increases in numbers of microchaetae on notum
as well. Displays a very weak achaete effect despite
presumed homozygous deficiency for ac.

cytology: Claimed to be associated with terminal

deficiency, Dff1)yT1b-685, which was broken at 45.4 kb
to 43.9 kb. That this determination may be in error is
suggested by the observation: (1) that no other terminal
Dft1)yT1b, including two others broken in the same res-
triction fragment, shows a hairy-wing effect; (2) terminal
deficiencies induced in mu2 females are unstable losing
about 75 base pairs per generation (B1essman and Mason,
1988, EMBO J. 7: 1081-86); yet Hw % appears to be
stable, and (3) Hw %85 4oes not appear to be completely
deficient for ac.

Hw®®: Hairy wing-bristly abdominal pleura
phenotype: Nearly all abdominal segments have on the
pleurae two rows of bristles, which are the same size as
those on the sternites. Mutant-bearing flies have a row of
bristles arising immediately posterior to each pigment
band that are shorter than other terglte brlstles

Heterozygous female has normal bristles, extra hairs on
L2 and L3 and in wing cells, and often an extra free vein
from posterior crossvein; also extra acrostichal rows.
Hw * male much like homozygous female but bristle
duplication less extreme. Low de§ree of non autonomy
reported at junction between Hw “”“/Hw % and +/+ twin
spots (Gottlieb). Male and heterozygous female fertile; cytology: A?’ngated with the 2°X"  element ~of
homozygous female sterile. Revertants of Hw ** lose T(1:2)Hw ™ = T(1:2)1B,21B.
their dominant phenotypes; however they remain sc and Hw?®S
may exhibit a weak ac 5Phenotype or be lethal in combi- phenotype: Spontaneous derivation of Hw ! with slightly
nation with Dffl)sc’” (Garcia-Alonzo and Garcia- weaker phenotype.
Bellido). Not suppressed by su(Hw). Hw **° and Oce act molecular biology: Contains an 8 kb insert near the distal
synergistically in removing head bristles but cancel each LTR in the gypsy element that is inserted in TS, the
others effects on thorax in Hw/Oce females (Stoddard). presumptive ac transcript, in Hw T The identity of this
ac, sc, and I(1)sc transcripts considerably more abundant sequence is unknown, but its internal 1.7 Pst1 fragment is
than in wild type; also more generally expressed in wing repeated fifteen times in the genome of Hw &5 and Ore-
disks than normal (Balcells et al.). RK1. gon R. The developmental proﬁle of the Hw 55 T5 tran-
cytology: Associated with In(])IB;2B3-4, with one break- script is similar to that of Hw (Campuzano et al. ).
point between 14.8 kb and 13.5 kb in the walk of Cam- Hw Ye

puzano ef al. and the other between 111 kb and 122 kb in .
the walk of Chao and Guild (Balcells et al.). phenotype: Weak Hw phenotype in heterozygous females.
Phenotype only slightly enhanced by suppressing the

other information: 'Three X-ray-induced revertants of
Hw ¥ . all of which lack ect opic chaetae, characterized pre-existing sc * allele with su(Hw) (Garcfa-Alonzo and
Garcia-Bellido).

by Balcells et al; Hw* ™ is associated with . ) . .
T(1;3)1B;954; its breakpoint in region 1B is in the same molecular biology: Complete copia element inserted into
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T4, the presumed sc structural gene, about one third of
the distance from termination of the transcription unit.
The Hw U transcript, which carries the 5’ two-thirds of
the presumptive sc and terminates in copia, is present in
excess in early larvae but not in crawling larvae or early

GENES

Bellido, 1979, Genetics 91: 491-520). sc deficiencies
suppress the phenotype of emc; extra doses of ASC
enhance the emc phenotype (Moscoso del Prado and
Garcia-Bellido, 1984, Wilhelm Roux’s Arch. Dev. Biol.
193: 242-51).

alleles: Numerous alleles described, all but one of which
are associated either with chromosome rearrangements
with one breakpoint in region 1B or with inserts of
foreign DNA. All but two chromosomal lesions with s¢
effects map proximal to the presumptive sc transcription
unit; two inversions with breakpoints just distal to the
transcription unit have slight effects; proximal lesions
map to either side of I(1)sc, and strength of expression is
inversely correlated with the molecular distance between
the lesion and the scute transcription unit. Proceeding
from right to left, lesions remove bristles from the meso-
notum in a roughly hierarchical fashion in the following
order: scutellars, (postverticals, ocellars, sternopleurals,
anterior and medial orbitals, postalars), anterior noto-
pleurals, (posterior orbitals, postverticals, anterior supra-
alars) (presuturals, orbitals), with those enclosed in
parentheses tending to be removed together (see Ghysen
and Dambly-Chaudiere, 1988, Genes Dev. 2: 495-501).
Transcription first observed in early gastrula in regions
with neurogenic potential, but before any overt evidence
of neurogenesis apparent. As development proceeds, a
complex temporal and spatial program of expression,
mostly in neurogenic precursor cells ensues; expression
ceases during the period of germ band shortening
(Cabrera, Martinez-Arias, and Bate, 1987, Cell 50: 425-
33; Romani, Campuzano, and Modolell, 1987, EMBO J.
6: 2085-92). In third-instar larvae, expression in wing
disks is confined to restricted subsets of cells known to
correspond to regions giving rise to precursors of cuticu-
lar sense organs that are under control of sc (Romani,
Campuzano, Macagno, and Modolell, 1989, Genes Dev.

pupae (Campuzano et al. ).

i(1)sc: lethal at scute

synonym: [’sc.

references: Muller, 1935, Genetica 17: 237-52.
Garcia-Bellido, 1979, Genetics 91: 491-520.
Jiménez and Campos-Ortega, 1987, J. Neurogenet.

4: 179-200.

phenotype: Deficiency from which existence of I(1)sc
inferred, i.e., In(1)sc Lo 9R, embryonic lethal. Volume
of embryonic ventral nerve cord slightly reduced; poste-
rior commisures thinner than in wild type; longitudinal
connectives virtually lacking. Concomitant deletions for
sca or sco. and ac cause more severe CNS disruptions,
although by themselves these deletions have no observ-
able CNS effects; simultaneous deletion of the scy region
also enchances the CNS disruptions (Jiménez and
Campos-Ortega). Transiently expressed at periphery of
syncytial blastoderm; late blastoderm shows paired dor-
solateral and ventrolateral longitudinal stripes of expres-
sion, the latter being coincident with the presumptive
neurogeniCc ectoderm. During germ-band expression,
I(1)sc expression seen in many cell clusters over most of
the ectoderm; segmental distribution becomes apparent
both internally and externally. I(1)sc expression seen in
many foci in the head region and in the posterior midgut
rudiment (Romani, Campuzano, and Modolell, 1987,
EMBO J. 6: 2085-92; Cabrera, Martinez-Arias, and
Bate, 1987, Cell 50: 425-33). Little if any expression in
later stages, except in the central nervous system
(Romani, Campuzano, Macagno, and Modolell, 1989,

Genes Dev. 3: 997-1007). 3: 997-1007).
molecular biology: The gene encodes a 258-amino-acid, . . a B
29-kd polypeptide with a helix-loop-helix motif in the allele  origin discoverer synomym  ref 7 comments
N-tenplnal end and a 15-residue C-terminal acidic ! spont  Bridges, 16a22 ase! 1220 gypsyat191024
domain (Alonso and Cabrera, 1988, EMBO J. 7: 2585- sc? Xray  Dubinin, 1928 7,12 17-19 kb deletion between
91). Transcription unit between coordinated 19.9 and 3 -11.5 and -30
17.8 kb. 'sc3_1 Xray Dubinin, 1928 7,35 ) . 3
other information: Inferred from the inviability of :z 38 z;:;{ g‘r‘l‘:ge::“; 5126 121' 23 9 partial reversion of sc
In(lsc *s¢ = In(1 JIB3-4:19F-20C1 L1B2-3;18B8-9% scd Agol. 1928 1,2,34,35 In(1)IB34:20F n y;
[left break of In(l)sc” in doubt], except in the presence kb25.8t0 24.0
of Dp(1.2)sc 1 9. No mutant recovered (Garcia-Bellido). sc5 Xray  Gaissinovitsch, 1923 12,13,35 inw?; 1.2 kb deletion
around -17
scC: scute sc 6 Xray  Serebrovsky, 29a21 12,34,35 17.4 kb deletion in
phenotype: Specifies the differentiation of numerous 7 N 7410-108kb
macrochaetae on the head and thorax as well as micro- se Xray  Dubinin, 1929 8,10,35.41 i’g{flf f:?g Eiiny;
chaetae on the tergites: anterior, medial, and posterior 2410-49Kb
orbital, posterior vertical, ocellar, and postvertical bristles s fragment deleted
on the head plus humeral, presutural, anterior and poste- sc Xray  Sidorov, 1929 29,37,38 In(1)1B2-3;20F;
rior notopleural, anterior supra-alar, sternopleural, ante- e? Xray  Levis 1929 s ;‘Z;‘;Zé‘;‘ff;a.
rior and posterior postalar, and anterior and posterior scu- ’ kb5610dT
tellar bristles on the mesothorax; also participates with ac sc 10 ac3
in specifying the anterior vertical, posterior supra-alar, sc 101 Xray  Sturtevant, 1930 39,40 derivative of In(Ijac3;
and anterior dorsocentral bristles; specifies the majority nonsense mutation
of the campaniform sensilla on the wing blade (Leyns, s ac3 In sc transeript
Dambly-Chaudiére and Ghysen, 1989, Wilhelm Roux’s N H Xray  Shapiro, 1929 36
Arch. Dev. Biol. 198: 227-32). Males deficient for sc, 1gc 13 Dubinin, 1929 89,10 withac? ; derivative of sc |
ie., In(l)sc 8Lse 4R, are poorly viable and catatonic; *sc 11: Xray  Muller scutex 30 Df?
homozygous deficient females Ietlza}?l; males deficient for se Xray  League u g(_ll"zz)zl 5)1 -2i1B4:5,2545;

both ac and sc, i.e., In(1)y 3PLoc , are lethal (Garcia-
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91: 491-520; 13 = Gassinovitsch, 1930, Eksperim. Biol. 6: 15-14;

allele origin  discoverer synonym ref & comments B
-13.2
sc28 17
sc® Agol, 1930 In(1)1B;13A2-5;
kb -6.1 to -6.4
sc¥9  32p  peyis 1965 with Hw ¥¢
sc 52¢ spont  Green, 52¢ 15 with su(s) 5z
¢ 50419 33
55705 17
*sc 90 Xray Goldat 14 derivative of sc 6 ;
In(1)1B4-7;1D2-El
sc ns Xray Goldat 14 derivative of s¢ = ;
T(1;2)1A6-B1:25F
sc260-1% oy Sutton, 39b 43 In(1)IB2-3;11D3-8;
kb 17.6 t0 16.4
$c 26015 oy Demerec, 381 43 T(1:3)IB4-5:71C-D;
kb 25.8 to 24.0
’36260-16 Xray  Sutton, 1938 43
+9c260-17 % v Sutton, 39d 43 T;2)B2-33IC
+9c260-18 y .o Sutton, 39d 43 T(1:2)IA6-BI4ID-E
29¢260-20 v Sutton, 39 43 T(I:3)IA8-BI;61AI-2
8626022 v\ Sumon, 39 43 In(1)IB2-3;1E2-3;
kb -1091t0 -11.5
*5c260-23 y v Sutton, 1939 43 T
5¢260-25 y .y Sumon, 39k 42 InILR)IB2:3
+5c260-26 % v Sutton, 301 43 T(1)2)1B4-5:41F2-3;5882-3
+ In{2LR)27D2-341A
25¢260-27 % 1y Sutton, 391 43 T(1;2)IA8-BI;ISEISF;
33-34,57B-C
*5¢ 26029 % v Sutton, 40a 43 T(1,2:3)1A6-B1;22A-B;
34A-B;75C-E
sc 1744 Schalet, '85 insert in -6.1 t0 -7.2
*sc A Agol 3 In(1)?
scA spont  Capdevila insertin -13.2 to -16.8
*sc B Xray Brande, 37g In(1)y
scB%7 4
sc€ 17
s¢P?  Xrmy Dobzhansky, 1930 6,19 gpsyat24to19;
with a y allele
sc 3,2 spont  Dobzhansky, 1931 6,12 gypsyat2.4t 1.9;iny
sc 7
scf@  cB3007 Fahmy, 1954 1l Df1)IA8-BI;IB2-3
sc H Yray Hackett, 46a 28 T(1;4)1B4;101D-E;
Kb 6.5 t0 6.0
sc J1 Xray Jacobs-Muller 21,25  In(1)1A4-5;1B4-5,
with I{1)1Ac
sc v4 Xray Jacobs-Muller 22,25  T(1;3)IB;3A3-C2;61A;
kb 26.1 t0 20.9
ssc K Krivshenko 3 T3
*sc k3 Xray Krivshenko, 53j29 16 T(1;3)1B2-3;61A1-2
scKA8 T(1:3)1B4-5,98;
kb 163 to 14.9
sc L3 Levy, 1932 12 gypsy at2.4t0 1.9
sclb 17
scl® Levy, 1932 26,2731 In(1)1B3-4;20F;
kb 30.9 to 28.8
»gcP1 Panshin, 1934 111:2:35c P!
scf 17
scS1 Sinitskaya, 34¢ 23,26,31,5 In{1)1B3-4;20F;
kb 28.2 t0 26.9
scS2 Sinitskaya, 1934 T(1;2)1B4-7:60C-E;
Kb 1.2t0-32;
0.3 to -2.7 fragment
deleted
¢ XRay 32 In(1)1B3-4;2E3
*sc So Sytko 3
sc z; yray  J.L Valencia, 46h23 28 In{ILR)IA8-C3
sc Yray J. L. Valencia, 46h23 28 In(1)1B2-3;20F
o

I =Agol, 1929, Zh. Eksperim. Biol. 5: 86-101 (fig.); 2 = Agol,
1931, Genetics 16: 254-66; 3 = Agol, 1936, DIS 5: 7; 4 = Bier,
Ackerman, Barbel, Jan and Jan, 1988, Science 240: 913-16;
5 =Crew and Lamy, 1940, J. Genet. 30: 273-83; 6 = Dobzhansky,
1935, DIS 3: 16; 7= Dubinin, 1929, Biol. Zentr. 49: 328-39;
8 = Dubinin, 1930, Zh. Eksperim. Biol. 6: 300-24; 9 = Dubinin,
1932, J. Genet. 26: 37-58 10 = Dubinin, 1933, J. Genet. 27: 443-64;
11 =Fahmy, 1958, DIS 32: 74; 12 = Garcia-Bellido, 1979, Genetics
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14 = Goldat, 1936, Biol. Zh. 5: 803-12; I5=Green, 1952, DIS
26: 63; 16 =Krivshenko, 1959, DIS 33: 95-96; I7=Lee, 1973,
Aust. J. Biol. Sci. 26: 903-909; 18 = Levit, 1930, Wilhelm Roux
Arch. Entwicklungsmech. Organ. 122: 770-83; /9 =Morgan,
Bridges, and Schultz, 1935, Carnegie Inst. Wash. Year Book
34: 290, 20 =Morgan, Bridges, and Sturtevant, 1925, Bibliog.
Genet. 2: 211, 235 (fig.); 2/ = Muller, 1932, Proc. Intem. Congr.
Genet., 6th., Vol. 1: 225; 22=Muller, 1934, DIS 2: 60;
23 =Muller, 1935, DIS 3: 50; 24 =Muller, 1935, Genetica
17: 237-52; 25 = Muller, Prokofyeva, and Raffel, 1935, Nature,
135: 253-55; 26 =Muller and Raffel, 1938, Genetics 23: 160;
27 =Muller, Raffel, Gershenson, and Prokofyeva-Belgovskaya,
1937, Genetics 22: 87-93; 28 = Muller and Valencia, 1947, DIS
21: 69-70; 29 = Noujdin, 1935, Zool. Zh.14: 317-52; 30 = Patterson
and Muller, 1930, Genetics 15: 495-577 (fig.); 3! = Raffel, and
Muller, 1940, Genetics 25: 541-83; 32 = Rowan, 1968, DIS 43: 61;
33 = Scowcroft, 1973, Heredity 30: 289-301; 34 = Serebrovsky,
1930, Wilhelm Roux Arch Entwicklungsmech. Organ. 122: 88-
104;. 35 = Serebrovsky and Dubinin, 1930, J. Hered. 21: 259-65
(fig.); 36 =Shapiro, 1930, Zh. Eksperim. Biol. 6: 347-64;
37 = Sidorov, 1931, Zh. Eksperim. Biol. 7: 28-40; 38 = Sidorov,
1936, Biol. Zh. S: 3-26; 39 =Sturtevant, 1935, DIS 3: 15;
40 = Sturtevant, 1936, Genetics 21: 444-66; 4/ = Sturtevant, 1969,
Dev. Biol. 21: 48-61; 42 =Sutton, 1940, Genetics 25: 628-35;
43 = Sutton, 1943, Genetics 28: 210-17;

DNA coordinates from Carramolino, Ruiz-Gémez, Guerrero, Cam-
puzano, and Modolell (1982, EMBO J. 1: 1185-91) and Cam-
puzano, Carramolino, Cabrera, Ruiz-Gémez, Villares, Boronat, and
Modolell (1985, Cell 40: 3227-38). O defined as the more distal
EcoRI site within the sc molecular deficiency; positive values
extend to the left. Where known, restriction fragment interrupted by
the 1B breakpoint of sc rearrangements indicated.

B

cytology: Placed in 1B3 based on its location between the

left breakpoints of In(l )sc8 =

In(1)IB2-3;20F and
In(1)sc ® = In(1)1B3-4:20F.

molecular biology: sc assigned to transcript T4 of Cam-

puzano, Carramolino, Cabrera, Ruiz-Gémez, Villares,
Boronat, and Modolell (1985, Cell 40: 3227-38), the sc
transcription unit is transcribed from left to right and
occupies DNA coordinates approximately 34 to 32 kb. A
series of terminal deletions approaching the sc transcrip-
tion unit from the left were placed in heterozygous com-
bination with In(l)sc 8Loo 4R , among other sc
deficiencies, and the phenotypes assessed (Ruiz-Gémez
and Modolell, 1987, Genes Dev. 1: 1238-46). The
majority of deficiencies between coordinates 55 and 38
kb showed significant but weak sc phenotypes; those end-
ing within 4-5 kb of the transcription start caused
stronger phenotypic effects, removing first posterior
supra-alar, and then posterior notopleural bristles (see
also Ghysen and Dambly-Chaudiére, 1988, Genes Dev.
2: 495-501). ¢cDNA and genomic sequences of the sc¢
transcribed region determined by Villares and Cabrera
(1987, Cell 50: 415-24); the transcription unit of 1430
nucleotides is without introns; the longest open reading
frame encodes a 345-amino-acid polypeptide of 38.1 kd.
Contains both the helix-loop-helix motif and the C-
terminal acidic region characteristic of ac and I(1 )sc.
1

phenotype: Causes loss or marked reduction in number of

scutellar, coxal, ocellar, first and second orbital, anterior
notopleural, postvertical, tergital, and sternal bristles.
Bristle sockets missing; bristle cells absent 19 hr after
pupation, when normally present [Lees and Waddington,
1942, DIS 16: 70-70a; 1943, Proc. Roy. Soc. (London),
Ser. B 131: 87-110]. Suppressed by su(Hw) and
su(Hw) . RKI.


file:///67b5

other information: Revertable by X rays (Green, 1961,
Genetics 46: 671-82).

2
SC . sec ase
*sc® »
phenotype: Most bristles affected, principally ventrals,
orbitals, verticals, postverticals, ocellars, humerals,

presuturals, notopleurals, supra-alars, postalars, sterno-
pleurals, abdominals, and anterior dorsocentrals; scutel-
lars and postdorsocentrals usually present. Viability of
male low; female virtually lethal. RK2.

cytology: Salivary chromosomes appear normal (Morgan,
Bridges, and Schultz, 1935, Year Book — Carnegie Inst.
Washington 34: 290).

sc3-1

phenotype: Partial reversion from sc 3, Homozygous
females show reduced viability; hemizygous females
lethal (Garcia-Bellido, 1979, Genetics 91: 491-520).
RK2.

*sc?®: scute-3 of Bridges
phenotype: Like sc but does not affect anterior notopleur-
als. Suppressed by su(Hw)? (Lee, 1973, Aust. J. Biol.
Sci. 26: 903-09). RK1.
other information: Some stocks currently labelled sc 3B
are reverted for sc but are now ac

sc?

phenotype: Extreme scute. Bristles of head, except ante-
rior verticals, absent. Only posterior notopleurals and
alars remain on sides of mesothorax; abdominals, ven-
trals, coxals, and scutellars also missing. Slight variega-
tion for Hw. RK1A.

sc’

phenotype: Sternital and scutellar bristles reduced in
number; others rarely affected. sc S1sc® is practically
wild type. RK1.

scf

phenotype: Slight sc; removes coxals, ocellars, first and
second orbitals, postverticals, and anterior notopleurals.
Scutellars and sternitals not affected. RK1.

cytology: No inversion.

sc’

phenotype: Like sc but anterior notopleurals not affected.
sc” tends to suppress expression of 4 (Steinberg, 1942,
DIS 16: 68). RK1A.

other information: w * separable from sc ’ by exchange in
triploid female.

sc?

phenotype: Slight sc; supra-alars, sternopleurals, or other
bristles sometimes affected. Extra bristles may be
present. Shows Hw effect and may be recognized in
heterozygote, homozygote, or male by presence of one or
more hairs on anterior mesopleural region. The Hw
effect interacts strongly with A to produce extremely
hairy wings (Steinberg, 1942, DIS 16: 68). sc /0 male
nearly lethal; survivors show variegation for y and ac;
lethality suppressed by a Y chromosome, partially
suppressed by parts of the Y (Hess, 1962, DIS 36: 74-75;
1963, Verhandl. Deut. Zool. Ges., Zool. Anz. Suppl.
26: 87-92). RK2A.

GENES

sc®c.0.X: see Df(])sc8

sc®ENc.o. X : see Dfi1)sc 8

sc?

phenotype: Like sc but scutellars always absent. Abdo-
men swollen and wings poorly expanded, like sc 2,
RK2A.

10

SC . see ac3

sc 10-1

phenotype: Like sc? but more extreme; most extreme
viable sc allele. Viability low. RK2A.,

cytology: Originally thought to be associated with a minute
deficiency (Schultz); not confirmed by molecular
analysis.

molecular biology: Sequence data reveal a silent C—T
transition at nucleotide 669, a C—G transversion at
nucleotide 1143 causing ser = —arg 161, and a C>T
transition in nucleotide //47 resulting in a stop codon;
(first nucleotide of initial ATG codon at nucleotide 660)
(Villares and Cabrera, 1987, Cell 50: 415-29).

11
SC  see GC3

*sc 12

phenotype: First and second orbitals reduced or absent;
other head bristles, posterior scutellars, and coxals also
affected. Also shows achaete effect. Viability of homo-
zygous female low. RK2.

*sc 13

phenotype: Like sc but scutellars invariably absent and
ocellars, postverticals, and first and second orbitals less
frequent. Anterior and posterior dorsocentrals also
absent, as are thoracic hairs, because of ac *. Viability
low. RK2.

*sc1®

phenotype: Originally allelic to sc and semilethal in male.
Subsequently, allelic to y, ac, and sc, and male lethal.
Lethal form exaggerates other ac and sc alleles in hetero-
zygote. RK2A.

cytology: Presumably associated with Df{])sc ! 5; break-
points unknown.

other information: Apparently, y * and ac * were inserted
elsewhere in the genome (as in sc P or sc 1), became
separated from the left end of X, and were lost.

sc19

phenotype: Scutellar bristles absent and sternitals reduced.
RK1A.

ch8

phenotype: Strong scute; not suppressed by su(Hw) 2

3029

phenotype: Similar to sc ”. Viable and fertile. RK2A.

sc 49c
49¢

other information: Overlooked at the time Hw was
described. Possibly of subsequent spontaneous origin.

sc 52¢

other information: Association with In(l)sc 2¢ (break-
points unknown) inferred, since sc °“° has been insepar-
able from ras v.
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sc 67b5

phenotype: Strong scute; not suppressed by su(Hw) 2,

sc260-14

phenotype: Both sexes viable and fertile. RK2A.

sc 260-15

phenotype: Male sterile. Viability reduced. RK2A.

1
*30260- 6

phenotype: sc /sc overlaps wild type. Lethal homo-
zygous and hemizygous. RK2.
cytology: Salivary chromosomes normal.

260-17
*sc

phenotype: Male and homozygous female viable and fer-
tile. RK2A.

*sc260-18

phenotype: Male sterile. RK2A.

2
*30260- 0

phenotype: Male and homozygous female viable and fer-
tile. RK2A.

sc 260-22

phenotype: Both sexes viable and fertile. RK2A.

260-23
*sc

phenotype: Both sexes viable. RK3A.

sc 260-25

phenotype: Variegates for y, ac, and probably /(1)IAc but
not for svr; more extreme than sc Homozygous
lethal. RK2A.

260-,
*g ¢ 260-26

phenotype: Viability reduced in male.
RK2A.

*sc 260-27

phenotype: Male viable but sterile. RK2A.

260-2
*gc 260-29

phenotype: Male viable but sterile. RK2A.

260-16

Male fertile.

*sc?: scute of Agol
phenotype: Similar to sc. Viability low. RK2A.

*scB': scute of Brande
phenotype: Similar to sc. Viability good. RK2A.

sc857

phenotype: Embryo displays reduced numbers of CNS and
PNS neurons.

scP': scute of Dobzhansky
phenotype: Weak sc. RK2.
cytology: Salivary chromosomes
(Schultz).

scD2

phenotype: Slight sc. RK2.

apparently normal

sc™": scute of Fahmy
phenotype: Bristles (principally orbitals, verticals, post-
verticals, and ocellars) missing. Scutellars and postdor-
socentrals left nearly intact. Male viable and fertile;
female homozygous lethal. sc Fakisc has only occasional
absence of postvertical or ocellar bristles. RK2A.
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sc!: scute of Hackett
phenotype: Similar to sc but more extreme. RK2A.

st4

phenotype: Scute and achaete effects. RK3A.

*scX: scute of Krivshenko
phenotype: Similar to sc but semilethal in male and lethal
in homozygous female. RK2A.

sct®: scute of Levy
phenotype: In addition to scute, it has a spoon-like wing
caused by a mutation to the right of sc. Viable.
Suppressed by su(Hw)? (Lee, 1973, Aust. J. Biol. Sci.
26: 903-09). RK2.

scLG

phenotype: Moderate scute; suppressed by su(Hw) 2 (Lee,
1973, Aust. J. Biol. Sci. 26: 903-09)

scL8

phenotype: Similar to sc? but more extreme. Homozy-
gous female sterile. RK2A.

scS': scute of Sinitskaya
phenotype: Rather extreme sc allele; slight Hw effect;
hairs often removed from abdomen and wings. Homozy-
gous female sterile and low in viability. Male fertile and
fairly viable. RK2A.

scS2

phenotype: Similar to sc 7. RKIA.

*sc5°: scute of Sytko
phenotype: Like sc; viability of homozygous female low.
RK2.

sc"': scute of Valencia
phenotype: Extreme scute and achaete. Viability low.
RK2A.

ch2

phenotype: Both achaete and scute variably affected.
Some tendency for extra or twin bristles. Abdominal
bristles markedly fewer both dorsally and ventrally.
Male and homozygous female viable and fertile. RK2A.

sis-b: sisterless b (T. W. Cline)

location: 1-0.0.

synonym: sc 3

references: Cline, 1988, Genetics 119: 829-62.
Torres and Sanchez, 1989, EMBO J. 8: 3079-86.
Cline, 1989, Cell 59: 231-34.

phenotype: Original hypomorphic allele recovered as a
reversion of sc ~ to nearly wild-type ac and sc phenotype
in hemizygote and homozygote; originally designated
se! by Sturtevant, renamed sis-b by Cline. Locus also
characterized by dominant effects of deficiencies and
duplications of the ASC region, and later by mutant
alleles sc %7 and Hw ** that affect ASC functions more
than sis-b functions. sis-b reduces viability of homozy-
gous females and hemizygous females are lethal; yet
hemizygous males fully viable. Dominant synergistic
female-specific lethal interactions with loss-of-function
alleles of SxI, sis-a, and/or maternal da; magnitude of
viability effects depends on genetic background and
inversely correlates with background effects on male-
lethal effects; interactions temperature dependent, gen-
erally more extreme at higher temperatures. Female via-



bility effects suppressed by g’am -of-function Sx/ aIIeIe
and by duplications of SxI* or sis-a”. Duplication of
Sis- b male-lethal in combination with duplication of
Sxi* and/or sis- a”*, more so at lower temperatures. Male
lethality of duplication combinations suppressed by Sx/™.
Phenotype of 2X,3A intersexes strongly dependent on
dose of sis-b™. The dose- -dependent interactions of this
gene identify it as a positive regulator of Sxi™ and part of
the numerator of what is referred to as the X/A balance,
the primary sex-determination signal. This is a character
it shares with sis-a.

cytology: Located in 1B3, based on its location between
the left breakpomts of In(1 )sc'8 = In(1)1B2-3,;20F and
In(I)sc? = In(1)I1B3-4;20F.

molecular biology: Activity mostly (but not entirely)
confined to a region of approximately 24 kb as deter-
mined by Cline (1988), which includes the scute-alpha
member of the ASC, and is known to encode one (T4) or
possibly two (also T7) transcripts. Location refined
further by Torres and Sanchez (1989) to the 8.3 kb frag-
ment between the breakpoint of In(l )sc distally and
the breakpoint of Df{1)yI'2-650 proximally, a region con-
taining only transcription unit T4; however, there are
uncertainties connected with this assignment: Df{1)yT
rearrangements are reported to be highly unstable, losing
75 base pairs per generation (Biessmann and Mason,
1988, EMBO J. 7: 1081-86), the assay used to assess
sis-b function was not always sufficient to establish
whether wild-type levels of sis-b activity were present.
Molecular characterization of sc 1% and Hw **° indicates
that sis-b function requires protein encoded by the sc
transcription unit; nevertheless, it seems worthwhile to
retain both gene names for the time being, since different
regulatory information, and perhaps even somewhat dif-
ferent protein activities, are involved in sex determination
VErsus neurogenesis.

ascutex: see asx
asense: see aseunder ASC

ash1: absent, small, or homeotic discs
location: 3-46.
references: Shearn, 1974, Genetics 77: 115-25.
Shearn, Hersperger, and Hersperger, 1987, Roux’s Arch.
Dev. Biol. 196: 231-42 (fig.).
phenotype: Most alleles homozygous lethal; stage of
lethality variable. Surviving and pharate adults display
transformations including haltere to wing, first and third
legs to second leg, genitalia to leg or antenna; ashl © and
ashl °~ show transformation of posterior to anterior wing
margin. Homeotic transformations also seen in clones of
homozygous cells in otherwise heterozygous flies. Lar-
vae homozygous for ashl 2, a severe allele, displays a
high incidence of failure to form imaginal disks, espe-

cially antennal, genital, haltere, and wing disks.
alleles:

allele origin synonym  comments

asht ! ICR170  1lI-10 prepupal-pupal lethal
ash1 2 ICRI7T0  XVI-I8 pupal lethal

ash1 3 EMS RD317 pharate-adult lethal
ash1 4 EMS RE418 L2 lethal

ash1® EMS  RF327  L2lethal

ash1 6 EMS RF605 L1 lethal

ash1 7 EMS RLO31 adults eclose

GENES

allele origin synonym  comments

ash1 8 EMS RZ426 adults eclose

ash1 9 EMS RZ606 L1 lethal

ash1’9 EMS  SPI0I7  pharate-adult lethal
ash1 1 ¥ ray TK117 L1 lethal

ash1 12 Y ray TN402 L2-to-prepupal lethal

cytology: Placed in 76BS-E based on its position between
the 3L breakpoints of T(Y;3)L14 = T(Y;3)h3;76BS5-10
and T(Y,;3)A112 = T(Y;3)hl 1 ;76E.

ash2

location: 3-{85} (distal to aor).

references: Shearn, 1974, Genetics 77: 115-25.
Shearn, Hersperger, and Hersperger, 1987, Roux’s Arch.

Dev. Biol. 196: 231-42 (fig.).

phenotype: Most alleles homozygous lethal; stage of
lethality variable. Surviving and pharate adults dlsplay
transformations similar to those indicated for ash ..

alleles:
allele origin  synonym  comments
ash2; NNG 703 L2-L3 lethal
ash2 3 NNG  1803R prepupal lethal
ash2 p EMS  R0631 pupal-adult lethal
ash2 5 EMS  SE420
ash2 EMS SHS536 prepupal-pupal lethal

cytology: Placed in 96A1-25 based on its inclusion in
Df(3R)96A1-7,;96A20-25 associated with
In(3R)Ubx "ats ® (Gonzélez, Molina, Casal, and Ripoll,
1989, Genetics 123: 371-77).

asp: abnormal spindle

location: 3-85.2 (based on 64 hh -tx recombinants).

origin: Induced by ethyl methanesulfonate.

references: Ripoll, Pimpinelli, Valdivia and Avila, 1985,
Cell 41: 907-12.
Gonzilez, Molina, Casal, and Ripoll,

123: 371-77.

phenotype: Cold-sensitive recessive semilethal; 12% sur-
vive to adulthood at 25°; most larvae with small or absent
imaginal discs; delayed development; survivors with
nicked wings and rough eyes. Males sterile at 18° and
fertile at 25° produce abundant MI nondisjunction;
females sterile. Larval neuroblasts frequently polyploid,
especially when held at 18°. Pheno}ype enhanced by
duplication for 97B, ie., the Y 3~ element of
T(Y;3)BI5S8 = T(Y;3)B5Xh;97B, but not that of
T(Y;3)R71 = T(Y,;3)hl-2,97B

cytology: Localized to 96A21-B10 between third chromo-
some breakpoints of T(Y,;3)Al17 = T(Y;3)h24;96A21-25
and T(Y,;3)B197 = T(Y,;3)h3,96B1-10.

1989, Genetics

L-aspartate: 2-oxyglutarate
aminotransferase: see Got

ast: asteroid
location: 2-1.3 (0.02 unit to right of S).
origin: Spontaneous.
discoverer: E. B. Lewis, 38b.
synonym: S’ Star-recessive.
references: 1938, DIS 10: 55.
1942, Genetics 27: 153-54.
1945, Genetics 30: 137-66.
1951, Cold Spring Harbor Symp. Quant. Biol. 16: 159-
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74 (fig.).

phenotype: Eyes small and rough. Veins L2, L3, L4, and
LS5 do not always extend to margin. Overlaps wild type
rarely. S +/+ ast has very small eyes with fused facets;
veins L2 to LS incomplete at tip. S ast/ + ast has slightly
larger eye than § +/ + ast. S ast/ + + resembles § +/ + +.
S +/ + ast and ast/ast partially suppress px and net. Eyes
of ast/ E(S) rough. RK2.

alleles: *ast and ast” show eye but not wing effect of ast
(CP627). ast 4, *ast 5, and ast™ homozygotes look nor-
mal but enhance expression of S in heterozygotes (Lewis,
1951). Three reversions of ast superscripted *rvl, *rv2,
and *rv3 (Lewis, 1951). ast " is variegating allele associ-
ated with T(2,4)21E2-3;101 (Lewis, 1951).

cytology: Placed in the 21E1-2 doublet on the basis of its
being included in the synthetic deficiency derived by
combining the Y-centric portion of T(Y;2)2IE =
T(Y,2)21D4-E1 and the 2 -centric portion of T(2;4)ast ¥ =
T(2,4)21E2-3;101 (Lewis, 1945). See also Roberts,
Brock, Rudden, and Evans-Roberts, 1985, Genetics
109: 145-56.

*asx: ascutex

location: 1-26.

origin: Spontaneous.

discoverer: Bridges, 24b14.

references: Morgan, Bridges, and Sturtevant, 1925,
Bibliog. Genet. 2: 218.

phenotype: Furrow between scutellum and thorax much
shallower; scutellum inflated. Body color pale. Legs
have blackened leaky joints. Character less extreme in
old dry cultures. Viability 60% wild type. RK3.

Asx: Additional sex combs

location: 2-72.

origin: Induced by ethyl methanesulfonate.

discoverer: Jiirgens.

references: Niisslein-Volhard, Wieschaus, and Kluding,

1984, Wilhelm Roux’s Arch. Dev. Biol. 193: 267-82.

Jiirgens, 1985, Nature 316: 153-55.
Breen and Duncan, 1986, Dev. Biol. 118: 442-56 (fig.)

phenotype: Asx/+ males have extra sex-comb teeth on
meso- and metathoracic legs (e.g., Asx6 — 11.8 sex-
comb teeth per prothoracic, 0.5 per mesothoracic, and 0.2
per metathoracic leg). Homozygote embryonic lethal.
Abdominal denticles in head and thoracic segments;
abdominal segments 1-7 transformed into more posterior
segments. With respect to the degree of transformation
to more posterior structures, Dff2R)erix/Df(2R)trix >
Df(2R)trix/Asx5 > Asx /Asx’, indicating that Asx” is
hypomorphic mutation. Similar genotypes derived from
Df(2R )trix/Asx5 oocytes achieved by means of pole-cell
transplantatiton display more severe transformation than
their counterparts above derived from mothers carrying
one dose of Asx * {Breen and Duncan). In double mutant
combinations with Pcl, Psc, or Scm shows strong poste-
rior transformation of all segments and failure of head

involution. The presence of BXC * required for expres-
sion of phenotype.

allele origin  discoverer synonym ref ®  comments

Asx ; EMS Asx IF 3

Asx 3 EMS Asx ET21 3

Asx p X ray AsxXT129 3

Asx HD Asx P2 2,3  recovered as dominant

o

allele origin  discoverer synonym ref comments
enhancer of Pc
Asx 5 EMS Duncan Asx DI 1 recovered as
suppressor of Pc
Asx 6 yrays  Tiong, 1982 Asx TI T(2,3)

®*  J=Breen and Duncan, 1986, Dev. Biol. 118: 442-56 (fig.);

2=Dura, Brock, and Santamaria, 1985, Mol. Gen. Genet.
198: 213-20; 3 = Jiirgens, 1985, Nature 316: 153-55.

cytology: Placed in S1A1-B4 based on its being deleted by
both  Df(2R)trix =  Df(2R)51A2-4;51B3-6  and
Df(2R)L+48 = Df(2R)51A1,;51B4.

