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Preface

During the past two decades, virus taxonomy has advanced to the point
where most viruses can be classified as belonging to families, genera, or
groups of related viruses. Virus classification is primarily based on chem-
ical and physical similarities, such as the size and shape of the virion,
the nature of the genomic nucleic acid, the number and function of com-
ponent proteins, the presence of lipids and of additional structural fea-
tures, such as envelopes, and serological interrelationships. The families,
genera, or groups of viruses that have been defined on the basis of such
criteria by the International Committee on Taxonomy of Viruses (ICTV)
will be described in some detail in this catalogue and illustrated by elec-
tron micrographs. In my present attempt to list most if not all well es-
tablished and studied viruses in alphabetical order, I have largely confined
myself to identifying them only in such taxonomic terms, generally
without quoting specific data reported for individual viruses. If the latter
data do not at times agree closely with those given for the taxon or group,
it is difficult to decide to what extent this is attributable to misclassi-
fication due to insufficient data and errors in the analytical procedures
and descriptions, or to what extent this is an expression of Nature'’s free-
dom of choice and abhorrence of restrictive classifications.

The classification of the animal viruses, including protozoa, that is
dealt with in Section I of this book uses families (presently 19, named
with the ending -viridae), subfamilies for three of these (ending in -viri-
nae), and genera; species have in most cases not yet been officially iden-
tified. The taxonomic significance of terms such as strains, mutants, and
(sero)types is not clearly established. Only those of the latter that have
been studied in detail are listed.

Most plant viruses are only classified in terms of groups, with many
viruses remaining uncertain in terms of classification or identification as
separate viruses, rather than strains. The plant viruses, including those of
protophyta, are dealt with in Section II. However, it must be noted that
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the separate listing of plant and animal viruses is frequently arbitrary,
since many plant viruses replicate in their insect (or other) vector. Those
that are pathogenic in their plant host will be listed as plant viruses.

Family names have been coined and officially adopted for many of
the bacterial and blue-green algal viruses, but no further classification has
been generally accepted. Most of these viruses are identified only by let-
ters or numbers, or by the host from which they were isolated, the same
““names,’’ i.e., identifying letters and/or numbers, frequently recurring in
unrelated phages. Also many phage isolates with different ““names’’ may
actually be identical. Thus, it is questionable whether an attempt to list
the phages in alphabetical order is worthwhile. Section III covers mostly
bacteriophages that have been studied and used repeatedly and in more
than one laboratory. To the extent possible, these are identified in terms
of their family status, recognizing that that classification scheme is less
advanced than that of the animal viruses.

The (deoxy) nucleotide and amino acid sequences of very many virus
components have been and continue to be currently established. Thus
the references to known sequences in this catalogue are incomplete. Such
sequences are now known, at least in part, for most of the important
viruses.

The number of citations that would be required to support the de-
scription of each virus would at least triple the size of this book. The use
of a single ““key’’ reference for each virus appears arbitrary and not always
helpful. I therefore reference mainly the virus families and groups and,
whenever possible, quote review chapters and occasionally recent papers
to assist the reader in further searches. Also helpful are Classification
and Nomenclature of Viruses, the Fourth Report of the International
Committee on Taxonomy of Viruses (R. E. F. Matthews, Intervirology
17:1-3, 1982}, Virology Abstracts (Cambridge Scientific Abstracts), the
cumulative indexes of Virology, the Journal of Virology, and the Journal
of General Virology, the recent textbook Virology (H. Fraenkel-Conrat
and P. C. Kimball, Prentice-Hall, Englewood Cliffs, New Jersey, 1982),
and the monograph Plant Virology, Second Edition (R. E. F. Matthews,
Academic Press, New York, 1981). Most plant viruses are described in
detail in the CMI/AAB Description of Plant Viruses series of pamphlets,
edited by A. F. Murant and B. D. Harrison. Obviously, other volumes of
this series (The Viruses), as they appear, will represent the most up-to-
date source of information on each virus family or group. Currently avail-
able or in preparation are books on the herpesviruses (four volumes), the
Reoviridae, the parvoviruses, the adenoviruses, etc.

Most virus families or groups of characteristic shapes are illustrated
by electron micrographs. I am greatly indebted to Dr. R. C. Williams for
Figures 1-12, 14-17, 19-25, 32, 34-36, and 42. Figure 13 was kindly
supplied by Dr. D. W. Verwoerd, Figure 18, by Dr. E. M. |. Jaspars, Figure
40 by Dr. M. Salas, and the others by Dr. H.-W. Ackermann.