Asy: see A-p
Asymmetric: see A-p
*at: arctus oculus

location: 2-60.1.

origin: Spontaneous.

discoverer: Femandez Gianotti, 42g28.

synonym: bar eye; arctops.

references: 1943, DIS 17: 48.
1944, DIS 18: 45.
1945, Rev. Inst. Genet. Fac. Agron. Vet. Univ. Buenos
Aires 2(14): 171-77.
1948, DIS 22: 53.

phenotype: Eyes similar to B but with more facets.
Classification, fertility, and viability excellent. RK1.

Al: Attenuated

location: 1- (in the B region).

origin: Induced with soft X rays in In(1)sc SILoo 8R a1 -49,
st sc® B; associated with loss of B phenotype.

discoverer: Valencia and Valencia, 1949.

references: 1949, DIS 23: 64.

phenotype: In A¢/ + females, wings incised medially and
laterally, usually have one large central blister. A#/ At
females have badly crumpled, blistered, and sometimes
poorly developed wings. Wings of Ar males tend to be
more like those of At/ + females, although many fall
somewhere between A#/ + and A#/ At in phenotype. Thus
there is evidence for only a slight dosage compensation
for Ar. This mutant is similar to some Beadex alleles, but
allelism not tested. Both males and homozygous females
viable and fertile. RK1A.

cytology: Associated with In(1)At = In(1)16A4-5;18C4-
6,20A2-3.

Ata: Arista

location: Not located.

origin: X ray induced.

discoverer: Krivshenko, 1949.

synonym: Af (symbol preoccupied).

references: 1954, DIS 28: 74-75.
1955, DIS 29: 73.

phenotype: Lateral branches of aristae reduced, especially
branches extending upward from central axis and situated
at base of arista. Axis of arista often abnormal. Wings
have small transparent spots distally. Homozygous
lethal. Heterozygous viability and fertility comparatively
high. RK2A.

cytology: Associated with T(2,;3)Ata = T(2;3)40,66F-67A
+ T(2;3)47:81.

athrin: see Act88F

atn . see ems
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Atpo: (Na* + K*) ATPase o subunit from nuclear cycle 9 onward. Multiple spindles assemble
location: 3-{70}. in long arrays with shared centrosomes. Polyploid nuclei
references: Lebovitz, Takeyasu, and Fambrough, 1989, develop with multiple centrosomes. Larval mitosis not

EMBOJ. 8: 193-202. investigated (Glover and Niisslein-Volhard).
phenotype: Structural gene for the e or catalytic subunit of alleles: Three ethyl-methanesulfonate-induced  alleles,
Na® K* ATPase (ouabain sensitive). Immunofiuore- aur! , aur 2, and aur > recovered as 074, 175, and 287.
scence microscopy with a monoclonal antibody demon- cytology: Placed in 87A7-B2 based on inclusion in the
strates high concentrations of A TPase in adult muscle, region of overlap of Df{3R)E229 = Df(3R)86F6-7,87B1-
nervous tissue, and Malpighian tubules; strong immuno- 2 and Df{3R)kar-D1 = Df{3R)87A7-8;87D1-2.

fluorescence observed in brain, optic lobes, photoreceptor
cells of retina, and ventral thoracic neuromere. Flies
heterozygous for Dfi3R)rI-G6 which lacks Atpa, are
sluggish and less tolerant of physical stress than normal.

cytology: Placed in 93B by in situ hybridization. Included
in Df{3R)r1-G6 = Df{3R)93A2-B1;93E-F.

molecular biology: cDNA clones isolated by probing a
late-pupal and six-hour embryonic cDNA libraries with
probes from the homologous gene from chicken. All tis-
sues and all stages tested produce three homologous tran-
scripts of 3.6, 3.8, and 4.8 kb, with the 4.8-kb species

*aw: awry

location: 1-32 (not allelic to wy).

origin: Induced by ingested radiophosphorus.

discoverer: Bateman, 1949.

references: 1950, DIS 24: 54.
1951, DIS 25: 77.

phenotype: Wings upcurled, slightly wavy, convex,
opaque, or vestigial-like. Variable; overlaps wild type.
Viability about 50% wild type. Not enhanced in presence
of y, as is dvr (1-28.1). RK3.

being the most abundant, except in the adult thorax where *aw-b: awry-b

all are equally abundant. The sequence reveals an open location: 1-38 to 39.

reading frame encoding a polypeptide of 1038 amino origin: Induced by ingested radiophosphorus.
acids; the conceptual sequence is 75-80% homologous to discoverer: Bateman, 1950.

other a subunits. Genomic clones contain more than 10 synonym: aw °.

kb of intron sequence. references: 1950, DIS 24: 54.

1951, DIS 25: 77.
phenotype: Like aw. Good expression at 25°. Viability
ats: abnormal tarsi 10% that of wild type. Most males fail to eclose. RK3.

location: 3- (not localized). . .
C . . . awd: abnormal wing disc (A. Shearn)
origin: Spontaneous in a third chromosome carrying three location: 3-102.9 (based on mapping of awd K)‘

non-overlapping paracentric inversions. igin: P .
references: Sierra and Comendador, 1984, DIS 60: 244- oro'lgm. mutagenesis.
discoverer: Dearolf, 1983.

45(fig.)
ape 1 ferences: Dearolf, Hersperger, and Shearn, 1988, Dev.
type: i t t f tar- re ; perger, ’ ’
phenotype: Homozygotes exhibit different degrees of tar iol. 129: 159-68.

sal aplasia; most frequently second, third, and fourth tar- . . .
sal joints missing; less frequently the fifth tarsal joint Df;;)lt;, 6?17%0“1%, Biges, and Sheamn, 1988, Dev. Biol.

arises from tibia; often a rudimentary tarsal appendage . . :
arises from tibia or the fifth tarsal joint. Homozygous Biggs, Tripoulas, Hersperger, Dearolf, and Shearn, 1988,
Genes Dev. 2: 1333-43.

males and females sterile. Adult and preadult survival henotype: H tes die in late third larval i ]
reduced; more than 50% of imagos die during the first phenotyp: - omo.z ygoles die in ate thir arv Instar;
wing discs variably hypoplastic; other discs appear

day. grossly normal. Trypan blue staining reveals cell death
Attenuated: sce At in wing disc, either in area of presumptive wing blade, or
scattered throughout disc; other discs reveal lesser
amounts of cell death later in development than in wing
discs. Extensive lipid vacuolization in larval ventral gan-
glion, brain lobes, and proventriculus. Mutant discs exhi-
bit slow growth when transplanted into wild-type hosts;
normal discs in mutant hosts grow normally. Metamor-
phosis of eye-antennal, wing, and leg discs when tran-
splanted into normal larvae severely restricted; few or no
adult structures develop; mutant ovaries do not survive
transplantation to wild-type hosts; however, transplanted

atrophie gonadique: sce agq

aub: aubergine (T. Schipbach)

location: 2-39.

origin: Induced by ethyl methanesulfonate.

references: Schiipbach and Wieschaus.

phenotype: Female sterile; homozygous females lay eggs
which are of variable shapes; in the most extreme cases,
the eggs are longer than the normal, more pointed at the
posterior end, and lack dorsal appendages, resembling
eggs produced by the dominant female-sterile mutation
Fs(2)G.

oc 1 AHN HN awd pole cells capable of producing both awd/+ and

alleles: aub ™" = aub ", aub aub . awd/awd progeny. Epidermal clones nearly lethal and

augenwulst: see awu with thin, short, bent bristles and hairs when induced

. early; survive in reduced numbers and size when induced
aur: aurora late. .

location: 3-53.

synonym: early-A; friihe2.

references: Tearle and Niisslein-Volhard, 1987, DIS
66: 209-26.

phenotype: Maternal-effect lethal. Embryos abnormal

alleles: Five P-induced alleles and twelve revertants of
awd & reported but only a subset of them identified in
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publications; some revertants listed under Df{3Rjawd.

allele origin discoverer synonym  ref % comments

awdb3 P Dearolf, 1983 2,3 amorphic allele
P element in exon 1

awd K Sturtevant, 54a Kpn 1,4, 5, Killer of prune;

s description follows

awd Kvi4 yray Biggs awd KRI4 hypomorph; lesion
in 5’ untranslated
region; 20% normal
protein

awd Krv17 yray Biggs awd 71 08kb deletion;
mutates awd and
adjacent downstream
gene

o

1 = Biggs, Tripoulas, Hersperger, Dearolf, and Shearn, 1988, Genes
Dev. 2: 1333-43; 2 = Dearolf, Hersperger, and Sheam, 1988, Dev.
Biol. 129: 159-68; 3 = Dearolf, Tripoulas, Biggs, and Shearn, 1988,
Dev. Biol. 129: 169-78; 4= Orevi and Falk, 1974, Arch. Genet.
47: 172-83; 5 = Orevi and Falk, 1974, Mutat. Res. 33: 193-200; 6 =
Sturtevant, 1955, DIS 29: 75; 7= Sturtevant, 1956, Genetics
41: 118-23.

cytology: Placed in 100C-D by in situ hybridization.

molecular biology: Locus cloned by transposon tagging
and restriction mapped. 850 base pair transcript detected
by northern analysis. Rescue of mutant phenotype
achieved by germ-line transformation. Transcript
detected by northern analysis, abundantly in larval and
less abundantly in adult tissues as well as in cultured
cells. Sequencing shows exon 1 = ~130 nucleotides,
intron 1 = ~250 nucleotides, and exon 3 = ~300 nucleo-
tides. Sequence determined by Biggs et al. indicates a
protein of 153 amino acid residues and 16-17 kd in
molecular weight.  Gel-filtration experiments of
embryonic extracts indicate that the AWD protein is
present in cells in a 100 kd species. The conceptual
amino acid sequence shows 78% identity and 95% simi-
larity to that of the human metastasis inhibiting factor,
NM23 (Rosengard, Krutzsch, Shearn, Biggs, Barker,
Inger, Margulies, King, Liotta, and Steeg, 1989, Nature
342: 177-80). Both sequence and activity (Shearn) indi-
cate that the protein is a nucleoside diphosphate kinase.

awdX

phenotype: An antimorphic allele; no phenotypic effects,
either when homozygous or heterozygous; however, it is
a dominant conditional lethal, which is lethal in combina-
tion with pn, i.e., pn/Y; awd K/+ males or pnipn; awd K+
females. awd ™ does not interact with any other eye-
color mutant. Interacts lethally with all standard alleles
of pn tested; however, pn " insensitive to awd X at per-
missive temperatures, whereas nine other temperature-
sensitive alleles of pn are insensitive under all conditions.
Lethal phase of pn;awd K genotypes begins in early
second larval instar and lasts until after the time that nor-
mal larvae pupate. Using pn®, the temperature-
sensitive period of the pn component of the lethal interac-
tion determined to begin in second instar and last until
eclosion. pn;awd K sons of pn mothers appear to die ear-
lier than those of pn/+ mothers, suggesting a maternal
effect of pn+, which is revealed in the presence of awd K
(Hackstein, 1971, Mol. Gen. Genet. 111: 371-76). Fate
mapping in pn//pn/+;awd K+ gynandromorphs places
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the focus of the lethal interaction in the midventral part of
the blastoderm, not a focus of pteridine biosynthesis.
awd® eye disks transplanted into pn hosts develop auto-
nomously as do the reciprocal transplants (Grell, 1958,
DIS 32: 123-24). The levels of awd transcript are nor-
mal in (1) pn, (2) awd %/+, and (3) pn;awd X/+ flies;
however, only the first two genotypes accumulate normal
levels of the AWD polypeptide, the last having little or
none, despite the presence of one copy of awd”.
pn;awd K+ larvae die in early third instar, whereas those
that are pn;awd K/ +/+ die at the end of L3.

other information: Allelism of awdX demonstrated by
two observations. First induced revertants of awd X, as
recovered on the basis of their failure to interact lethally
with pn, are lethal in all pairwise combinations (Lifschytz
and Falk, 1969, Genetics 62: 353-58) and in combination
with awd?. Second transformants carrying an awd
homologous sequence isolated from homozygous awd
DNA are able to rescue awd lethality and are able to
kill pn in the presence of homozygous awd”® (Biggs et
al.).

awry: see aw
awu: augenwulst

location: 2-53.7 (based on mapping of awu 2 by Carfagna
and Melen).

origin: Spontaneous.

discoverer: Rosin, 1951.

references: Volkart, 1959, DIS 33: 100.

phenotype: Eyes deformed; in most extreme expression,
deeply indented at middle of anterior margin where inva-
ginating integument forms a pad-like swelling with bris-
tles. Expression variable, often asymmetrical. Overlaps
wild type. Heterozygote occasionally has minor effects.
Good viability. RK3.

alleles: *awu ! awu 2, spontaneous (1971, Carfagna and
Melen, DIS 47: 38). Shows more dominance than awu.

Ax: see under N
Axs: Aberrant X segregation

(A.E. Zitron and S. Hawley)

location: 1-56 (not separated from f in 80 recombinants
between v and car).

origin: Induced by ethyl methanesulfonate.

references: Zitron, and Hawley, 1989,

122: 801-21.

phenotype: Dominant meiotic mutant that affects distribu-
tive pairing; disrupts meiotic segregation of non-
exchange chromosomes in females. Has no effect on the
frequency of exchange. Loss of function mutation at a
dosage sensitive locus; Axs ' duplication can rescue
mutation in trans. Specific to female meiosis. In
Axs/Axs/'Y females, X-chromosomes nondisjunction is
accompanied by random disjunction of the Y rather than
directed disjunction from the X’s as observed in +/+/Y
females. Axs homozygotes increase X nondisjunction
many fold; parallel but lesser effects observed on auto-
somal disjunction.

cytology: Associated with a small chromosome aberration
at 15D1.

Genetics
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b: black (M Ashburner) allele origin discoverer ref ¢ cytology
location: 2-48.5. 7601
phenotype: Black pigment on body and tarsi and along :7592 Y:ZV 2::"2::2: j
wing veins. Reflectance of cuticle 40% that of wild type p 7638 z rai Ale;n drov ]
(Pedersen, 1982, Carlsberg Res. Comm. 47: 391-400). b7 D+ Yray  Alexandrov I
Heterozygote somewhat darker than wild type, especially b ;gg actin-D +yray  Alexandrov I
on trident, but never confused with homozygote. Body bogky 2tnD+ymy  Alexandroy 1
color darker at low temperature (Sherald, 1981, Mol. :76k2 :Z:::g:z:z :i:izgizz j
Gen. Genet. 183: 102-06). Puparium lighter than wild 7781 in-D+yray  Alexandrov ]
type. Not easily classified in newly emerged flies (Wad- p7782 actin-D+Yray  Alexandrov 1
dington, 1941, Proc. Zool. Soc. London Ser. A. 7783 winD+yrmy Aleandov
111: 173-80). Tyrosinase formed in adult flies :77,5 2222'23 : z:i zizzm j
(Horowitz). Fails to synthesize beta-alanine (Hodgetts, 77 Yray' Alexandrov !
1972, J. Insect Physiol. 18: 937-47), and feeding or p771X y oy 3 mencyL R Roi
injection of beta-alanine to b produces normal phenotype b ;;g: X ray 3 eyt R Roi
[acobs, 1974, J. Insect Physiol. 20: 859-66; Hodgetts, 277:49 ::g ;
Hodgetts and Choi, 1974, Nature (London) 252: 710- b775X X
11]. Also corrected by feeding 6-azauracil (Pedersen, 781 pEoy Detwiler 3
1982, Hereditas 97: 329); feeding 6-azathymine pro- p788 Alexandrov !
duces weak b phenocopy which is suppressed by Su(b) b;g’,; NaF + yray Alexandrov 1
(Pedersen). ERG normal [Hotta and Benzer, 1969, :mg I’j:i N z::g 2;:;‘:33;2: j
Nature (London) 22: 354-56]. Puparial case structurally p78k1  \p, yray Alexandrov ]
abnormal with wide, diffuse, exocuticular lamellae and 782 b iyray Alexandrov I
indistinct endocuticular fibrils (Jacobs, 1978, Insect b ;Z:Z NaF + yray Alexandrov 1
Biochem. 8: 37-41). Pupae UV sensitive (Jacobs 1978). : 20k ;Ialljx» Yray ziexang:ov j
Suppressed by su(b) (Sherald, 1981, Mol Genet, p79%1 o oY Aoy .
181: 102-106) and Su(b) (Pedersen); enhanced by sp p7982 (1 esMevn Alexandrov 1
(Gubb) and su(r) (Pedersen). su(r) su(b) b is enhanced b;g:; yray Alexandrov 1
black; su(r) b not enhanced by feeding 6-azauracil b 79d2 0.85 MeV n Alexandrov 1
(Pedersen).  Possibly structural gene for beta- :79d4 gl;SyMeV N zizixiz“: j
ureidopropionase (EC 3.5.1.6; Sherald). RK! in aged p7995 [ ecMevn Alexandroy I In2L34D4;
flies. .
alleles: b 79dé 0.85 MeV n + yray Alexandrov 1 ;‘?5{3?3;(:;8;
allele origin discoverer ref * cytology ;ZIC) tgift:x '398 2
p! . M 1910 4.5.7.8 b ;g:foﬁ 0.85 MeV n + yray Alexandrov 1
+p 14028 :::t Br?;i:rs], ! '7 ’ b 76dt1 0.85 MeV n + yray Alexandrov 1
b 18¢27 spont Wallace 7 :7 0dt3 0.35MeVn Alexandrov j
*b 23b2 spont L.V. Morgan 7 b 79df2 yray Alexani:ov ]
*b g;b 5 spont L.V. Morgan 7 p 7992 z:i :::: drz: ]
:: 3ag z};’z:z g?:;t;ski ; p7%h1 . Alexandrov I Tp(2:2)34D2-4;
36t Nichols-Skoog, 11 jjl-)li-tfil;
39 36f1 b 78h2 yray Alexandrov 1 ’
b 39 spont Glass, 3922 7.9 b 79h3 yray Alexandrov I
‘b 40c spont Bryson. 7 p 80c1 yray Harrington
b spont ?:‘azvz::;o 6.7 b gg:_’; yray Angel 3 IneLp80e2
a0cls :80i3 rray armington
p3%dB  yy Meyer, 50d 8, 12 J801 I e o 13CAL?
b :;:B uv Meyer, 51f 8,12 p 8012 z:i Hg:gzz: )
: 66h Y ray Alexandrov 1 b gg:; yray Harr?ngton
b7kl .y Alexandrov 1 Tp(2:2)34D2-4; :80!1 Yray Harrington )
Y ray Angel Ip(2,2)Sco
J4D8-EL; o bng yray Angel Tp(2,2)Sco
p7tR2 Alexandzor et b818 oy Alexandrov I Tp(2:2)34D24;
b ;::i caffeine + y ray Alexandrov 1 jjgi;i] ;ethal
brivs Sl Mewim bEE g i
p74c2 caffeine +y ray Alexandrov 1 81c2 o Yevn Alexan d M I
b 74c4 caffeine + y ray Alexandrov 1 b 81c¢17 yray Alexan d:ov I}
p74c5 caffeine + yray Alexandrov 1 81dt yray exancrov
p 7402 caffeine + yray Alexandrov 1 b 81113 Gubb Y0 +
b 7404 caffeine +yray Alexandrov 1 vray v Dy (2:2)34D3;
b7 4d6 caffeine + y ray Alexandrov 1 35p 82‘ ’
p75a Y ray Alexandrov 1 pbir2 ra Gubb cvo
b7 Ems 2 81188 Ny Alexandr I oo
b 76b1 caffeine + y ray Alexandrov 1 e exandrov 3';(19 y é ’
b 76b2 caffeine + y ray Alexandrov 1 b 81h2 y ray Gubb Cyo
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B:

allele origin discoverer ref & cytology
b 81k 8 yray Alexandrov 1
8112 Y ray Durrant In(2L)Gla
p81M7 oy Alexandrov | In(2L)34D2-4;
40F ; lethal
b 81140 Yray Alexandrov 1
b 81142 Y ray Alexandrov 1 lethal
bb2at Yray Harrington
pb82e1 o Harrington In(2LR)Gla
b 62c3 52 o fissionn  Alexandrov 1
62c7 252 ¢ fissionn  Alexandrov 1
b 62c16 252 Cf fissionn  Alexandrov 1
b 62c44 252 Cf fissionn  Alexandrov 1 In(2L)34D4;
40F ; homozygous
sterile
b 62c54 252 Cf fissionn  Alexandrov 1 homozygous sterile
b 83b1 Yray Alexandrov 1 homozygous sterile
b 8302 Y ray Alexandrov 1 In(2L)34D4;
35B10; lethal
b 63640 yray Alexandrov 1
b 83c20 yray Alexandrov 1
b 83c25 yray Alexandrov 1
b 83c26 Yray Alexandrov 1
b 83¢c35a Yray Alexandrov 1 homozygous sterile
b 83c35b Yray Alexandrov 1
b 83c36 Y ray Alexandrov 1
83c47 yzra Alexandrov 1 homozygous sterile
b 83d29b 25 Cf fissionn  Alexandrov 1
b 63d35 Cffissionn  Alexandrov 1
b 83d36 252 Cf fissionn  Alexandrov 1
b a3t17 yray Alexandrov 1
b o3t18 yray Alexandrov 1
b 83f51 yray Alexandrov 1
b 63f52 Y ray Alexandrov 1
b 831XD X ray Alexandrov 1
b 83l 0.7 MeVn Alexandrov 1
b 84b1 Yra Harringtol
y ngton
b 84g X ray Alexandrov 1
b 84h34 X ray Alexandrov 1
b 84h40 X ray Alexandrov 1
b 84h70 yray Alexandrov 1
b 8563 Yray Alexandrov 1
b 85b4 yray Alexandrov 1
5862 (g5Mevn Alexandrov I T(2:3)34C7-DI;
34E1-2;
95C4-DI;
homozygous sterile
b 85¢3 0.85MeV n Alexandrov 1
5457 Ems Sherald
b A53 EMS Sherald
b A54 EMS Sherald
b AS5 EMS Sherald
b De spont Goldschmidt, 10
1945
o

o ;-2 ™

1 = Alexandrov and Alexandrova, 1986, DIS 63: 159-61; 2 = Ash-
bumer, Faithfull, Littlewood, Richards, Smith, Velissariou, and
Woodruff, 1980, DIS 55: 193-95; 3 = Ashburner, Angel, Detwiler,
Faithfull, Gubb, Harrington, Littlewood, Tsubota, Velissariou, and
Walker, 1981, DIS 56: 186-91; 4 = Ashbumer, Aaron, and Tsubota,
1982, Genetics 102: 421-35; 5 = Bridges and Morgan, 1919, Carne-
gie Inst. Washington Publ. No. 278: 144 (fig.); 6 =Buzzati-
Traverso, 1940, DIS 13: 49; 7=CP552; 8=CP627; 9= Glass,
1939, DIS 12: 47; 10 = Goldschmidt, 1945, Univ. Calif. Berkeley
Publ. Zool. 49: 504-20; II = Nichols-Skoog, 1937, DIS 7: 60;
12 = Meyer and Edmonson, 1951, DIS 25: 71.

Lighter than b . .

Diepoxyoctane.

Induced simultaneously with rk 8ifz .

Synonym = 57 ; homozygous lethal, said to be associated with
Df(2L)35C,;35D, but this was almost certainly a misinterpretation of
ectopic pairing (Ashbumer).

cytology: Placed in region 34D4-6 (Ashburner).

see

Tyr2
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B: Bar
location: 1-57.0.
origin: Spontaneous in a female.
discoverer: Tice, 13b.
references: 1914, Biol. Bull. 26: 221-30 (fig.).

Morgan and Bridges, 1916, Camegie Inst. Washington
Publ. No. 237: 66 (fig.).

Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.
2: 29-33.

phenotype: Eye restricted to narrow vertical bar of about

90 facets in the male and 70 facets in the female, as con-
trasted with normal numbers of about 740 for males and
780 for females [Sturtevant, 1925, Genetics 10: 117-47
(fig.)]. Homozygous female fully viable. B/+ female has
about 360 facets and shows indentation terminating in
horizontal fissure on anterior margin of eye, producing a
kidney-shaped eye. B/B and B/+ completely separable
from wild type; in some genetic backgrounds, B/ B over-
laps B/+ slightly. Classifiable in single dose in triploids
by slight anterior nick in eye (Schultz, 1934, DIS 1: 55);
is useful in the recognition of triploids. Variegated posi-
tion effect derivatives of B 5(BY) exhibit nonmutant
phenotypes in XY males but narrow eyes in XYY males;
other enhancers of variegation, M(2)SI10 and E(var)7,
also shift phenotype toward normal (Brosseau, 1960,
Genetics 45: 979). Eyes of female heterozygous for a
deficiency for B and a normal X are normal (Sutton,
1943, Genetics 28: 97-107). Log of facet number
inversely proportional to temperature of development
(Hersh, 1930, J. Exp. Zool. 57: 283-306).
Nonautonomous over short distances (Sturtevant,
1932, Proc. Intern. Congr. Genet., 6th, Vol. 1: 304-7).
Facet development enhanced in organ culture by addition
of wild type cephalic complexes [Kuroda and Yamagu-
chi, 1956, Jpn. J. Genet. 31: 97-102 (fig.)]. Disc size
reduced; morphogenetic furrow absent; deep cleft at ante-
rior margin of preommatidial cell clusters. Only four to
five rows of clusters. Those at cleft edge look mature
(Renfranz and Benzer, 1989, Dev. Biol. 136: 411-29).
Cell death observed in anterior presumptive
ommatidium-forming region of eye disc [D. Fristrom,
1969, Mol. Gen. Genet. 103: 363-79; 1972, Mol. Gen.
Genet. 115: 10-18; Michinomae and Kaji, 1973, Jpn. J.
Genet. 49: 353-71 (fig.); Michinomae, 1974, Jpn. J.
Genet. 49: 353-71; 1976, Jpn. J. Genet. 51: 315-26
(fig.)]; high acid phosphatase levels characteristic of lipo-
somal activity seen at same time (Michinomae, 1974,
1976). Reduction in facet number, increase in acid phos-
phatase activity, and cell death inhibited in larvae grown
on medium supplemented with acetamide or lactamide
(Kaji, 1954, Annot. Zool. Jpn. 27: 194-200; Fristrom,
1972; Michinomae and Kaji, 1973; Michinomae, 1974,
1976). Double amides more effective than single
(DeMarinis and Sheibley, 1968, DIS 43: 138). Facet
development responds strongly to environmental factors
around 60 hr after oviposition (Luce, Quastler, and
Chase, 1951, Genetics 36: 488-99). Pigmented but non-
faceted part of eye shows retinulae and dioptic apparatus
lacking, but rudimentary ommatidia present, consisting of
hypertrophied accessory cells (Wolsky and Huxley, 1936,
Proc. Zool. Soc. London 485-89). Introduction of B into a
strain of flies characterized by jumping in response to a
sudden decrease in light intensity nearly eliminates
response; response rescued by increasing facet number



GENES

allele origin ref o phenotype cytology &
chromosome treatment eye B viability ¥
B 3 B spont 6,7 <B +
‘B ; b B spont 6,7 <B +
B BB spont 6,7 <B +
B 36‘:’ B spont 6,7 >B +
‘B 36f + spont 6,7 <B +
g 469 + X ray 7 <B + T(1;2)I5F-16A1;338 +
In(1)sc
g8 + X ray 7 >B + T(1:3)I6A:88F
B gz; 5 + X ray 3 <B + T(1:4)15F ;101
*, = .
‘g 26914 B i::i ) + DfI6AI-7;1743-4
p263-20 B X ray 6 + 3 Df1)ISF9-16A1;16A7-B1
+pg263-24 Big! X ray 6 + ) Tp(1:1)10C1-2;12E1-2;16A5-6
+p 263-28 BiB! X ray 6,7 <B + Deletes one 16A7-16A1
Junction
+g 263-34 B'B! X ray 6,7 + - no change
+p263-38 B'B! X ray 6.7 + - no change
+g 263-43 B'B! X ray 6 + + +
‘B 263-46 B X ray 6 + + +
+g 263-47 + X ray 6.7 B + In(1)16A2-4:2042-3
»g 263-48 + X ray 6.7 <B + Tp(1;1)3E2-3;1SF9-16A1,20A2-3
+p 263-49 BB X ray 6,7 BBto + + no change
+p 263-51 BB X ray 6,7 + + no change
gbd + X ray 6.7 <B + T(1;2)16A1-2,48C2-3 +
DG I(2RMIAM4TA
B + X ray 6,7 - T(1,24,;15F-16A,20,40,41
B I B spont 6,7 <B + no change
+g 140b BB spont 6,7 <B + no change
* '_67 b FM6 spont 8 <B + no change
‘B i67f FM6 spont 8 <B + no change
gM! + X ray 6,7 <B + In(1)16A2-5;20A3-B
gM2 + X ray 6,7 <B + In(1)16A2-520E
g par B X ray 6,7 <B +
8’ + X ray 2 + +
‘B R B X ray 7 >B
sgrev-1 B X ray 6,7 + + no change
sgrev-2 B X ray 6 + + In(1)3F8-4A1;16A2-4
+g rev-3 B X ray 6 + + In(1)I6A6-A1;20A4-5
BS B X ray 6,7 >B + T(1:4)16A7-Al 102F
BS3i B X ray 7 >B + Tp(1:3)I6A7-B1;19-20,66B13-CI
B :’: T(1 ;%)B s spont 59 + + no change
B BYY X ray 1 <B

I = Brosseau, 1960, Genetics 45: 979 and the report of the Seattle-La Jolla Drosophila Laboratories, 1971, which appeared as an unbound supplement to DIS 47;

2 = Brosseau, 1967, DIS 42: 38; 3 = Brossean, 1969, DIS 44: 45; 5 = Childress, 1973, Mol. Gen. Genet. 121: 133-38; 6 = CP552; 7 = CP627; 8 = Kaplan,

1969, DIS 44: 45; 9 = Novitski, 1970, DIS 45: 87-88.

B The phenotype of females carrying the allele in heterozygous combination with +. <B = less extreme than B/+ ; >B = more extreme than B/+, etc.

o -2

through lactamide feeding during larval development
(Nakashima-Tanaka and Matsubara, 1980, Jpn. J. Genet.
55: 275-82). RK1A.

alleles: Derivatives of B with altered phenotypes, including

reversions to normal phenotype have been given allelic
designations. These derivatives are summarized in the
accompanying table. Unless otherwise indicated, fuller
descriptions are found in CP627. See table for allele
information.

cytology: Located in 16A1-2. Associated with Dp(1;1)B =
Dp(1;1)15F9-16A1;16A7-B1.

molecular biology: Region cloned by transposon tagging
from hybrid-dysgenesis-induced B reversion (Tsubota,
Rosenberg, Szostak, Rubin, and Schedl, 1989, Genetics
122: 881-90). Analysis of genomic DNA reveals pres-
ence of roo element at the junction between 16A7 and
16A1, indicating that original duplication may have
arisen by unequal recombination between roo elements
inserted at 16A1 and 16A7. Three hybrid-dysgenesis-
induced partial revertants have P-element inserts close to

65

Viability of males hemizygous and, where testable, of females homozygous for the allele. Where tested the lethal alleles are cell lethal in cuticular spots.
+ = loss of tandem duplication or triplication to produce normal sequence.

the junction as does B 3, Breakpoints of B, B MI, B MZ,

and B span a region of approximately 37 kb.

other information: Since B is a tandem duplication, B
homozygotes may give rise to a nonduplicated chromo-
some (reversal to normal phenotype) and a triplicated
chromosome (i.e., double Bar = BB) as reciprocal pro-
ducts of unequal crossing over (Sturtevant and Morgan,
1923, Science 57: 746-47; Gabay and Laughnan, 1973,
Genetics 75: 485-95). From successive unequal cross-
overs in attached X’s, Rapoport (1940, Zh. Obshch. Biol.
1: 235-70; 1941, DIS 15: 36-37) was able to accumulate
as many as 7 or 9 Bar regions in a single chromosome.
Bar is the first recorded instance of position effect.
Presumably results from the new band association
16A7-16A1 and can be reversed by rearrangements that
separate these bands. Also the first case of cis-trans posi-
tion effect, two 16A7-16A1 associations in the same
chromosome producing greater facet reduction than one
association in each of two homologous chromosomes.
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B: Bar
Left: heterozygous female. Right: hemizygous male. From
Sturtevant and Beadle, 1939. An Introduction to Genetics,
Saunders, p. 24.

B z . seeB R
b-17%818 . see tri
B2t: see TubB85D

ba: balloon

location: 2-107.4.

origin: Spontaneous.

discoverer: Morgan, 10k.

references: Marshall and Muller, 1917, J. Exp. Zool.
22: 457-70 (fig.).
Bridges and Morgan, 1919, Camegie Inst. Washington
Publ. No. 278: 148 (fig.).
Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.
2: 212 (fig.), 218.
Bridges, 1937, Cytologia (Tokyo), Fujii Jub., Vol
2: 745-55.

ba: balloon
From Bridges and Morgan, 1919, Carnegie Inst. Washington
Publ. No. 278: 148.

phenotype: Wings at first inflated with hemolymph to pro-
duce blisters and vesicles; venation weak, plexus like;
wings smaller, warped, discolored, and divergent. Effect
caused by inadequate contraction of epithelium after
inflated state of pupal wing [Waddington, 1940, J. Genet.
41: 75-139 (fig.)]. Sensitive to temperature. RK3 above
25°; RK2 at 19° or below.

alleles: *ba * (CP627).

cytology: Located in 60C5-D2 based on inclusion within
Dfi2R)Px = Df(2R)60B8-10;,60D1-2 and within
Df(2R)Px 22 Df(2R)60C5-6,60D9-10 (Bridges, 1937).
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other information: May be part of a pseudoallelic com-
plex with bs and Px.

ba’: see blo
ba* ¥ see blo
Ba: Brista
location: 2-107.8 (0.8 unit to right of sp).
synonym: DIl: Distal-less.
references: Sato, 1984, DIS 60: 180-82 (fig.)
Sunkel and Whittle, 1987, Wilhelm Roux’s Arch. Dev.
Biol. 196: 124-32.
Cohen and Jiirgens, 1989, EMBO J. 8: 2045-55.
phenotype: Null alleles are recessive embryonic lethals,
with dominant developmental defects of distal append-
ages. Lethal embryos lack certain sensilla, including
Keilin’s organs, and antennal, maxillary, labial, and
labral sense organs, all of which are thought to
correspond to vestiges of the distal sensilla of rudimen-
tary larval appendages. No other embryonic sensilla are
affected, nor are the neurons innervating the rudementary
apppendages detectably abnormal. In homozygous-
viable or pharate-adult-lethal hypomorphic alleles defects
are found in all appendages represented by the above lar-
val structures. Heterozygotes for lethal alleles are
characterized by transformations of distal antennal seg-
ments (i.e., All, Alll, and arista) to mesothoracic leg and
by variable loss of distal leg segments, depending on
severity of allele. Transformation in the case of Ba ! sen-
sitive to low-temperature pulses throughout larval
development, whereas the TSP for leg truncation is at end
of the third larval instar. Clones of homozygous Ba
cells incapable of contributing to any but the coxal seg-
ment of the legs, and for the most part, the first antennal
segment; in the relatively infrequent cases, in which Ba~
clones involve distal antennal segments, Ba  portions,
which always include at least the arista, are absent, and
Ba* portions develop normally indicating cellular auton-

omy.

alleles:

allele origin discoverer synonym  ref ® comments B

Ba' yray Whittle 2,3,6 cold sensitive allele

“Ba® EMS Sunkel 6

Ba® EMS Sunkel 6 recessive pharate-adult lethal
Ba® EMS Tiong, 1983 36

Ba® 2

Ba’ 2

Ba® 2

Ba® spont Sato Ba" 2,5, 6 recessive; homozygous viable
Ba' HD  Adler E(Arp) 1,2,3 8-kb insert in 13-kb intron at

~ 120 + P insert distal

to transcription unit at 30 kb;

recovered as enhancer of Arp
Art’,Ba® 2,3,6 In(2LR)48E-F;60ES-6; break

at~115kp ¥

Ba' Xray Botas

Ba'? EMS Kennison Ba®’ 4
Ba® Gelbart  Ba® 2,3 Tp(2:3)52E:60E;81 break
at~ 100to 110 kb

Ba' spont Bussey anto, Ba™® 2

Ba' yray Jirgens  Ba’ 2,3,6 T(2:3)60E5-6:64B12-C12;
break at ~ lOSé(b; 3710 putative
coding region

Ba' HD Posakony Ba’ 2 insertof ?7at~ 125kb

Ba'’ Ba*Y 2,3 ~ 6kbdeletion around ~ 120 kb;

removes middle exon
Art' Ba¥ 2,36 T(1,2)3C3-7,60ES5-6; break
at~ 120 kb

Ba™ spont Williams



allele origin discoverer synonym ref a commentsB

® /= Brunk and Adler, 1990, Genetics 124: 145-56; 2= Cohen,
Bronner, Kiittner, Jirgens, and Jackle, 1989, Nature 338: 432-34;
3 = Cohen and Jiirgens, 1989, EMBO J. 8: 2045-55; 4 = Kennison
and Tamkun, 1988, Proc. Nat. Acad. Sci. USA 85: 8136-40; 5 =
Sato, 1984, DIS 60: 180-82; 6 = Sunkel and Whittle, 1987, Wilhelm
Roux’s Arch. Dev. Biol. 196: 124-32.

B Coordinates estimated from figure of Cohen ez al.; origin undefined;
positive values extend to left.

T Differs from other tested alleles in showing some dominance in

combination with two + alleles.

Differs from other tested alleles in being embryonic rather than

pupal lethal in combination with Ba 3 and Ba®.

cytology: Placed in 60E5-6 based on its inclusion in
Df(2R)Ba = Df{2R)60E3;60E6 and on common break-
points of Ba rearrangements.

molecular biology: Region isolated in a chromosome walk
of 180 kb (Cohen, Jiirgens, and Jackle, 1989, Nature
338: 432-34). Ba lesions extend over a region of 38 kb.
A single transcription unit detected that is homologous to
transcripts of ~2.5 and ~3.4 kb which hybridize to restric-
tion fragments extending over 25 kb of genomic
sequence; three exons identified; sequence of genomic
fragments hybridizing transcript indicate the presence of
a putative homeodomain that is interrupted by an intron
between residues 44 and 45 as is the homeodomain of
lab.

Ba’

phenotype: Homozygous lethal; dies in first instar and has
normal morphology. Heterozygote shows antenna-to-leg
transformation; entire arista and part of third antennal
segment transformed to distal metathoracic leg structures.
Expression temperature sensitive; transformation com-
plete at 19°; phenotype normal at 29°. Ba/Df{2R)Ba4
shows abnormal segmentation both dorsally and ventrally
and loss of head structures; antennal, maxillary, and
labial segments affected. "H" piece malformed or absent
as are Keilin’s organs in all three thoracic segments.
Recessive to two doses of 60D-F.