Heinz Fraenkel-Conrat
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Animal Viruses, Including
Protozoal Viruses
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SECTION II

Plant Viruses, Including
Protophytal Viruses

Those viruses that have been identified as belonging to one of the groups
approved by the ICTV will only be identified in that manner. Specific
properties described in the literature, particularly numerical ones such
as molecular weights, may not agree exactly with those given for the type
member or the general range describing the group. However, in view of
the uncertainty of all such values (except for sequenced molecules), only
gross deviations from group characteristics will be noted for individual
viruses.

Viruses that do not fit into any group in biological and/or chemical
respects will be termed unclassified, and their main properties listed.
Certain well-characterized viruses, such as alfalfa mosaic and tobacco
necrosis viruses, appear to be singular, and will be termed monotypic and
will be described as such. They may become type members of new groups.

It should be realized that many classifications are made on dubious
grounds, particularly among the filamentous viruses, and that many vi-
ruses, notwithstanding isolation from different hosts and carrying dif-
ferent names, may actually be the same.

Most plant viruses contain single-stranded plus-strand RNA, and
only those with different types of genomes will be so identified (Reoviri-
dae, mycoviruses, Rhabdoviridae, and the single- or double-stranded
DNA-containing viruses, the gemini and caulimo virus groups. Most vi-
ruses are transmissible or are naturally transmitted by sap, also termed
mechanically, and only those not so transmissible will be identified. Host
ranges will be termed narrow or wide depending on how many different
plant families, genera, or species have been shown or found to become
infected by them.
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Classification or properties (Group names in
Capitals)

Abaca mosaic

Af-S (Aspergillus
foetidus)

Agropyron mosaic

Alfalfa 1 and 2
Alfalfa latent

ALFALFA MOSAIC

PoTyvirus (serologically related to sugarcane
mosaic virus)

Mycovirus (double-stranded RNA)

Potyvirus (15 X 717 nm particles, mite-
transmitted with Graminae as only hosts,
serologically distantly related to hordeum
mosaic and wheat streak mosaic virus).

synonym for alfalfa mosaic virus

CARLAVIRUS (635 nm), (no serological rela-
tionship detected)

Monotypic: Composed of four types of ba-
cilliform particles, 18 x 58, 48, 36, and 28
nm (B, M, Tb, Ta; 94 S, 80 S, 73 S, 66 S
(Figure 18). Their density in Cs,SOs is
about 1.28 g/cm3 These contain four
RNAs (RNA 1-4) of 1.04, 0.73, 0.62, and
0.28 x 10° daltons (about 16% of particle
weight). The particle weights are 6.9, 5.2,
4.3, and 3.8 x 10°. For infectivity, all four
RNAs or the three larger ones plus some
viral coat protein are required. The coat
protein of 220 amino acids has a molecular
weight of 24,280.

The RNAs carry caps (7-MeG>'-
ppp®'Gp-) at the 5’ end and no 3’ terminal
poly(A). RNA 4 has been sequenced for
strain 425. Its sequence occurs also at the
3’ end of RNA 3. RNA 1 and 2 are mono-
cistronic for proteins of 100 and 80 x 103
daltons. RNA 3 carries the gene for a third
protein of 35 x 10° daltons, the gene for
the coat protein being silent in RNA 3, and
expressed in RNA 4.

The virus infects many hosts, often
without symptoms; it is transmitted in
nonpersistent manner by aphids, but also
by sap and seed transmission. Several
strains differing in host preference, symp-
tomology, and/or chemical detail have
been studied.
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Virus

SECTION II

Classification or properties (Group names in
Capitals)

Algal viruses?!

Alliaria mosaic
Almovirus group

Amaranthus leaf
mottle

Virus or virus-like particles (VLP) have been
detected in many algal species. Most have
not been named or well characterized, and
will not be included in this catalogue. In-
cluded are the Chara viruses which resem-
ble tobamo viruses, and the viruses iso-
lated from chlorella-like algae that occur
symbiotically in Paramecium bursaria
and Hydra viridis (PBCV-1, HVCV-1, and
HVCV-2). The large viruses of about 190
nm diameter (2500 S) carry DNA (about
150 x 10°¢ daltons).