Ba’®
phenotype: Ba 34 wild type; Ba *Bal fail to eclose;
pharate adults lack third antennal segment; second seg-
ment transformed to leg; distal arista normal. Legs lack
all structures distal to tibiae; tibiae enlarge and bear ecto-
pic bristles; no remaining leg bristles are bracted.

5
Ba

phenotype: Ba 3+ like Ba'/+. Ba’/Ba’ and Ba>/Ba’
are late embryonic lethals; show loss of antennae, maxil-
lary, and labial sense organs, as well as the "H" piece and
Keilin’s organs from all three thoracic segments. Occa-
sional abnormalities in setal bands of segments posterior
to prothorax; setal bands or spinules may be deleted or
adjacent bands fused. Posterior end of larva normal.

Ba’®
phenotype: Recessive allele. Homozygotes show partial
transformation of antennae to legs as well as deletions of
some leg structures. Tarsal tissue, sometimes including
claws, develops in place of arista and part of third anten-
nal segment. Third segment usually contains patchwork
of incompletely differentiated leg tissue; first and second
segments normal. Leg effects distal to mid tibia; legs
proximal to mid tibia normal. In extreme cases number
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of tarsal segments reduced to two or three; basitarsus and
distal tibia may be missing; in most extreme cases claws
may also be missing. In the case of mild expression
abnormal bristle patterns, including polarity reversal,
occur around basitarsus-tibia joint, where there may also
develop cuticular hyperplasia. Penetrance greater in
females than males, in antennae than legs, and in
metathoracic than other legs. Ba 1Ba™ die as pharate
adults with extreme malformations of antennae and legs.

Ba 12
phenotype: Ba 2,, wild type; recessive lethal. Heterozy-
gote exhibits nearly complete suppression of extra-sex-
combs phenotype of Pc¢ Ut

bab: see y’®

Bag: see Bg

bag of marbles: sec bam
Baksa: see Fs(3)Sz3
*bal: bandy legged

location: 2- (not located).

origin: Spontaneous.

discoverer: Stréher, 1958.

references: Mainx, 1958, DIS 32: 82.

phenotype: Legs extremely shortened and crippled. All
parts of legs from femur to tarsi shortened, broadened,
and irregularly curved. Deformities most extreme in
metathoracic legs. Movement unsteady and tottering.
Manifestation increased by selection. Viability poor,
especially in males; fertility good. RK2.

bald: see ra’
balding: see bd
bald: sce bid
baldhead: see bh
ballet: sec bit
balloon: see ba
Balloon: see Bb
balloon wing : see bs’

bam: bag of marbles

location: 3-{85}.

origin: Hybrid dysgenesis.

references: Gonzilez, Molina, Casal, and Ripoll, 1989,
Genetics 123: 371-77.

genetics: Homozygous males and females sterile.

cytology: Placed in 96A-E based on its inclusion in

Df(3R)L16 = Df(3R)96A1,96E.

band: see bn

bandy legged: see bal
bang senseless: sec bss
bang sensitive: see bas
Bar: sce B

Bar + Bar: see BB

Bar double : see BB
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bar eye . see at

bar-3: see hh

Bar-infra double . see B ‘B!
Barlike eye: sec Ble

baroid: see B
barrel: see h"
Barsa: see Fs(2)Sz1

bas: bang sensitive (J.C. Hall)

location: 1-50.7 (based on 31 m — f recombinants).

origin: Induced by ethyl methanesulfonate.

references: Grigliatti, L. Hall, Rosenbluth, and Suzuki,

1973, Mol. Gen. Genet. 120: 107-14.

Ganetzky and Wu, 1982, Genetics 100: 597-614.

synonym: bas-A.

phenotype: Striking culture vial sharply on hard surface
immobilizes bas flies for 30-40 seconds. Rapid recovery
followed by refractory period of an hour. Suppressed by
nap* at permissive temperatures; at temperatures above
37.5° bas flies quickly paralyzed; no detectable physio-
logical abnormalities at neuromuscular junction in bas
larvae (Ganetsky and Wu). In experiments on photore-
ceptor function, recovery of prolonged depolarization aft-
erpotentials (induced by strong blue light) abnormally
slow following exposure to orange light (Homyk and
Pye, 1989, J. Neurogenet. 5: 37-48).

cytology: Included in  neither Dp(I;4)r*t =
Dp(1;4)13F;16A1-2 nor Df{1)sd72b = Df(1)I3F1-14Bi;
therefore bas to the left of 13F1. Placed in I2F by
Homyk.

other information: Jan and Jan (1978, Proc. Nat. Acad.
Sci. USA 75: 515-19) erroneously termed what is now
bss ' a bas allele.

bas-B: see bss
Bashed : see Mhc-m’
basket: sce bsk

bat: bat
location: 2-71.0.
discoverer: Bridges, 22j26.
synonym: ext-b: extended-b.
phenotype: Wings extended and bent backward. RK2.

*baton: baton
location: 2-52.
phenotype: Abdomen elongated with defective plates; eye
resembles L *. Extremely inviable; most homozygotes
die in larval and pupal stages, appearing as elongated
corpses. Heterozygote shows some eye effect. RK3.

baz: bazooka
location: 1-56.7.
origin: Induced by ethyl methanesulfonate.
references: Wieschaus, Nisslein-Volhard, and Jirgens,
1984, Wilhelm Roux’s Arch. Dev. Biol. 193: 296-307.
Wieschaus and Noell, 1986, Wilhelm Roux’s Arch. Dev.
Biol. 195: 63-73.
phenotype: Homozygous lethal, large dorsal and ventral
hole in embryo. Homozygous baz germ-line clones
undergo oogenesis, but the heterozygous progeny pro-
duced display major reductions in viability (Wieschaus
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and Noell).

alleles: Three alleles, baz I~ D9, baz? = K7, and baz’ =
I .

cytology: Placed in 14A1-BI, or 14EI-F6, or 15A6-16A2
based on its being covered by Dp(l:4)exd 82b =
Dp(1;4)14A1-2;14B5-18 + 14EI1-4;16A1-2 but not
included in Df{1)r-D17 = Df(1)14F6;15A6.

an extreme bobbed
Edith M. Wallace, unpublished.

bb: bobbed (K.D. Tartof and R.S. Hawley)

location: 1-66.0 (Bridges) and on YS (Stern, 1927; Cooper,
1959, Chromosoma 10: 535-88). Proximal to ks-/ and
ks-2 (Kennison, 1981, Genetics 98: 529-48).

origin: Many alleles. In laboratory stocks, bb mutants may
arise spontaneously or inadvertently while selecting for
mutagen-induced mutations at other loci. bb mutations
may be induced at high frequency by carcinogenic hydro-
carbons such as 7,12-dimethyl benz[o]anthracine
(DMBA) (Fahmy and Fahmy, 1969, Nature 224: 1328-
29; 1970, Mutat. Res. 9: 239-43) or multifunctional
alkylating agents such as triethylenemelamine (Tartof).
Mutations of the X chromosome bb locus may be
specifically induced genetically in four different ways.
First, alterations of the X chromosome bb locus may
occur bb in males or females carrying the aberrant chro-
mosome Ybb . These are high frequency (10‘2-10 '1)
events and may be observed as either stable reversions
from bb to bb * (magnification: Ritossa, 1968, Proc. Nat.
Acad. Sci. USA 60: 509-16; Komma and Endow, 1986,
Genetics 114: 859-74) or as mutations (10 -10 %) from
bb* to bb or from bb to bb' (reduction: Tartof, 1973,
Cold Spring Harbor Symp. Quant. Biol. 38: 491-500;
Tartof, 1974, Proc. Nat. Acad. Sci. USA 71: 1272-76;
Locker and Prud’homme, 1973, Mol. Gen. Genet.
124: 11-19). It has been suggested that both
magnification and reduction may be the result of unequal
sister-chromatid exchanges occurring at the X chromo-
some bb locus in the germ line of X/ Ybb ~ males (Tartof,
1974); evidence for this is from studies of ring-X bb chro-
mosomes (Endow, Komma, and Atwood, 1984, Genetics
108: 969-83); alternatively, a model of excision and rein-
tegration of circular molecules rDNA has been proposed
by Ritossa [1972, Nature (London), New Biol.



240: 109-11). C(1)RM stocks carrying Ybb ~ accumulate
modifiers that suppress the bb phenotype (Marcus,
Zitron, Wright, and Hawley, 1986, Genetics 113: 305-
19). Second, in males carr;ing mei-41, bb ™ mutates to
bb at a frequency of 10~ 102 (Hawley and Tartof,
1983, Genetics, 104: 63-80). mei-4/ does not induce
reversions of bb to bb * as does Ybb ~ nor does it induce
bb mutations on the Y. Third, when males carrying cer-
tain X'Y chromosomes are mated to females heterozygous
for Rex, free Y chromosomes carrying bb mutants are
generated at high frequency (10 2, Robbins, 1981,
Genetics 99: 443-59). Fourth, hybrid dysgenic crosses
may also generate bb (Thompson and Woodruff, 1980,
Proc. Nat. Acad. Sci. USA 77: 1059-62). Despite such
high frequency §enetic mutations, homozygous stocks of
bb%, bb* bb° and bb® have been maintained for
10 years with no evidence of reversions (Tartof). Unless
otherwise stated, the origin of most bb mutations is
unclear.

discoverer: Sturtevant, 20b.

references: Stern, 1927, Z. Indukt. Abstamm. Vererbungsl.
44: 187-231.

Ritossa, Atwood, and Spiegelman, 1966, Genetics
54: 819-34.

Ritossa, 1976, Genetics and Biology of Drosophila (Ash-
bumner and Novitski, eds.). Academic Press, London,
New York, San Francisco, Vol. 1b, pp. 801-47.

phenotype: Three phenotypes are associated with bobbed

mutants: thinning and shortening of bristles, etching of
the abdomen, and, in extreme cases, lethality. Of these
phenotypes, bristle size and lethality are the most reli-
able. These phenotypes are somewhat variable from fly
to fly and the bristle abnormality may be obscured by
such mutations as f, sn, and ty to name a few. bb/0
males, and bb/ In(1)sc oo 5B females have phenotypes
similar to, but more extreme than, that of homozygous
females. bb/Y males are wild type, owing to presence of

a normal allele of bb in YS; bb/bb/ Y females are simi-

larly normal in phenotype. Viability is variable. Ritossa,

Atwood, and Spiegelman (1966) showed that bb contains

about half as many ribosomal RNA genes (rDNA) as

bb ™. They conclude that the bb locus is the site of ribo-
somal RNA synthesis and interpreted bb mutations as
partial deletions of the locus. They postulated that in bb
flies the rate of protein synthesis is limited by the amount
of ribosomal RNA, and the bb phenotype results in part
because normal bristle production requires maximum
protein synthesis on the part of the trichogen cells during

a particular interval in development. The rate of rRNA

synthesis is reduced in bb (Mohan and Ritossa, 1970,

Dev. Biol. 22: 495-512; Mohan, 1975, Genetics

81: 723-38; Shermoen and Kiefer, 1975, Cell 4: 275-80)

alleles: Many independent occurrences of bb have been

recovered and designated without a superscript; conse-
quently, alleles designated as bb are often unrelated. We
redesignate Sturtevant’s original bb 5 as bb 1, but, given
the propensity for bb alleles to change spontaneously and
the ambiguities of labeling, it is unlikely than any partic-
ular bb stock contains the original allele. The same argu-
ments apply to Ybb originally described by Bridges. The
accompanying tables summarize the specifically desig-
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nated bb alleles on both the X and the ¥ chromosomes.
X-linked bb alleles

allele origin discoverer ref & comments
bb ! Sturtevant 20b 2
bbi Schultz 13 severe; ~120 genes
bp<" reduction Tartof 14 lethal; ~20 genes
of bb?
bb 2m magnification Tartof 14 normal; ~220 genes
of bb
bb* Schultz 13 standard bb; ~160
genes
bb% not b of Fahmy and 3
Sturtevant Fahmy
bb5 Schultz 13 severe; ~150 genes
bb? Schultz 13 severe; ~140 genes
bb8 Schultz 21 severe; ~100 genes
ool ncirM Gabritschevsky 2
*bb 20 spont Bridges 30b24 2 lethal
* bffl spont 2
bb 66F mei-41 induced Hawley 6 severe
bb Lee 7
bb 599 7-bromomethyl Fahmy and 4
12 methyl benz{o] ~ Fahmy
anthracine
bb 83 in Binsc
bb 84 in Binsc
bpamg abnormal male
genitalia
*bb o X ray Lefevre 4828 2 dominant allele
bb ds spont Goldschmidt 9 no longer defi-
ciency sensitive;
~100 genes
*bb G1 spont Goldschmidt 2
o6 G2 ont Goldschmidt 2
b pont Goldschmidt 2
*bb G4 spont Goldschmidt 2
*bb G5 spont Goldschmidt 2
oK EMs Merrakechi 5
bb! spont Bridges, 1926 2 lethal; ~20 genes
*bb ”f spont Stem, 28k 2
:: n5 !
*bb g-z X ray 2
*bb p2 X ray 2
06?7 :
bpAex g B Robbins 1,12
bbS? Schultz 13 ~130 genes
b pMms 10

% 1=CP552, 2=CP627; 3 = Fahmy and Fahmy, 1970, DIS 45: 74;
4 =Fahmy and Fahmy, 1971, Mut. Res. 13: 19; 5 = Gans, Audit,
and Masson, 1975, Genetics 81: 683-704; 6 = Hawley and Tartof,
1983, Genetics 104: 63-80; 7 = Lee, 1972, DIS 48: 18; 8= Lenevea
and Prud’homme, 1974, European Drosophila Conference
Abstracts 4; 9 = Lindsley, Edington, and Von Halle, 1960, Genetics
45: 1645-90; 10 =Makai and Marrakechi, 1978, Biol. Cell.
33: 39a; 11 = Robbins, 1981, Genetics 99: 443-59; /2 = Swanson,
1984, Ph.D. dissertation, Michigan State University; 13 = Tartof,
1973, Genetics 73: 57-71; and 14 = Tartof, 1974, Proc. Nat. Acad.
Sci. USA 71: 1272-76.

B A group of bb alleles regularly produced by Rex-induced mitotic
exchange in YSX#YL or in X chromosomes having separated blocks
of IDNA (eg. In(w™""w™®. [n(1)sc*"Lsc*%).  Phenotype
ranges from bobbed-lethal to wild-type.

Y-linked bb alleles

allele origin  discoverer ref 7 comments

Ybb spont  Bridges 1 designated
several unrelated
Y -linked bb
mutations

Ybb~ spont  Schultz 1,7  ~40 genes; lacks
ot

Ybb~ spont  Schultz 2 ~10 genes, mostly
with type II
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inserts, does not
participate in
nucleolus formation

Ybb Pz Tartof ~50% normal gene
content

Ybb Nz spont?  Ritossa 4 weak; viable over
b’ ; ~100 genes

Ybb N3 spont Ritossa 4 weak; viable over
bbl ; ~100 genes

bAeX  pexd  Robbins 5,6

Ybb suVar 4 strong; viable over
B! ; ~50 genes

Ybb ts? EMS Williamson 3 ~117 genes;
extreme bb at 18°;
normal at 29°

Ybb ts2 EMS Williamson 3 ~127 genes;

extreme bb at 18°;
normal at 29°

LA = CP627; 2 = Endow, 1982, Genetics 102: 91-99; 3 = Procunier
and Williamson, 1974, Dev. Biol. 39: 198-109; 4 = Ritossa, 1968,
Proc. Nat. Acad. Sci. USA 59: 1124-31; 5 = Robbins, 1981, Genet-
ics 99: 443-59; 6 = Swanson, 1987, Genetics 115: 271-76; 7 = Tar-
tof, 1973, Genetics 73: 57-71.

A regular product of Rex-induced mitotic exchange in progeny of
crosses of Rex/+ or Rex/Rex females to YSXeYL/0 males; X/Ybb X"
males are fertile.

cytology: Shown to be to the right of 20E-F by Schalet and
Lefevre [1976, Genetics and Biology of Drosophila (Ash-
burmer and Novitski, eds.). Academic Press, London,
New York, San Francisco, vol. 1b, pp. 848-902)]. The bb
locus lies approximately in the center of the proximal
heterochromatin and accounts for about one-third of its
length, or about 3.2 x 10 6 bp. The nucleolus organizer,
located between heterochromatic regions kB and hC
(Cooper, 1959), = h29 of Gatti and Pimpinelli, and the
rDNA are probably the same (Ritossa, Atwood, and
Spiegelman, 1966). Presence of bb * on ¥ chromosome
postulated by Burlingame and demonstrated by Stern
(1927). This bb * is located on YS proximal to ks-I and
ks-2 (Kennison, 1981); it is located in the Hoechst-33258
dully fluorescing segment of ¥S designated h20 by Gatti
and Pimpinelli (1983, Chromosoma 88: 349-73). The
rDNAs of the X and Y chromosomes combine to form a
single nucleolus in which the IDNA components of each
chromosome can be discerned by electron microscopy
(Schultz, 1965, Brookhaven Symp. Biol. 18: 116-47).

scS!
sct wmd  scV2 wSlb sc8

y I 33 3

Positions of X -chromosome inversion breakpoints
with respect to the IDNA. Thin line represents eu-
chromatin and shaded box represents ribosomal DNA.

molecular biology: The X and Y chromosome bb loci each
contain approximately 225 rRNA genes organized as a
large tandem array of transcription units separated by
nontranscribed spacers. (Ritossa et al., 1966, Tartof,
1973, Genetics 73: 57-71). Copy number of Y-linked
sequences varies over a six-fold range in ¥ chromosomes
sampled from a natural population (Lyckegaard and
Clark, 1989, Proc. Nat. Acad. Sci. USA 86: 1944-48).
Sequences of nontranscribed spacers and external tran-
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scribed spacers determined (Simeone, deFalco, Macino,
and Boncinelli, 1982, Nucleic Acid Res. 10: 63-72;
Simeone, LaVolpe, and Boncinelli, 1985, Nucleic Acid
Res. 13: 1089-1101). There are three kinds of repeating
units in the array as defined by digestion with the restric-
tion enzyme, EcoRI. The first class is the functional 11-
kb gene containing an external transcribed spacer fol-
lowed by the sequence encoding 18S rRNA and then an
internal transcribed spacer within which is the sequence
encoding 5.85 rDNA; this is followed by the sequence
encoding 28S rRNA, which is interrupted by a short
transcribed spacer and finally there is a long non-
transcribed spacer (White and Hogness, 1977, Cell
10: 177-92; Wellauer and David, 1977, Cell 10: 193-
212; Pellegrini, Manning, and Davidson, 1977, Cell
10: 213-24). A second class is composed of repeats that
contain a 0.5- to 5-kb insert known as Type I (White and
Hogness; Wellauer and Dawid). The third class of
repeats possesses a different insertion, Type II (Dawid,
Wellauer, and Long, 1978, J. Mol. Biol. 126: 749-68).
Type I and Type II insertions are located at different but
nearby sites within the 288 coding region (Rioha, Miller,
Woods, and Glover, Nature (London) 1981, 290: 749-
53; see also Rae, 1981, Nucleic Acids Res. 9: 4997-
5010). TypeI and Type II containing genes appear to be
transcriptionally inactive under normal conditions (Long
and Dawid, 1979, Cell 18: 1185-96; Long, Rebbert, and
Dawid, 1980, Cold Spring Harbor Symp. Quant. Biol.
45: 667-72) and are intermingled at random with the
noninsert-bearing genes throughout the array (Tartof and
Dawid, 1976, Nature 263: 27-36; Hawley and Tartof,
1983, J. Mol. Biol. 163: 499-503). During
magnification, however, all types of sequences appear to
be transcribed (deCicco and Glover, 1983, Cell
32: 1217-25; Labella, Vicari, Manzi, and Graziani, 1983,
Mol. Gen. Genet. 190: 487-93). The ribosomal genes of
only one homolog are amplified in polytene nuclei of
both males and females (Endow, 1980, Cell 22: 149-55).
A single rDNA gene is inserted ectopically into
euchromatic locations by P-element transformation capa-
ble of high-level transcription in polytene chromosomes
and micronucleolus formation; also able to partially
alleviate effects of partial deletions of bb (Karpen,
Schaefer, and Laird, 1988, Genes Dev. 2: 1745-63).

188 5.88 288
A -—-—
ETS ITS ITS NTS

Map of basic repeating unit of ribosome DNA. Thick
segments represent IDNA sequences; segments of inter-
mediate width represent internal (ITS) and external
(ETS) transcribed spacer sequences. Thin line represents
non-transcribed (NTS) spacer sequences. Inverted trian-
gle denotes positions of type I and type II inserts.

X and Y chromosome rDNA differ from each other in
three important respects. (1) 65-70% of the X rDNA con-
tains Type I-bearing genes (Wellauer, Dawid, and Tartof,
1978, Cell 14: 269-78). The Y contains type-I repeats
detectable by in situ hybridization to metaphase chromo-
somes (Hatsumi and Endow, 1990); however, the major



type-I class is greatly reduced in amount in ¥ chromo-
somes (Tartof and Dawid, 1979, Nature 263: 27-30;
Komma, Glass and Endow, 1990). (2) Yagura, Yagura,
and Muramatsu (1979, J. Mol. Biol. 133: 533-47)
showed that the 18S RNA transcribed from X rDNA
differs from that of the Y by at least one base substitution.
(3) Coen, Thoday, and Dover (1982, Nature 295: 564-
68) found that the 5" end of the nontranscribed spacer is
different in X and Y rDNA. These data indicate that there
is little, if any, interchange of rDNA between X and Y
chromosomes. However, TDNA is apparently responsible
for regular pairing and segregation of X and ¥ chromo-
somes in males (McKee and Karpen, 1990, Cell 61: 61-
-72).

other information: Exchange between Xk and the Y chro-
mosome at the bobbed locus results in YSX%- and X - YL
products that arise at a frequency of about 2 X 10 4 (for
review, see Lindsley, 1955, Genetics 40: 24-44; Hawley
and Tartof, 1983, Genetics 104: 63-80). Orientation of
the X rDNA cluster has no effect on the frequency of
exchange (Maddern, 1981, Genet. Res. 38: 1-7). Similar
events occur in females [Williamson and Parker, 1976,
Genetics and Biology of Drosophila (Ashburner and
Novitski, eds.). Vol. 1b, pp.701-20]. Recombination
events involving rDNA sequences of X chromosomes and
X and Y chromosomes investigated using restriction-
fragment-length polymorphisms (Williams, Kennison,
Robbins, and Strobeck, 1989, Genetics 122: 617-24).

bbP* . see bb !
bbeP*Ph . see b C?
bbP”: see bb ™
bbP* ; see bb°*
pPoH . see bb©?
bb*: see bb*®!

Bb: Bubble

location: 1- (not located) or 3-48.

origin: X ray induced.

discoverer: R. L. King, 32d.

synonym: Balloon.

phenotype: Wings of heterozygous female smaller,
trimmed, and inflated. Bubble in first posterior cell. In
extreme cases and usually in males, the wing is a small
inflated sac. Sexual difference in expression may indi-
cate that Bb is on the X. Female fertile; male entirely
sterile; therefore, homozygous females not obtainable.
RK3A.

cytology: Associated with T(I;3)Bb = T(1;3)I3E;84F
(Morgan, Bridges, and Schultz, 1937, Year Book - Car-
negie Inst. Washington 36: 301).

BB: Bar + Bar

origin: Spontaneous through unequal crossing over in B/ B
(see description of B).

discoverer: Zeleny.

synonym: Bar double; Ultra-bar; double Bar.

references: 1920, J. Exp. Zool. 30: 292-324 (fig.).
Sturtevant, 1925, Genetics 10: 117-47 (fig.).

phenotype: Eye more reduced than in B. Facet numbers
are 25, 29, and 45 in BB/ BB female, BB male, and BB/+
female, respectively. Median ocellus lacking or strongly

GENES

Bb: Bubble
From Bridges and Brehme, 1944, Carnegie Inst. Washington
Publ. No. 552: 23.

reduced (Lefevre, 1941, DIS 14: 40). Optic disc reduced
(Power, 1942, Genetics 27: 161); deep cleft anteriorly;
cell clusters at cleft look mature (Renfranz and Benzer,
1989, Dev. Biol. 136: 411-29). RKIA.

alleles: Different alleles of B that are not involved in gross
chromosome aberrations can be combined in all pair-wise
combinations by means of unequal crossing over in
heterozygous females. Described combinations are
*BB', *B'B, and B'B' (Sturtevant, 1925, Genetics
19: 117-47); *B 10bp 106 (Steinberg, 1942, DIS 16: 53);
*BB, BB and BB (Muller).

cytology: Associated with a tandem triplication of the
region duplicated in Dp(l;1)B = Dp(1;1)I5F9-
16A1;16A7-Bl [Bridges, 1936, Science 83: 210-11
(fig.)].

Bc: Black cells

location: 2-80.6.

origin: Induced by ethyl methanesulfonate.

references: Grell, 1969, DIS 44: 46.
Rizki, Rizki, and Grell, 1980, Wilhelm Roux’s Arch.

Dev. Biol. 188: 91-99 (fig.).

phenotype: Quadrate crystalline bodies in crystal cells of
hemolymph replaced by amorphous melanotic mass.
Black cells appear in 11-hour embryos in Bc/Bc and in
late first-instar larvae in Bc/+. Crystal cells replaced by
black cells during first instar in Bc/+. Numerous black
cells visible through the integument of larvae, pupae, and
of head, thorax, and abdomen in adults. Bc/Bc larvae
have no phenol oxidase activity and larval hemolymph
fails to darken upon exposure to air; Bc/+ intermediate
between +/+ and Bc/ Bc in these respects. Bc/ Bc adults
viable and fertile when separated from a closely linked
simultaneously recovered lethal. RK1 in larvae; RK2 in
pupae and adults.

cytology: Placed in 55A based on its inclusion in
Df(2R)PC4 = Df(2R)55A;55F but not Df{2R)Pd-w5 =
Df(2R)55A-B;55C (Deng and Rizki, 1988, Genome 30,
Suppl. 1: 192).

other information: Suppressed by some /z alleles (Rizki
and Rizki, 1981, Genetics 97: s90). Dox-Al and Phox
reside in the same cytological interval.
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bch: branch

location: 3-46 (approximately).

origin: Induced by ethyl methanesulfonate.

references: Jirgens, Wieschaus, Niisslein-Volhard, and
Kluding, 1984, Wilhelm Roux’s Arch. Dev. Biol.
193: 283-95.

phenotype: Homozygous lethal; incomplete fusion of den-
ticle bands.

bd: see raz

*bd: balding

location: 2-56.1 (between B/ and L).

origin: Spontaneous.

discoverer: Ives, 71j25.

synonym: bald (preoccupied).

references: 1972, DIS 49: 38.

phenotype: Semicircular, medial bald spot on thorax,
about one-third width of thorax. Very little variation at
25°. RK1.

Bd: Beaded

From Bridges and Morgan, 1923, Carnegie Inst. Washington
Publ. No. 327: 152.

Bd: Beaded
location: 3-91.9 [based on 102 ro-ca and 182 Pr-ca recom-
binants in crosses involving Bd* (Curry, 1939, DIS
12: 46)].
references: Dexter, 1914, Am. Nat. 48: 712-58.
Bridges and Morgan, 1923, Camegie Inst. Washington
Publ. No. 327: 37, 152 (fig.).
Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.
2: 45.
Fleming, Scottgale,
1990, (manuscript).
phenotype: Originally recovered alleles were recessive
lethal with a dominant incised-wing phenotype; Bd ! was
very weak and highly variable when first recovered, but

Diederich, Artavanis-Tsakonas,
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gained expressivity with selection; subsequently isolated
alleles were stronger. Wings reduced by marginal exci-
sion both anteriorly and posteriorly. Phenotype of
Bd'/Bd'/+ extreme (Peter Lewis). Expression and
interaction studied by Goldschmidt and Gardner [1942,
Univ. Calif. (Berkeley) Publ. Zool. 49: 103-24]. Expres-
sion of Bd’, Bd®, and BdS suppressed by H (DIS 9) and
Ax alleles (Bang). In combination with several different
Minutes, causes incomplete development of anal and
genital imaginal discs in males and less frequently in
females (Goldschmidt, 1948, Proc. Nat. Acad. Sci. USA
34: 245-52; Sturtevant, 1949, Proc. Nat. Acad. Sci. USA
35: 311-13). BdS (originally designated Ser: Serrate)
homozygous viable; initially thought to be homozygous
lethal, but lethality removable by recombination (Belt,
1971, DIS 46: 116). The closely linked recessive lethal
persists in many Bd S-bearing chromosomes. Recessive
lethal alleles, which lack the dominant wing phenotype,
recovered as revertants of Bd® (symbolized Bd Srv) or
selected on the basis of their failure to complement the
lethality of Bd ® (symbolized Bd ). Allelism of Bd ™ (ori-
ginally designated std: serratoid) inferred from enhanced
wing incising in heterozygotes with Bd $ and genetic map
position similar to that of Bd S; homozygous viability
unknown. Cuticle preparations of embryos homozygous
for Bd® revertants reveal lack of germband retraction,
improper deposition of cuticle, lack of head and thoracic
structures, lack of Filzkdrper, and in severe cases, only a
remaining patch of cuticle (either ventral or dorsal).
Central-nervous-system defects revealed by anti-
horseradish peroxidase preparations include breaks in the
longitudinal andf/or commissure nerve tracts, twisted or
unretracted nerve tracts, only a single nerve tract, and
occasionally only the presence of groups of staining cells
scattered throughout the embryo (Fleming, ef al.). Each
Bd®" allele displays the whole range of embryonic
phenotypes but the proportions of individuals with a par-
ticular phenotype varies between alleles.

alleles:

allele origin discoverer synonym ref * comments

Bd ! spont Morgan, 10e 1,2 10 dominant wing phenotype;
homozygous lethal; fails
to complement Bd

*Bd 2 spont Wallace, 15i10 Ba%W 2 more extreme; ends of L3
and L4 split or disturbed

Bd 3 heat Goldschmidt, 1934 Bd G 2,3,4 dominant wing phenotype;
homozygous lethal; molecular
polymorphisms at 0 to 1.0
and 14 to 17 kb

*Bd 4 spont Goldschmidt Bd G45 2,6 more extreme scalloping effect

*Bd®  Xray Pitemick, 1949  Ba® 2,5 more highly penetrant; 100%
when heterozygotes

Bd®  Xray Obnishi, 49116  Bd % 2,11 like extreme Bd; variable;
overlaps wild type

Bd 1 spont Lee std 7.8

Bd 2 EMS Hecht Ba#S 3 homozygous lethal;
no dominant phenot;

Bd 3 EMS Hecht Ba%625 3 homozygous Tethal; P
fails to complement Bd 3 4
no dominant phenotype

Bd 4 EMS Hecht homozygous lethal; fails
to complement Bd~ associated
with pll ©* ; possible small
inversion in 97F region;
molecular lesion at 17 to 19 kb

Bd 5 X ray 3.9 fails to complement Bd~ ;

no dominant phenotype;
T(Y;3)RI128 = T(Y;3)YS,97F,



allele origin discoverer synonym ref *  comments

Bd s spont Spencer, 3517 Ser 2,3

breakpoint at 25 to 28 kb
dominant wing phenotype;

homozygous viable; 5.5-kb

insert at 0 to 3.0 kb
homozygous lethal;
complements Bd

Bd Srv1 Ser Tev2-3 3

Xray Fleming

Bd Srv2 Ser rev2-11 3

Xray Fleming
to complement Bd~ ;
In(3R)97F;98C
homozygous lethal;
fails to complement Bd
T(2;3)56E,97F

Bd Srv3

Xray Fleming SerTe¥ 3

Bd Srv4 Ser eSS 3

Xray Fleming

to complement Bd

Bd Srv5 " rev6-1

Xray Fleming Se
to complement Bd

1 = Bridges and Morgan, 1923, Camegie Inst. Washington Publ. No.
327: 37, 152 (fig.). 2 = CP627; 3 = Fleming, Scottgale, Diederich,
Artavanis-Tsakonas, 1990, (manuscript); 4 = Gottschewski, 1935,
DIS 4: 14, 16; 5 = Goldschmidt, 1953, J. Exp. Zool. 123: 79-114;
6 = Goldschmidt, 1942, Univ. Calif. (Berkeley) Publ. Zool. 49: 520;
7= Lee, 1972, DIS 48: 18-19; 8 = Lee, 1973, Aust. J. Biol. Sci.
26: 189-99; 9 = Lindsley, Sandler, Baker, Carpenter, Denell, Hall,
Jacobs, Miklos, Davis, Gethmann, Hardy, Hessler, Miller, Nozawa,
and Gould-Somero, 1972, Genetics 71: 157-84; 10 = Morgan,
Bridges, and Sturtevant, 1925, Bibliog. Genet. 2: 45; /1 = Ohnishi,
1950, DIS 24: 61.

B More detailed description follows.

cytology: Placed in 97F by 7(2;3)Bd°™
T(2;3)56E;97F, In(3R)BAS™ =  In(3R)97F;98C,
Df(3R)Ser = Dfi3R)97D97F-98Al, and T(Y:3)I28 =

T(Y;3)97F;YS. Also in situ chromosomal
displayed hybridization at 97F.

molecular biology: An 85 kb walk and Southern analysis
showed that Bd % and Bd S contain molecular lesions in
the 97F region (Bds contains a 5.5 kb repeated DNA
sequence, and Bd % hasa complex rearrangement). Two
major transcripts of 5.5 and 5.6 kb appear to differ at
their 5” ends. Sequencing of two overlapping cDNAs
produced a sequence of 5561 base pairs that contained a
large open reading frame of 4329 nucleotides. Concep-
tual translation indicates a protein of 1404 amino acids
that contains a signal peptide, a region of sequence
homology to the neurogenic locus Delta, a partial EGF-
like repeat, 14 EGF-like repeats with interruptions in the
4th, 6th, and 10th repeats, a transmembrane domain, and
an intracellular domain of ~160 amino acids. Analyzing
whole mount in situs using probes that recognize both
transcripts, revealed a complex and dynamic pattern of
embryonic mRNA expression in the head segments; the
dorsal, ventral, and lateral epidermis in the thorax and
abdomen; the proventriculus, and hindgut; the trachea;
and a reiterated array of cells in the CNS. Expression
appears to be limited to tissues of ectodermal origin
(Fleming et al., 1990).

other information: Bd/In(3R)C, [l(3)a was the first
described case of a balanced lethal [Muller, 1918, Genet-
ics 3: 422-99 (fig.)].

Bd®: Beaded-Serrate
phenotype: Wings of Bd 5/+ and Bd S/Df(3R)Ser notched
at tip; deepest notch at second posterior cell. In triploids,
one dose of Bd overlaps wild type. Bd Sis homozygous
viable; initially thought to be homozygous lethal, but
lethality removable by recombination (Belt, 1971, DIS
46: 116); the closely linked recessive lethal persists in

studies

homozygous lethal; fails

homozygous lethal; fails

3 homozygous lethal; fails
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BdS: Beaded-Serrate
Edith M. Wallace, unpublished.

many Bd S-bearing chromosomes. Homozygous Bd®
produces extreme incision of wing margins especially in
second posterior cell (Belt, 1971). As with other Bd
alleles expression suppressed by H and Ax (Bang).
bdw: see os’™
*be-3: benign tumor in chromosome 3
location: 3-25.
origin: Spontaneous.
discoverer: Stark, 16k.
references: 1919, Proc. Nat. Acad. Sci. USA, 5: 573-80
(fig.).
Bridges and Morgan, 1923, Carnegie Inst. Washington
Publ. No. 327: 179 (fig.).
Stark and Bridges, 1926, Genetics 11: 249-66.
Stark, 1935, DIS 4: 62.
phenotype: Melanotic tumors appear in larvae and persist
in adults. Subject to modification by genetic factors.
Nonlethal. RK3.

Beaded: sec Bd
Beadex: see Bx
Beadexoid: seec Bxd
Bearded: sce Brd

bef: beta lobes fused
location: 1- (not located).
origin: Induced b)' ethyl methanesulfonate.
synonym: befBG 7,
references: Heisenberg, 1980, Development and Neuro-
biology of Drosophila (Siddiqi, Babu, Hall, and Hall,
eds.). pp. 373-90.
phenotype: Beta lobes of mushroom bodies (in anterior
supraesophageal ganglion) are fused across midline.
Mutant isolated on basis of this morphological defect in
strain with aberrant visual responses and optic lobes, but
genetic etiology of aberrant mushroom bodies is
apparently separable from X -chromosome factor(s) caus-
ing the visual defects.

bel: belle (M.T. Fuller)
location: Just proximal to p.
synonym: [(3)L3; ms(3)neo30.
references: Bender, Tumer, and Kaufman, 1987, Dev.
Biol. 119: 418-32.
Jones and Rawls, 1988, Genetics 120: 733-42.
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Deuring, Wolf, Schuske, Cooley, Spradling, and Fuller,
(unpublished).
phenotype: Recessive larval lethal. Homozygous null

individuals hatch, but remain as first instar larvae until
their death several days later.
o

allele  synonym origin ref phenotype
pel! EMs pelle 3 ! larval lethal
bel? EMs pette 10 ! larval lethal
bel? EMs belle 258 I larval lethal
bel?  EMs belle P08 ! larval lethal
bel® EMs belle ™24 | larval lethal
bei’ EMs beleP™* 1 larval lethal
bel 7 P ms(3)neo30 2 male sterile
@ J = Bender, Tumer, and Kaufman, 1987, Dev. Biol. 119; 418-32;
2 = Deuring, Wolf, Schuske, Cooley, Spradling, and Fuller, (unpub-
lished).
B

Male sterile with defects in meiosis and spermatid differentiation.
Hemizygotes are more extreme than homozygotes, and poorly viable
if raised at 18°. Female fertile, but hemizygous females sterile and
produce eggs with weak chorion.

cytology: Placed in region 85A4-6 on the basis of the posi-
tion of the P-element insert in bel 7, and on the basis of
being uncovered by Df{3R)p7 but not Df(3R)pS5.

molecular biology: The 4 kb bel transcript is present in
unfertilized eggs, embryos, larvae, pupae, and adult
males and females; it encodes a protein of 781 amino
acids with a central core region of 414 residues that is
highly homologous to vasa (Deuring er al., unpublished).
Based on this core homology, the bel gene product is a
member of the DEAD box family and is likely to be a
nucleic-acid-dependent ATPase.

bellyache: sece bly

ben: bendless (J. Hall; R. Wyman)

location: 1-45.0 (1.2 cM to the left of na).

origin: Induced by ethyl methanesulfonate.

synonym: nj-262: nonjumper-262.

references: Thomas, 1980, Neurosci. Abstr. 6: 742.
Thomas and Wyman, 1982, Nature (London) 298: 650-

S1.
Thomas and Wyman, 1983, Cold Spring Harbor Symp.
Quant. Biol. 48: 641-53.