PoTyvirus or POTEXVIRUS
name proposed for alfalfa mosaic virus group

PoTyvirus

American wheat striate mosaic: see wheat striate mosaic

Amyelois chronic stunt

Andean potato latent
Andean potato mottle

Annulus tabaci
Annulus zonatus

An-S (Aspergillus niger)
Anthoxanthum mosaic

Anthriscus yellows

Apple chlorotic leaf
spot

Apple infectious
variegation

Apple latent 2

Apple mosaic

possibly member of CALICIVIRIDAE

TymovirUs (possibly a strain of eggplant
mosaic virus)

Comovirus (distantly related to other como-
viruses)

synonym for tobacco ring spot
synonym for tomato ring spot
Mycovirus (double-stranded RNA)
possibly potyvirus

helper of parsnip yellow fleck virus for aphid
transmission

CLOSTEROVIRUS (subgroup II}, {12 X 730 nm
labile threads)

synonym for apple mosaic virus

synonym for sowbane mosaic

ILarvirRUs (possibly identical with Danish
plum line pattern, hop A, and rose mosaic)
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Classification or properties (Group names in
Capitals)

Apple stem grooving

unclassified (12 X 619 nm, no known vec-
tors, no serological relationships discov-
ered); possibly member of proposed cap-
illovirus group

Apple (Tulare) mosaic: see Tulare apple mosaic

Aquilegia
Arabis mosaic
Aranjia mosaic

Arracacha A®
Arracacha B

Arrhenatherum blue
dwarf

Artichoke curly dwarf

Artichoke Italian latent

Artichoke mottled
crinkle

Artichoke vein banding

Artichoke yellow
ringspot

Aspergillus spp.
Aster ringspot
Asystasia mosaic
Atopa mild mosaic

Aucuba mosaic (yellow
and green)

Avocado sunblotch

Azuki bean mosaic

Bambarra groundnut

Bamboo mosaic

possibly potyvirus
NEPOVIRUS
possibly potyvirus

probably nepovirus (no known vectors, no
serological relationship)

unclassified 26-nm-diameter particles with
two coat proteins, 126 S, 40% RNA

Fy1virus (REOVIRIDAE), {identical to oat sterile
dwarf and lolium enation virus)

possibly potexvirus

NEepovirus (no serological relationship to
other nepoviruses)

TOMBUSVIRUS

possibly nepovirus

NEPOVIRUS

Mycovirusks (double-stranded RNA)

strain of tobacco rattle virus

possibly potyvirus

synonym or strain of henbane mosaic virus

closely related strains of tobacco mosaic
virus

ViroD (only 274 nucleotide circles)

synonym for cowpea aphid-borne mosaic
virus

CARLAVIRUS (aphid-transmitted)

possibly potexvirus
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Banana bunchy top
Barley B-1

Barley (false) stripe
mosaic (BSMV)®)

Barley yellow dwarf
(BYDV)®

Barley yellow mosaic

Barley yellow striate
mosaic

Barrel cactus
Bean 1
Bean (common) mosaic

Bean curly dwarf
mosaic

Bean golden mosaic

Bean leaf roll

Bean mild mosaic!”’

possibly luteovirus
possibly potexvirus

type member of HORDEIVIRUS group
type member of LUTEOVIRUS group

possibly potyvirus (fungus-transmitted by
Polymyxa graminis)

PHYTORHABDOVIRUS (RHABDOVIRIDAE), (hop-
per-transmitted)

POTEXVIRUS
synonym for bean common mosaic
Potyvirus

CoMOVIRUS

type member of GEMINIVIRUS (single-stranded
DNA)

identical with pea leaf roll

unclassified (isomeric 28 nm diameter, 175
S particles, 20% RNA of 1.3 x 10°¢ daltons,
serologically not related to any virus
tested, transmission by beetles, narrow
host range)

Bean mosaic 4: see Southern bean mosaic

Bean pod mottle

Bean rugose mosaic

CoMOVIRUS

CoOMOVIRUS

Bean (Southern) mosaic: see Southern bean mosaic

Bean summer death

Bean yellow mosaic

Bearded iris mosaic

Beet cryptic

possibly geminivirus, identical to tobacco
yellow dwarf

Poryvirus, identical to pea mosaic

PoTyvirus (narrow host range, no serological
relationship to many others)

Cryptic virus
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Beet curly top
Beet leaf curl

Beet mild yellowing
Beet mosaic

Beet necrotic yellow
vein!®

Beet Western leaf roll
Beet Western yellows
Beet yellows

Beet yellow net

Beet yellow stunt

Belladonna mosaic

Belladonna mottle

Beta 2
Beta 4
Bidens mosaic
Bidens mottle

Blackeye cowpea
mosaic

Blackgram mottle!®

Probably geminivirus (wide host range,
transmitted by lace bug)