1984, J. Neurosci. 4: 530-38.

phenotype: Adults have an aberrant startle response; they
do not jump when presented with a lights-off stimulus.
The cervical giant fiber, a brain neuron, has abnormal
morphology. The normal giant fiber terminates in the
thorax at a synapse onto the motoneuron innervating the
tergo-trochanteral (TT) muscle (= jump muscle). In ben,
this synapse is abnormal or absent. The normal lateral
bend of the giant fiber toward the TT motoneuron in the
mesothoracic neuromere is absent; the axon usually ter-
minates at the midline with fine branches extending from
its tip. Latency of response of the TT muscle to stimula-
tion of the giant fiber is abnormally long, and muscles
cannot follow stimulation at rates above 5 Hz. Rhab-
domeres of the photoreceptor cells in the ommatidia heart
shaped in cross section with indentation centrally
oriented rather than round as is normal. Furthermore, the
axons from photoreceptor cells R7 and RS fail to make
the right-angle turn into the optic medulla after traversing
the lamina (Benzer). ben flies choose visible over ultra-
violet wave lengths whereas wild-type flies make the
opposite choice (Benzer).
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alleles: Six ethyl-methanesulfonate-induced alleles; all are
jumpless; all but ben ” have normal giant-fiber physiol-

ogy (Tanouye).

allele discoverer synonym
ben 1 Wyman, and

2 Thomas 372
ben 3 Tanouye ben 137
ben p Tanouye ben 1394
ben 5 Tanouye ben 1499
ben pe Tanouye ben 152;
ben Tanouye ben 16

other information: ben/Df(1)HA92 said to be indistin-
guishable from ben/ben, indicating that the mutation is
amorphic (Thomas and Wyman, 1983).

cytology: Located within salivary gland chromosome
region 12A6-B based on its inclusion in Df(1)HA92 =
Df(1)12A6-7;12D3 (Thomas and Wl;/man, 1984), but not
the segmental deficiency Y x”BI66/x 7Y °B89
Df(1)12A-B;12B9-C1 (Tanouye).

ben(2)gcn: see bgcn
bending wings: see os baw
bendless: sec ben
benign gonial cell neoplasm: see bgcn
benign tumor in chromosome 3: sce be-3
bent: see bt

bent scutellars: see bsc

*ber: berrytail

location: 1-52.4.

origin: Induced by DL-p-N,N-di-(2-chloroethyl)amino-
phenylalanine (CB. 3007).

discoverer: Fahmy, 1953.

references: 1958, DIS 32: 67.

phenotype: Abdomen narrow, ending in a berry-like pro-
trusion carrying defective genitalia. Wings opaque, with
areas of deranged hairs (some with cut inner margins and
interrupted or abnormally positioned longitudinal veins).
Anterior scutellars often acutely bent; eyes occasionally
misshapen. Males sterile and viability about 40% wild
type. RK3.

Bercel: see Fs(3)Sz4
beta: see Tyr2

beta lobes fused: see bef
bf: brief

location: 3-95.

origin: Spontaneous.

discoverer: Curry, 38i3.

references: 1939, DIS 12: 45.

phenotype: Fly small; bristles Minute like. Classification
perfect; viability fair. Male completely sterile; female
with low fertility. RK3.

Bg: Bag
location: 1-51.6 (to the right of sd).
origin: Spontaneous.
discoverer: Bridges, 33d22.
phenotype: Heterozygous female with wings shorter and
blunter, shortened L3, extra veins or gaps near anterior



crossvein, and inflated bag centering in first basal cell.
Frequently overlaps wild type. Lethal in male. RK2 as a
lethal; RK3 as a dominant.

alleles: Lost alleles described in CP627: *Bg I *Bg 2,
*Bg 4% and *Bg S2c

cytology: Probably in 13C, based on Bg-like variegation of
Tp(l;3)ras’ = Tp(1;3)9E;13C 81F.

other information: Possibly an allele of Bb, although pub-
lished information suggests that sd lies between Bb and
Bg.

bgen: benign gonial cell neoplasm

location: 2- (between dp and b ).

origin: Induced by ethyl methanesulfonate.

synonym: ben(2)gcn.

references: Gateff, 1981, DIS 56: 191.

phenotype: Gametocyte differentiation defective; gonial
proliferation unchecked; gonads of both males and
females become engorged with gonial cells. Ovarioles
appear sausage like; testes smaller than normal. Auto-
nomous in transplants of young adult ovaries and testes
into body cavity of wild-type females.

bh: baldhead

location: 3-81.

origin: Spontaneous.

references: Robertson, 1973, DIS 50: 24 (fig.).

phenotype: Ocelli and associated bristles absent; wings
shortened. Both sexes sterile.

bhe: broad head (C. Niisslein-Volhard)

location: 2-0.

origin: Induced by ethyl methanesulfonate.

references: Niisslein-Volhard, Wieschaus, and Kluding,

1984, Wilhelm Roux’s Arch. Dev. Biol. 193: 267-82.

phenotype: Embryonic lethal; embryos have incompletely
involuted heads. In double mutants with Pc-like
mutants, abdominal transformations occur. At least one
bhe allele fails to complement /(2)gl, which is a larval
lethal (Kennison).

alleles: bhe' (formerly bhe”) and bhe’ (formerly
bhe ™).

cytology: Placed in 21A on basis of being covered by ter-
minal 2L duplications that cover /(1 )gl.

bi: bifid

location: 1-6.9.

discoverer: Morgan, 11k.

references: Morgan and Bridges, 1916, Carnegie Inst.
Washington Publ. No. 237: 28 (fig.).

phenotype: Longitudinal veins fused at base of wing into
bifid stalk. L3 delta-like at tip; L4 often incomplete at
tip. Wing margins often excised at tip of L4. Wings
spread in proportion to their shortness. High temperature
enhances and low temperature produces overlapping of
wild type. Stronger in male than in female. Hypo-
morphic allele; females heterozygous for bi and a
deficiency for bi have outspread, crumpled, and very
flimsy wings with an extreme bifid fusion of the basal
regions of the longitudinal wing veins (Craymer and Roy,
1980, DIS 55: 204). Enhances Bx alleles as well as sd,
cp, and vg P (Waletzky). RK1.

alleles: *bi > (CP627).

cytology: Placed in 4C5-6 based on its inclusion in
Df(1)rbl3 = Df(1)4C5-6,4D3-E1 but not in Df{1)GAS6 =
Df(1)4C5-6,4D1, as well as the bi phenotype of
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T(1;2)bi ®? = T(1;2)4C5-6:46B5-7 and T(1;3)biP! =
T(1;3)4C5-6,65C3-5. (Banga, Bloomquist, Brodberg,
Pye, Larrivee, Mason, Boyd, and Pak, 1986, Chromo-
soma 93: 341-46).

bib: big brain

location: 2-34.7.
references: Lehmann, Dietrich, Jiménez, and Campos-
Ortega, 1981, Wilhelm Roux’s Arch. Dev. Biol
190: 226-29.
Lehmann, Jiménez, Dietrich, and Campos-Ortega, 1983,
Wilhelm Roux’s Arch. Dev. Biol. 192: 62-74.
phenotype: Recessive embryonic lethal, a neurogenic
mutant. Homozygotes fail to form ventral, lateral, and
most of the cephalic epidermis. Central nervous system
hypertrophied by recruitment of presumptive epidermal
cells, but exhibiting considerable architectural normality.
Most epidermal sense organs can be recognized in elec-
tron microscope preparations; chordotonal organs pre-
valent but with abnormal structures, perhaps owing to
disrupted attachment. Supernumerary peripheral elements
formed by recruitment of presumptive epidermal cells
[Hartenstein and Campos-Ortega, 1986, Wilhelm Roux’s
Arch. Dev. Biol. 195: 210-21 (fig.). Cuticular clones of
cells homozygous for bib' or bib% exhibit normal
development (Dietrich and Campos-Ortega, 1984, J.
Neurogenet. 1: 315-32). Effects on central nervous sys-
tem intermediate with respect to mutations at other neu-
rogenic loci. Insensitive to changes in dosage of other
neurogenic genes (de la Concha, Dietrich, Weigel, and

Campos-Ortega, 1988, Genetics 118: 499-508).
alleles: Eight alleles with similar phenotypes.

allele origin discoverer synonym ref &

bib ! EMS  Nisslein-Volhard  bib /P05 12,3
and Wieschaus

biv? EMS  Niisslein-Volhard i /60 3
and Wieschaus

bib 3 EMS  Niisslein-Volhard  bib /P39 3
and Wieschaus

bib? EMS  Nisslein-Volhard ~ bip/1V40 3
and Wieschaus

bib® EMS  Niisslein-Volhard  bip /D118 3
and Wieschaus

bib © EMS  Niisslein-Volhard  bib V37 3
and Wieschaus

bib 7 X ray Campos-Ortega bip TX! 3

bib 8p X ray Lehmann bib c7a 3

o

I = Dietrich and Campos-Ortega, 1984, J. Neurogenet. 1: 315-32;
2 = Hartenstein and Campos-Ortega, 1986, Wilhelm Roux’s Arch.
Dev. Biol. 195: 210-21 (fig.); 3 = Lehmann, Jiménez, Dietrich and
Campos-Ortega, 1983, Wilhelm Roux’s Arch. Dev. Biol. 190: 226-
29.

B Associated with In(2L)30A9,;30F.

cytology: Placed in region 27D-31E based on the lethal
phenotype of the deficient segregant from 7(Y;2)B231 in
combination with bib. In(2L)bib8 = In(2L)30A9;30F
further restricts position to 30A9-F (Campos-Ortega).

molecular biology: Gene cloned and sequenced; concep-
tual amino-acid sequence indicates a gene product with
700 amino acids. The predicted bib product shows
significant sequence similarity to a family of transmem-
brane proteins, some of which form channels permeable
to small molecules (Rao, Jan, and Jan, 1990, Nature
345: 163-67).
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bic: bicaudal

location: 2-67.0 (inferred from cytological position; maps
to 68 with respect to Bl and L, but penetrance problems
introduce uncertainty).

origin: Spontaneous.

references: Bull, 1966, J. Exp. Zool. 161: 221-42 (fig.).
Niisslein-Volhard, 1977, Wilhelm Roux’s Arch. Dev.

Biol. 183: 249-68 (fig.).

1979, Symp. Soc. Dev. Biol. 37: 185-211 (fig.).

BicC/BicD trans heterozygotes are abnormal. Homozy-
gotes are abnormal. Homozygous BicC females sterile,
germ-cell differentiation blocked at the beginning of
vitellogenesis. Follicle cells do not invade between
oocyte and nurse cells; they do synthesize a chorion
which remains open ended like a chalice or a cup; such
eggs never fertilized.

alleles: Fiv% ethyl-methanesulfonate-induced alles; BicC 3
and BicC ~ more severe than the others.

phenotype: Homozygous bic females produce variable allele discoverer synonym ref &
numbers of eggs that fail to hatch (e.g., 25-50%). ' 3
bic/ Df(2R)vg B females produce higher embryonic mor- BicC , o BicC oo 1,2
tality. Males of either genotype are normal. A wide BicC'y Nisslein-Volhard BicC b 1i3s

. BicC Schiipbach BicC

array of developmental anomolies observed among gicc? Schiipbach Bicc WC45
arrested embryos. Many fail to show outward signs of Bicc® Bicc YC33 12
initiation of development, although in at least some o

I=Mohler and Wieschaus, 1986, Genetics 112: 803-22;
2 = Niisslein-Volhard, Wieschaus, and Jirgens, 1982, Verh. Disch.
Zool. Ges. 91-104.

zygotes nuclear divisions can be demonstrated. Others
show replacement of anterior embryonic segments by a
mirror-image set of posterior segments. The majority of

these bicaudal embryos are symmetrical with opposing cytology: Placed in 35D4-E6 based on the sterility of

sets of the two to five posterior-most segments; mirror-
imaged structures include denticle belts, posterior spira-
cles, Malpighian tubules, genital disc, and posterior
midgut invagination. Polar cells form at the original but
not the duplicated posterior end. Asymmetrical bicaudal
embryos such as 3/6 or 3/7 have fewer duplicated than
original posterior segments. Other embryos have the
head replaced by posterior abdominal structures or show
abnormal development of the cephalopharyngeal
apparatus. Finally, some embryos are foreshortened and
seem to lack internal segments. Maximum production of
bicaudal embryos occurs in the first eggs produced by
females developing at 28°-29°. The incidence of bicau-
dal embryos falls rapidly during the first 60 hr after eclo-
sion. Incidence of bicaudal embryos and nondeveloping
eggs depends on genotype: bic/ Dfi2R)vg B
bic/ Df{2R)vg b Df(2R)vg 81+ > bici bic > bicl+ = 0.
alleles: bic ** (Basel).

cytology: Placed between 49D3 and 49E6 based on the
absence of normal allele in Df{2R)vg B - Df(2R)49D3-
4,:50A and Df{2R)vg b= Df(2R)49C1-2;49E2-6.

phenotype: A maternal-effect semilethal;

females carrying BicC and heterozygous for Df{2L)osp29
= Df(2L)35B3;35E6 but not Dff2L)75¢ = Df{2L)35A1-
2,35D4-7 (Mohler and Wieschaus).

BicD
location: 2-52.91 (to the right of d/; based on an estimated

four recombinants between dl and BicD out of 4,000
tests).

references: Niisslein-Volhard, Wieschaus, and Jirgens,

1982, Verh. Dtsch. Zool. Ges. 91-104.
Mohler and Wieschaus, 1986, Genetics 112: 803-22.
Steward and Nisslein-Volhard, 1986. Genetics
113: 665-78.
Suter, Romberg, and Steward, 1989, Genes Dev.
3: 1957-68.
Wharton and Struhl, 1989, Cell 59: 881-92.
substantial
numbers of embryos produced by BicD/+ mothers give
rise to normal larvae; the remainder fail to hatch and vary
in phenotype. The array of phenotypes encountered is
the same as that produced by BicC/+ females. The
incidence and severity of abnormal embryos vary with

BicC: Bicaudal C
location: 2-52.0.
origin: Induced by ethyl methanesulfonate.
references: Niisslein-Volhard, Wieschaus, and Jirgens,

genetic background and temperature, the incidence being
highest at 18°, and decreasing at higher temperatures.
BicD homozygotes, either homoallelic or heteroallelic,
and BicC/BicD heterozygotes are female fertile, although

1982, Verh. Dtsch. Zool. Ges. 91-104.

Mohler and Wieschaus, 1986, Genetics 112: 803-22.

phenotype: A maternal-effect semilethal; the majority of
embryos produced by BicC/+ mothers given rise to nor-
mal larvae a minority fail to hatch and vary in phenotype.
Double-abdomen embryos have a normal posterior end
and the anterior end replaced by mirror image series of
posterior segments, e.g. A8-A4|A4-A8 to A8-A6]A6-AS;
they need not have the same number of segments on
either side of the reversal of polarity, the duplicated por-
tion having fewer segments; generally more segments
seen ventrally than dorsally. Less severely affected
embryros may be headless, or with reduced mouth parts,
or even normal appearing but failing to hatch. The
incidence and severity of abnormal embryos vary with
genetic background and temperature, the incidence being
highest at 25° and decreasing at lower and higher tem-
peratures. The majority of the embryos produced by
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producing eggs with fused or reduced chorionic append-
ages; the majority of their embryos are abnormal and the
influence of temperature, if any, obscure. BicD/+/+
duplication-bearing females produce few if any abnormal
embryos, whereas BicD/Df(2L)TWI119 females produce
more abnormal embryos than BicD/+, i.e., with respect to
the severity of phenotype, BicD/0 > BicD/+ > BicD/+/+;
however, simply a deficiency of BicD product does not
account for the abnormal phenotype, since embryos pro-
duced by females carrying one dose of BicD * over a
deficiency develop normally. Embryos produced by
homozygous BicD females display symmetrical patterns
of cad * polypeptide distribution during early develop-
ment (Mlodzik and Gehring, 1987, Cell 48: 465-78).
Abnormal embryo production by BicD/+ females
enhanced by the heterozygosity for the mutant allele of or
deficiency for /(2)49; Mohler and Wieschaus speculate
that /(2)49 is an allele of bic In addition, eg, stau, tor,



and frk, maternal-effect mutants that affect early anterior
but not posterior development, act as dominant enhancer
of BicD, other maternal-effect mutants ineffective.

Bicaudal embryos exhibit nanos protein at both ante-
rior and posterior poles and the absence of hunchback
protein in both ends of the embryo; embryos produced by
BicD ' /BicD 2;osk/osk females do not express nos;
display a burst of anterior, bcd-dependent hb expression
not seen in bicaudal embryos, which is correlated with a
dramatic expansion of kni expression (abdominal) and
failure to express Kr (thorax and anterior abdomen).
BicD expressed early in oogenesis; in wild type, protein
first appears in the cytoplasm of all cells in 16-cell cysts
in the middle of the germarium; upon entering the vitel-
larium, protein begins to accumulate in the oocyte and
continues to do so for as long as observations are possi-
ble. The early embryos produced by such females show
uniform distribution of BicD protein, which becomes
localized to the cortical cytoplasm at blastoderm forma-
tion; anterior-to-posterior distribution remains uniform.
Protein disappears at gastrulation. In BicD !1BicD 2
females protein accumulation in the oocyte is precocious
and greater than normal and the adjacent nurse cells may
become visibly depleted; in the embryo, the protein
appears to be concentrated as a cap over the anterior third
and uniformly less concentrated in the remainder of the
embryo. BicD ™ females display extreme concentration
of product in the presumptive oocyte and virtually none
in the nurse cells; however, the presumptive oocyte never
develops as an oocyte but remains nurse-cell like until
the cyst degenerates.

alleles:
allele origin synonym ref®  comments
Bico! EMs Bicn”! '348 TTC = ATC = lys 22* 5 glu
BiecD? EMs Bicp B4 3 GAG— AAG=ile % s phe
BicD" BicD PAG6 recessive female sterile allele

BicD rvi X ray BicD 7134R26 1,3 recessive female sterile; revertant

of BicD ! ; deletion of residues !
376-379 superimposed on BicD
lesion

@ 7 = Mohler and Wieschaus, 1986, Genetics 112: 803-22; 2 = Suter,
Romberg, and Steward, 1989, Genes Dev. 3: 1957-68. 3= Whar-
ton and Struhl, 1989, Cell 59: 881-92.

cytology: Placed in 36C2-D1 based on its inclusion in
Df2L)TWI137 = Df(2L)36C2-4;37B9-C1, but not
Df(2L)VAI8 = Df(2L)36C4-D1;37C2-DI (Steward and
Niisslein-Volhard).

molecular biology: The gene has been cloned and
sequenced (Suter, Romberg, and Steward, 1989, Genes
Dev. 3: 1957-68; Wharton and Struhl, 1989, Cell
59: 881-92); identified by transformation rescue of
BicD™ female sterility. Two transcripts found in early
embryos of 3.6 and 4.0 kb (Wharton and Struhl; 3.8 and
4.4 kb according to Suter et al.), which differ only in
their 37 untranslated regions; transcription occurs from
right to left. Gene contains at least eight exons; encodes
a polypeptide of 782 amino acids and ~89 kd molecular
mass; pl = 4.93. Sequence similar to that of the C-
terminal half of myosin-heavy-chain polypeptides, and
similar coiled-coil molecules, which contain long o hel-
ices that form double- or triple-chain coils. These species
contain an underlying heptad amino-acid repeat in which
residues one and four are generally hydrophobic; about
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half of the BicD protein comprises such heptad repeats.

other information: Mohler and Wieschaus describe a
polygenic strain, designated YC67 that parallels the
behavior of BicD in all respects except that it is unmap-
pable.

BicF
location: 3- (unmapped).
references: Tearle and Nisslein-Volhard,
66: 209-26.

phenotype: Dominant maternal effect giving bicaudal
embryos in some genetic backgrounds (e.g., with
In(2LR)O, Cy l(2)DTS513. High temperatures and short
egg shape may enhance this effect. Homozygous pheno-
type is probably collapsed eggs.

bie: bientot (T. Schiipbach)

location: 2-97.

origin: Induced by ethyl methanesulfonate.

references: Schiipbach and Wieschaus, 1989, Genetics

121: 101-17.

phenotype: Maternal-effect female-strile mutant; homozy-
gous females lay eggs which show no visible signs of
development when observed under transmitted light in a
stereo microscope. These eggs are defective in fertiliza-
tion or very early embryonic development. bie PV some-
times gives rise to embryos which form irregular blasto-
derms and develop abnormally, producing fragmented
pieces of cuticle.

alleles: Three, bie! - bie’ isolated as RD, PV, and SD,
respectively.

bifid: see bi

big brain: sce bib
Billa: see Fs(2)Sz2
bip: bipolar oocyte

location: 3-10.

origin: Induced by ethyl methanesulfonate.

references: Tearle and Nisslein-Volhard,
66: 209-26.

phenotype: Female sterile; no eggs laid. Qocytes often
have nurse-cell clusters at both ends (15 nurse cells alto-
gether). Mature oocytes can have micropiles at both
ends, no dorsal appendages and no polarity.

bis: bistre

location: 1-21+ (T. K. Johnson).

origin: Induced by DL-p-N,N-di-(2-chloroethyl)amino-
phenylalanine (CB. 3007).

discoverer: Fahmy, 1954.

references: 1958, DIS 32: 67.

phenotype: Very dark brown eye color; ocelli also dark.
Wings frequently unexpanded. Males sterile, but homoz-
ygous females fertile (T. Johnson). Viability varies from
less than 10% to 70% wild type. RK2A.

cytology: Placed between 7B5 and 9 by Lefevre.

*Bit: Bitten
location: 3- (not located; crossing over between ru and th
almost completely suppressed).
origin: X ray induced.
discoverer: Lefevre, 48g5.
references: 1949, DIS 23: 58.
phenotype: Inner margin of wing indented. Wings, nor-

1987, DIS

1987, DIS
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mally folded, appear to have had a bite taken out of the
back. Marginal hairs present unlike N and cz. Flight is
impeded, although little wing area lost. Homozygous
lethal. RKIA.

cytology: Associated with In(3L)Bit; breakpoints not deter-
mined.

bithorax: see bxunder BXC
Bithoraxlike : see Ubx under BXC
bithoraxoid: see bxdunder BXC
Bitten: see Bit

*bk: buckled

location: 1-59.8.

origin: Induced by  p-N,\N-di-(2-chloroethyl)amino-
phenylethylamine (CB. 3034).

discoverer: Fahmy, 1955.

references: 1959, DIS 33: 83.

phenotype: Wings slightly altered in shape and frequently
divergent; membranes warped between longitudinal
veins. Veins slightly thickened at wing margins. Eye
shape slightly altered. Scutellar bristles frequently abnor-
mal, either inserted in base atypically, bent, or duplicated.
Males viable and fertile. RK3.

alleles: *bk ° (CP627).

Bkd: Blackoid

location: 2-65 (Braun).

origin: Spontaneous.

discoverer: Goldschmidt, 1938.

phenotype: Body color black in homozygote, distinctly
darker than wild type in heterozygote. RK2.

alleles: *Bkd ! (spontaneous, Goldschmidt, 1938); Bde
(induced by ethyl methanesulfonate + formaldehyde,
Marsh and Mack, 1985, DIS 61: 214); allelism of Bkd M
inferred from phenotype and position between cn and c.

*bki: buckledlike

location: 1-59.9.

origin: Induced by D-p-N,N-di-(2-chloroethyl)amino-
phenylalanine (CB. 3026).

discoverer: Fahmy, 1955.

references: 1959, DIS 33: 83.

phenotype: Wings slightly divergent with membranes
warped between longitudinal veins, which themselves are
often slightly thickened. Abnormally-shaped eyes, fre-
quently compressed dorsoventrally. Both sexes viable
and fertile. RK3.

other information: Probably a complementing allele of
bk. One X-ray-induced allele.

BI: Bristle

location: 2-54.8 (crossing over may be reduced).

origin: Spontaneous.

discoverer: R.L.King, 25d11.

references: 1927, Biol. Bull. 53: 465-68.

phenotype: Bristles one-half to two-thirds normal length,
blunt, thicker, and beaded in outline. Posterior scutellars
often cross and adhere to body. Eyes somewhat larger
and rougher. Overlaps wild type when reared at 20°
(Ashburner). Probably affects nature of bristle secretion,
particularly outer layer [Lees and Waddington, 1942, DIS
16: 70; Lees and Picken, 1945, Proc. Roy. Soc. (Lon-
don), Ser. B 132: 396-423 (fig.)]l. Viability of
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heterozygote is good but erratic; homozygotes usually
lethal; survivors female sterile with roughish eye charac-
ter. RK1 as dominant.

alleles: *B!°° and *BI>! (Plough and Ives, 1935, Genetics
20: 42-69).

cytology: Between 38A6 and 38E9 based on inclusion
within DA2L)TW2 = Df(2L)37D2-EI;38E6-9 but not
Dfi2L)TW9 = Df{2L)37E2-F4,38A6-CI or Df{2L)TWI158
= Df{2L)37B2-8;37E2-F4 (Wright, Hodgetts, and
Sherald, 1976, Genetics 84: 267-85).

*bla: bladderwing

location: 1-43.2.

origin: Induced by L-p-N,N-di-(2-chloroethyl)amino-
phenylalanine (CB. 3025).

discoverer: Fahmy, 1953.

references: 1958, DIS 32: 67-68.

phenotype: Wings grossly deformed, small, and normally
full of fluid. Eyes slightly abnormal in shape. Males fer-
tile; females sterile. Viability about 50% wild type.
RK3.

Bla: see nw®

black: see b

Black cells: see B¢

black leg: sec bleg

Blackoid: see Bkd

bladderwing: see bla
Blastoderm-specific gene: sce Bsg
blc: blocked (T. Schiipbach)

location: 2-43.

origin: Induced by ethyl methanesulfonate.

references: Schiipbach and Wieschaus.

phenotype: Female-sterile; homozygous females often
have underdeveloped ovaries which seem to lack germ
cells altogether. In some females a small number of
developing egg chambers is found; may contain abnor-
mal numbers of nurse cells, and never develop beyond
the first few stages of oogenesis.

alleles.: bic " = bic !, bic ™.

bid: bald

location: 3-48.1 (in 3R to the left of Ki ).

origin: Induced by ethyl methanesulfonate; detected by the
presence of X-ray-induced somatic spots in the progeny
of treated males.

references: Garcia-Bellido

50: 179.

1974, Molec. Gen. Genet. 128: 117-30.

phenotype: Homozygous lethal (lethal may be indepen-
dently induced); not cell lethal. In homozygous cuticular
spots, chetae, trichomes and cuticle appear depigmented
and transparent; trichomes long, thin, and wooly. RK1 as
a marker for cuticular clones.

Bid: Blond
location: 1- or 2- (associated with rearrangement).
origin: Spontaneous in chromosome containing In(2R)Cy.
discoverer: Burkart, 1930.
references: 1931, Rev. Fac. Agron. Vet. Univ. Buenos
Aires 7: 393-491.
Burkart and Stern,

and Dapena, 1974, DIS

1933, Z. Indukt. Abstamm.



Vererbungsl. 64: 310-25 (fig.).

phenotype: Bristles of heterozygote are gleaming yellow
at tips and for varying lengths of more basal regions.
Hairs not much paler and bristles of abdomen only
slightly affected. Larval mouth parts wild type. No over-
lap. ERG normal [Hotta and Benzer, 1969, Nature (Lon-
don) 222: 354-56]. Viability and fertility excellent.
Most available T(1;2)Bld chromosomes carry a lethal in
2R; lethal easily separated from translocation by recom-
bination in T(1,2)BId/ In(2R)Cy females.

cytology: Associated with T(1;2)Bld =
C1;60B12-13 (Lefevre).

other information: Bld phenotype associated with the
2R Px ? element of the translocation.

1(1,2)IB13-

Ble: Barlike eye

location: 3-94.

origin: X ray induced.

discoverer: Crowell, 57i.

references: Meyer, 1958, DIS 33: 97.

phenotype: Eye shape indistinguishable from Bar.
Expression of Ble/+ varies, best at 26°. Excellent expres-
sion in homozygote at all temperatures. Ble/ Ble in com-
bination with B results in an extremely narrow eye. RK1.

other information: If Ble represents a transposition of the
Bar locus to chromosome 3, the flanking loci of f* and
od ™ have not been transposed. Also against transposition
is absence of sexual dimorphism that dosage compensa-
tion of B should produce in such a case.

*bleg: black leg
location: 3- (near p ).
discoverer: Bridges, 16b23.
references: Bridges and Morgan, 1923, Carnegie Inst.
Washington Publ. No. 327: 158.
phenotype: Legs black; body color pallid; wings flimsy.
RK3.

blistered: see bs
Blisterlike: see Bsl
blistery: see by

blo: bloated
location: 2-58.5.
origin: Recovered among descendants of heat-treated flies.
discoverer: Ives, 33f26.
synonjvm: Originally referred to as ba 2: balloon and
ba >3

references: Plough and Ives, 1934, DIS 1: 33.
1934, DIS 2: 10.
1935, DIS 3: 6.
Bridges, Skoog, and Li, 1936, Genetics 21: 788-95.
phenotype: Wings spread, crumpled, and vesiculated;
wing shows irregular plexus of extra veins. In extreme
cases, wings unexpanded. Occasional hooked or wavy
bristles. Developmental studies by Waddington [1939,
Proc. Nat. Acad. Sci. USA 25: 299-307 and 1940, J.
Genet. 41: 75-139 (fig.)] show intervein material spongy
and veins swollen with inadequate contraction after
inflated stage of pupal wing. Droplets of hemolymph
often become clothed with cells liberated from
epithelium and remain along basal processes. Does not
overlap wild type but has poor viability and hatches later.
RK2.
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cytology: Not included within and does not recombine
with (0/1098) Dfi2R)Np = Df{2R)44F1-2;45E1-2
(Bridges, Skoog, and Li, 1936).

blocked: see bic

Blond: see Bld
blot: see ap bit
*bit: ballet
location: 1- (not located).
origin: X ray induced.
discoverer: Iyengar.
references: 1962, DIS 36: 38.
phenotype: Wings one-third the normal length, stretched
outward and slightly upward; wing tip broadened; vena-
tion markedly altered as in fused. Male viability
impaired; females almost completely lethal. RK2.
blt: see ap bl
*blu: blunt
location: 3- (near ru).
origin: Spontaneous.
discoverer: Walbrunn, 46j23.
references: 1947, DIS 21: 71.
phenotype: Wings slightly shorter and broader than nor-
mal, giving a squared appearance. Sometimes difficult to
classify. RK3.

Blunt short bristle: sec Bsb
bly: bellyache

location: 1-28.3.

origin: Induced by ethyl methanesulfonate.

references: Eberl and Hilliker, 1988, Genetics 118: 109-

20.

phenotype: Recessive lethal. Dispersed or poorly formed
Malpighian tissue and often a yolk plug; cuticle appears
normal.

alleles: Two putative alleles, blyl and bly 2; isolated as
I(1)EH290 and I(1)EH740a.

*bn: band

location: 3-72.

origin: Spontaneous.

discoverer: Morgan, 12g.

references: Bridges and Morgan, 1923, Camegie Inst.
Washington Publ. No. 327: 79 (fig.).
Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.
2: 215 (fig.), 218.

phenotype: Trident pattern and scutellum darker with dark
transverse band across anterior portion of mesonotum.
Thorax vacuolated; hairs on thorax sparse and directed
medially in bowed lines. RK2.

bo: bordeaux

location: 1-12.5.

discoverer: Nazarenko.

phenotype: Eye color dark wine; not completely separable
from wild type. Transplantation indicates bo may be
nonautonomous (Ephrussi and Beadle, 1937, Genetics
22: 65-75). Larval Malpighian tubules bright yellow
(Beadle, 1937, Genetics 22: 587-611). RK3.

other information: CalTech stock, bo v, contains w
alleles. Schalet thinks bo is a dark allele of w; bo/w ¢
looks like dark allele of w series.
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bobbed: sce bb
bobbed on the Y chromosome: see bb”

bod: bowed

location: 3-48.3.

origin: Spontaneous.

discoverer: Nichols-Skoog, 35b20.

references: 1937, DIS 7: 6.

phenotype: Wings bowed downward over abdomen with
curvature along both axes; curvature occasionally
reversed. Wings somewhat smaller than wild type.
Whole fly smaller and humpy; eyes slightly bulged.
Overlaps wild type slightly. Viability 75% wild type.
RK3.

Bojla: see Fs(3)Sz5
*bord: bordered

location: 1-70.

origin: Spontaneous.

discoverer: Bridges, 1916.

references: Morgan, Bridges,

Bibliog. Genet. 2: 220.

phenotype: Wings smaller and slightly extended; venation
ragged; veins bordered by darker bands. Viability poor;
classification unreliable. RK3.

and Sturtevant, 1925,

bordeaux: sce bo
bordered: see bord

*bos: bordosteril

location: 3-0.0.

origin: Spontaneous.

discoverer: Fabian, 1941.

references: 1948, Arch. Julius Klaus-Stift. Vererbungs-
forsch. Sozialanthropol. Rassenhyg. 23: 512-17.

phenotype: Eye color dark brownish red, darkens with
age. Malpighian tubules and testis sheaths colorless.
Male fertile; female sterile. RK2.

other information: Possibly an allele of she.

boss: bride of seveniess

location: 3.90.5 (just proximal to Pr).

references: Reinke and Zipursky, 1988, Cell 55: 321-30.

phenotype: Homozygotes lack photoreceptor cell R7;
phenotype indistinguishable from that of sev. Mosaic stu-
dies demonstrate that boss™ activity required in R8 and
in no other photoreceptor cell for the normal develop-
ment of the R7 cell in the same ommatidium. boss® R8
cell cannot rescue R7 development in adjacent omma-
tidia.

alleles: Sixteen alleles induced by X
methanesulfonate, and hybrid dysgenesis.

cytology: Placed in 96F5-14 by deficiency mapping.

bot: botch (T. Schiipbach)

location: 2-20.

origin: Induced by ethyl methanesulfonate.

references: Schiipbach and Wieschaus, 1989, Genetics

121: 101-17.

phenotype: Maternal-effect female-sterile mutant;
embryos from homozygous mothers do not hatch and
show irregular segmentation, variable segment fusions,
and holes in cuticle.

alleles: bot % = bot 1.

rays, ethyl
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Botond : see Fs(3)Sz6

*bow: bow wings

location: 1- (not located).

discoverer: Bridges, 12h15.

references: Morgan and Bridges, 1916, Camegie Inst.

Washington Publ. No. 237: 46 (fig.).

phenotype: Wings curved downward over abdomen and
also sideways, like bowl of a spoon. Overlaps wild type.
RK3.

Bow: Bowed (M. Ashburner)
location: 2-55.1.
origin: Induced with ethyl methanesulfonate.
discoverer: Detwiler.
phenotype: Wings of heterozygotes at 45° to body axis;
macrochaetae, especially scutellars, with hooked tips.
cytology: Cytologically normal (Ashburner).

bow-legged: seec bwi
bowed: see bod
Bowed: sce Bow
bp: see bul b

br: see BRC

*Br: Bridged

location: 1- (right half; crossing over suppressed to the
right of v).

origin: X ray induced.

discoverer: Muller, 2713.

references: 1935, DIS 3: 29.

phenotype: Plexus-like wings with extra crossveins bridg-
ing longitudinals. L4 bent. Wings arched. Male lethal.
RK3A.

cytology: Associated with In(1)Br.

Br: see Sp
brachymacrochaetae: see brc
brahma: see brm

braille: see brl

bran: seea®™
Bran: see a®™
branch: see bch

Branchlet: see Bt

*brb: broad abdomen

location: 1-52.9.

origin: Induced by styrylquinoline (CB. 3086).

discoverer: Fahmy, 1956.

references: 1959, DIS 33: 83.

phenotype: Fly with broad abdomen and slightly shortened
thorax and wings. Wings frequently slightly divergent.
Eyes small and dull red with reflection spots. Bristles
slightly shortened and lying flatter on thorax. Males and
females viable and fertile. RK2.

alleles: One allele induced by
chloroethyl)amino-phenylalanine.

L-p-N,N-di-(2-



bre: brachymacrochaetae

location: 1-0.0 [no recombinants with sc among 6746 sons;
placed between su(s) and tw by duplication analysis
(Maddern, 1972, DIS 49: 40); placed just proximal to rw
between I(1)1Da and I(1)IDc, by Voelker, using terminal
deficiencies].

origin: Induced by triethylenemelamine (CB. 1246).

discoverer: Fahmy, 1952.

references: 1958, DIS 32: 68.

phenotype: One or more thoracic bristle much reduced in
size; scutellars and dorsocentrals most frequently
affected. Occasional bristles duplicated. Extra-bristle
phenotype enhanced by duplications for the tip of X with
breakpoint between su(s) and tw (Maddern, 1972, DIS
49: 40). Good viability and fertility in both sexes. brc 6,
a lethal allele, causes pupal death with substantial pupal
histolysis, especially at anterior end (Eberl, Hilliker, and

Voelker, 1988, DIS 67: 36).
alleles: Majority of alleles are lethal.

allele origin « discoverer synonym ref B comments

bre!  TEM Fahmy, 1952 I viable

bre2  CB.3025 Fahmy, 1952 I visble

bre?  Xray Fahmy, 1952 I viable

bre?  Xray Lefevre ¥1)C93 2

bre®  EMmS Lefevre (1)VA23 3.4  polyphenic; no
maternal effect

bre®  DCE Kramers {1)DCE12

bre’  ENU Voelker I(1)B1

bre 8 ENU Voelker i(1)B5 semilethal;
bre phenotype

bre?  ENU Voelker i1)B20 semilethal;
bre phenotype

bre’®  Enu Voelker i1)B29

bre’!  ENU Voelker I1)B43

bre?  EnU Voelker i(1)B45

© = Fahmy, 1958, DIS 32: 68; 2 = Lefevre, 1971, Genetics 67: 497-
513; 3 = Lefevre and Watkins, 1986, Genetics 113: 869-95; 4 = Per-
rimon, Engstrom, and Mahowald, 1984, Dev. Biol, 105: 404-14.