PHYTORHABDOVIRUS (RHABDOVIRIDAE), (lace-
bug-transmitted)

LUTEOVIRUS

PoTyVIRUS

Possibly tobamovirus. Rigid helical rods (2.6
nm pitch), {20 x 85, 100, 265, 390 nm)
consisting of four RNAs of 0.6, 0.7, 1.8,
and 2.3 x 10° daltons and a 21 x 10? dal-
ton coat protein with 197 amino acids.
RNAs are capped and have 5’ terminal
poly(A). Transmitted by the fungus Poly-
myxa betae. Narrow host range. In most
regards closely similar to potato mop top
and soil-borne wheat mosaic virus, and
possibly forming a subgroup with these.

probably luteovirus
LUTEOVIRUS
CLOSTEROVIRUS, subgroup I
possibly luteovirus

CLOSTEROVIRUS, subgroup I (12.5 x 1400 nm,
6% RNA of 4.6 x 10° daltons)

strain of tobacco rattle virus

Tymovirus, serologically related to Andean
potato latent virus

synonym for beat mosaic virus
synonym for beet yellows virus
possibly potyvirus

PoTyvirRUS

PoTyvirUS

unclassified (28 nm isometric particles, 122
S, 1.4 x 10° daltons RNA, 38 x 10° dal-
tons protein, transmitted by beetles, se-
rologically unrelated to all viruses tested)
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Black locust tree
mosaic

Black raspberry latent
Blueberry leaf mottle

Blueberry shoestring
Bobone disease

Boletus
Boussignaultia mosaic
Brassica 1

Brassica 3

Brassica octahedron
Brimjal mosaic

Broad bean mottle
(BBMV)

Broad bean necrosis'!?

Broad bean stain

Broad bean true mosaic

Broad bean wilt!1!!

Broccoli mosaic

Broccoli necrotic
yellows

Brome (grass) mosaic
(BMV)

synonym for rabinia mosaic virus

strain of tobacco streak virus
NEPOVIRUS

possibly sobemovirus (transmitted by aphids,
no serological relationship detected)

PHYTORHABDOVIRUS |(RHABDOVIRIDAE), (leaf-
hopper-transmitted)

possibly potexvirus

POTEXVIRUS

synonym for turnip mosaic

synonym for cauliflower mosaic virus
synonym for turnip yellow mosaic virus
unclassified

BromMoVIRUS

Possibly tobamovirus (25 X 150 and 250 nm,
broad host range, serologically related to
several tobamoviruses, transmitted by
soil-borne fungi)

COMOVIRUS

Comovirus, synonym for echtes Ackerboh-
nenmosaik Virus

possibly comovirus (40 x 102 dalton protein,
not serologically related to other como-
viruses, has wider host range and is aphid-
transmitted, serologically related or iden-
tical with nasturtium ringspot and petu-
nia ringspot)

synonym for cauliflower mosaic virus

PHYTORHABDOVIRUS (RHABDOVIRIDAE),
subgroup A (aphid-transmitted)

type member of BROMOVIRUS group
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Bromestem leaf mottle

BrROMOVIRUS GROUP!?!

unclassified (structurally and serologically
related to phleum mottle and tobacco ne-
crosis virus)

Four viruses and their strains make up this
group: Brome mosaic virus (BMV), (the
type member), broadbean mottle virus
(BBMV], cowpea chlorotic mottle virus
(CCMV), and melandrium yellow fleck
virus. The first 3 differ in their isoelectric
points (about 7, 5.6, and 4, respectively)
and in their thermal inactivation points
(about 77, 93, and 78°C).

The icosahedral particles (26 nm di-
ameter, 85 S) differ slightly in buoyant
density (about 1.35 g/cm? in CsCl), due to
slightly different RNA contents which, in
turn, are due to the distribution of the four
RNAs among them: The densest contains
RNA 1 of 1.1 x 10° daltons, the middle
component RNA 3 + 4 of 0.75 and 0.3 X
10% and the lightest RNA 2 of 1.0 x 10°
daltons. Of the RNAs, only 1 to 3 are re-
quired for infectivity. Of the coat protein
of 20 x 10° daltons and known sequence,
180 molecules are arranged ina T = 3 lat-
tice (12 pentamers and 20 hexamers). The
particles have a hollow center and swell
above pH 6.5. The RNAs of BMV are
capped (see alfalfa mosaic virus); their 3’
terminus can bind tyrosine under condi-
tions of tRNA amino acid acylation. These
RNAs have been sequenced. The other
bromoviruses have been studied less. BMV
and CCMYV show a slight serological re-
lationship; a pseudorecombinant of BMV
RNA 1 and 2 with CCMV RNA 3 has
shown some infectivity. BBMYV is not re-
lated to these. None of these viruses are
serologically related to the cucumovirus
which they resemble in most respects.

The replication and translation strat-
egies of the bromoviruses are the same as
of the alfalfa mosaic virus and the ilarvi-
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BromovirUS GrROUP! 2!
(continued)

Bryonia mottle
Burdock yellows
Cabbage A

Cabbage B

Cabbage black ringspot
Cabbage mosaic

Cacao mottle leaf
Cacao necrosis

Cacao swollen shoot

Cacao yellow mosaic
Cactus 2

Cactus X
Cadang-cadang

Callistephus chinensis
chlorosis

Canavalia maritima
mosaic

Cantaloupe mosaic
Caper vein banding

CAPILLOVIRUS GROUP

CARLAVIRUS GROUP'®!

ruses. The bromoviruses have narrow host
ranges. They appear to be transmitted
mostly mechanically, by sap, and occa-
sionally by beetles.

possibly potyvirus

CLOSTEROVIRUS, subgroup I

synonym for turnip mosaic virus

synonym for cauliflower mosaic virus
synonym for turnip mosaic virus

synonym for cauliflower mosaic
unclassified (similar to cacao swollen shoot)
probably nepovirus

probably phytorhabdovirus (Rhabdoviridae),
(bacilliform rods 28 x 125 nm, 218 S,
transmitted by mealybugs, strain S said to
be identical to cacao necrosis virus)

TymovIRUS
CARLAVIRUS
PoTEXVIRUS
ViroiD of palms

possibly phytorhabdovirus (Rhabdoviridae)
possibly potyvirus

synonym for watermelon mosaic
possibly carlavirus

Proposed group of filamentous viruses to in-

clude apple stem grooving and potato virus
T.

Slightly flexuous filaments or bent rods of
600-700 nm length and 12—15 nm diam-
eter (about 160 S, buoyant density about
1.3 g/cm?). The protein of 32 to 36 x 102
daltons is arranged in a helix of 3.4 nm
pitch. The single RNA molecules of var-
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CARLAVIRUS GROUP!®!
(continued)

ious viruses have molecular weights of
2.3-3.0 x 10° (6% of virion).

Carnation latent is the type member
and 23 other viruses are identified as mem-
bers and a similar number as possible
members or strains. Not all are serologi-
cally related. Most of them have narrow
host ranges; but carlaviruses, in general,
infect alfalfa, cactus, carnations, chrysan-
themum, elderberries, hops, lilac, lilies,
peas, potatoes, clover, etc. Often infection
is not evident (latent). Transmission is
usually by aphids in nonpersistent man-
ner.

Carna 5: see Satellite RNAs

Carnation bacilliform
Carnation cryptic
Carnation etched ring

Carnation Italian
ringspot

Carnation latent

Carnation mottle!*

Carnation necrotic

fleck
Carnation ringspot
Carnation streak
Carnation vein mottle

Carnation yellow flex
Carrot latent

Carrot mosaic
Carrot motley dwarf

Carrot mottle!!d

possibly phytorhabdovirus (Rhabdoviridae)
cryptic viruses
CauLmmovirus (double-stranded DNA)

TOMBUSVIRUS

type member of CARLAVIRUS group

unclassified (structurally and biologically
similar to tombusvirus, no serological re-
lationship detected)

CLOSTEROVIRUS, subgroup I

type member of DIANTHOVIRUS group
possibly closterovirus subgroup B
PoTtyvirus

probably closterovirus subgroup I, transmit-
ted by aphids

Probably phytorhabdovirus (Rhabdoviridae),
aphid-transmitted

possibly potyvirus
synonym for carrot mottle virus

Defective LuTEOVIRUS (helper: carrot red leaf
virus, forms enveloped hetero-disperse (av-
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Carrot mottle!!®
(continued)

Carrot red leaf
Carrot thin leaf
Carrot yellow leaf

Cassava common
mosaic

Cassava latent
Cassava symptomless
Cassava vein mosaic
Cassia mild mosaic
Cauliflower mosaic

CAULIMOVIRUS GROUP!®!

erage 270 S, 52 nm diameter, buoyant den-
sity in CsCl 1.15 g/cm?3) particles; RNA
1.55 x 10° daltons, no terminal poly(A),
transmitted mechanically and in persis-
tent manner by aphids. See lettuce spec-
kles for similar relation to beet Western
yellows.