BRC: Broad Complex
location: 1-0.28 (left of dor); mapped to 1-0.43 based on
15 crossovers between npr4 and y, 36 between npr “ and
w, and 159 between npr4 and ec (Belyaeva et al.).
synonym: o.c.c.. overlapping complementation complex;
ecs: ecdysone sensitivity (Zhimulev, Belyaeva, Fomina,
Protopopov, and Bolshakov, 1987, Chromosoma
94: 492-504).
references: Belyaeva, Aizenzon, Semeshin, Kiss, Koczka,
Baritcheva, Gorelova, and Zhimulev, 1980, Chromo-
soma 81: 281-306.
Belyaeva, Protopopov, Baritcheva, Semeshin, and
Izquierdo, 1987, Chromosoma 95: 295-310.
Kiss, Beaton, Tardiff, Fristrom, and Fristrom, 1988,
Genetics 118: 249-57.
genetics: The Broad Complex resides in the early
ecdysone-induced puff at the left end of the X chromo-
some; it comprises a number of mutations with compli-
cated phenotypic and complementation characteristics.
Russian investigators originally defined four mutually
complementing, lethally mutable loci, which function in
ecdysone-dependent induction of metamorphosis: br =
broad, rbp = reduced bristles on palpus, /(1)2Bc, and
{(1)2Bd. Based on amorphic mutations, defined on the
basis of having equivalent phenotypes in homozygous
and hemizygous females, Kiss et al. define two comple-
mentation groups: br [comprising br, rbp, and /(1)2Bd
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(Belyaeva et al.)] and I(1)2Bc;npr alleles are non-
complementing. In the following treatment we retain the
subdivisions as defined by Belyaeva et al.; however, as
the molecular structure of the complex becomes under-
stood, simpler terminology will be indicated.

cytology: Placed in 2BS based on its deletion by Df{1)S39
= Df(1)IE3-4;2B5 and by the deficiency within
Dp(1,Y)8z280 = Df(1)2B4-5;2B6-7;
Df(1)S39/Dp(1,Y)8z280 males die as puffless third-instar
larvae (Belyaeva, Vlassova, Biyasheva, Kakpakov,
Richards, and Zhimulev, 1981, Chromosoma 84: 207-
19).

molecular biology: Region entered by transposon tagging
(Chao and Guild, 1986, EMBO J. 5: 143-50) and by
microdissection (Galcerdn, Jiménez, Edstrdm, and
Izquierdo, 1986. Insect Biochem. 16: 249-54). Chromo-
somal walk of 230 kb includes polytene bands 2B1-6;
coordinate 0 defined as the most distal point of the walk,
with positive values extending to the right. Mutational
lesions are spread over 50 kb and are confined to two dis-
junct regions, the distal one is between 100 and 115 kb
and the proximal is between 150 and 175 kb (Sampedro,
Galcerdn, and Izquierdo, 1989, Mol. Cell Biol. 9: 3588-
91); both br and /(1)2Bc lesions are found in the proximal
group. The region is transcriptionally complex; tran-
scripts from the distal region seem unrelated to BRC
function, whereas, the proximal region produces an array
of transcripts that display alternative initiation and termi-
nation sites as well as alternatively spliced exons which
show stage specificity, with constitutive and early tran-
scripts originating at coordinate 143 kb and late tran-
scripts at 165 kb (Galcerdn, Llanos, Sampedro, Pongs,
and Izquierdo, 1990, Nucleic Acids Res. 18: 539-45).

br: broad
Edith M. Wallace, unpublished.

br: broad

references: Morgan, Bridges, and Sturtevant, 1925,
Bibliog. Genet. 2: 145, 220 (fig.).
phenotype: The br complementation group contains both
amorphic and hypomorphic mutant alleles; amorphic
alleles cause early prepupal developmental arrest; hypo-
morphic alleles cause late pupal or pharate adult develop-
mental arrest or are viable. Null alleles display normal
larval development but prevent elongation and eversion
of discs giving rise to appendages in the pupal stage.
Wings of the viable allele, br’ , somewhat broader than
normal; about 80% of normal length, with round full tip;
crossveins closer together. Shape difference visible in
middle prepupal stage immediately after eversion [Wad-
dington, 1939, Proc. Nat. Acad. Sci. USA 25: 299-307;
1940, J. Genet. 41: 75-139 (fig.)]. A haplo-insufficient
locus in that heterozygosity for a deficiency including the
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br locus leads to a slight br phenotype (Craymer and other information: Some br and br/rbp genotypes display
Roy, 1980, DIS 55: 200 04); furthermore, the deficiency reduced palpi, leading Kiss e al. to place br and rbp in
in combination with br ’ or br 3 Jeads to drastic reduction the same complementation group.
in viability, especially at 18°, and an extreme phenotype
y» especially at 18 and an extreme phenotyp I(1)2Bab
among survivors, including reduced palpi characteristic . .
. o phenotype: So named because of its failure to complement
of rbp alleles, short rounded wings with interrupted . .
. . . . lethality of br and rbp mutations. Homozygotes and
veins, and malformed third legs, i.e., shortened and thick-
L . o hemizygotes die in pupal stage; puparium formanon
ened femora and tibiae as well as misshapen basitarsi.
. delayed three [i(1)2Bab ] to six [l(1)2Bab ] hr.
The malformed-leg syndrome is enhanced by heterozy-
i(1 )ZBab pupae have normal imaginal organs, and
gosity for Sb or sbd alleles (Beaton, Kiss, Frlstrom and
escapers have faded wings and reduced brlstles on palpi.
Fristrom, 1988, Genetics 120: 453-64). br! /+ and
. Prepupal lethal in combination with npr] or Df( 1)839.
Df(1)S39/+ display slight dominance of br effects in the
%1 . other lnformatlon. Surviving  I(1)2ab /rbp and
presence of Rpli215 (Mortin and Lefevre, 1981,
I(1)2ab /l(I )ZBc exhibit malformed-leg syndrome.
Chromosoma 82: 237-47).
alleles:
alleles:
. o allele origin  synonym ref &
allele origin discoverer synonym ref comments
1 _ ) ) ) yn2Bab!  EMS  KIu 1,2,3,4
br spont Bridges,15i26 4,5,7,13 viable; 412 insert at 164.4 kb 1(1)2Bab EMS K26 123
br spont Bridges,31el 4,5, 13 viable; 412 insert at 164.4 kb + I(1)2Bab EMS I(1)t143 ] 2 3 P
4 59j B104 insert at 139.4 kb i(1)2Bab i(1)d.norm.24 ’3: 5‘
br DNA Fahmy bro7 4,5  viable; inserts at 109 and
115 kb + small deletion @ J=Aizenzon and Belyaeva, 1982, DIS 58: 3-7; 2 =Belyaeva,
5 between 102 and 104 kb Aizenzon, Kiss, Gorelova, Pak, Umbetova, Kramers, and Zhimulev,
br P EMS 135 1,2,7,8 amorph, prepupal lethal 1982, DIS 58: 184-90; 3 = Belyaeva, Aizenzon, Semeshin, Kiss,
br EMS I(1)t103 1,2 In(1)2B3-4;3CI, Koczka, Baritcheva, Gorelova, and Zhimulev, 1980, Chromosoma
hypomorph, pupal lethal; 81:281-306; 4 =Kiss, Beaton, Tardiff, Fristrom and Fristrom;
, breakpoint at 146 to 151 kb 5 =Kiss, Bencze, Fekete, Fodor, Gausz, Mardy, Szabad, and Szi-
br EMS I(1)t336 1,2,7 donya, 1976, Theoret. Appl. Genet. 48: 217-26.
br 8 EMS I(1)t366 1,2,8 amorph, prepupal lethal
brd ) ymy Pak 76 1,2 viable I(1)2Bc
br X ray Lefevre I1)AI8 9 T(1,2)2A4,;60E8-9 . Tt _
br!! Xray Lefevre DA 9 T(12)2B742 pheno‘type. Die in prepupal or faarly pupal ‘stage after for
br'2 Xray Lefevre {1)C123 9 T(11,2)2B6.;54A mation of a gas bubble. Imaginal discs fail to fuse, espe-
br ;3 Xray Lefevre I(1)GA106 9 In(1)2B6;20F cially dorsally, to produce a continuous mtegument
br g Xray Lefevre [1)GE222 9 T(1;3)2B6,83E Puparium formanon variably delayed: 6 hr in /(1)2Bc ! 7
br Xray Lefevre I(1)GE246 9 In(1)2B6,3D5-6 (complex) 1
br1® Xray Lefevre KI)GF325 4,11  Tp(1;2)2B7,7D;36C Ilvf hr in /(1)2Bc”, a.ndf9f hr in /(1)2Bc” and I(1)2Bc”.
br'7  Xray Lefevre I(1)N34 In(1)2B6:4D6 any late ecdysone puffs both in larvae and prepupae
br;g EMS Lefevre i(1)VE662 10 either absent or underdeveloped [I(1)2Bc ] [Zhimulev,
br 21 EMS Lefevre I(1)VE736 10 Belyaeva, and Alzenzon 1980, Genetika (Moscow)
brop EMS Lefevie UI)VESOL 10 In(1)2B6-7:20A 16: 1613-31]. I(1 )ZBc an amorphic allele fully comple-

br EMS Lefevre I(1)VE9O! 10 T(1,2)2B;25E-F

br3 spont Schalet H1)14-153 men.ts the amorphic br’ (Kiss et al.).
br24 spont Schalet 1(1)20-68 alleles:
*br 24h spont L.V.Morgan 4 viable allele origin  synonym ref & comments
br?®  Xray 7 Df1)IEI-2;2B4-5 = Dft1)pn7b

2 ITDI breakpoint at 144.5 to 147 kb nnzBe! EMs  unuo 1,2,3,4,5 amorph
br’, DEB b 7 Df1)ID-E;2B5; hypomorph (1)2Bc EMS  I(1)176 1,2,3,4  amorph
br 2 DEB br 52108 7 viable, hypomorph ) )2803 EMS  [(1)49 1,23
br29 HD br X195 13 0.2 kb deletion at 102 to 104 kb I(1)2Bc EMS (11197 1,2,3
brise X br I3 15kbinsertat 174 kb (n26c® WD y1)2Bc P é 4 6 defective P at 172 kb
.z: s :gzgt ;-L-gf;’l:fgan : V:::}: y128c® HD  i1)2B. P 6 defective P at 172kb

V.

er spont Muller, 15h 12 D = Dominant @ ] = Aizenzon and Belyaeva, 1982, DIS 58: 3-7, 2 =Belyaeva,
*br 1-a spom Muller, 15h 12 Aizenzon, Kiss, Gorelova, Pak, Umbetova, Kramers, and Zhimulev,
*br 1b spont Muller, 19h 12 1982, DIS 58: 184-90; 3 =Belyaeva, Aizenzon, Semeshin, Kiss,
‘br’h spont Bridges, 14g20 3 viable; sh = short Koczka, Baritcheva, Gorelova, and Zhimulev, 1980, Chromosoma
prtd spont Fahmy, 1955 6 viable; ug = unequal wings 81: 281-306; 4 =Kiss, Beaton, Tardiff, Fristrom and Fristrom,
"brw spont Duncan 4 viable; w = wide 5 =Kiss, Szabad, Belyaeva, Zhimulev, and Major, 1980, Develop-

1 = Belyaeva, Aizenzon, Kiss, Gorelova, Pak, Umbetova, Kramers,
and Zhimulev, 1982, DIS 58: 184-90; 2 = Belyaeva, Aizenzon,
Semeshin, Kiss, Koczka, Baritcheva, Gorelova, and Zhimulev, 1980,
Chromosoma 81: 281-306; 3 = Bridges, 1916, Genetics 1: 151;
4=CP552; 5=CP627, 6 =Fahmy, 1958, DIS 32: 77; 7=Kiss,
Beaton, Tardiff, Fristrom, and Fristrom, 1988, Genetics 118: 247-
59, 8=Kiss, Szabad, Belyaeva, Zhimulev, and Major, 1980,
Development and Neurobiology of Drosophila (Siddiqi, Babu, Hall,
and Hall, eds.) Plenum Press, New York and London, pp. 163-81;
9 = Lefevre, 1981, Genetics 99: 460-80; /0 = Lefevre; /1 = Morton
and Lefevre, 1981, Chromosoma 82: 237-47; 12 =Muller and
Altenburg, 1921, Anat. Rec. 20: 213, 13 = Sampedro, Galcerin,
and Izquierdo, 1989, Mol. Cell Biol. 9: 3588-91.
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ment and Neurobiology of Drosophila (Siddiqi, Babu, Hall and Hall,
eds.) Plenum Press, New York and London, pp. 163-81. 6 = Sam-
pedro, Galcerén, and Izquierdo, 1989, Mol. Cell Biol. 9: 3588-91.

I(1)2Bd

phenotype: Males and homozygous females display nor-

mal phenotype and viability; however, in heterozygous
combination with deficiencies or npr mutations, /(1)2Bd
acts as a temperature-sensitive lethal; completely lethal at
29°; at 25° or 18° most individuals die in late pupal stage,
and survivors have faded wings, swollen abdomen, and
reduced bristle number on palpi.



alleles:

allele origin  synonym ref & comments

(12Bd! EMS K1)252  1,2,3,4 hypomorph

® 7= Aizenzon and Belyaeva, 1982, DIS 58: 3-7; 2 =Belyaeva,

Aizenzon, Kiss, Gorelova, Pak, Umbetova, Kramers, and Zhimulev,
1982, DIS 58: 184-90; 3 = Belyaeva, Aizenzon, Semeshin, Kiss,
Koczka, Baritcheva, Gorelova, and Zhimulev, 1980, Chromosoma
81: 281-306; 4 = Kiss, Beaton, Tardiff, Fristrom and Fristrom.

npr1: nonpupariating

phenotype: Hemizygous male larvae fail to pupariate,
although they survive 10-15 days after their normal sibs
have pupariated. Four-day-old larvae appear normal as
do their imaginal discs; normal ecdysteroid levels
achieved. Discs become abnormal beginning on the sixth
day; peripodial membrane becomes enormously dis-
tended and highly distorted; partially evaginated structure
becomes visible in the disc lumen; do not undergo
detailed morphological changes characteristic or
metamorphosis, either in situ or in transplants into nor-
mal larvae [Fristrom, Fekete, and Fristrom, Wilhelm
Roux’s Arch. Dev. Biol. 190: 11-21 (fig.)]. Both
salivary glands and fat bodies fail to undergo histolysis in
situ or in vitro. Mutant flies able to produce ecdysone,
but tissues unable to respond normally. In gynandro-
morphs, the female tissue forms a puparium, whereas
nprl male tissue remains larval; no adults survive (Kiss,
Szabad, and Major, 1978, Mol. Gen. Genet. 164: 77-83;
Kiss, Bencze, Fodor, Szabad, and Fristrom, 1975, Nature
262: 136-38). Implantation of wild-type ring glands into
nprl larvae does not rescue pupariation; however
implanted wild-type or nprl ring glands are able to res-
cue npr3 larvae [Kiss, Szabad, Belyaeva, Zhimulev, and
Major, 1980, Development and Neurobiology of Droso-
phila (Siddigi, Babu, Hall, and Hall, eds.) Plenum Press,
New York and London, pp. 163-81]. No maternal effect
of either nprl 3 or nprl ”~ (Perrimon, Engstrom, and
Mahowald, 1984, Dev. Biol. 105: 404-14). nprl ¢
homozygous and hemizygous larvae die without exhibit-
ing any sign of ecdysone-inducible puff formation; cul-
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1= Aizenzon and Belyaeva, 1982, DIS 58: 3-7; 2 =Belyaeva,
Aizenzon, Semeshin, Kiss, Koczka, Baritcheva, Gorelova, and
Zhimulev, 1980, Chromosoma 81: 281-306; 3 = Belyaeva, Vlas-
sova, Biyasheva, Kakpakov, Richards, and Zhimulev, 1981, Chro-
mosoma 84: 207-19; 4 =Fristrom, Fekete, and Fristrom, 1981,
Wilhelm Roux’s Arch. Dev. Biol. 190: 11-21; 5 =Kiss, Bencze,
Fekete, Fodor, Gausz, Marby, Szabad, and Szidonya, 1976, Theoret.
Appl. Genet. 48: 217-26; 6 = Kiss, Beaton, Tardiff, Fristrom, and
Fristrom; 7 =Kiss, Bencze, Fodor, Szabad, and Fristrom, 1976,
Nature 262: 136-38; 8=Kiss, Szabad, Belyaeva, Zhimulev, and
Major, 1980, Development and Neurobiology of Drosophila (Sid-
digi, Babu, Hall, and Hall, eds.) Plenum Press, New York and Lon-
don, pp. 163-81; 9=Kiss, Szabad and Major, 1978, Mol. Gen.
Genet. 164: 77-83; 10 = Murphy, 1974, Dev. Biol. 39: 23-36; 1]
=0Orr, Galanopoulos, Romano, and Kafatos, 1989, Genetics
122: 847-58 (fig.). 12 = Stewart, Murphy, and Fristrom, 1972, Dev.
Biol. 27: 71-83.

rbp: reduced bristles on palpus

phenotype: Late pupal lethal; most animals reach the
pharate adult stage. rbp2 homozygotes and males sur-
vive with fewer than normal bristles on the palpus; when
raised at 29°, females exhibit faded wings and swollen
abdomens; when raised at 18° males have faded wings.
rbp 2/Df$1 JRAIY females virtually lethal; females carry-
ing rbp © and any of the other rbp alleles are completely
viable when reared at 18°, but at higher temperatures
most die and escapers have reduced bristles on the
palpus, shortened bristles on the scutellum, shrivelled or
swollen abdomen shrivelled wings and eyes with crum-
pled surface.

alleles:
allele origin  synonym ref & comments
rbp; EMS  rp™ 12,34
ps EMS  rop 132 1,2 hypomorph
rop3  EMS  rpp ¥ 1,2
rbp ; EMS p8 1
mp® EMS B0 12

o

1 = Aizenzon and Belyaeva, 1982, DIS 58: 3-7; 2 = Belyaeva,
Aizenzon, Semeshin, Kiss, Koczka, Baritcheva, Gorelova, and
Zhimulev, 1980, Chromosoma 81: 281-306; 3 = Kiss, Beaton, Tar-
diff, Fristrom, and Fristrom; 4 = Kiss, Szabad, Belyaeva, Zhimulev,
and Major, 1980, Development and Neurobiology of Drosophila
(Siddigi, Babu, Hall, and Hall, eds.) Plenum Press, New York and

ture of slivary glands in 20-OH ecdysone produces partial London, pp. 163-81;
development of some early, but none of late ecdysone-

inducible puffs, and extraneous puff appears at 75CD *brd: .br oadened
(Belyaeva, Vlassova, Biyasheva, Kakpakov, Richards, loc.af“’“‘ 1'33.-

and Zhimulev, 1981, Chromosoma 84: 207-19). nprl * origin: X ray induced.

gene product also required for regression of the intermolt discoverer: Muller, 26127.
68C glue puff [Belyaeva, et al. (npr®); Crowley, Math- references: 1935, DIS 3: 29.

ers and Meyerowitz, 1984, Cell 39: 149-56 (npr 3)] and phenotype: Wings expanded. Viability 20% wild type.
for the transcription of the three 68C glue protein genes RK3.
(Crowley et al). Brd: Bearded (M. Leviten)
alleles: location: 3-42 (between G/ and th).
allele  origin  discoverer  synonym ref®  comments phenotype: Causes production of supernumerary chaetae
1 a and sensilla at or near normal positions. Brd ! homozy-
npr’  EMS  Sewat  [Ddnorm-1= 2,467, gotes survive and exhibit more severe phenotypes than
mpr?  EMS  Stewart UD)dnorm.-1° ; ’ 131122 heterozygotes. Brd 114+ = Brd I/Df(3L)Brd. BIrd alleles
npr3 EMS  Kiss i(1)npr-1 2,4,6, affect all classes of adult sensory organs. Brd ~ strongly
7.9 affects macrochaetae and other imaginal-disc sensilla
4 ) i(1)d.norm.-12 3 (i.e., trichoid, campaniform, basiconig), but only mildly
Zz :5 Eﬁ: Kiss %jgj i’g’z increases microchaete density. Brd” and other alleles
npr®  EMs 11435 123 produce more severe microchaete phenotypes, in both
npr f73 DEB npr T TP 6 T(1;3)2BS ;61F3-4 disc andI histoblast derived tissues, as well as exhibiting
npr P f5(1)del2 11 the Brd * phenotypes. In addition to sensillum multipli-

cation, Brd ! homozygotes also exhibit bristle loss, with
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anterior orbitals absent (>90%) and a less frequent loss of
ocellar macrochaetae (<5%). This bristle loss occurs in
other Brd genotypes and is most severe for Brd 3 homoz-
ygotes. The combination of sensilla multiplication and
loss phenotypes is made more severe by loss-of-function
mutations at Notch and neuralized, and are decreased in
the presence of three wild-type copies of these genes.
The ethyl-methanesulfonate-induced point revertants of
Brd ! tested (Brd ™'**) are homozygous viable, viable in
trans to Brd deficiencies, and display no mutant pheno-
types in either situation.

alleles: Alleles other than Brd ' are primary or secondary
derivatives of Brd ;,WBrd ™5 and Brd ™ are reveriants of
Brd”,and the Brd """ alleles are revertants of Brd ™ .

allele origin discoverer phenotype a comments

Bra! spont  Groger

Brd 2 Yray Posakony > Brd ! ; severe eye In(3L)71A;71F
defects; homozygous early
pupal lethal

Brd® P Leviten homozygotes - fr-like In(3L)70D-E;71A

rough-eye and bristle
polan’ty defects

Brd®  yray Posakony <Brd!:homozygousviable In(3)71A1-2:80-81
Brd 5 yray Posakony << Brd" ;homozygous viable In(3)71A1-2,80-81
Brd 6 Yray Posakony < Brd 1 ; homozygous lethal  In(3)71A1-2,80-81

Brd 1 EMS Shim wild type; homozygous viable
Brd 2 EMS  Shim wild type; homozygous viable
Brd 3 EMS Leviten wild type; homozygous viable
Brd 4 EMS Leviten  wild type; homozygous viable
Brd s EMS Leviten  wild type; homozygous lethal
Brd e EMS Leviten wild t)}pe; homozygous lethal
Brd pP1 P Leviten < Brd’ ; homozygous viable
Brd pi1 A2-3  Leviten >Brd ! ; homozygous lethal
Brd pi2 A2-3  Leviten >Brd ! ; homozygous viable
rd pi3 -3 Leviten > Brd" ; homozygous viable
Brd Prv1 A2-3% Leviten  wild type; homozygous viable
Brd Prv2 173 Leviten wild type; homozygous viable

Brd pPrv3 A2-3  Leviten  wild type; homozygous viable
@ p-element excisions from Brd Pl induced by A2-3.

other information: Possibly Hi was a Brd allele.

*bre: bright eye

location: 1-24.6.

origin: Induced by L-p-N,N-di-(2-chloroethyl)amino-
phenylalanine (CB. 3025).

discoverer: Fahmy, 1953.

references: 1958, DIS 32: 68.

phenotype: Eye color brighter red. Wings shorter, often
crumpled or waved. Abdomen disproportionately large.
Male viability and fertility good; females have reduced
fertility. Not easily classified. RK3.

alleles: One allele induced by methyl methanesulfonate.

brevis: seec bv

brh: brown head
location: 2-61.
origin: Induced by ethyl methanesulfonate.
references: Niisslein-Volhard, Wieschaus, and Kluding,
1984, Wilhelm Roux’s Arch. Dev. Biol. 193: 267-82
(fig.).
Tearle and Niisslein-Volhard, 1987, DIS 66: 209-26.
phenotype: Embryonic lethal. Defect in head involution;
denticle bands abnormal.
alleles: Two retained, brh ! and brh? isolated as IB and
1D; plus six discarded alleles.

bri: bright

location: 2-54.3.

origin: Spontaneous.

discoverer: Nichols-Skoog, 34b23.

references: Beadle and Ephrussi, 1937, Am. Naturalist

71: 91-95.

phenotype: Eye color bright red, like cn Zorv 2; difficult
to separate from wild type. Malpighian tubules pale yel-
low (Beadle, 1937, Genetics 22: 587-611). RK3.

bride of sevenless: see boss
Bridged: see Br

brief: sce bf

bright: see bri

bright eye: see bre

Brista: sec Ba

Bristle: see Bl

Bristled : see Sp

bri: braille (M.P. Scott)

origin: Enhancer trap P-element mutagenesis.

discoverer: L.E. Rost and M.P. Scott, 1989.

phenotype: Recessive mutation with complete penetrance
and variable expressivity. Strongest phenotypes include
partial to full transformation of one or both eyes into
antennae. Less severe adult phenotypes include excess
bristles under the eyes, duplication of the more anterior
set of scutellar bristles (macrochaetae), and a spoon-like
curvature of the wings. Homozygotes are viable and fer-
tile.

cytology: P-element insertion in 60B-C; mobilization of
the P-element restored wild-type morphology.

molecular biology: Gene cloned by plasmid rescue from
bacterial sequences in the P-element.

other information: Presumed additional alleles obtained
by mobilization of P-element. All are recessive lethals
that die during early larval stages.

brm: brahma (J.A. Kennison)

location: 3-43.0.

origin: Induced by ethyl methanesulfonate.

discoverer: Kennison, 1983.

references: Kennison and Tamkun, 1988, Proc. Nat. Acad.

Sci. USA 85: 8136-40.

phenotype: Dominant suppressor of Pc and Pcl alleles.
Recessive embryonic lethal with strong maternal contri-
bution. Maternal effect lethality is non-rescuable even by
two wild-type zygotic alleles. There is a single 5.5 kb
mRNA present throughout development with the greatest
amounts in the unfertilized egg and early embryo. brm !
isolated as a dominant suppressor of the antennal to leg
transformation associated with a Pc? Antp N5 double
heterozygote.

alleles: Fifteen alleles induced by ethyl methanesulfonate,
three alleles induced by gamma irradiation, and four
alleles induced by hybrid dysgenesis.

cytology: Placed in 72A3-5 based on in situ hybridization
to salivary gland chromosomes.

brn: see ca G
broad: see brin BRC
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broad abdomen: see brb
broad head: sece bhe
broad head: see l(2)gl
broadened: sce brd
broader wing: sce brw
bronze: see sf2

bronzy: see mal™
brown: see bw

brown head: see brh
brown-like : see red

brown spots: see bsp
brr: see ho"
brunette . see Hn r2

*brw: broader wing
location: 1-39.8.
origin: X ray induced.
discoverer: Fahmy, 1956.
references: 1959, DIS 33: 83.
phenotype: Wings broad and rounded at the tips. Males
show reduced viability and are sterile. RK3.

bs: blistered

location: 2-107.3.

origin: Spontaneous.

discoverer: Bridges, 11k16.

references: Bridges and Morgan, 1919, Carnegie Inst.
Washington Publ. No. 278: 155 (fig.).
Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.
2: 219 (fig.).

phenotype: Wings blistered, small, pointed; venation thick
and plexus-like with branches from and parallel to LS
beyond second crossvein, where there is a semidominant
free vein effect. Temperature sensitive. RK2 at 19°;
RK3 at 25°. )

alleles: bs 2, bs >, *bs? bs S *bs %2 xbs > #pg P pg I8
bs ¥, *bs T, and bs PF (CP627).

cytology: Located between 60C5 and 60D2, based on its
inclusion within Df(2R)Px = Df{2R)60B8-10,60D1-2 and
within Df{2R)Px“ = Df(2R)60C5-6;,60D9-10 (Bridges,
1937, Cytologia (Tokyo), Fujii Jub., Vol. 2: 745-55).

other information: May be part of a pseudoallelic com-
plex with ba and Px.

bs2: blistered-2
Edith M. Wallace, unpublished.
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Bsb: Blunt short bristle

location: 3-100.6 (based on distribution of Bsb among 387
crossovers between ro and ca from Bsb/ca ro females).

origin: Induced by ethyl methanesulfonate.

references: B.S. Baker, 1980, DIS 55: 197.

phenotype: Bristles markedly shortened; sharply tapered at
tip resembling sharpened pencil under compound micro-
scope. Excellent cell marker. Bristles reduced to very
short stubs in Pr Bsb heterozygotes. Homozygous lethal;
viability and fertility of heterozygote excellent.

cytology: Salivary-gland chromosomes normal.

*bsc: bent scutellars

location: 1-1.1.

origin: Induced by DL-p-N,N-di-(2-chloroethyl)amino-
phenylalanine (CB. 3007).

discoverer: Fahmy, 1954.

references: 1958, DIS 32: 68.

phenotype: One or more scutellars bent on themselves in
form of inverted V. Other bristles irregularly bent. Eyes
slightly smaller. Wings slightly abnormal in shape.
Male viability about 50% wild type; fertility much
reduced. RK3.

alleles: One allele each induced by L-p-N,N-di-(2-
chloroethyl)amino-phenylalanine and D-p-N,N-di-(2-
chloroethyl)amino-phenylalanine.

Bsg: Blastoderm-specific gene
Three loci identified in a differential screen of a
genomic library with labeled blastoderm c¢DNA plus
competing amounts of unlabeled preblastoderm cDNA;
localized by in situ hybridization to polytene chromo-

somes.
genetic cytological
locus location  location synonym  ref a
Bsg25D 2-{16} 25D3 2,3
Bsg75C 3-{45} 75C1-2 term L3
Bsg99D 3-{101} 99D4-8 3
o

1 = Balderelli, Mahoney, Salas, Gustavson, Boyer, Chang, Roark,
and Lengyel, 1988, Dev. Biol. 125: 85-95; 2 = Boyer, Mahoney, and
Lengyel, 1987, Nucleic Acids Res. 15: 2309-25; 3 = Roark, Maho-
ney, Grahm, and Lengyel, 1985, Dev. Biol. 109: 476-88.

Bsg25D
molecular biology: Genomic subclone hybridizes to over-
lapping 2.7-, 3.0-, and 4.5-kb mRNA’s on Northern blots.
The two larger transcripts present in 0-8 hr embryos;
whereas the 2.7-kb transcript is found only in the blasto-
derm stage. The 2.7- and 4.5-kb messages encode the
same polypeptide; they come from a transcript with three
exons, the first two of which are shared, and the third of
which differs between the two in the length of its 3°
untranslated region. The conceptual amino-acid
sequence contains 741 amino acids and contains a 96-
amino-acid domain with 22% identity to c-fos and a 21-
amino-acid domain that resembles repeated actin-binding
segments of tropomyosin.

Bsh: see Mhc-m®
bsk: basket

location: 2-33.

origin: Induced by ethyl methanesulfonate.

references: Niisslein-Volhard, Wieschaus, and Kluding,
1984, Wilhelm Roux’s Arch. Dev. Biol. 193: 267-82

(fig.).
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Tearle and Niisslein-Volhard, 1987, DIS 66: 209-26.

phenotype: Homozygous lethal; embryos have large dorsal
anterior hole.

alleles: Three, bsk , bsk?, and bsk>, isolated as 1/, IIP,
and *IL.

cytology: Placed in 31B-32A based on its inclusion in
Df(2L)J27 = Df{2L)31B-E,32A.

bsp: brown spols

location: 2-40.6.

origin: Spontaneous.

references: Di Pasquale, 1959, DIS 33: 128.
Di Pasquale and Zambruni, 1963, DIS 37: 73 (fig.).
1965, DIS 40: 80.
1966, DIS 41: 119.
1967, DIS 42: 74.

phenotype: Spots of brown pigment appear in integument
of bsp/bsp females only after they have mated.
Di Pasquali and Zambruni (1963) showed that copulation
with any male, sterile or fertile, triggers formation of
brown spots in cuticle and brown masses in tissues.
Courtship without copulation ineffective; virgin females
never show brown spots. Simulated copulation with a
glass needle, with or without accessory-gland fluid, leads
to phenotype. Mating of etherized females less effective
in inducing brown spot formation. No phenotype in
males. Penetrance of 60-80%; viability excellent. RK3.

bss: bang senseless (J.C. Hall)

location: 1-54.6.

origin: Induce(liwt&y ethyl methanesulfonate.

synonym: bas z bang sensitive.

references: Jan and Jan, 1978, Proc. Nat. Acad. Sci. USA

75: 515-19.

Ganetzky and Wu, 1982, Genetics 100: 597-614.

phenotype: Mechanical shock or vortexing induces
paralysis lasting for 2-3 minutes; heterozygous female
are paralized for 40-50 seconds. Homozygotes and hem-
izygotes have abnormally prolonged release of neuro-
transmitter at larval neuromuscular junctions, which is
associated with multiple firing of action potentials in the
nerves; behavioral and electrophysiological phenotypes
suppressed by nap * at its mnnissive (low) temperature.

alleles: bss ~ (formerly bas 1) and bss ’ phenotypically
alike.

cytology: Placed between 14BS and 14B13 based on its
being deleted by Dff1)81112h = Df{1)I4B5-18;15A6-11
(Steller) but not carried by Dp(1;2)r *75¢ =
Dp(1,3)14B13;15A9;35D-E (Ganetsky and Wu).

other information: Separable by recombination from eas,
which causes a similar phenotype and to which bss is
closely linked.

bt: bent

location: 4-1.4 [mapped in diplo4 triploids by Sturtevant
(1951, Proc. Nat. Acad. Sci. USA 37: 405-7)].

origin: Spontaneous.

references: Muller, 1914, J. Exp. Zool. 17: 325-36.
Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.

2: 216 (fig.), 219.

Bridges, 1935, Biol. Zh. 4: 401-20.

phenotype: Wings held out at base and bent sharply back-
ward. Rear legs often lumpy at first tarsal joint. May
have one to four "preleg” or "first ventral” bristles on
ventral surface of thorax anterior to first pair of legs, in
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space otherwise devoid of bristles or hairs. Overlaps
wild type at 25°, very much at 19°, and little if any at 29°
(Metz, 1923, Proc. Soc. Exp. Biol. Med. 20: 305-10).
RK2 at 28°.

cytology: Tentatively placed in 102B10-E9 between
Df(4)M4 = Df(4)I101E-F;102B9-10 and Dfi4)G =
Dfi4)102E2-10,tip (Hochman, 1971, Genetics 67: 235-
52).

other information: First mutant found on chromosome 4.

bt: bent
From Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.
2: 216.

bt°: bent-Dominant

origin: X ray induced.

discoverer: Schultz, 33all.

references: Bridges, 1935, Biol. Zh. 4: 401-20.

phenotype: When found, bt D1+ showed regularly diver-
gent wings with some angular bend near base. Legs
lumpy at low temperature. Preleg bristles present as in
bt. Homozygous lethal. Fails to complement /(4)2 and
(4)23 [Hochman, 1976, The Genetics and Biology of
Drosophila (Ashburner and Novistki, eds.). Academic
Press, London, New York, San Francisco, Vol. 1b,
pp. 903-28]. RK3 as lethal.

other information: Balanced stocks in existence today

show only preleg bristle character and recessive lethality
(Lewis).

*Bt: Branchlet

location: 1- (rearranéement).

origin: Induced by ““P.

discoverer: Bateman, 1950.

references: 1950, DIS 24: 54.
1951, DIS 25: 77.

phenotype: Heterozygous female has posteriorly directed
branchlet on posterior crossvein as well as other extra
venation. Abdominal segments often poorly chitinized.
Male lethal. RK3A.

cytology: Associated with Dp(l;1)Bt =
CI1;6F6-7.

other information: Phenotype may be Co effect in 3C7 or
more likely dx in region 6.

Dp(1:1)3B2-



btd: buttonhead

location: 1-31.

origin: Induced by ethyl methanesulfonate.

references: Wieschaus, Niisslein-Volhard and Jirgens,
1984, Wilhelm Roux’s Arch. Dev. Biol. 193: 296-307
(fig.)

phenotype: Homozygous lethal; head involution incom-
plete.

cytology: Localized to 8A5-9A1 by segmental aneuploidy.

btdl: buttonheadlike

location: 1-65.

origin: Induced by ethyl methanesulfonate.

references: Eberl and Hilliker, 1988, Genetics 118: 109-

20.

phenotype: Mouthparts sclerotized but not completely
internalized; the head is often open. A fraction of
brdl ! /+ females have bristled growths on the head; those
in eye region resemble e}'e-to-antenna transformations.

alleles: btdl’ and btdl isolated as [/I)EH564 and
I(1)EH793.

cytolog¥: Placed in 18B4-19A1 based on its being covered
by X Y ®B50 from T(1;Y)18B4-11;YL but not by Ymai™,
which carries 18F3-19A1 to 20F from the X.

*bu: bulging
location: 1-58.
origin: X ray induced.
discoverer: Muller, 2618.
references: 1935, DIS 3: 29.
phenotype: Eyes rough and bulging. Semilethal. RK3.

bu: see Hn'"
bu-w®: see vs®
Bubble: see Bb
bubble wing : see vs
buckled: sce bk
buckledlike: see bkl

bul: bulge

location: 3-43.6.

origin: Spontaneous.

discoverer: Spencer, 36d28.

references: 1937, DIS 7: 6.
Curry, 1939, DIS 12: 45.

phenotype: Eyes very large and bulging; facets rounded, in
irregular rows, and some quite large. Wing margin
heavy; end of wing somewhat squared off to .3. RK3.

cytology: In 72E4-5 (Velissariou and Ashbumer, 1981,
Chromosoma 84: 173-85).

bul®: buige-bumpy

origin: Spontaneous.

synonym: bp.

references: E. H. Grell, 1955, DIS 29: 72.

phenotype: About one-half the eye surface erupted into
irregular yellowish blisters. Facets larger than normal in
nonblistered areas. Homozygotes occur with 1% of
expected frequency. Surviving homozygotes vigorous
and male fertility high; females lay eggs abundantly, but
only rarely does an egg hatch. RK3.

61j
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bul®: bulge-Dominant (E.H. Grell)
origin: Induced by ethyl methanesulfonate.
phenotype: Eyes rough with large facets in both heterozy-
gote and homozygote. Good viability.

bulging: sce bu

*buo: burnt orange

location: 2-57.1.

origin: Spontaneous.

discoverer: T.Hinton and Kleiner, 1941.

references: Hinton, 1942, DIS 16: 48.

phenotype: Eye color bright orange-brown. Malpighian
tubules colorless in larva (Brehme and Demerec, 1942,
Growth 6: 351-56). RK2.

other information: Not an allele of cn. Allelism with /td
(2-56) apparently never tested.

bur: burgundy

location: 2-55.7.

origin: Ultraviolet induced.

references: Meyer and Edmondson, 1949, DIS 23: 60.

phenotype: Eye color dull, darkish brown (like pr), brilli-
ant orange in combination with cn. bur #*® supplement-
able by guanosine but not other ribonucleosides or
nucleic acid bases; inosine-5°-monophosphate dehydro-
genase activity reduced compared to normal (Johnston,
Nash, and Naguib, 1985, Biochem. Genet. 23: 539-55).
Classification and viability excellent. Fertility of females
good; of males, variable. RK1.

alleles: bur > (CP627) and bur 5.

cytology: In 42B1-3 (Johnstone).

other information: bur not allelic to /¢, ltd, or pr. Allelism
of bur #* inferred from map position of 2-54 and pheno-
type.

burd“®

origin: Induced by ethyl methanesulfonate.

synonym: gua2-l.

phenotype: Recessive auxotroph for guanosine; supple-
mentable by 3.2 mM of guanosine but not by other
ribonucleosides or nucleic acid bases. Homozygotes
have dark red eyes; this character segregates with the
nutritional requirement. Inosine dehydrogenase activity
of bur ®“? larval extracts an order of magnitude lower
than that of wild type (Johnston, Nash, and Naguib, 1985,
Biochem. Genet. 23: 539-55).

burnt orange: sece buo
buttonhead: see btd
buttonheadlike: see btdl

bv: brevis

location: 3-102.7 (recalculated from Sturtevant,
Genetics 41: 118-23).

discoverer: Bridges, 33e25.

phenotype: Bristles uniformly short and stubby. Body
chunky. Hatches late but viability excellent. RK1.

cytology: Tentatively placed in distal to 100B7-8 by
Frisardi and MacIntyre (1984, Mol. Gen. Genet.
197: 403-13) based on the retention of by ™ by
Df(3R)ca48 = Df{3R)98F14,;100B7-8.

1956,
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bw: brown

location: 2-104.5.

discoverer: Waaler, 19j15.

references: 1921, Hereditas 2: 391-94.
Dreesen, Johnson, and Henikoff, 1988, Mol. Cell Biol.

8: 5206-15.
Sullivan and Sullivan, 1975, Biochem. Genet. 13: 603-
13.

Mount, 1987, Nature (London) 325: 487.

phenotype: Eye color light brownish wine on emergence,
darkening to garnet. Red pigments lacking. Xanthom-
matin mostly replaced by dihydroxanthommatin (Phillips,
Forrest, and Kulkarni, 1973, Genetics 73: 45-56). Pig-
ment granules present but somewhat smaller than in wild
type. Adult testes and vasa colorless. Larval Malpighian
tubules pale yellow (Beadle, 1937, Genetics 22: 587-
611). Produces white eyes in combination with v, cn, or
st. Eye color autonomous when transplanted into wild-
type host (Beadle and Ephrussi, 1936, Genetics 21: 230).
RK1.

alleles: Mutant alleles of bw are listed in the accompanying
table and their phenotypes compared to those of alleles

described below. More complete descriptions in CP627
unless otherwise indicated.

allele phenotype o
bw 1 bw
‘bw 2 bw 5
bw 26 bw>
‘bw:c bw?
bw 5 bw?
bw p bw 2
b b
‘b:’r +21 b: 4
bw 24 ow?
‘bw gg{ bw
‘bw b
‘bw 339 b:
*bw 37g bw 5
bw 38/ B bw 5
bw 45a bw?
b 47 bw?
bw 59 bw?
*bw 72 bw
bw ;f bw ;
b b
w53 e
bw 609 bw
bw 979y
bw? w?
‘bw :5 bw
‘bw b
‘bw zB b:
*bw b
sty M58 S
*bw g:ngo bw .
*bw bwP™
bw Rad bw

The phenotype column lists the allele described below that the allele
listed resembles; bw ™ is homozygous lethal, but other bw ~ -like
alleles are not.

B Ives, 1968, DIS 43: 64.

T Valadé del Rio, 1983, Genet. Iberica, 35: 47.

Trippa, Loverre, and Cichetti, 1980, Genetics 95: 399-412.

cytology: Placed betweeen S9E1-2 or the S9E2-3 interband
by examination of In(2LR)bw & = In(2LR)30A;59E2-3
(Nash and Tiong) and by in situ hybridization of a brown
(Dreesen, et al., 1988).
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e
bw .

bw?: brown-amber

molecular biology: The genomic locus as well as cDNAs
have been cloned and sequenced. The genomic region
contains six small introns. The bw mutation is an inser-
tion of about 8 kb of unknown origin into the coding por-
tion of the locus. In the heads of newly eclosed wild-type
flies there are two major transcripts of 2.8 and 3.0 kb that
differ as a consequence of alternative poly(A) addition
and encode the same predicted protein of 675 amino
acids. The 8 kb bw insertion results in termination of
transcription to give two truncated poly(A+) transcripts
(Dreesen, et al., 1988).

other information: Uptake studies indicate that bw, like w,
blocks the transport of guanine and xanthine, likely pteri-
dine precursors (Sullivan and Sullivan, 1975). Sequence
comparisons between the predicted bw- and w-encoded
proteins show that they are similar to one another and to
subunits of active transport family members (Mount,
1987; Dreesen, et al., 1988).

bw?

origin: Spontaneous.

discoverer: Mohr, 31k28.

phenotype: Homozygotes have normal eye color; in
heterozygjotes with other alleles, red pigment is reduced.
bw */bw” is purpleoidlike. bw */bw like bw but darker.
RK3.

bw?®

origin: Spontaneous.

discoverer: Mohr, 31k28.

phenotype: bw Sibw?is purpleoidlike (see bw 4 ); bw 3/ bw
is light yellowish brown; bw 34+ is wild type; bw ibw?
is lethal. RK2A.

cytology: Shown to be a deficiency based on failure to
hybridize in situ with clones derived from this region
(Dreesen, Johnson, and Henikoff).

bw?

origin: Spontaneous.

discoverer: Farmer, 1974.

references: 1977, Heredity 39: 297-303.
Farmer and Fairbanks, 1986, DIS 63: 50-51.

synonym: Su(w %) *; Suw ) *.

phenotype: A subliminal recessive allele of bw; homozy-
gotess are wild type in all combinations except in flies
that are homozygous or hemizygous for w “?, which are
like bw or w <. bw % bw  suppresses w °, but all other
heterozygotes between bw® and bw alleles which were
tested did not suppress. RK1 in combination with w °°Z.

see vs %

origin: Spontaneous.

discoverer: R. C. King, 48f15.

references: Poulson and King, 1948, DIS 22: 54.

phenotype: Eye color light brownish yellow. Adult testes
and vasa colorless. Larval Malpighian tubules slightly
paler yellow than wild type. bw %/ bw gives eye color
slightly lighter than bw. RKI.

*bw”: brown-Auburn

origin: X ray induced.

discoverer: Dubinin.

synonym: A; Pm DI,

references: Dubinin and Heptner,

1935, J. Genet.



30: 423-46 (fig.).
Dubinin, 1936, Biol. Zh. (Moscow) 5: 851-74.
phenotype: Nearly uniform brown but with extra ¥ chro-
mosome shows strong variegation. Homozygote usually
lethal. RK1A.
cytology: Associated with In(2R)bw A In(2R)41,;59D.

bw®: brown-Dominant

origin: Spontaneous.

discoverer: T. Hinton, 1940.

references: 1940, DIS 13: 49.
1942, DIS 16: 48.
Slatis, 1955, Genetics 40: 246-51.

phenotype: Eye color varies with age from purple to
brown. Shows slight variegation in combination with st
(Slatis, 1955). Wings pebbled. bw 2 1+ shows nearly a
100-fold reduction in pteridine levels; no accumulation of
bw RNA detectable. bw 2/bw "' > bw 21+ > bw P 1bw P
in severity of effect (Henikoff, and Dreesen, 1989, Proc.
Nat. Acad. Sci. USA 86: 6704-08). Variegation
suppressed by extra Y chromosomes (Brosseau, 1959,
DIS 33: 123). Homozygote viable and fertile. Larval
Malpighian tubules bright yellow (Brehme and Demerec,
1942, Growth 6: 351-56). RKI1A.

alleles: bw 2! 14, Xray induced (Wright, Hodgetts, and
Sherald, 1976, Genetics 84: 267-285).

cytology: Schultz reports an extra band in 59E that tends to
pair with a band in the homolog, suggesting a duplication
of one band from 59E. Slatis (1955) reports insertion of
three or four bands, probably of heterochromatic origin.
Reverts to wild type when extra bands separated from bw
locus (Hinton and GoodSmith, 1950, J. Exp. Zool.
114: 103-14). [Examination of stained metaphase
preparations reveals a block of heterochromatin in the
approximate position of bw b (Dimitri and Pimpinelli).

other information: Since 1950 some and perhaps all lines
of bw © have undergone a secondary event that removed
a portion of the coding region of the brown gene, gen-
erating a null allele (Dreesen and Henikoff).

*bwP'™: brown:pteridine modifier
origin: Naturally occurring allele.
synonym: ptm.
references: Clancy, 1967, DIS 42: 57.
phenotype: Undetectable in wild-type background. In
w % or w ¥ flies that are at the same time v, cn, or st, the
amount of red eye pigment in +/+ > +/bw?™ >

bw P by P,

bw": brown-Rearranged

origin: X-ray-induced derivatives of bw or bw *.

discoverer: Slatis, 48k16.

references: 1955, Genetics 40: 5-23.

phenotype: These  rearranged  derivatives  exhibit
variegated phenotype in combination with +. Mostly
homozygous lethal; survivors have brown eyes.

alleles: These derivatives and those associated rearrange-
ments are listed in the accompanying table. More com-
plete descriptions in CP627.

cytology: All associated with chromosome rearrangements
with one breakpoint in S9DE and one in proximal hetero-
chromatin.

allele rearrangement o

ow? In(2R)41;59D

89

GENES

allele rearrangement o
owD N L
eterochromatic insertion in S9E
*bw :: In(2LR)4OF SIF;5SE,S7E:58D8-9
bw T(2:3)59E2-3,80-81
b A12 T(2:3)59D.:80C
bw R14 T(2;3)59E2-3.80
bw A15 T(2;3)59D,;80C
pw A18 In(2)40-41 :59E4-F1
pw 20 In(2LR)40D;59D5-6
bw 125 T(2;4)59D;101E
pw 27 T(Y:2)59D11-E1
pw A32 In(2RMIA:S9D
pw 33 In(2R)41;59DE
spw A5 In(2)40F41A;59D11-E1
pw 40 Df{2R)S9C5-6;
bw 45 In(2)40F-41A ;5934
bw 47 In(2)40-4159D-E1
*bw R50 breakpoint at 59D2-3
bw 55 IN(2LRI24E1-D42E + In(2RMOF-41A;59D4.5
b FI56 In(2)40F-41A;59DE
bw P57 T(Y:2)59D5-6
b 58 T(2;3:4)59D,65;101C
*pw 67 In(2)40F-41A;59E4-F1
b 68 breakpoint near S8F
bw A73 In(2)40F-41A;59E4-F1
bw 79 In(2)40F-41A;50F2-3
ow V1 In(2LR)21C8-D1;60D1-2 + In(2LRMOF :59D4-El
*bw V2 In(2R)
bw V3 7(2:3)
ow V4 7(2:3)
ow?? 7(2:3)
bw V8 7(2:3)
bw Y7 In(2R)
bw Y8 7(2:3)
*bw V291 In(2LR)
sy V308
—— V30K1 ;
n(2LR)

sy V30K10 In(2R)
s, V30K12 T0:3)
e V30K13 :

w 7(2:3)
bw Y30k18 T(2:3:4)
bw V329 In(2LR)OF S9E
bw Y34k In(2R)41;59E + In(2R)Cy
pw V40D In(2RM1A-B 59D-E
b Y542 In(2R)41A-B;59D4-9
pw V540 In(2RM1A:60D9-11
pw ¥34c In(2R)41;59E1
bw Y57 SMI derivative
ow VA 7(2:3)
ow YD 7(2:3)
bw YDe1 In(2R}41B2-C1,59E2-4
bw VDe2 In(2R)41A-B;59D6-El
bw YDe3 T(2:3)59D81F
bw VDe4 T(2;3)59D24;80
bw V! In(2R)M41A;59D

o Polytene analysis unavailable where breakpoints not indicated.

bw"': brown-Variegated

origin: X ray induced.

discoverer: Muller, 1929.

synonym: Pm: Plum.

references: 1930, J. Genet. 22: 299-334 (fig.).
Glass, 1934, J. Genet. 28: 69-112 (fig.).
1934, Am. Naturalist 68: 107-14.
Bridges, 1937, Cytologia (Tokyo), Fujii Jub., Vol

2: 745-55.

phenotype: Eye color like bw or pr, mottled with darker
spots that deepen in red color with age. With st or v, has
pale orange ground with dark orange spots. bw L bw
shows sharply reduced levels of transcript from both the
bwt allele in cis with the rearrangement and the bw
allele on the homologous second chromosome (Henikoff,
and Dreesen, 1989, Proc. Nat. Acad. Sci. USA



THE

GENOME OF DROSOPHILA MELANOGASTER

86: 6704-08). Extra Y chromosome, as with other
variegated browns, suppresses brown color, giving red
eye sparsely speckled or splotched with darker spots.
Amount of wild-type eye color also responds to fourth-
chromosome constitution; 4/ C(4) > C(4) = 4/4 > 4/0,
with the first approaching wild type and the latter nearly
bw (Lindsley and Rokop). Larval Malpighian tubules
normal (Glass, Brehme). Generally lethal homozygous
and in combination with other brown-Variegateds.
Heterozygotes fully viable and fertile. RK1A.

alleles: Other variegated alleles of bw, all of which are

associated with X-ray-induced chromosome aberrations,
are listed in the accompanying table. More complete
descriptions in CP627.

tology: Associated with In(2LR)bw vi_ In(2LR)21CS8-

cyDI ;60D1-2  + In(2LR)40F;59D4-El (Schultz and
Bridges).
bw-b: seeca
bwnC: see ca®
bx: see BXC

bx?: see Ubxin BXC

Bx:

Beadex

location: 1-59.4.
phenotype: Male and homozygous female with Beaded-

like wings; long, narrow, and excised along both mar-
gins; fully viable. Heterozygous female less extreme and
overlaps wild type. Some venation abnormality.
Development studied by Goldschmidt [1935, Biol. Zentr.
55. 535-54 (fig.)]. According to Waddington (1940),
embryological effect is same as that of vg. RK2 (RK3 as

Bx/+).
alleles:
allele origin  discoverer ref & mol. biol. B
Bx 1 spont Bridges, 23a3 2,3,9,13,17 8.5 kb (roo)
szY spont  Mohr, 24129 2,3,10,14,16  gypsy
Bx 3y spont  Gershenson, 1927 2,36 10.3 kb (ro0)
Bx? P Engels 13 -12kb
Bx 15 P Engels 13 -2.0kb
Bx 32e Xray  Moore, 32e 2
Bx 453 " 13 4.2kb (copia)
“Bx spont  T.J. Lee, 59h 3,12
*Bx c spont  Catcheside 39¢3 1,2
*Bx In spont  Mohr, 24d4 2,15
BxYY heat?  Jollos, 1930 2,3,4,5,13  6.2kb(3518)
*Bx L spont  Lancefield 2,13
BxM spont  Muller 12-16 kb
(in Winscy)
on spont  Oster, 1964
(in C(1)Dx)
Bx™Y spont  Ives, 35k 2,3,89,11
Bx™KY  ont Mossige, 49k22 2,3,10,17
o

1 = Catcheside, 1939, DIS 12: 49; 2 = CP552; 3= CP627; 4 =Jol-
los, 1933, Naturwissenschaften 21: 831-34; 5 = Jollos and Waltsky,
1937 DIS 8: 9; 6 = Gassinovitsch and Gershenson, 1928, Biol. Zen-
trabl. 48: 385-87 (fig.); 7 = Gottschewski, 1935, DIS 4: 7, 14, 16;
8 = Green, 1952, Proc. Nat. Acad. Sci. USA 38: 949-53; 9 = Green,
1953, Genetics 38: 91-105 (fig.); 10 =Green, 1953, Z. Indukt.
Abstamm. Vererbungsl. 85: 435-39 (fig.); 11 =1Ives, 1937, DIS
T7: 6; 12 = Lee, 1964, DIS 39: 60; 13 = Mattox and Davidson, 1984,
Mol. Cell. Biol. 4: 1343-33 (fig.); 14 =Modolell, Bender, and
Meselson, 1983, Proc. Nat. Acad. Sci. USA 80: 1678-82;
15 =Mohr, 1927, Hereditas 9: 178; 16 = Mohr, 1927, Nyt. Mag.
Natur. 65: 265-74; 17 = Morgan, Bridges, and Sturtevant, 1925,
Bibliogr. Genet. 2: 219; 18 = Mossige, 1950, DIS 24: 61.
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B Size of DNA insert in Bx region.
Phenotypes described below.

cytology: Placed in 17C2-3 based on the position of break-

points of hybrid-dysgenesis-induced 4dp mutants (Engels
and Preston, 1981, Cell 26: 421-28).

molecular biology: 49kb, including the Bx locus, cloned

and restriction mapped by Mattox; 0 coordinate defined
as Smal site within a 1.8 kb Bam HI fragment within or
very close to the Bx coding sequence; positive values to
the right. Six mutants differ from wild type in having
different segments of DNA inserted into the same 0.4kb
restriction fragment (-2.0 to -1.6). Bx? has two gypsy
elements inserted in opposite orientation at coordinates
-0.5 and -1.5. Hybrid-dysgenesis-induced mutations,
Bx® and Bx 5, are imprecise excisions of the P factor,
which is inserted at coordinate -0.8 in the I12 X chromo-
some and is without phenotypic effect. Bx?® deletion
includes 1.2kb of flanking DNA including -0.8 to -2.0,
and Bx 1 deletion of 2.0kb includes -1.3 to +0.4 (Mattox
and Davidson, 1984, Mol. Cell. Biol. 4: 1343-533).

other information: Interpreted by Lifschytz and Green

(1979, Mol. Gen. Genet. 171: 153-59) as mutation in
cis-acting control element causing overproduction of
hdp-a gene product. Tandem duplication of Bx™ and
hdp-a ¥ has recessive Bx effect (e.g., Bx "); tandem tripli-
cation and quadruplication have dominant Bx effects in
combination with a normal X, but not in combination
with hdp-a or a Bx deficiency (Lifschytz and Green,
1979). Amorphic or extreme hypomorphic Bx mutations
and deficiencies for Bx act as trans suppressors of Bx.
Suppression used by Lifschytz and Green to select null
alleles or deficiencies from treated + or Bx> chromo-
somes; seven derivatives of Bx> and those of Bx*
described; all have hdp-a effects as well.

Bx’: Beadex-2
Edith M. Wallace, unpublished.

Bx?
phenotype: Wings of males and homozygous females nar-

rowed by marginal excision. Wings often bubbly and
ragged. Homozygous female fully viable. Bx 2+ less
extreme; overlaps wild type. Classifiable in a single dose
in triploids (Schuitz, 1934, DIS 1: 55). RKI (RK3 as
Bx?/+).

Bx?®
phenotype: Extreme allele usually without the bubbles in

the wing. Shortened L5 a constant character (few Bx
show this). Wings more pointed than Bx 2 and hairs at tip
of wing clumped. Third-instar larvae show 20-
40 degenerating cells in area of wing disk corresponding
to future wing margin (D. Fristrom, 1969, Mol. Gen.
Genet. 103: 363-79). Scalloping visible in prepupal



wing bud }Waddington, 1940, J. Genet. 41: 75-139
(fig.)]. Bx~ in heterozygous combination with a Bx
deficiency or hdp-a has normal wing phenotype (Lifs-
chytz and Green, 1979, Mol. Gen. Genet. 171: 153-59).
Bx ’/+ fully separable. RK1.

Bx’: Beadex of Jollos

phenotype: Wings reduced to slender strip; only posterior
cell present at tip. Bx 7/+ have half and Bx”’/Bx” one
third the normal number of cells in membrane of wing.
Femur shortened or legs otherwise abnormal, especially
third pair. Halteres abnormal. Homozygous female
viable. Interacts with bi to give more nearly normal
wings. The only dominant Bx allele not suppressed by a
Bx deficiency [e.g., In(1)Cl Ly 4R] or hdp (Lifschytz and
Green, 1979, Mol. Gen. Genet. 171: 153-59). Embryol-
ogy like Bx {Goldschmidt, 1935, Biol. Zentr. 55: 535-54;
Waddington, 1940, J. Genet. 41: 75-139 (fig.)]. Clonal
analysis of wing disk development indicates massive cell
loss during third larval instar. Clones of Bx * cells in
Bx7i+ wings that reach the margin but are confined to the
dorsal or ventral surface often cause reconstitution of
both surfaces and appearance of marginal elements
derived from both surfaces (Santamaria and Garcia-
Bellido). RK1. 1975, Wilhelm Roux’ Arch. Entwick-
lungsmech. Organ. 178: 233-45.

Bx': Beadex-recessive

phenotype: Bx'/+ is normal. Male and homozygous
female show less extreme narrowing of wings than Bx.
Anterior crossvein short and thickened and that region
blistered. May overlap wild type in old crowded cultures
at 25°, more extreme at 19°. RK3A.

cytology: Associated with Dp(1;1)Bx" =
Dp(1;1)I7A;17E-F  (Green, 1953, determined by
E.B. Lewis). Recessive Bx effects are due not to an
altered gene but to increased dosage of the normal allele.

other information: Bx/Dp(1;1)Bx" produces recom-
binants of genotype Bx *Bx and BxBx *, which are more
extreme than Bx. Same holds for Bx %/ Dp(1;1)Bx".

Bx"“*: Beadex-recessive 49k
From Green, 1953, Z. Indukt. Abstamm. Vererbungsl.
85: 435-49.

er49k

phenotype: Slight scalloping of posterior wing margin
only; overlaps wild type. RK3A.

cytology: Associated with
Dp(1;1)17A;17C (E.B. Lewis).

other information: This duplication undergoes unequal
crossing over readily and forms triplications and quadru-
plications. Duplication is recessive; triplication is dom-
inant. Phenotypic interaction with Bx same as for Bx .

Dp(1;1)Bx "**
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BXC: Bithorax Complex (I. Duncan)

The bithorax complex (BXC) is a gene cluster that
functions to assign unique identities to body segments in
the abdomen and posterior thorax (Bender, Akam, Karch,
Beachy, Peifer, Spierer, Lewis, and Hogness, 1983, Sci-
ence 221: 23-29). Most, perhaps all, BXC functions are
expressed within parasegments, metameric units com-
posed of the posterior compartment of one segment and
the anterior compartment of another. Complementation
studies indicate that the BXC is organized into three large
functionally integrated regions, known as the Ultra-
bithorax (Ubx), abdominal-A (abd-A), and Abdominal-B
(Abd-B) domains. Apparent point mutations have been
recovered that totally inactivate each of these domains.
The Ubx domain functions primarily to assign identities
to parasegments 5 and 6 (PS5 and PS6), the abd-A
domain functions in PS7-PS13, and the Abd-B domain
functions in PS10-PS14. Each BXC domain contains
subregions that are responsible for the assignment of
identities to specific compartments or parasegments. The
Ubx domain contains two major subregions. These are
the anterobithorax-bithorax (abx-bx) region, which
specifies PS5 identities, and the bithorax-postbithorax
(bxd-pbx) region, which specifies PS6 identities. Molec-
ular studies indicate that most or all Ubx domain func-
tions are executed by a family of homeodomain-
containing Ubx proteins. The abx-bx and bxd-pbx subre-
gions appear to cis-regulate the expression of these pro-
teins in PS5 and PS6, respectively. abd-A and Abd-B
functions are also executed by homeodomain-containing
proteins. The abd-A and Abd-B domains each contains
parasegment- or segment-specific subregions which have
been named infra-abdominal (iab) regions. Each iab
region is named according to the anterior compartment of
the segment or parasegment whose identity is specifically
abolished by mutations in that region. For example, iab2
mutations cause a transformation of the anterior second
abdominal segment (A2) toward Al, and iab3 mutations
cause transformations of anterior A3 (and more posterior
segments) toward A2. The iab2, iab3, and iab4 subre-
gions are contained within the abd-A domain whereas the
iab5 through iab9 regions are located within the Abd-B
domain. Some evidence suggests that the bxd-pbx region
and some of the jab regions may be bifunctional and
affect the expression of both adjacent BXC domains.
Remarkably, the order of subregions wihin the complex
is the same as the order of the parasegments or segments
that each affects. Although it is not known whether this
correlation has functional significance, two mutations
(Uab ! and Cbx ! ) that change the relative order of BXC
regions alter the spatial expression of BXC products.

abd-A: abdominal-A (I. Duncan)
location: 3-58.5 (to the right of iab2; to the left of iab3).
references: Lewis, 1978, Nature 276: 565-70.
Morata, Botas, Kerridge, and Struhl, 1983, J. Embryol.
Exp. Morphol. 78: 319-41.
Sédnchez-Herrero, Vernés, Marco, and Morata, 1985,
Nature 313: 108-13.
Sanchez-Herrero, Casanova, Kerridge, and Morata, 1985,
Cold Spring Harbor Symp. Quant. Biol. 50: 165-172.
Tiong, Bone, and Whittle, 1985, Mol. Gen. Genet.
200: 335-42.
Karch, Wieffenbach, Peifer, Bender, Duncan, Celniker,
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Crosby, and Lewis, 1985, Cell 43: 81-96.
Duncan, 1987, Annual Review of Genetics 21: 285-319.
Cumberledge, Zaratzian, and Sakonju, 1990, Proc. Nat.

Acad. Sci. USA 87: 3259-63.

phenotype: Null alleles are recessive lethal. Homozygous

larvae show transformations of the ventral and dorsal
setal belts of A2 through A8 toward Al. These transfor-
mations are complete in A2 through A4, but are incom-
plete more posteriorly. Partial Keilin’s organs composed
of monohairs occur variably on all segments from Al
through A7. In the adult cuticle, homozygous abd-A
mitotic recombination clones are completely transformed
to Al in segments A2 through A4 and show characteris-
tics of Al to A4 in segments A5 to A7.

alleles:
molecular
allele origin discoverer synonym cytology biology o
abd-A3° ENU RH.Baker Hap¢"28390.39
abd-A;’ ENU RH.Baker Hab €v2839041
abd-A%"7 X ray RH.Baker iab2 1516517 7(3.3)34.35:41; 40-451b
ca 78,83-84;89E
abd-A€% Xray Crosby  iab2 €20 normal 34.5-36 kb
deleted
abd-A%%1 Xray Crosby Hab’Ce;IC“ In(3LR)80;89E 41543 kb
iab2
abd-A €53 Xray Crosby Habré’;gﬂ normal undetected
iab2
abd-A 224 EMS Duncan iab2 D24 normal undetected
abd-AM!  EMs Moran not reported not studied
abd-A zfa
abd-A\ ) Xray Morata T(2:3M40:89E  54-56kb
abd-AMX2 X 10y Morata normal 55-58.5 kb
p deleted
abd-AP10 Xray shaw  igp2 P10 Tp(3,2)294-C; 3536 kb
s2 7(2:3)P10 89C1-2:89E1-2
abd-A Xray Tiong 50-55 kb

®  Coordinates of rearrangement breakpoints unless otherwise indi-
cated: Karch, Wieffenbach, Peifer, Bender, Duncan, Celniker,
Crosby, and Lewis, 1985, Cell 43: 81-96.

Abd-B: Abdominal-B (I. Duncan and S. Celniker)
location: 3-58.8 (to the right of iab7; to the left of iab8,9).
references: Karch, Wieffenbach, Peifer, Bender, Duncan,

Celniker, Crosby, and Lewis, 1985, Cell 43: 81-96.
Sénchez-Herrero, Casanova, Kerridge, and Morata, 1985,
Cold Spring Harbor Symp. Quant. Biol. 50: 165-172.
Sénchez-Herrero, Vernés, Marco, and Morata, 1985,
Nature 313: 108-13.
Tiong, Bone, and Whittle, 1985, Mol. Gen. Genet.
200: 335-42.
Casanova, Séanchez-Herrero and Morata,
47. 627-36.
Duncan, 1987, Annual Review of Genetics 21: 285-319.
Sénchez-Herrero, and Crosby, 1988, EMBO J. 7: 2163-

1986, Cell

73.
Celniker, Keelan, and Lewis, 1989, Genes Dev.
3: 1425-37.

Zavortnik and Sakonju, 1989, Genes Dev. 3: 1969-81.
DeLorenzi and Bienz, 1990, Development 108: 323-29.
phenotype: Heterozygotes for null alleles show weak
anteriorly-directed transformations of AS, A6, and A7.
In the male, this results in the presence of a tiny extra ter-
gite in A7 and a loss of pigmentation on the A5 tergite.
Heterozygotes are partially to completely sterile in both
sexes, but are fertile if a duplication for the BXC [such as
Dp(3,;5)P5 or Dp(3,;1)P68] is present. Hemizygotes and
homozygotes are lethal; embryos lack posterior spiracles
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and filzkorper, have the ventral setal bands of A6, A7 and
A8 transformed toward A5 or A4, and develop rudimen-
tary chitinized plates in posterior A8.

alleles:
molecular
allele origin  discoverer  synonym biology
Abd-B%® DEB Duncan iab7 > undetected
Abd-B®°® EMS  Duncan iab7 °1° undetected
Abd-B®7  ENU  Lewis iab7%”  undetected
Abd-BM'  EMS Morata not examined

abx: anterobithorax (E.B. Lewis)
location: 3-58.8 (to the right of Chx3; to the left of bx).
references: Lewis, 1978, Nature 276: 565-70.

Lewis, 1980, DIS 55: 207-08.

Lewis, 1981, Developmental Biology Using Purified
Genes (Brown and Fox, eds.). Academic Press, New
York, pp. 189-208.

Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis,
and Hogness, 1983, Science 221: 23-29.

Casanova, Sénchez-Herrero, and Morata, 1985, Cell
42: 663-69.

Peifer and Bender, 1986, EMBO J. 5: 2293-2303.

phenotype: Homozygotes show variable tranformations of
the anteriormost portion of the third thoracic segment

(T3) toward the corresponding part of T2. Homozygotes

also show variable tranformations of posterior T2 to pos-

terior T1. The latter effect is enhanced by low tempera-
ture. Partially comjplements and shows transvection with
bx 1, bx~, and bx ‘e abx/pbx has the posterior portion
of the distal segment of the haltere very slightly
transformed into wing tissue; abx/pbx“ is similar if

heterozygous for a rearrangement that suppresses
transvection.
alleles:
allele origin discoverer synonym molecular biology o
abx!  Xray  Lewis.59i bx’ 279 to -73 kb deleted
abx? ., Xry  Kemidge bx SK  abx ™ 79,010 -77.5 kb deleted
abx CA dysgenesis Adier, 1984 -80 to -66 kb deleted,

with Hobo element inserted

at point of deletion.

Peifer and Bender, 1986, EMBO J. 5: 2293-2303.

bx: bithorax (E.B. Lewis)
location: 3-58.8 (to the right of abx; to the left of Chx ')
references: Bridges and Morgan, 1923, Camegie Inst.
Washington Publ. 327: 137.
Morgan, Bridges, and Sturtevant, 1925, Bibliogr. Genet.
2: 79.
Lewis, 1951, Cold Spring Harbor Symp. Quant. Biol.
16: 159-74.
Lewis, 1963, Am. Zool. 3: 33-56.
Finnegan, Rubin, Young, and Hogness, 1978, Cold
Spring Harbor Symp. Quant. Biol. 42: 1053-63.
Modolell, Bender, and Meselson, 1983, Proc. Nat. Acad.
Sci. USA 80: 1678-82.
Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis,
and Hogness, 1983, Science 221: 23-29.
Casasnova, Sénchez-Herrero, and Morata, 1985, Cell
42: 663-669.
Peifer and Bender, 1986, EMBO J. 5: 2293-2303.
phenotype: Homozygote has anterior portion of third
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61: 69-86.
Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis,
and Hogness, 1983, Science 221: 23-29.
Peattie and Hogness, 1984, Genetics 107: s81.
Bender, Weiffenbach, Karch, and Peifer, 1985, Cold
Spring Harbor Symp. Quant. Biol. 50: 173-80.
Lipshitz, Peattie, and Hogness, 1987, Genes Dev.
1: 307-22.
phenotype: Homozygotes show transformation of the ante-
rior first abdominal segment (A1) to the corresponding
region of the third thoracic segment (T3). In addition,
bxd homozygotes have posterior T3 and posterior Al
transformed toward posterior T2. Hemizygotes for the
stronger bxd alleles show (with variable expression) for-
mation of one or a pair of well-developed thoracic legs
and, rarely, an extra haltere on Al; the frequency of these
abdominal halteres is greatly enhanced in hemizygotes
for bxd ° iab2 X. The Al legs in bxd hemizygotes contain
underdeveloped posterior compartments, indicating that
posterior Al is partially transformed toward thorax.
alleles: See table on the following page for allele informa-
tion.

bx: bithorax
From Bridges and Morgan, 1923, Carnegie Inst. Washington
Publ. No. 327: 152.

thoracic segment (T3) transformed toward corresponding
region of second (T2). The extent of this transformation
is allele dependent and is most extreme in bx ? and weak-
estin bx *. Although the transformations caused by most
bx alleles are uniform, those caused by bx ! and bx **#™
are highly variable. At 17°C several bx alleles show
weak and variable transformations of posterior T2 to pos-
terior T1. bx >, bx 8, and bx @ over pbx show a very slight
pbx effect (as described for abx) if heterozygous for a
rearrangement that suppresses transvection.

alleles:
allele origin discoverer molecular biology o
bx! spont  Bridges, 1915  412at-60kb
bx? spont Stern, 1925 gypsy at -57 kb; doc at -53 kb
bx* spont Lewis undetected
bx? EMS Lewis, 1965  harvey at -59.5 kb
bx? spont Kuhn, 1981 gypsy at -64 kb

bx e spont Schultz, 1934 gypsy at-63.5 kb

bx*PY  Xray  Lewis -66.5 10 -57 kb deleted

bx4F spont Lewis identical to bx >*

bx :;2 spont ; Lewis identical to bx ** bxd: bithoraxoid

bx spont Rosenfeld gypsy at -66 kb . . :

bx P spont Adler, 1982 L factor at 74 kb From Bridges and Morgan, 1923, Carnegie Inst. Washington
bx: spont Gans 2ypsy at -66 kb Publ. No. 327: 225.

bx x spont Ising identical to bx !

bx*® spont Kuhn, 1983 gypsy at -61.5 kb . .

bx*® spont Kuhn, 1983 gypsy at -55 kb Cbx: Contrabithorax (E B. Lewis)

bx* spont Lewis identical to bx * location: 3-58.8.

references: Lewis, Proc. Int. Congr. Genet. 9th, 1954,
1: 100-05.
Lewis, 1963, Am. Zool. 3: 33-56.
Lewis, Proc. Int. Congr. Genet. 12th, 1968, 2: 96-97.

Peifer and Bender, 1986, EMBO J. 5: 2293-2303.
Probably spontaneous.

bxd: bithoraxoid (E.B. Lewis)

location: 3-58.8 (to the right of Ubx ! ; to the left of pbx ! ).

references: Bridges and Morgan, 1923, Carnegie Inst.

Washington Publ. 327: 137.

Morgan, Bridges, and Sturtevant, 1925, Bibliogr. Genet.

2: 79.

Lewis, 1951, Cold Spring Harbor Symp. Quant. Biol.

16: 159-74.
Lewis, 1955, Am. Nat. 89: 73-89.
Lewis, 1963, Am. Zool. 3: 33-56.

Kerridge and Sang, 1981, J. Embryol. Exp. Morphol.
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Morata, 1975, J. Embryol. Exp. Morphol. 34: 19-31.

Lewis, 1978, Nature 276: 565-70.

Capdevila and Garcia-Bellido, 1978, Wilhelm Roux’s
Arch. Dev. Biol. 185: 105-26.

Lewis, 1981, Developmental Biology Using Purified
Genes (Brown and Fox, eds.). Academic Press, New
York, pp. 189-208.

Lewis, 1982, Embryonic Development: Genes and Cells
(Burger, ed.). Alan Liss, Inc., New York, pp. 269-88.

Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis,



GENES

allele origin discoverer synonym cytology molecular biology o type B

bxd’ spont Bridges normal gypsy at -21 kb I

bxd® spont Kuhn and normal gypsy at -19 kb I

Lewis

bxd ¥ spont Green normal gypsy at -23 kb 1

bxd® spont Lewis normal gypsy at -17.5 kb I

bxd % X ray Baker bxd 168 T(2:3)41,89E I

bxd™® X ray Lewis Tp(3;3)66,89B5-6; I
89E

bxd ™ X ray Lewis T(3,4)89E;101F I

bxd '® X ray Lewis In(3LR)72D11-E2; I
89E

bxd " X ray Lewis bxd %7 Tp(3;3)89E,91D1-2; I
9242-3

bxd " Y Xray Lewis bxd 3% Tp(3;1)4D89E; 1
90B2

bxd™? X ray Lewis In(3LR)69C34; I
89E

bxd ™ X ray Lewis bxd 3778114 In(3R)89E;94 I

bxd X ray Lewis normal -15 kb to +60-65 kb ?

deleted
bxd '@ X ray Crosby T(2;3)41,89E ?
bxd ' ENU Chiang bxd Z“"-C“, In(3R)89B,89E I
Xd A
bxd ¥ X ray Lewis bxd 21546 7(2;3)59C;89E + I
bxd >*¢ In(3R)88C-D;92

bxd % EMS Lewis bxd 177568 In(3R)89C;89E I

bxd ™ X ray Lewis bxd : ‘2’“”-”‘, In(3LR)8OF 89E I

bxd %% X ray Tung bixd 24032.266 T(2:3140,89E I

bxd &7 EMS Lewis bxd 167657 In(3R)81,89E I

bxd *8! X ray D. Baker T(2:3)41;89E I

bxd P83 X ray D. Baker T(2:3)48:89E I

bxd 254 X ray D. Baker T(2:3)32;89E ?

bxd P5° X ray D. Baker bxd B! T(2:3)41.89E 9

bxd °%° X ray D. Baker T(2:3)22A:434-C; II
60D ;84,89E;92F

bxd °%7 X ray D. Baker T(Y:3)89E 7

bxd °%° X ray D. Baker Tp(3;3)80,89E 2

bxd* spont (?) Kuhn normal (?) gypsy at -2.5 kb; II

P-element at -6.5 kb

bxdS? spont Rosenberg ?

bxd Vb EMS Lewis bxd © normal I

bxd* X ray Lewis bxd 229041X T(2:3)42B-C; ?
89E1-2

o

Harbor Symp. Quant. Biol. 50: 173-80.
B Type is as described by Bender ez al., 1985.

Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis, and Hogness, 1983, Science 221: 23-29; Bender, Weiffenbach, Karch, and Peifer, 1985, Cold Spring

I Strong bxd (Hemizygotes): Transformation of posterior portion of haltere towards wing, loss of Al tergite, and appearance of T3 legs on Al. Ventral setal
belt of Al is transformed toward that of T3, and ventral pits appear on abdominal segments Al to A7, inclusive.

II Intermediate bxd (Hemizygotes): Transformation of posterior portion of haltere toward wing, replacement of Al tergite by post-notal tissue as in (I), no
extra legs. Al setal belt is intermediate between Al and T3 type belts. Ventral pits on all abdominal segments.