LuTEOVIRUS
Potyvirus
CLOSTEROVIRUS, subgroup I

POTEXVIRUS

GEMINIVIRUS (single-stranded DNA)
possibly phytorhabdovirus (Rhabdoviridae)
possibly caulimovirus

possibly carlavirus

type member of CAULIMOVIRUS group

A small group of double-stranded (ds) DNA-
containing viruses; type member is the
cauliflower mosaic virus, and others, ser-
ologically related, are carnation etched
ring, dahlia mosaic, strawberry vein band-
ing virus and probably others. Spherical
particles of about 50 nm diameter (208 S,
density 1.37 g/cm?® in CsCl) (Figure 19),
containing 17% of a single molecule of
largely circular and double-stranded DNA
of about 5 x 10° daltons. The DNA has
interruptions, one in one strand and two
in the other. It has been sequenced. The
multiple proteins observed may, in part,
be artifacts due to degradation and aggre-
gation, the coat protein being about 50 x
10® daltons. These viruses have limited
host ranges. Cauliflower mosaic virus is
transmitted by aphids in nonpersistent
manner. The severity of symptoms varies
greatly for different strains. The members
of the group are serologically related.
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Celery mosaic

Celery yellow mosaic
Celery yellow spot
Centrosema mosaic
Cereal chlorotic mottle
Cereal striate

Cereal tillering disease

Cereal yellow dwarf
Chara australis (algae)

Chara corallina
(algae)t”)

Chenopodium mosaic

Cherry chloratic
ringspot

Cherry leaf roll
Cherry rasp leaf
Cherry rugose mosaic

Cherry (sour) necrotic
ringspot

Chicory blotch
Chicory yellow mottle
Chinese rape mosaic
Chloris striate mosaic
Chlorotic leaf spot

Chondrilea juncea
stunting

Chrysanthemum
aspermy

Chrysanthemum B

Potyvirus

possibly potyvirus

possibly luteovirus

possibly potexvirus, aphid-transmitted
PHYTORHABDOVIRUS (RHABDOVIRIDAE)
PHYTORHABDOVIRUS (RHABDOVIRIDAE)

Fyivirus (REOVIRIDAE), serologically related to
maize rough dwarf virus

synonym for barley yellow dwarf virus
possibly tobamovirus (see chara corallina)

probably tobamovirus (18 X 532 nm rods,
helical pitch 2.7 nm, 230 S, 5% RNA of
3.6 x 10 daltons, 17.5 x 10* dalton pro-
tein, distant serological relation to all,
most to CV4)

synonym for sowbane mosaic virus

synonym for prune dwarf virus

Nerovirus (RNA 1, 2: 2.4, 2.0 x 10° daltons)
possibly nepovirus
ILARVIRUS

synonym for prunus necrotic ringspot

possibly carlavirus

NEPOVIRUS

probably tobamovirus

GEMINIVIRUS (single-stranded DNA)
CLOSTEROVIRUS

possibly phytorhabdovirus (Rhabdoviridae)
CucuMoOVIRUS

CARLAVIRUS
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Chrysanthemum
chlorotic leafspot

Chrysanthemum
chlorotic mottle

Chrysanthemum
frutescens

Chrysanthemum
mosaic

Chrysanthemum
stunt!!®

Chrysanthemum vein

chlorosis

Citrus exocortis!'®

Citrus leaf rugose

Citrus leprosis

Citrus stunt-tatter leaf

Citrus tristeza
Citrus variegation
Clitoria yellow vein

CLOSTEROVIRUS GROU

possibly closterovirus (no serological rela-
tionship to others, not aphid- nor seed-
transmitted)

VIROID
probably phytorhabdovirus (Rhabdoviridae)
synonym for chrysanthemum aspermy virus

ViromD (359 nucleotides, 69% of sequence
identical to that of potato spindle tuber vi-
roid)

possibly phytorhabdovirus {(Rhabdoviridae)

ViroID (371 nucleotides, sequences differ for
different isolates)