Il Weak bxd (Hemizygotes): Only two bxd effects remain: Al tergite is slightly reduced in hemizygote but not in homozygote, and ventral pits are formed on
Al to A7, inclusive, in the hemizygote and on Al in the homozygote. These weak alleles when homozygous survive to adults and appear wild type.

and Hogness, 1983, Science 221: 23-29.
Casanova, Sanchez-Herrero, and Morata,
Embryol. Exp. Morphol. 90: 179-196.

White and Akam, 1985, Nature 318: 567-69.
phenotype: Cbx 1+ has a strong transformation of the
posterior region of the second thoracic segment (T2)
toward the corresponding region of the third (T3), and a
weak and variable transformation of anterior T2 toward
anterior T3. The Chx homozygote differs in having a
stronger, but still variable, transformation of anterior T2
toward T3. Cbhx /Ubx has a slight enhancement of the
Ubx phenotype (see also su-Cbhx). Cbx? has both ante-
rior and posterior regions of T2 moderately transformed
toward T3. Cbx™™ affects only the wing, which is
strongly transformed to haltere. Flies carrying two doses
of Chx ™™ plus a normal allele have a virtually complete
transformation of wing to haltere (as figured in Lewis,

1985, I.
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allele  origin discoverer synonym cytology

1982). Chx 2 and Chx "™ have inseparable recessive bxd
effects. Chx>/+ transforms anterior portions of T2 vari-
ably toward anterior T3. It has no effect in posterior T2.
For an overview of the effects of Chx mutants on specific
structures see Table 1: Lewis, 1982.

molecular
biology o

Cbx 1 X ray Bacon

cox? 9
Cbx Xray Akam
Cbx Twt X ray Abbot
cbx "M X ray Slatis Hm

insert of -3 kb

to +14 kb in inverted
orientation at -44 kb
In(3R)89E;91C-E +8 to +10 kb
In(3R)89A;89E  -1101t0 -103 kb
In(3R)87EF89E -110to -103 kb
T(2;3)breaks? -27.5 kb t0 -29.5 kb

normal

Kreber

% Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis, and Hogness,
1983, Science 221: 23-29.
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Hab: Hyperabdominal (E.B. Lewis)
location: 3-58.8 (between iab2 and iab3: to the right of
abd-A ).
synonym: Cbxd (Contrabithoraxoid).
references: Lewis, Proc. Int. Congr. Genet. 12th, 1968,
2: 96-97.
Lewis, 1978, Nature 276: 565-70.
Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker,
Crosby, and Lewis, 1985, Cell 43: 81-96.
Bender, Weiffenbach, Karch, and Peifer, 1985, Cold
Spring Harbor Symp. Quant. Biol. 50: 173-80.
phenotype: Hab/+ has the third thoracic segment (T3) and
first abdominal segment (Al) variably transformed
toward the second abdominal segment (A2), occasionally
resulting in the loss of one or both metathoracic legs and
one or both halteres; an A2 type tergite and sternite
appear on T3; but Al is only weakly transformed toward
A2. Strongly enhanced when mother is from stock of

Df(3R)red-P93, I(3)tr Sb/In(3L)P + In(3R)P18, Me Ubx.
alleles:

allele origin  discoverer
Hab! EMS  Bacher, 66k
Hab EMS  Duncan

iab2: infra-abdominal 2 (. Duncan)
location: 3-58.8 (to the right of pbx; to the left of abd-A).
references: Lewis, 1978, Nature 276: 565-70.
Kuhn, Woods, and Cook, 1981, Mol. Gen. Genet.
181: 82-86.
Sénchez-Herrero, Vernés, Marco, and Morata, 1985,
Nature 313: 108-13.
Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker,
Crosby, and Lewis, 1985, Cell 43: 81-96.
Duncan, 1987, Annual Review of Genetics 21: 285-391.
phenotype: Adult homozygotes or hemizygotes show
transformations of A2 toward Al. The known alleles
cause only partial transformations. Wheeler’s organs (A2
structures) are reduced or absent and A2 tergite bristles
are reduced in size. These alleles do not affect the larval
cuticle pattern.
alleles:

molecular

allele origin discoverer synonym cytology biology

iab2"" Xray Lewis T(Y:2,3)21E;26;86;89E

on In(3R)81F;90C-D
lab2¥  Spont Woods normal gypsy insert
at27.5kb
1ab2%° Xray Tiong  abd-AS In(3R)89E:93F 24-28 kb

iab3: infra-abdominal 3 (E.B. Lewis)
location: 3-58.8 (to the right of abd-A; to the left of iab4 ).
references: Lewis, 1978, Nature 276: 565-70.
Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker,
Crosby, and Lewis, 1985, Cell 43: 81-96.
Lewis, 1985, Cold Spring Harbor Symp. Quant. Biol.
50: 155-64.
Sanchez-Herrero
107: 321-89.
phenotype: Hemizygote and homozygote have third,
fourth, fifth and sixth abdominal segments (A3, A4, AS,
and A6) transformed toward the second abdominal seg-
ment (A2). The Wheelers Organ (normally only on A2)

and Akam, 1989, Development
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is now partially to fully developed on A3 to AS6,
inclusive. Hemizygotes are viable, and show a loss of
gonads in both sexes. In homozygotes Al is weakly
transformed toward A2.

alleles:
molecular
allele origin discoverer synonym cytology biologya
186333 Xray RH. Baker iab33525033 31 R)744.:898
1ab3%6  Xray Lewis In(3R)62C;89E
on In(3R)8IF;90C-D
1863277 Xray D.Baker Mcp 8277 Tp(3:3)89E: 63-64.5 kb
iab3B277 | 944.96F;
iab3 DB 89E on In(3R)81;
92D-E
iab399  Xray Lewis In{3R)68F 89E
on Inf3R)81E;90C-D
18632576 X 12y Lewis T(2:3)51D-E;89E
on In{3R)81E;90C-D
1ab3Ya% £Ms Lewis a3 Y,  paLrisoc: 58.5-61.5 kb
Uab 85A;89E

@ Coordinates of rearrangement breakpoint (Karch, Weiffenbach,
Peifer, Bender, Duncan, Celniker, Crosby, and Lewis, 1985, Cell
43: 81-96).

iab4: infra-abdominal 4 (E.B. Lewis)
location: 3-58.5 (to the right of iab3; to the left of Mcp).
references: Karch, Weiffenbach, Peifer, Bender, Duncan,
Celniker, Crosby, and Lewis, 1985, Cell 43: 81-96.
Lewis, 1985, Cold Spring Harbor Symp. Quant. Biol.
50: 155-64.
Cumberledge, Zaratzian, and Sakonju, 1990, Proc. Nat.
Acad. Sci. USA 87: 3259-63.
phenotype: Both the hemizygote and homozygote are
viable and have a tranformation of A4 toward A3 as well
as a weak transformation of A5 toward A4 or A3.
Gonads are absent in both sexes (or partially developed
in some alleles). In some of the alleles, A2 transforms

weakly to A3, especially in the homozygote.
alleles: Eight alleles induced by X rays.

molecular
allele discoverer  synonym cytology biology a
iaba®> R Baker iabe316161045 15315541808 78.5-82kb
iab4 11045 . complex
iabd'?5  RH. Baker Mcp 3112527 134808101 81-83 kb
by 31125.27
1aba 156 von Der Ahe Mcp 7€ 311661 L3 pi70n.£:89E  76-83 kb
oy 31166.1
1aba 186 Lewis In(3LR)73D-F89E
on In{3R)8IF;90C-D
1864392 RH Baker iabs 31616392 123.4060D:81;  83-86.5kb
89E;100F ;101
1aba3110 | oy In(3R)8IF;89E
on In{3R)81F;90C-D
1ab4,58%9 Lewis In(3LR)76F-G;89E
on Inf3R)8IF;90C-D
1ab4,508 D Baker  iabs DB 85-113kb
deleted

@ Coordinates of rearrangement breakpoint unless otherwise indicated
(Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker, Crosby, and
Lewis, 1985, Cell 43: 81-96).

iab5: infra-abdominal 5 (I. Duncan)
location: 3-58.8 (to the right of iab4, to the left of iab6 ).
references: Lewis, 1978, Nature 276: 565-70.

Lewis, 1981, Developmental Biology Using Purified
Genes (Brown and Fox, eds.). Academic Press, New
York, pp. 189-208.

Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker,



Crosby, and Lewis, 1985, Cell 43: 81-96.
Lewis, 1985, Cold Spring Harbor Symp. Quant. Biol.
50: 155-64.
Duncan, 1987, Annual Review of Genetics 21: 285-319.
phenotype: Hemizygotes show strong transformation of
AS toward A4, resulting in a loss of black pigment in the
AS tergite of the male. In addition, A6 may be weakloy
transformed toward A4. When homozygous, iab$ 301
causes a weak transformation of A3 toward A4 as well as
a transformation of AS to A4.
alleles: Five alleles induced by X rays.

molecular

allele discoverer synonym cytology biology o
iab5 19 Lewis In(3R)89A;89E
on In(3R)8IF;90C-D
iab5%91  RH. Baker iabs 1616301 1p5.3141.868;  95-104 kb
89E deleted
iabs 77! Lewis In(3LR)6OE-F;89E
on In(3R)8IF:90C-D
iab5%93  RH. Baker iabs 31616843 133,045 F: 93-99.5 kb
53F,81,89B;
89E
iab5,6 1981 1 euis T(2:3)30D-E;89E
on In(3R)8IF;90C-D

@ Coordinates of rearrangement breakpoint unless otherwise indicated
(Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker, Crosby, and
Lewis, 1985, Cell 43: 81-96).

iabé6: infra-abdominal 6 (I. Duncan)
location: 3-58.8 (to the right of iab5; to the left of iab7).
references: Karch, Weiffenbach, Peifer, Bender, Duncan,
Celniker, Crosby, and Lewis, 1985, Cell 43: 81-96.

Duncan, 1987, Annual Review of Genetics 21: 285-319.

phenotype: Hemizygotes show strong transformations of
both AS and A6 toward A4. Males show a loss of pig-
ment on the A5 and A6 tergites and show the develop-
ment of bristles on the A6 sternite. Some alleles cause
weak transformations of A4 toward AS.

alleles: iab6 <" induced by ethyl methanesulfonate. The
other alleles induced by X rays.

molecular
allele discoverer synonym cytology biology o
iab6 11 Lewis In(3LR)72;89E 113.2-115 kb
7 ’s on In(3R)81F;90C-D
iab6 R.H. Baker iab$ T(2:3)30A-B;89F;  103-108 kb
; McpT€¥31075.26 31 .5or.89E
a6 195 1ewis  igps 105 T(2;3)60C;89E 108-111 kb
iab6 Lewis T(2:3)29E-F:89E  120-121.2 kb
1821 on In(3R)8IF;90C-D
lab6 Hong T(2;3)30F-31A89E 116-118 kb
c on In(3R)8IF;90C-D
iab6€1  Crosby  McpT€C! T(2,3)60B.81 108-111 kb
89E
iabb ¢7 Crosby iabs <7 , Mcp rve7 insertion of DNA

from 90E at 124 kb

iab6 Y™ EH.Grell vno Tp(3:3)89E;93F;  108-111 kb

97A

@ Coordinates of rearrangement breakpoint unless otherwise indicated
(Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker, Crosby, and
Lewis, 1985, Cell 43: 81-96).

iab7: infra-abdominal 7 (I. Duncan)
location: 3-58.8 (to the right of iab6; to the left of Abd-B ).
references: Sanchez-Herrero, Vernés, and Morata, 1985,
Nature 313: 106-13.
Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker,
Crosby, and Lewis, 1985, Cell 43: 81-96.
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Sanchez-Herrero, Casanova, Kerridge, and Morata, 1985,
Cold Spring Harbor Symp. Quant. Biol. 50: 165-72.

Duncan, 1987, Annual Review of Genetics 21: 285-319.

phenotype: Hemizygotes show strong transformations of
A5, A6, and A7 toward A4. In males, the AS and A6 ter-
gites show a loss of pigmentation and an unpigmented
A4-type tergite develops in A7. Both A6 and A7 show
the development of sternites with bristles. Heterozygotes
show a small A7 tergite in the male. Two gain-of-
function alleles recorded. iab7 5" (split thorax) hetero-
zygotes display a longitudinal furrow in the mesothorax;
iab7 SCA heterozygotes causes abdominal structures to
develop in the back of the head (Awad, Gausz, Gyurko-
vics, and Pérducz, 1981, Acta Biol. Acad. Sci. Hung.
32: 219-28; Kuhn and Packert, 1988, Dev. Biol. 125: 8-
18).

allele)s: Seven alleles induced by X rays.

molecular
allele discoverer  synonym cytology biology a
1ab7 164 . ,
ab7 Lewis In(3R)65;89E 126-128 kb
on In(3R)81F;90C-D
iab7 770 Hong In(3LR)68,;89,94
on In(3R)81F;90C-D
1ab79%87 Charies In(3R)66,79;89
on In(3R)8IF;90C-D
iab7MX1 Casanova iabs MX! | T(v:3)634; 126-129 kb
abd-8MX! 66B.68A;72E;
89B;92A-D97D-F;
98FY
iab7MX2 Cocanova  iab6MX2 | In3LRI64A; 139.5-142 kb
Abd-8M*2 goa;80F
1867564 Gyurkovics SGAS2  In(3R)BSC89E  133-139.5 kb
1ab7 5P Kemphues iabs P in(3R)894,89E 133-139.5 kb

@ Coordinates of rearrangement breakpoint unless otherwise indicated
(Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker, Crosby, and
Lewis, 1985, Cell 43: 81-96).

iab8: infra-abdominal 8

{I. Duncan and S. Celniker)
location: 3-54.8 (to the right of Abd-B; to the left of iab-9).
references: Karch, Weiffenbach, Peifer, Bender, Duncan,
Celniker, Crosby, and Lewis, 1985, Cell 43: 81-96.
Casanova, Sanchez-Herrero, and Morata, 1986, Cell
47: 627-36.
Celniker and Lewis, 1987, Genes. Dev. 1: 111-23.
Duncan, 1987, Annual Review of Genetics 21: 285-319.
phenotype: Hemizygous adult males show strong transfor-
mation of AS, A6, A7 toward A4. In addition, an A8 ter-
gite develops which is half the size of a normal tergite.
In these males, A5 and A6 tergites show a loss of pig-
mentation and an unpigmented A4-type tergite develops
in A7. A6, A7, and A8 all development sternites, the first
two with bristles.

alleles:
molecular
allele  origin discoverer synonym biology
iab838% ENU Lewis  iab708
iab8 0° EMS Duncan iab7 D6
1ab821% EMS Duncan  iab7P1* 1571574 b
detected

iab8P"% EMs Duncan  iab7 P15
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iab9: infra-abdominal 9
(. Duncan and S. Celniker)
location: 3-58.8 (to the right of Abd-B; this is the distal
most region of the BXC).
references: Gardner and Woolf, 1949, Genetics 34: 573-
8s.

Lewis, 1978, Nature 276: 565-70.

Kuhn, Woods, and Cook, 1981, Mol. Gen. Genet.
181: 82-86.

Lewis, 1981, Developmental Biology Using Purified
Genes (Brown and Fox, eds.). Academic Press, New
York, pp. 189-208.

Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker,
Crosby, and Lewis, 1985, Cell 43: 81-96.

Casanova, Sanchez-Herrero, and Morata,
47: 627-36.

Celniker and Lewis, 1987, Genes. Dev. 1: 111-23.

Duncan, 1987, Annual Review of Genetics 21: 285-319.

phenotype: Adult homozygotes or hemizygotes show
absent or defective genitalia and analia in both sexes.

Adults homozygous or heterozygous for iab9 % show in

addition a partial transformation of A6 toward A7.

Embryos hemizygous for iab9 mutations show the

development of a zone of naked cuticle and a rudimen-

tary ninth abdominal setal belt posterior to the eighth
abdominal setal belt. Posterior spiracles are absent in
iab9 % and iab9 * hemizygotes and are defective in
iab9 Y™ iab9 ™" and iab9 T® hemizygotes. iab9 &
and iab9 48, but not the other iab9 mutations, cause
transformations of the A8 setal belt (located in anterior

1986, Cell

A8) toward A7.
alleles:
molecular
allele origin discoverer synonym cytology biology
iab9%®  Xray RH.Baker In(3R)89E; +163-166.5 kb
100C on
In(3R)81;92E
1869%%  Xray RH.Baker iab7%  T(2:3)41:89E +163-166.5 kb
iab9 192 X ray Hong In(3R)63A;89E 182187 kb
on In(3R)8IF:90C-D
iab9 1%%% X ray Hong T(2;3)26A:89E 182-187 kb
on In(3R)81F:90C-D
iab9 T  Xray Lewis  Tab  In3R)S9E90D  +187-188 kb
jabg tuh-3 spont  Woolf tuh-3 insert of Delta 88
at +200 kb
iab9 Y31 EMS Lewis  Uabl inversion of
-14t0 +185 kb
iab9 x23-1 Xray Casanova x23-1

Mcp: Miscadastral pigmentation (E.B. Lewis)
location: 3-58.5 (to the right of iab4; to the left of iab6 ).
origin: Spontaneous.
discoverer: Crosby.
synonym: Male chauvinist pigmentation.
references: Lewis, 1978, Nature 276: 565-70.
Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker,
Crosby, and Lewis, 1985, Cell 43: 81-96.

Duncan, 1986, Cell 47: 297-309.

phenotype: Mcp homozygotes have the fourth (A4) and
fifth (AS) abdominal segments transformed to a state
intermediate between AS and A6. Similar, but weaker,
tranformations occur in Mcp/+ heterozygotes. Mcp I can
be scored in males by dark pigmentation of the A4 tergite
and in females by an effect on the orientation of the
lateral bristles of the A4 tergite.
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alleles:
allele origin  discoverer  cytology  molecular biology @
Mcp!  spomt  Crosby  normal  94-97.6 kb deleted
Mcp spont  Crosby
o

Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker, Crosby, and
Lewis, 1985, Cell 43: 81-96.

pbx: postbithorax
location: 3-58.8 (to the right of bxd; to the left of iab2 ).
references: Lewis, Proc. Int. Congr. Genet. 9th, 1954,
1: 100-05.

Lewis, 1955, Am. Nat. 89: 73-89.

Lewis, 1981, Developmental Biology Using Purified
Genes (Brown and Fox, eds.). Academic Press, New
York, pp. 189-208.

Lewis, 1982, Embryonic Development: Genes and Cells
(Burger, ed.). Alan Liss, Inc., New York, pp. 269-88.

Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis,
and Hogness, 1983, Science 221: 23-29.

phenotype: Adult homozygotes and hemizygotes have

posterior region of third thoracic segment (T3)
transformed toward corresponding region of the second
(T2).

alleles:
allele origin  discoverer cytology  molecular biologya
pbx!  Xray Lewis, 1954 normal -3 to +14 kb deleted
pbx Xray Lewis, 19807 normal 14 to +1 kb deleted

Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis, and Hogness,
1983, Science 221: 23-29.

Sab: Superabdominal (E.B. Lewis)

location: 3-58.8 (just to the right of Mcp ).

synonym: Uab-5 °%.

references: Sakonju, Lewis, and Hogness, 1984, Genetics

107: s93.

Duncan, 1986, Cell 47: 297-309.

phenotype: Sab/+ adults show patchy transformations of
A3 and A4 to AS. Homoz%gote viIable and more extreme
than heterozygote. Mcp®~ Sab~ homozygotes show
transformations of A3, A4, and AS to a state intermediate
between AS and A6.

alleles:
allele origin  discoverer  synonym cytology
sab! ENU  Sakonju  Uabd, UabsSS notmal
Sab 2 ENU Lewis Uab4-like, Uab4 normal

Uab4-427995, Sabb

Tab: Transabdominal (E.B. Lewis)

location: 3-58.8.

origin: X ray induced.

discoverer: E.B. Lewis.

synonym: Net: Neo-ectopic tergite; Eat: Ectopic abdomi-
nal tergite; Comma-like.

references: Celniker and Lewis, 1984, Genetics 107: s17.
Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker,

Crosby, and Lewis, 1985, Cell 43: 81-96.

Celniker and Lewis, 1987, Genes Dev. 1: 111-23.

phenotype: Heterozygous adults have a pair of laterally
disposed longitudinal stripes of tissue on the second
thoracic segment (T2) probably corresponding to tissue
from the dorsal sixth (A6) and/or seventh (A7) abdominal
segments. These ectopic stripes of tissue are entirely



black in males but only partially pigmented in females.
Tab/+ flies are virtually sterile, and have a thin seventh
tergite in males. Fertility is partially restored in the pres-
ence of a duplication for BXC, such as Dp(3,1)P68.
When hemizygous, Tab embryos have a reduction of the
posterior spiracles and filzkGrper, and a tiny ninth
abdominal ventral setal belt that appears as a small row
of denticles posterior to the A8 setal belt.

cytology: Associated with In(3R)Tab = In(3R)89E;90D.

molecular biology: The inversion puts the 90D region into
the BXC at +188 kb., in the presumed iab9 region (see
Karch et al., 1985).
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Washington Publ. 552: 35.

Lewis, 1951, Cold Spring Harbor Symp. Quant. Biol.
16: 159-74.

Lewis, 1955, Am. Nat. 89: 73-89.

Lewis, 1963, Am. Zool. 3: 33-56.

Akam, 1983, EMBO J. 2: 2075-84.

Bender, Akam, Karch, Beachy, Peifer, Spierer, Lewis,
and Hogness, 1983, Science 221: 23-29.

Akam, Moore, and Cox, 1984, Nature 309: 635-37.

Hayes, Sato, Denell, 1984, Proc. Nat. Acad. Sci. USA
81: 545-49.

Struhl, 1984, Nature 308: 454-57.

White and Wilcox, 1984, Cell 39: 163-71.

Uab: Ultraabdominal (E.B. Lewis) Akam and Martinez-Arias, 1985, EMBO J. 4: 1689-
location: 3-58.8. . 1700
referel.nces: Kx‘ger, 1976, Dev. Bl,OI' 50: 187-200. Beachy, Helfand, and Hogness, 1985, Nature 313: 545-
Davis and Kiger, 1977, Dev. Biol. 58: 114-23. 51
ECWF’ lg;g I;:Iatltx’re 27,6 :DS 65_17 0. .G 4 Cell Hogness, Lipshitz, Beachy, Peattie, Saint, Goldschmidt-
ewis, 1982, Embryonic Development: Genes and Cells Clermont, Harte, Gavis, and Helfand, 1985, Cold Spring
(Burger, ed.). Alan Liss, Inc., New York, pp. 269-88. Harbor Symp. Quant. Biol. 50: 181-04
Karch, Weiffenbach, Peifer, Bender, Duncan, Celniker, Struhl and White, 1985, Cell 43: 507-19.

Crosby, and L?Wis’ 1285’0’“ 4%;: 81-96. Beachy, Krasnow, Gavis, and Hogness, 1988, Cell
phenotype: Uab ', Uab “, and Uab ~ cause Al to transform

J 55: 1069-81.
toward A2. Uab " causes Al and A2 to transform toward O’Connor, Binari, Perkins, and Bender, 1988, EMBO J.
A3. Uab " is an intra-complex inversion with a break- 7- 435-45

point in the bxd re4gion, Uab? is associated with a Uab
mutation, the Ugb ~ breakpoint is an iab-3 mutation, and
the Uab” breakpoint is a weak bxd mutation. Reversion
studies show that Uab 1, Uab 4, and Uab> cause abnor-

mal expression of abd-A domain functions in Al.
alleles:

Kornfeld, Saint, Beachy, Harte, Peattie, and Hogness,
1989, Genes Dev. 3: 243-58.
Mann and Hogness, 1990, Cell 60: 597-610.
phenotype: Larvae homozygous and hemizygous for
strong Ubx mutants, such as the Ubx I-type, have the
ventral setal bands or "hooklets” of the first abdominal

o molecular segment (A1) and T3 transformed toward those of T2;

allele origin discoverer synonym cytology biology K . .
dorsally, the hair patterns of posterior T2 and posterior
Uab! EMS Lewis -14 kb; +185 kb T3 are transformed toward posterior T1; Keilin organs
inverted with 2 hairs appear on Al; ventral pits appear on seg-

Uabi Xray Lewis
Uab~ EMS Lewis iab3
Uab® EMS N. Shaw

ments Al thru A7; two extra sets of anterior spiracles
appear, one on T3 and one on Al. Homozygotes die,
usually as tiny third-instar larvae, but occasionally grow
to a normal-sized third-instar larvae and may pupate.
Homozygotes of some weaker alleles, such as Ubx 61d,
survive to adult stage and show weak bx, bxd, and pbx
effects, especially in the haltere, and Al is generally
reduced.

Uabd 1,31 RISOC;85A;89E 58.5-61.5 kb

T(1,3)I1F;89E3-4

Ubx: Ultrabithorax (E.B. Lewis)
location: 3-58.8 (to the right of Cbx, to the left of bxd).
synonym: bx D, bxd D, bxl.
references: Bridges and Brehme, 1944, Carnegie Inst.
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alleles:
allele origin  discoverer synonym cytology type
Ubx ! spont  W.F. Hollander, 34 o bud D , Bxl normal
Ubx 1A X ray x 19649.1 T(2:3)41:89E
Ubx 1K Xray Lewis, 64c x 13152.1K
ubx 1V Uby 18264.1U sy T(2:3)31,89E
ubx X EMS  Smit, 71k . 1007.14 unusual Ubx
"~ 19061X
Ubx 2E Uy 232402E
ubx?J EMS  Lewis, 69 x 18498.27 tike Ubx !/
ubx?P X ray Ubx 19649.2P T(Y:2:3)39;89E1-2:91F
ubx?R EMS  Bacher, 66h " 16612.2R tike Ubx 1
ubx2¥ EMS  Bacher, 66h Uby 16806.2V weak Ubx
ubx2W Uby 18264.2V sy like Ubx
ubx? EMS  Tung 81b Ubx 260744
ubx4A EMS  Lewis, 3k Uby 1933044
Ubx 4B Dby 39444
Ubx 6C Xray Lewis, 64c Ubx 15152.6C
ubx 8@ Uy 21360.6Q In(3R)89E3-4;96F :97A Cbx-like rev. "Ubx”
ubx 7t Xray  Smit, 72i Ubx 19286.7L In(3R)89EI-2,96A
ubx ™ Xray Lewis, 64c x 13152.7M In3R)
Ubx® b, 121108
ubx8A Uy 2156084 T(1;3)5B;89E1-2 Chx-like rev. "Ubx"
ubx %8 EMS  Tung, 8lb Ubx 260748
Ubx M Xray  Smit, 72i >3 19286.8M
ubx &N Xray Lewis, 64c Uby 15152.8N In(3R)
ubx 19 EMS  Tung, 8lc Ubx 26074.10
Ubx 10A ENU  Chiang, 82f 28510 Al missing
ubx 12 EMS  Tung8lc ¢ 26074.12
ubx 12€ EMS  Shaw,72a x 19191.12C weak Ubx
ubx 13 ENU  Lewis, 8L Uby 2693013 very weak Ubx
ubx 16N Xray  Smit, 72i x 19286.16N In(3R)89E;99
Ubx 16v X ray Uby 1970916V normal
Ubx 18 X ray Uy 19709-18W normal like Ubx 1
Ubx 19 ENU  Chiang, 82b Ubx 27310-C9A larvae die over
bxd at 2-3instar
ubx21Y EMS  Lewis, 73k x 19330.217
ubx21R X ray Ubx 1964921R T(Y:3)89E
Ubx 24 U 18624 4y
ubx 24K EMS  Lewis, 73k x 19330.24K
ubx?7 EMS  Lewis, T3k x 19930271
Ubx 30 X ray Ubx! 9709.30G moderate
Ubx30A Uy 396630 In(3R)89E1-2:91B
ubx31 Uby 1618431E S6E-F87A
ubx34 ENU  Chiang, 82 x 28030.C4A tike Ubx 1
Ubx 0 X ray Uy 19709402 normal Like Ubx df over
bx %€
like weak Ubx
over ss bxd
ubx® Xray  Lewis, 73 x 1940943 Df(3R)89D—EL-2 (?)
ubx 3! EMS  Bacher, 65j Ubx 16160.51P -
ubx 36 ENU  Chiang, 81] 26936
Ubx 58 spont  Lewis, 67i by 17358U
Ubx 59 U 3858.59
usx 519 H. Gloor, 61d
Ubx Xray  Smit, 721 19286.655
Ubx 66e EMS Bacher, 66e Ubx 16516.115
ubx 670 Xray Bacher, 67b e
y acher, normal
Ubx 50 EMS  Bacher, 66h Uy 16800.752 In(3R)87F-88A89E
Ubx 88 EMS Bacher, 66h x 16800.888
Ubx % EMS  Lewis, 68a Ubx 17756.98G very weak Ubx
Ubx 101 Xray Lewis, 47 In(3LR)80;89E!
ubx 102 EMS  Lewis, 68a Ubx 17756.102H normal tike Ubx 1
lethal over TM!
Ubx 105 Lewis T(2:3)53C;89E]-2
uUbx 196 EMS  Lewis, 68a by 17756.106 tike Ubx 1!
Ubx 199 Lewis Df(3R)89D1-2-89E1-2
Ubx 115 Lewis unknown
Ubx 125 Xray Lewis In(3R)81:89E
Ubx 130 Xray Lewis, 511 In(3LR)61A-C;74;89E;93B,96A
ubx 14° EMS  Lewis, 68g x 18136.145 weak Ubx
ubx 147 EMS  Lewis, 68g x 18136.147 weak Ubx
ubx 149 EMS  Lewis, 68g Uby 18136.149 normal like Ubx 11 ; 7-tegged
over bxd
ubx 154 EMS  Lewis, 68 Uby 17756.154 tike Ubx 1/
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origin  discoverer synonym cytology type
EMS  Lewis, 68a Uby 17756.159 like Ubx 1
EMS Lewis, 68g >4 18136.159 like Ubx 1 or weaker
EMS  Lewis, 68a x 17736175 like Ubx
EMS  Lewis, 68a Ubyx 17736.180 like Ubx 1!
EMS  Lewis, 68a x [7756.195 like Ubx
Xray RH. Baker, 84a Uy 31616.196 In(3LR)81:89E;90D1 ? x
Xray R.H. Baker, 84d Uby 31616549 normal e 1
Xray RH.Baker, 84h x 31616.757 89E;96-94,96-98,47-60 x
Xray R.H.Baker, 84h be31616'765 normal 1
EMS Lewis
EMS Lewis normal
Xray RH. Baker, 84k Uy 31616895 Tp(3,2)2R;89E;90A X
In(3R)89E 96
Xray RH. Baker, 85a Uy 51616.1069 T(2;3141A;89E x
Xray RH.Baker, 85d Uy 516161343 T(Y:3)89E x
Xray  Schalet, 59 10+ breaks
Dowsett
Robertson Ubx 28729z

EMS Bacher, 651 X 16160.1A normal
EMS  Bacher, 66h Uy 16612.1Q like Ubx 674
EMS Bacher, 65i X 16160.3B like Ubx
EMS  Bacher, 65i by 16160.5C like Ubx
EMS Bacher, 651 X 16160.6D weak
EMS Bacher, 651 Ubx 16160.7E variable Ubx
ENU  Chiang, 82b x 27510CIG like Ubx
EMS Bacher, 65i >4 16160.17H extreme Ubx
EMS  Bacher, 65i Uy 16160.187 T(2:3)21D1-2,89E
EMS Bacher, 66h X 16800.18W
EMS  Bacher, 66h Uby 16800.19% weak Ubx
EMS  Bacher, 65i x 16160.22 normal like Ubx
EMS  Bacher, 65i Uby 16160.36 T(2:3)41F :89E
EMS  Bacher, 65) x [01604IN like Ubx 1674
EMS Bacher, 66h Ubx 16800.49Y weak Ubx
EMS Bacher, 65j x 16160.54 like Ubx " " , but weaker
EMS Bacher, 66k X 16160.57
EMS Bacher, 65k Ubx 16160.58v like Ubx 161d
EMS Bacher, 65k X 16160.61W normal
EMS Bacher, 66h Ubx 16800.78A like Ubx 1 , but weaker
EMS Bacher, 65k X 16160.104 like Ubx
EMS Bacher, 651 Ubx 16160.123 weak Ubx
EMS Bacher, 651 X 16160.27
EMS Bacher, 66b Ubx 16412.160L weak Ubx
EMS  Bacher, 66a x 161602003 89E1-2,89E34
EMS  Bacher, 66a Uby 16160300 ¢ 1U 1031 R)61F-62A,89E

like Ubx 614
ENU  Chiang, 82b x 27510.C2G weak Ubx
ENU  Chiang, 82d by 27830.C3A weak Ubx
ENU  Chiang, 82¢ x 27630.C4G like Ubx
ENU  Chiang, 82d x27830.C7G like Ubx 1614
ENU  Chiang, 82¢c x 27630.C8G weak Ubx
ENU  Chiang, 82¢c by 27740.C3G Haltere winglike
ENU  Chiang, 82¢ x 27740.C6G Haltere winglike
ENU  Chiang, 82¢c Ubx 27740.C8G Haitere winglike
ENU  Chiang, 82¢ Uy 276951 weak Ubx,

very weak pbx effect
ENU  Chiang, 82b x 27475.C2A veg weak !l)/bx
ENU  Chiang, 82¢ Ubx 27560.C3A like Ubx 11
ENU  Chiang, 82d x 28060.C44 Al missing
ENU  Chiang, 82d 28060.C5G Al missing
ENU  Chiang, 82b Ubx 27480.C2G Halteres anteriorly

wing-like
ENU  Chiang, 82d by 27990
ENU  Chiang, 82a x 27290.C1G like Ubx 1
ENU  Chiang, 822 Ubx 27290.C2A like Ubx !/
ENU  Chiang, 82f x 28590.C3G bxd mutant?
ENU  Chiang, 82a Uy 27290.C5A like Ubx
ENU  Chiang, 82d Ubx 27910CIG bxd mutant?
ENU  Chiang, 82d x28477D mosaic?

Uy 27910.C4G
T(2;3141,89E1-2

Xray  Crosby Uby 21368E.10
Xray Crosby Ubx 21368E.12
Xray Lewis, 72i Ubx 19286 , Ubx 1Uab-2 ol
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allele origin  discoverer synonym cytology type
be",( Rasmuson Ubx 238237
Ubx Xray  Kaufman cox TRI In(3R)89E;924
Ubx 125 Xray Kerridge & Morata, 1982 In(3R)88B;89E]-2
Ubx 8'32 Xray Kerridge & Morata, 1982 normal
Ubx 5. Xray  Kerridge & Morata, 1982 normal
Ubx :gg Xray Kerridge & Morata, 1982 In(3R88F;89E1-2
Ubx ™" 3 Xray Kerridge & Morata, 1982 normal
Ubx 5.2526 Xray Kerridge & Morata, 1982 normal
Ubx :'28 Xray Kerridge & Morata, 1982 T(2:3)59E,75C,89E1-2
Ubx 4'30 Xray Kerridge & Morata, 1982 normal
Ubx 8.82 Xray Kerridge & Morata, 1982 T(2,3)34,89E1-2
Ubx P'18 EMS Kerridge & Morata, 1982
Ubx Lewis In(3R)81F 91F-92
ubx P20 Tp(3:3)68A,68E,:89E like Ubx X
Ubx R3 Xray Ramey Prev-R17.3C ! U
Ubx R5 Xray Ramey Chx T€V-RI7SE In(3R)89E;92A
Ubx Re Xray Ramey Chy TV-RI7.6F In(3R)87 ;89E
Ubx :;g Xray Ramey x Prev-RI7.10K T(2,3)41,89D-E
ubx 2 Xray Ramey coxTOR j ; j iN Df(3R)89D1-2;89E]-2 like Ubx 1199
Ubx Xray  Ramey Chx ;3;§7A‘ P In(3R)87D-E ;89E
X
ubx 16 Xray Ramey x TeVRI7.I6R In(3LR)80B;89E
Ubx :Z Xray Ramey ChyxTEVRITATS 7(2,322B1-2:89E1-2
Ubx Xray Ramey x TEV-RI7.20V In(3R)87B-D;89E
Ubx 2]988B
ubx fi22 Xray Ramey x TEv-RI7.22X T(2:3)41 :89E
R29 rev-R17.29E
Ubx Xray Ramey Df{3R)89D;89E
Ubx :g; Xray Ramey ChxEVRI7IG like Ubx 1610
Ubx Xray Ramey x TevRI7.32H Df(3R)89C;89D-E
ubx F34 Xray Ramey ChxTeV-RI7.34K T(23)41,89E dom. Ubx
Ubx H:O Xray Ramey . TEVRI740R T(3:4)89E;101
ubx F42 Xray Ramey ChyTeVRI742T In(3LR)70D :89E
Ubx 249 Xray Ramey Chx TeV-RI7A9A T(1,3)20F ;89E Cbx, bxd 1)
ubx 2 Xray Bacher U 3% In(3LR)62A2-3,89E1-2
Ubx Xray Ramey
be§ " Xray Lewis In(3R)89E;98B-C
Ubx ™ T(1:3)20,;89E
ubxX-type Lewis T(2:3)524-C 89E

bxd: see BXC
bxd®: see Ubx in BXC
*Bxd: Beadexoid

location: 1-45.
origin: Spontaneous.
discoverer: Goldschmidt.

by: blistery

references: 1945, Univ. Calif. (Berkeley) Publ. Zool.

49: 507, 520.
phenotype: Like a strong Bx. RK2.

Bxl: see Ubx in BXC

location: 3-48.7.

origin: Spontaneous.

discoverer: Glass, 33a.

references: 1934, DIS 2: 8.

phenotype: Wings blistered in subterminal region; wing
surface dusk;}' and warped. Thorax humpy. RKI.

alleles: *by 46 (CP627) like by but without thoracic effect.

cytology: Placed in 85D11-E3 based on its inclusion in
Df(3R)by62 = Df(3R)85D11-14,85F6 and Df(3R)by416
= Df{3R)85D10-12,;85E1-3 (Kemphues, Raff, and Kauf-
man, 1983, Genetics 105: 345-56).

bz: see mal bz
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¢: curved
From Bridges and Morgan, 1919, Camegie Inst. Washington
Publ. No. 278: 165.

c: curved
location: 2-75.5.
phenotype: Wings thin textured, divergent, uplifted at
base, and curved downward throughout their length.

RKI.
alleles:

allele  origin discoverer synonym  ref «
c ; spont  Bridges, 11124 13
c 3 Erlich, 62i c 4
c 4 EMS Davis 2
c EMS Davis 2
c 5 EMS Davis 2
c ‘; EMS  Davis 2
c EMS Davis 2

o

1 = Bridges and Morgan, 1919, Camegie Inst. Washington Publ. No.
278: 164 (fig.); 2 = Davis and Maclntyre, 1988, Genetics 21: 755-
66; 3 = Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.
2: 211 (fig.); 4 = Nelsen, 1967, DIS 42: 37.

cytology: Placed in 52D3-9 based on its inclusion in
Dfi2R)KL9 = Df(2R)52D3,;52D7-9 (Davis and Macln-
tyre).

cX: seeC-k

C-abl: see Abl

C-erb: see Egfr

*C-K: Curved of Krivshenko

location: 2- or 3- (rearrangement).

origin: X ray induced.

discoverer: Krivshenko, 5513.

references: 1956, DIS 30: 74.

synonym: C K

phenotype: Wings are thin textured, slightly divergent,
uplifted basally, and then curved downward. Homozy-
gous lethal. RK2A.

cytology: Associated with T(2,3)C-K = T(2;3)52;76,81,-
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86.
other information: Probably allele of Rev.

C-myb: see Myb
C-rasl : see Rasl
C-ras2:
C-ras3:
C-srcl :
C-src2:

C(): Crossover suppressor
The terminology originally used for dominant suppres-
sors of crossing over. These effects were found to be
rearrangements and are so treated here. The symbol C in
this context has been dropped except where included
under synonymy.

see Ras2
see Ras3
see Srcl

see Src2

*c(1)a: crossover suppressor for
chromosome 1

location: One factor in X and probably several autosomal
modifiers.

origin: Spontaneous.

discoverer: Bridges, 1916.

references: Bonnier, 1923, Hereditas 4: 81-110.
Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet.

2: 220.

phenotype: Reduces recombination between v and f from
23 to 15% and between w ° and v from 31% to 10%.
¢(1)a was probably the cause of a secondary nondisjunc-
tion frequency of 15-30%. RK3.

other information: Validity of phenotypic description
seems dubious. Probably an inversion.

C(2)R : see In(2R)NS
C(2;3): seeIn(2L)t
C(2L)HR . see In(2L)t
C(2L)T: see In(2L)t

¢(3)G: crossover suppressor in
chromosome 3 of Gowen .

location: 3-57.4 (1.0 to the left of sbd %, 4.0 to the right of
cv-c).

phenotype: Eliminates meiotic crossing over in homozy-
gous females. First-division nondisjunction and chromo-
some loss frequent (30% for X, 2, and 3; 20% for 4);
second division normal; exceptions more frequent at 25°
than at 19°. Production of triploids and intersexes 300-
500 times normal. Egg hatch very low. Synaptonemal
complexes absent from oocytes (Meyer), and both dura-
tion of meiotic prophase and number of 16-cell cysts per
germarium reduced in ¢(3)G/c(3)G females (Smith and
King, 1969, Genetics 60: 335-51). Meiotic loss of ring
chromosomes increased in ¢(3)G females (Sandler, 1961,
Nat. Cancer Inst. Monogr. 18: 243-73). No meiotic
effects in homozygous males. In c(3)G/+ females, both
intergenic recombination (Hinton, 1966, Genetics
53: 157-64) and the subset of intragenic recombination
accompanied by recombination of flanking markers
(Carlson, 1972, Genet. Res. 19: 129-32) increased.
Somatic  pairing  (Semjenov, 1979, Tisitologiya
21: 1353-55) and somatic crossing over (Le Clerc, 1946,
Science 103: 553-54) normal in ¢(3)G homozygotes;
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however, reported to be deficient for one of two X-ray-
induced reactions leading to mitotic exchange (Handle,
1974, Molec. Gen. Genet. 128: 233-39). Hetero-
chromatic interchanges inducible in oocytes of homozy-
gous females by X irradiation (Roberts, 1969, Genetics
47: 387-408; Wiirgler, Graf, Ruch, Beck, and Steiner,
1978, Arch. Genet. 51: 217-42). Oocytes of homozy-
gous females show increased sensitivity to X irradiation
and lack the normally observed fractionation effect (Wat-
son, 1969, Mutat. Res. 8: 91-100; 1972, Mutat. Res.
14: 299-307); Watson (1972) also reports increased sen-
sitivity of ¢(3)G -bearing sperm from ¢(3)G/+ males to
translocation induction. RK3.

allele origin  discoverer synonym ref®  comments B
1 17
c(3)G 58 spont  Gowen cx, ¢(3)G 1,2,3
C()G oo, EMS  Sander, 1968  mei-W22 3,5  >c(3G i
¢(3)G Y EMS REGrel 4 <c(3)G
o

1=Gowen, 1922, Am. Naturalist 56: 286-88; 2 = Gowen, 1933, J.
Exp. Zool. 65: 83-106; 3=Hall, 1972, Genetics 71: 367-400;
4 =McKinley, Generoso, and Grell, 1979, Genetics 92: s79.
5 = Sandler, 1971, DIS 47: 48.

B Severity of phenotype vis-4-vis ¢(3)G.

Fourteen other alleles recovered in same experiment.

cytology: Placed in region 89A2-5 on the basis of its inclu-
sion in Dfi3R)c3G2 = Df{3R)89A2-3,89B4-5 (Hughes,
Nelson, Yanuk, and Szauter).

c(3)G%
phenotype: Effects slightly more severe than in ¢(3)G.
Meiotic recombination absent; first-division nondisjunc-
tion and loss high (40% for X, 2, and 3, 30% for 4). Low
level of nondisjunction in second meiotic division.
Oocytes of homozygous females lack synaptonemal com-
plex (Carpenter).

0(3)Gonza

phenotype: Hypomorphic allele. Homozygous females
show polarized reduction of recombination to 4.3%
between y and f with greatest reduction distally. X-
chromosome nondisjunction temperature sensitive;
16.7% at 25°; reduced to 10.2% in oocytes exposed to
17° during metaphase I and anaphase I; no X-
chromosome loss at either temperature. Synaptonemal
complex reduced in quantity and abnormal in structure.
c(3)G OR28, Df(3R)sbd 195 fernales exhibit no recombina-
tion and 32% X -chromosome nondisjunction.

C2L: see In(2L)NS
C3: see In(3R)C
C4: see Rpll 4
CIIL: see In(2L)NS
CHIRE : see In(3R)C

ca: claret
location: 3-100.7.
references: Sequeira, Nelson, and Szauter, 1989, Genetics
123: 511-24.
Yamamoto, Komma, Shaffer, Pirrotta, and Endow, 1989,
EMBOJ. 8: 3543-52.
phenotype: Eye color ruby. With cn, eye color is deep red-
dish yellow; with bw, translucent brownish yellow
(Mainx, 1938, Z. Indukt. Abstamm. Vererbungsl.
75:'256-76). Larval Malpighian tubes colorless (Beadle,
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1937, Genetics 22: 587-611). Eye color autonomous
when larval optic disk from ca is transplanted into wild
type or v. Wild-type disk in ca not entirely autonomous
(Beadle and Ephrussi, 1936, Genetics 21: 230); ca flies
produce less v * substance than wild type (Clancy, 1942,
Genetics 27: 417-40). Uptake of radio-labeled kynuren-
ine by larval Malpighian tubules greatly reduced; uptake
by developing eyes nearly normal (Sullivan and Sullivan,
1975, Biochem. Genet. 13: 603-13). Presence of 4-0-
glucosyl-N-acetyldopamine, possibly a detoxification
product of dopamine, reported by Okubo (1958, Med. J.
Osaka Univ. 9: 327-37). Slightly narrow body and
pointed wing. RKI1.

alleles: Some alleles are mutant for two closely spaced

genes and are chd ca double mutants; these alleles are
designated ca ™ in the following table.

allele origin discoverer synonym ref * comments

ca!  spont Bridges, 19112 1,2

ca?  spont Bridges, 3222 _ 2 inln(3R)P

ca 3 ca 572j1l1a3

ca 4 ¥ ray 8

ca 5 Y ray 8

ca 6 Y ray 8

ca 7 Y ray 8

ca 8 Y ray 8

ca 9 ¥ ray 8

ca 10 Y ray 8

ca 1 Yray 8

ca 12 Y ray 8

ca 13 Y ray 8

ca 4 Y ray 8

ca 15 Y ray 8

ca 16 Y ray 8 hypomorphic allele;
Malpighian tubes pale yellow

ca 17 Y ray 8

ca 18 Y ray 8

ca 19 Y ray 8

ca 20 Y ray 8

ca 21 X ray ca 5 4 inDp(3;1)B152

ca?? Xray cal’ 4 inDp(3;1)BI52

ca?®  Xray cal? 4 inDp(3;1)BI52

ca?? Xray ca’lA 4 inDp(3;:1)BI52

ca?% Xy ca3? 4 inDp(3;1)BI52

ca?6  Xray ca®? 4 inDp(3;1)BI52

ca 27 X ray ca 129 4 inDp(3:1)B152

ca 28 X ray ca 148P 4 inDp(3;1)B152

ca 29 X ray ca 166P 4 inDp(3;1)B152

ca 30 X ray ca RI6 4 inDp(3:1)B152

ca3l Xray caC 4 inDp(3;1)BI52

ca 32 HD ca P1 9 no P insert

cad® mp cat? 9 noPinsent

ca®® mp ca®0 9 Pinsert at 99B8-10

a9  Xray E.L.Smith, 34f bw-b 2

*ca 36 X ray ca”’  bwn 5.6

ca nd1 X ray ca nd 3,7 mutant for ncd

ca yny ca¥? 8 T(2:344B-C;100B
mutant for ncd

ca nd4 7y ray ca nd3 8 mutant for ncd; also lethal
rearranged in 99B

ca nd5 HD cad! 9  mutant for ncd; no P insert

ca nd6 HD ca??8 9  mutant for ncd; no P insert

nd7 spont ca Cm 9 mutant for ncd
ca nd8 HD ca P3 9 mutant for ncd; no P insert
ca¥ Xray ca’ 2 T(2:3)59D81F94,99C-E
o

1= Bridges and Morgan, 1923, Camegie Inst. Wash. Publ. No.
327: 219 (fig.); 2 = CP627; 3 = Davis, 1969, Genetics 61: 577-94;
4 = Frisardi and Maclntyre, 1984, Mol. Gen. Genet. 197: 403-13;
5 = Gossi and Moree, 1971, DIS 46: 40; 6 = Gossi, Kreisman, and
Moree, DIS 48: 15; 7= Lewis and Gencarella, 1952, Genetics
37: 600-01; 8= Sequeira, Nelson, and Szauter, 1989, Genetics
123: 511-24; 9 = Yamamoto, Komma, Shaffer, Pirrotta, and Endow,
1989, EMBO I. 8: 3543-52.



cytology: Placed in region 99B5-9 based on its inclusion in
both  Df(3R)ca46 = Dfi3R)98F14;99B5-9 and
Dfi3R)L127 = Df(3R)99B5-6,99F4-F1 (Frisardi and
MacIntyre, 1984, Mol. Gen. Genet. 197: 403-13).
Placed in 99B8-10 by in situ hybridization (Yamamoto et
al.).

molecular biology: Region cloned in a 160-kb chromo-
some walk from 99C6-8 to 99B8-10 (Yamamoto et al.).
A 74 kb mRNA detected on Northern blots with
sequence from this region 1s the }mtanve ca transcrl7pt it
is reduced or absent in ca ’, ca and ca ™, but
present in ncd RNA. The 7.4-kb RNA is transcrlbed from
left to right and its 5" end is very close to that of a tran-
scription unit on the opposite strand that generates a 2.2-
kb mRNA thought to encode the ncd product. All five
ncd ca chromosomes tested have the same or similar
2.6-kb deletions for the 5 region shared by the two tran-
scription units; the P element insert of ca 34 resides in
this segment.

ca': claret-variegated
origin: X ray induced.
discoverer: E.B. Lewis.
phenotype: caica shghtly varlegated Can be confused
with wild type. ca “/ca ! females produce normal pro-
geny. Homozygous lethal. RK3A.

GENES

intra-pulse  frequencies; other cac pulses exhibit
anomalous modulations, and these show multiple peaks
in the intra-pulse spectra, unlike wild type. Mating suc-
cess of wingless mutant males is still worse than that of
wingless wild-type males, which is correlated with
genetic separability of song abnormalities from deficit in
mating performance. Female courtship appears to be
unaffected by cac; but general locomotor activity of
males or females is subnormal. cac is recessive for gen-
erally abnormal behavior and for courtship song defects
in tra/tra flies (Kulkarni, Hall, and Schilcher).

cytology: Placed in 11A2 based on the failure of

Df(1)HF368 = Df(1)11A2;11A9 to complement cac in
Df(1)HF368/cac; tra/tra flies, and the normal courtshlp
song of cac males carrying Dp(l; 3vtrac =
Dp(1,3)9E2;11B1-2.

other information: /(/)/1Aa fails to complement both cac

and nbaA; however cac and nbA complement, and cac
flies exhibit normal visual behavior and visual system
physiology (Kulkarni and Hall, 1987). Chromosome
rearrangements with breakpoints in 11A and which are
lethal in combination with I(1)]1Aa also fail to comple-
ment cac and nbA [In(1)A78, In(1)A97, In(1)N66, and
Tp(1;1)A101]. Complementation tests for cac carried out
in diplo-X individuals transformed into phenotypic males
by tra.

cytology: Associated with T(2:3)ca” =
T(2;3)59D;81F;94,99C-E  (Craymer, 1980, DIS cact: cactus (T. Schipbach)
55: 199). location: 2-52 (between b and pr).

origin: Induced by ethyl methanesulfonate.
references: Schiipbach and Wieschaus, 1989, Genetics

cab: cabbage (J.C. Hall)

location: 1-(not localized).

origin: Induced by ethyl methanesulfonate.

discoverer: Sziber.

references: Aceves-Pifia and Quinn, 1979, Science

206: 93-96.

phenotype: Blocked or impaired in learning, with respect
to several types of conditioning tests used on groups of
flies or on individuals, including those involving electric
shocks (Booker and Quinn, 1981, Proc. Nat. Acad. Sci.

121: 101-17.

phenotype: Maternal-effect lethal mutant; embryos from

homozygous mothers appear "ventralized"; at differentia-
tion they form only a narrow strip of dorsal cuticle,
whereas ventral setal belts are expanded and encircle in
irregular fashion most of the embryonic periphery. At
gastrulation the germband hardly extends at all, and the
posterior midgut invaginates close to the posterior pole.
Cephalic furrow is more pronounced than in wildtype.

USA 78: 3940-49) or exposure to flies (mated females, alleles:
immature males) that in wild type induce poor courtship el . .
. . cle 0!
subsequently (Gailey, Jackson, and Siegel, 1982, Genet- 2 Orlgln synomym  commen
ics 102: 771-82?. cab ﬂ‘lCS may be gem'tr'allyf debilitated, cact! EMS  car®_  aygotic lethal
and tests involving habituation or sensitization to sugar cact? EMS  cactP!? zygotic lethal
stimuli gave unreliable results (Duerr and Quinn, 1982, cacti EMS cactgf zygotic lethal
Proc. Nat. Acad. Sci. USA 79: 3646-50). mcll 5 E:‘{: cact o' zygotic le‘hai
ca E cact zygotic letha
cac: cacophony (J.C. Hall) cac:‘; EMS  cact%’  zygotic lethal
location: 1-36.6. cact p EMS cact Fi1 very strong allele
s e | cact EMS cact very strong allele
origin: Induced by ethyl methanesulfonate. cact? EMS  cacC ety strong allele
references: Schilcher, 1976, Behav. Biol. 17: 187-96. cact™ EmMS  carf®  very strong allele
1977, Behav. Genet. 7: 251-59. cact ] EMS et very suong allele
Hall, Siegel, Tompkins, and Kyriacou, 1980, Stadler cact ., EMS  cact 0 very strong allele
Genet. Symp. 12: 43-82. cact 14 EMS cactSG very strong allele
Kulkarni Hall. 1987. G ics 115 cact 15 EMS cactH8 very strong allele
ulkarni and Hall, ; i enetics 115: 461-75. cact 1 EMS cact weak allele; temperature sensitive
Wheeler, Kulkarni, Gailey, and Hall, 1989, Behav. cact 16 EMS  cact’E  weak allele; temperature sensitive
Genet. 19: 503-28. cact 1; EMS  cact gg weak allele; temperature sensitive
phenotype: Males court abnormally with poor mating suc- z:z 19 §Ms c"ci px  Weakallele; lemperature sensitive
cess and aberrant courtship song, which includes pulses cact?® p zz; UL
of tone that are polycyclic, rather than monocyclic or tri- cact?! p cact YW
cyclic, within wild-type pulses and have increased ampli- cact?? p cact V@

tude. Some cac pulses, however, are quasi-normal in
their cycle numbers (Wheeler et al., 1989); these, as well
as many of the polycyclic pulses, have essentially normal
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cytology: Placed in 35E6-36A9 between the right break of

Df(2L)osp29 = Df(2L)35B1-3;35E6 and the left break of
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Df(2L)H20 = Df(2L)36A8-9;36F1-2.

cad: caudal
location: 2-{55}.
references: Mlodzik, Fjose, and Gehring, 1985, EMBO J.
4: 2961-69 (fig.).

Levine, Harding, Wedeen, Doyle, Hoey, and Radomska,
1985, Cold Spring Harbor Symp. Quant. Biol. 50: 209-
33 (fig.).

Macdonald and Struhl, 1986, Nature 324: 537-456 (fig.).

Hoey, Doyle, Harding, Wedeen, and Levine, 1986, Proc.
Nat. Acad. Sci. USA 83: 4809-13.

Milodzik and Gehring, 1987, Cell 48: 465-78.

phenotype: Homozygous lethal; homozygous cad embryos
from cad/+ mothes develop into nearly normal first-instar
larvae, which, however, lack cuticular structures of the
external terminalia, e.g., the anal tuft, parts of the anal
pads and the terminal sense organs. Distribution of cad *
gene product in such embryos indistinguishable from that
in their cad/+ and +/+ sibs, evidently maternally derived.
cad/+ offspring from cad/cad oogenic cysts indistin-
guishable from those from cad/+ cysts; larvae lack por-
tions of the eighth abdominal segment and sometimes
parts of the fourth and less frequently other even-
numbered abdominal segments; frequently they develop
into normal adults. cad/cad embryos from homozygous
cad cysts display variably abnormal segmentation; head
and anterior thorax normal; many posterior segments
deleted with T2 and odd-numbered abdominal segments
more resistant to deletion; most of eighth abdominal seg-
ment and terminalia (but not some parts of posterior
spiracles) deleted; replaced by small plates of sclerotized
cuticle resembling mouth hooks. Maternal germ-line
transciption of the cad/+ gene demonstated by the detec-
tion of transcript in oocytes and nurse cells; transcripts
uniformly distributed in early embryos; in the syncytial
blastoderm transcripts disappear from the anterior end of
the embryo and an anterior-posterior gradient develops
with heaviest concentration posteriorly. The cellular
blastoderm shows a band of hybridization three to five
cells wide encircling the embryo .13 to .19 of the distance
from posterior to anterior end; label is internalized during
gastrulation and is seen in hind gut, midgut, and Mal-
pighian tubules. Immunocytochemical observations
detect no cad polypeptide until the stage 5 or 6 embryo.
In the syncytial blastoderm there is dramatic accumula-
tion of cad polypeptide in the same antero-posterior gra-
dient as observed for transcript; the polypeptide localizes
strongly to nuclei during interphase. The same gradient
develops over time in unfertilized eggs. Subsequent col-
lapse of the gradient into a posteriorly disposed circum-
ferential band follows the behavior of transcript.

Embryos produced by homozygous BicD or bcd females

display an uniform distribution of cad * product, which

subsequently becomes restricted to symmetrically
disposed anterior and posterior rings of cad polypeptide.

During gastrulation cad * polypeptide persists in a posi-

tion suggesting a fifteenth parasegment, in the posterior

midgut and Malpighian tubules, in six narrow bands at
double segment intervals, in pairs of neuromeres initially
in parasegments 1-14, later in thorax and anterior abdo-
men, and in portions of the genital disc, possibly precur-
sors of the analia. In third instar larvae transcripts are
also found in germ cells of both sexes and in the
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presumptive hind gut and analia of the genital disc. The
cad gene product can increase the level of ftz transcrip-
tion in the posterior half of the embryo by interacting
with multiple copies of a TTTATG consensus sequence
located in the zebra-stripe element of the ftz promoter
(Dearolf, Topol, and Parker, 1989, Nature 341: 340-42).

alleles: Four  ethyl-methanesulfonate-induced  alleles
described by Macdonald and Struhl: cad 1, cad? cad 3,
and cad *.

cytology: Localized to 38E5-6 by in situ hybridization.

molecular biology: Locus initially identified and gene iso-
lated on basis of homeobox homology. Genomic clones
isolated and sequenced; two exons separated by an inter-
vening sequence of 10.5 kb. The homeobox begins 14
base pairs from the beginning of the 3’ exon. 2.4 kb
maternal mRNA detected in 0-4 hr embryos and a 2.6 kb
zygotic mRNA at cellular blastoderm. mRNA’s differ in
both initiation and termination sites; exons identical in
the two. The polypeptide is characterized by a number of
homopolymeric repeats: 10/10 His/Ala, 6/7 His, 10/12
Ser, 15/20 gly/val and 20/27 Asn in the 5" exon and 11/11
Arg in the 3" exon.

*cal: coal

location: 3-59.5.
origin: Spontaneous.
discoverer: Grout, 47120.

" references: Ives, 1948, DIS 22: 53.

phenotype: Black body color similar to e?.
reduced slightly. RK2.

Viability

Cal: Calmodulin

location: 2-{67}.

discoverer: Yamanaka.

references: Yamanaka,
McCarthy, and Tobin,
15: 3335-48.
Smith, Doyle, Maune, Munjaal, and Beckingham, 1987,
J. Mol. Biol. 196: 471-85.

phenotype: The structural gene of the calcium-binding
protein, calmodulin (148 amino acids, 17000 daltons).

cytology: Located in region 49A by in situ hybridization
(E.B. Lewis).

molecular biology: Genomic clone isolated from library
using electric eel cDNA probe. Gene comprises four
exons separated by three introns of 3400 to 4300 base
pairs in length, exon 1 consists of 5" untranslated region
and the initiator ATG; exon 2 encodes amino-acid resi-
dues 1 to 58.3; exon 3 residues 58.3 to 139.3 and exon 4
residues 139.3 to 148 plus the 3’ untranslated region.
Sequence highly conserved among eukaryotic species.
Transcripts of 1.65 and 1.9 kb found at intemediate levels
in embryos, high levels in larvae, and low levels in
adults.

Sangstad, Hanson-Painton,
1987, Nucleic Acids Res.

Calcium dependent protein kinase: see Pkc
Calmodulin: see Cal

calyx bulging: see cxb

camel . see iab5 under BXC

canoe: see Cno

canopy wing: see Cpw
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capu: cappucino (T. Schipbach) Casein kinase: see Ckll
location: 2-8.
origin: Induced by ethyl methanesulfonate.
references: Manseau and Schiipbach, 1989, Genes Dev.
3: 1437-52.
Schiipbach and Wieschaus, 1989, Genetics 121: 101-17.

cast: ojos castanos
location: 1-36.
origin: Spontaneous in dysgenic cross.
references: Valdé del Rio and Costas, 1982, DIS 58: 210.
phenotype: Eye color chestnut brown in both sexes. casr-

phenotype: Maternal-effect lethal. Homozygous females
lay eggs which sometimes (5-10%) have a "pointed cap”
(cappucino) of dorsal appendage material sitting over the
anterior end of the egg, instead of two distinct dorsal
appendages. Such eggs are similar to eggs formed by the
female-sterile mutation f5(/)K10 but the extent of dorsal
appendage material on capu eggs is much more variable
than that of fs(1)K10 eggs. No polar granules are found
in such eggs. Mutant females produce embryos lacking
polar granules, pole cells, and normal abdominal segmen-
tation. In combination with Bic-D, however, abdominal
segmentation does develop in the anterior half of the
embryo. Improper localization of abdominal deter-
minants also indicated by the lack of posterior localiza-
tion of vasa protein. Cellularization of the blastoderm
irregularly defective, with nuclei of different sizes and
densities. Resemble embryos formed by other
grandchildless-knirps-like mutations, such as vasa or
tudor, but in addition, some of the embryos from capu
also appear dorsalized. Mosaic studies demonstrate
germ-line function of capu.

alleles: Four, capu Tto capu # isolated as RK ,G7, H3, and
HS8, respectively.

car: carnation

location: 1-62.5.

origin: X ray induced.

discoverer: Patterson, 28¢c20.

references: 1934, DIS 1: 31.

phenotype: Eye color dark ruby. Body shape and propor-
tions seem rounded. With s, eye color is yellow-brown;
with bw, brownish yellow to brown (Mainx, 1938, Z.
Indukt. Abstamm. Vererbungsl. 75: 256-76). Mal-
pighian tubes pale yellow in mature larva (Beadle, 1937,
Genetics 22: 587-611) but hard to distinguish from wild
type before third instar. Eye color autonomous in
transplant into wild-type host (Beadle and Ephrussi,
1936, Genetics 21: 230). car dor is pupal lethal and
shows reduced recovery in gynandromorphs with male
parts car dor (Nash, 1971, DIS 47: 73). car It also
lethal, dies as larva when mother car;it/+ or car/+;it and
as pupa when mother car/+;It/+ (Nickla, 1977, Nature
268: 638-39); lethal focus domineering; fate maps to
ventral nervous system (Nickla, Lilly, and McCarthy,
1980, Experientia 36: 402-05). Brain histology abnor-
mal [McCarthy and Nickla, 1980, Experientia 36: 1361-
63 (fig.)1. 2 26-48

alleles: *car” and car*" "~ (CP627).

cytology: Shown to lie in doublet 18D1-2 by deficiency
analysis (J.I. Valencia).

caramel: see cml
cardinal: see cd
carmine: see cm
carminoid: see cmd
carnation: see car

bearing strain reverts with low frequency and generates
mutations at other loci as well.

Cat: Catalase
lIocation: 3-47.0 (assuming that strain differences in

catalase level represent allelic differences at the Car
locus).

references: Lubinski and Bewley, 1977, Genetics 86: s39.

1979, Genetics 91: 723-42.

Bewley, Nahmias, and Cook, 1983, Dev. Genet. 4: 49-
60.

Mackay and Bewley, 1989, Genetics 122: 643-52.

phenotype: The structural gene for catalase [CAT(EC

1.11.1.6)]. Two peaks of activity, the smaller in late third
instar larvae just prior to puparium formation and the
larger during metamorphosis; coincident with the two
major peaks of ecdysone titer. High specific activity in
larval Malpighian tubules, gut, and fat body; higher in
adult abdomen than in thorax or head. Purification and
characterization of enzyme by Nahmias and Bewley
(1984, Comp. Biochem. Physiol. 77B: 355-64).
Amorphic and hypomorphic mutants are hemizygous
viable on normal medium; however those with the lowest
levels of catalase activity exhibit severely reduced viabil-
ity (i.e., less than 2% normal levels). All mutants show
increased sensitivity to the presence of hydrogen perox-
ide in the medium.

alleles: No electromorphs detected among 50 inbred

laboratory strains. Bewley, MacKay, and Cook (1986,
Genetics 113: 919-38) describe two strains that differ
from the majority of strains in their levels of catalase; one
exhibits a reduction in activity to 0.47 X normal, with a
disproportionate reduction during third instar, and the
other displays a 1.5 fold increase in activity; the differ-
ences are attributable to differences in the rates of
enzyme synthesis. The difference maps between st and
cu at 3-47.0, which is within or near the 75D-F interval

within which Car resides. Thus these activity differences
may be attributable to allelic variation at the Cat locus.

allele origin  ref ®  comments

Cat +I0. spont 1 47% wild type activity

Cat +hi spont 1 150% wild type activity
cat’’  EMS 2 amorphic allele; no CRM
cat™ EMS 2 hypomorphic allele; low CRM
cat™ EMS 2 hypomorphic allele; low CRM
cat™ EMS 2  amorphic allele; no CRM
Cat™ EMS 2 hypomorphic allele; low CRM

Cat™ EMS 2 hypomorphic allele; low CRM

« 7= Bewley, Mackay and Cook, 1986, Genetics 113: 919-38. 2 =
Mackay and Bewley, 1989, Genetics 122: 643-52.

cytology: Located in region 75D1-F1 based on specific

activity of segmental hyperploid produced from
T(Y;3)Li31 = T(Y;3)75D and T(Y;3)B132 = T(Y;3)76A,
and the segmental hypoploid produced from 7(Y,;3)L131
and T(Y;3)LI14 = T(Y;2)76B, and on Df(3L)Car =
DA(3L)75B8,75F1.

other information: Car™ complements Car”, partially
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complements Cat™ and Cat "3, and displays nearly
wild-type activity levels in combination with Cat *.
CAT is a tetrameric enzyme (Nahmias and Bewley).
Cat: see Cha and spa €
Catalase: sec Cat

cau: cauliflower
location: 1-4.2.
origin: Induced by ethyl methanesulfonate.
references: Eberl and Hilliker, 1988, Genetics 118: 109-
20.
phenotype: Hemizygous lethal; midgut poorly developed;
dense yolk plug; poor cuticle differentiation.
cytology: Located in 2A2-B18.

caudal: see cad
cauliflower: sece cau

*cb: club

location: 1-16.5.

origin: Spontaneous.

discoverer: Morgan, 13e.

references: Morgan and Bridges, 1916, Carmegie Inst.
Washington Publ. No. 237: 69 (fig.).
Morgan, Bridges, and Sturtevant, 1925, Bibliog. Genet
2: 78 (fig.).

phenotype: Wings unexpanded in about half the flies.
Sternopleural bristles absent from all flies. RK3.

cb8: see ogre
*Cb: Curled blistered

location: 1-13.

origin: Spontaneous.

discoverer: Villee, 40b.

references: 1945, DIS 19: 47.

phenotype: Heterozygous or homozygous Cb give curled
and_blistered wings only in presence of homozygous
px . RK3.

cbd: central body defect (J.C. Hall)

location: 1-41.

origin: Induced by ethyl methanesulfonate.

references: Heisenberg, Borst, Wagner, and Byers, 1985,

J. Neurogenet. 2: 1-30.

phenotype: Entire central complex of brain (with excep-
tion of protocerebral bridge) dissociated into two fiber
masses of variable shape; some of dorsal brain’s mush-
room body lobes reduced in size; inter-hemispheric com-
missure of brain reduced in size (in white pupae); abnor-
mal learning in adult and larvae tests using olfactory
stimuli; subnormal locomotor act1v1ty

alleles: cbd !, cbd?, and cbd® (formerly cbd
cbd 17! and cbd KSI88)‘

*cbf: clubfoot

location: 1-45.

origin: X ray induced.

discoverer: Cantor, 46d20.

references: 1946, DIS 20: 64.

phenotype: Leg segments greatly shortened; abnormally
shaped tarsi and metathoracic legs. Wings slightly
warped, wide in center, and tapering at ends. All flies
emerging show both wing and leg effects but expression
variable. Only about 3% of c¢bf flies eclose. RK3.

KS96

other information: Not tested for allelism to p/ (1-47.9).
Cbx: see BXC
cC. See syr

ccb: central complex broad (J.C. Hall)

location: 1-56.

origin: Induced by ethyl methanesulfonate.

references: Heisenberg, Borst, Wagner, and Byers, 1985,
J. Neurogenet. 2: 1-30.

phenotype: Ellipsoid body and central body of central
brain abnormally flat and broad; learning abnormal in
tests usmg olfactory stimuli.

alleles: cch ! and cch? (formerly ccb ksizz

and cch K519 ).
ccd: central complex deranged (J. Hall)
location: 1-15.
origin: Induced by ethyl methanesulfonate.
references: Heisenberg, Borst, Wagner, and Byers, 1985,
J. Neurogenet. 2: 1-30.
phenotype: Ellipsoid body of central brain abnormally flat
and broad; fiber number in inter-hemispheric commissure
of brain reduced (in white pupae); abnormal larval and
adult learning in tests using olfactory stimuli; activity in
open-field locomotor test reduced.

ccw: concave wing

location: 1-23.4.

origin: Induced by L-p-N,N-di-(2-chloroethyl)amino-
phenylalanine (CB. 3025).

discoverer: Fahmy, 1953.

references: 1958, DIS 32: 68.

phenotype: Wings shorter and narrower with L3 and 14
shifted toward each other, occasionally truncated. Wing
membrane depressed in center into slight concavity, giv-
ing slight scooped effect. Not easily classified. RK3.

other information: One allele induced by L-p -N,N-di-(2-
chloroethyl)amino-phenylalanine.

cd: cardinal

location: 3-75.7.

origin: Spontaneous.

discoverer: Johnson, 19k24.

references: Bridges and Morgan, 1923, Carnegie Inst.
Washington Publ. No. 327: 217 (fig.).

phenotype: Eye color yellowish vermilion, changing
toward wild type with age. Drosopterin content of eyes
about 85% normal (Gearhart and MacIntyre, 1970, Anal.
Biochem. 37: 21-25). Phenoxazinone synthetase activity
about 39% wild type; accumulates 3-hydroxykinurenine
(Phillips, Forrest, and Kulkarni, 1973, Genetics 73: 45-
56; Sullivan, Grillo, and Kitos, 1974, J. Exp. Zool.
188: 225-34). Ocelli white, showing no effect of age.
Accumulates a blue-fluorescent compound termed cardi-
nalic acid (xantherenic acid 8-O-B-O-glucoside) (Ferre,
Mensua, and Jacobson, 1985, DIS 61: 71). Eye color
autonomous in transplant of larval optic disk into wild
type, ca, cn, st, or v larval host (Beadle and Ephrussi,
1936, Genetics 21:-230). Larval Malpighian tubes bright
yellow; not distinguishable from wild type. RK2.

alleles: cd’ [persistant allele in Amherst populatnon (Ives,
1970, Evolution 24: 507-18)); cd ' and cd 5 isolated
from a natural population by Najera (1985, DIS 61: 215)
and *cd * (CP627).

cytology: Placed in 94A-E based on segmental hypoploid



from T1(Y;3)DI00 = T(Y;3)94A and T(Y;3)B27 =
T(Y;3)94E (Jones, 1971, DIS 47: 90).

cd": cardinal-white ocelli

discoverer: Bridges, 12f21.

synonym: wo.

references: 1920, Biol. Bull. 38: 231-36.
Bridges and Morgan, 1923, Carnegie Inst. Washington
Publ. No. 327: 66.

phenotype: Ocelli colorless. Eye color wild type.
Modifies w € to a lighter and less yellow tone. cd/cd ™’
has normal eye color but white ocelli (Jones, 1971, DIS
47: 90). RK2.

Cd: see Cu

Ce: Cell

origin: Spontaneous.

location: 4- (not located).

discoverer: Green.

references: 1952, DIS 26: 63.

phenotype: Ocelli reduced or absent; ocellar and scutellar
bristles absent; interocellar microchaetae disrupted but
frontals normal; postverticals short, thick, often with an
adventitious pair between the normally placed postverti-
cal bristles. Wing veins L3 and L4 converge, giving
wing phenotype much like fu although wing phenotype
variable. Homozygous lethal; lethality occurs during
embryonic period (Hochman). Shown to be a segment
polarity gene; homozygous embryos exhibit loss of the
naked cuticle in the posterior half of each segment plus
the anterior margin of the adjacent segment; most dorsal
pattern elements also eliminated, leaving a lawn of fine
hairs. Engrailed-antibody staining fails to detect a subset
of CNS neurons in Ce homozygotes that are normally
stained in wild-type embryos (Patel, Schafer, Goodman,
and Holmgren, 1989, Genes Dev. 3: 890-904). No
maternal requirement of Ce * for either oogenesis or
embryonic phenotype (Orenic, Chidsey, and Holmgrern,
1987, Dev. Biol. 124: 50-56). Lethal phenotype of Ce
not complemented by /(4 517 or by induced revertants of
the wing phenotype of c¢i ~ (Orenic et al.); pupal lethal in
combination with ci ? [Hochman, 1976, The Genetics
and Biology of Drosophila (Ashbumer and Novitski,
eds.). Academic Press, London, New York, San Fran-
cisco, Vol. 1b, pp. 902-28]. RK3.

alleles: /(4)17 renamed Ce": Cell recessive; homozygous

and2 hete}fozygous with Ce ? has the same phenotype as
Ce °/Ce “. Scn may also be allelic to Ce (Hochman).

allele origin  discoverer ref®  comments

*ce! Glass, 39228 1,2

Ce 2 spont  Green 1,3

*ced  Xray Green 591l 1.4

ce’ X ray 1,5,6 nodominant phenotype
Ce 7 x ray 1,5,6 no dominant phenotype

@ 1 =CP627; 2=Glass, 1939, DIS 12: 47; 3 =Green, 1952, DIS
26: 63; 4 =Green, 1959, DIS 33: 94; 5 =Hochman, Goor, and
Green, 1964, Genetica 35: 109-26; 6 =Orenic, Chidsey, and
Holmgren, 1987, Dev. Biol. 124: 50-56.

cytology: Placed in salivary chromosome region 101E
through 102B16, based on the inclusion of both Ce ! and
Ce ° within Df(4)M = Df(4)101E-F;102B6-17.

other information: Based on (a) position, (b) homozygous
phenotype, and (c) complementation results, Ce and ci
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postulated to be part of a single complex (Orenic et al. ).

ceb: central brain deranged (J.C. Hall)

location: 1-23.

origin: Induced by ethyl methanesulfonate.

discoverer: Heisenberg.

phenotype: Extra lobe, in adult brain, of approximately
400 coiled Kenyon-cell fibers next to calyx of mushroom
bodies; olfactory learning in adults slightly reduced;
memory is normal.

cytology: Located in 7F1-8AS.

Cec: Cecropin

location: 3-{101}.

references: Kylsten, Samakovlis, and Hultmark, 1990,
EMBOJ. 9: 217-24.

phenotype: Three structural genes for three very similar
cecropin proteins (cecropin Al, A2, and B), bacteriacidal
proteins that are induced in adults in response to bacterial
infection. All three cecropin genes are coordinately
induced by injection of bacteria, although the B gene is
expressed at a much lower level. Level$ appreciable
within one hour, peak at 6 hours and have generally
returned to base line by 24 hours. Cecropins also
induced by ingested bacteria.

cytology: Placed in 99E by in situ hybridization.

molecular biology: Isolated from genomic library using
homologous cloned sequence from Sarcophaga pere-
grina. Two neighboring clones found to encode three
functional cecropin genes and two apparent pseudogenes,
the order being Al, W1, A2, ¥2, and B. Each gene is
interrupted by a short intron in the coding sequence;
CecAl and CecA2 encode the same peptide and differ
from Sarcophaga sarcotoxin 1A at five residues in the
signal sequence; CecB differs from Al and A2 by ten
amino acid replacements, five in the signal sequence.
c¢DNA'’s from all three genes recovered indicating that all
are transcribed. CecAl and CecA2 are transcribed off of
the same strand and CecB is transcribed off the other.

cel: celibate (J