ILARVIRUS

possibly nonenveloped phytorhabdovirus
(Rhabdoviridae)

unclassified filamentous particles
CLOSTEROVIRUS, subgroup I
ILARVIRUS

Tymovirus

A poorly defined group of rather labile vi-
ruses. Thin (12 nm diameter), very flex-
uous filaments (helical pitch 3.7 nm).
Subgroups of different lengths, I: 1250—
1800 nm, and II: 600-750 nm (about 96 S);
buoyant density in CsCl about 1.32 g/cm?)
have been recognized. The corresponding
RNAs (5% ) have molecular weights from
6.5-2.5 x 109, respectively. A serological
relationship has been detected only be-
tween beet yellows, wheat yellow leaf, and
carnation necrotic flex virus. The closter-
oviruses of subgroup I and II have coat pro-
teins of about 24 and 27 x 10° daltons,
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CLOSTEROVIRUS GROUPI20)
(continued)

Clover big vein
Clover (Croatina)
Clover enation

Clover mild mosaic

Clover primary leaf
necrosis

respectively; several lack tryptophan.
Closteroviruses (Greek Kloster = thread)
of subgroup I are transmitted by aphids,
some by a single aphid species, but not
generally those of subgroup II. These also
lack the characteristic vesicular inclusion
bodies of subgroup I. Classification as
three groups (A, <800 nm; B, 1250-1450
nm; C, 1600—2000 nm) has also been pro-
posed.

synonym for wound tumor virus
possibly potyvirus
possibly phytorhabdovirus (Rhabdoviridae)

unclassified, 28 nm particles, aphid-trans-
mitted

DIANTHOVIRUS

Clover wound tumor: see wound tumor virus

Clover yellow mosaic
Clover yellow vein
Clover yellows

Cocksfoot mild
mosaic'?!)

Cocksfoot mottle

Cocksfoot streak
Cocoa necrosis
Cocoa mottle leaf
Cocoa swollen shoot

Cocoa yellow mosaic

PoTeExVIRUS
PoTtyvirUs
CLOSTEROVIRUS, subgroup I

unclassified (28 nm icosahedral particles
(105 S), 24% RNA, 25 x 10® dalton pro-
tein, serologically closely related to
phleum mottle virus)

possibly sobemovirus (no serological rela-
tionship detected, except to cynosorus
mottle)

PoTtyvirus
NEPOVIRUS
probably phytorhabdovirus (Rhabdoviridae)
probably phytorhabdovirus (Rhabdoviridae)

TYMOVIRUS

Coconut Cadang-Cadang: see Cadang-Cadang

Coffee ringspot

probably phytorhabdovirus {(Rhabdoviridae)
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Cole latent

Colocasia alomea
disease

Colocasia bobone
disease

Columbi datura
Columnea
Commelina mosaic

Comovirus Group!22!

possibly carlavirus

related to cacao swollen shoot virus

probably phytorhabdovirus (Rhabdoviridae),
(leaf hopper-transmitted).

PoTtyvirus
VIROID
Potyvirus

Two types of nucleoprotein particles of 28
nm diameter (118 S and 98 S, density in
CsCl 1.41 and 1.44 g/cm?) containing 34
and 25% of RNA (2.4 and 1.4 x 10° dal-
tons) frequency also nucleic acid-free 58 S
“top component’’ particles. In all parti-
cles, there are 60 molecules each of two
different coat proteins of 22 and 42 x 102
daltons. Both heavy particles, or their
RNAs are required for infectivity. Pseu-
dorecombinants of the RNAs of different
members of the group are infectious. Cow-
pea mosaic virus is the type member. Its
RNA and probably others, have a cova-
lently-linked 5’ terminal protein, the re-
moval of which does not cause loss of in-
fectivity. Several comoviruses, if not all,
have 3’ terminal poly A.

At least 12 members are known,
namely, bean curly dwarf, bean pod mot-
tle, bean rugose mosaic, broad bean stain,
broad bean true mosaic, cowpea severe
mosaic, cowpea mosaic, pea green mottle,
quail pea mosaic, red clover mottle, all
Leguminosae as principal host; radish
mosaic, squash mosaic, and Andean po-
tato mottle virus of Cruciferae, Cucurbi-
taceae, and Solanaceae, respectively. All
show at least one serological interrela-
tionship. Cowpea mosaic virus shows ser-
ological relationships with nine others.
The host range of most comoviruses is nar-
row. Relationship to Picornaviridae has
been demonstrated.
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Cotton anthocyanosis

Cow parsnip mosaic

Cowpea aphid-borne
mosaic

Cowpea chlorotic
mottle (CCMV)?3!

Cowpea mild mottle

Cowpea (yellow)
mosaic (CPMV)24

Cowpea mottle!?®

Cowpea ringspot

Cowpea severe
mosaic!2®

LuTEOVIRUS

probably phytorhabdovirus (Rhabdoviridae)

PoTtyvirus
BromovVvIRUS

CARLAVIRUS (no known vectors)

type member of coMOVIRUS group

unclassified (isometric 30 nm diameter par-
ticles, RNA of 1.4 x 10%, protein of 45 X
10® daltons, wide host range, transmitted
by beetles, serologically not related to
many isometric viruses)

probably cucumovirus

CoMOVIRUS

Cowpea strain of tobacco mosaic: see sunnhemp mosaic virus

Crimson clover latent

Crinum

NEPOVIRUS

possibly potyvirus

Croatian clover: see clover (Croatian) virus

CRryPTIC VIRUSES'?”)

Cucumber 1

Cucumber 3 and 4
(CV3, CV4)

Cucumber fruit streak

Noninfectious symptomless viruses, many
transmittable apparently only through
seeds, occurring as particles of about 30
nm diameter at very low concentrations.
The nucleic acid of only one (carnation
cryptic virus) has been characterized as
three double-stranded RNA segments, to-
taling 4 x 10° daltons. Others are beet
cryptic, vicia cryptic, poinsettia cryptic,
and rye grass spherical virus.

synonym for cucumber mosaic virus

ToBaMOVIRUSES (distantly related to tobacco
mosaic virus)

unclassified 30 nm diameter particles (132 S)
containing RNA of 1.45 x 10° daltons
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Cucumber green
mottle mosaic
(CGMMV)

Cucumber mosaic
(CMV)28)

Cucumber necrosis?®’

Cucumber pale fruit

Cucumber soilborne

Cucumber vein
yellowing!39

Cucumber yellow
mosaic

Cucumber, yellows

CucumovVvirRUS GROUP!3?!

ToBaMoOVIRUS (serologically distantly related
to tobacco mosaic virus)

type member of cucuMmovirRUs group

unclassified (isometric 31 nm diameter par-
ticles, 133 S, containing RNA of 1.4 x 10°
daltons, soil-borne, fungus-transmitted;
serologically not related; possibly necro-
virus group, though small host range)

VIROID

(unclassified 31 nm particles, 120 S protein
of 4.14 x 103 and RNA of 1.5 x 10°¢ dal-
tons)

unclassified (15 x 750 nm particles consist-
ing of 39 x 10° dalton protein and double-
stranded DNA, transmitted by white flies)

strain of cucumber mosaic virus

unclassified (12 x 1000 nm filaments, white
fly transmitted, labile)

There are four known members of this
group: Cucumber mosaic virus (CMV), the
type member, peanut stunt, robinia mo-
saic, and tomato aspermy virus. The virus
particles of 99 S are icosahedral with a 28
nm diameter (density in CsCl 1.37 g/cm?3).
They contain either RNA 1,2, or 3 + 4 of
about 1.3, 1.1, and 0.8 + 0.3 x 10° daltons
and a protein of 24 x 10° daltons. The par-
ticles sediment together. All three types
of particles, or the three largest RNAs, are
required for infectivity. The RNAs are 5’
capped (see alfalfa mosaic virus) and their
3" ends accept tyrosine under the condi-
tions of tRNA aminoacylation. The cu-
cumoviruses have a wide host range, they
occur worldwide, and are transmitted by
aphids in nonpersistent manner. Serolog-
ical relationship between members of the
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CUCUMOVIRUS GROUP!3!!
(continued)

Curly top

group and various strains range from near
to very far. The resemblance of the chem-
ical properties of the cucumo and bro-
moviruses is great but, biologically, they
are clearly different. Some resemblance of
the cucumoviruses to alfalfa mosaic virus
in chemical as well as biological properties
is also evident.

GeMINIVIRUS (single-stranded DNA).

CV 3, 4: see cucumber virus 3, 4

Cymbidium mosaic

Cymbidium ringspot

Cynara
Cynodon mosaic

Cynosorus mottle!3?
Dahlemense

Dahlia mosaic
Daikon mosaic

Danis plum line
pattern

Daphne X

Daphne Y
Dasheen mosaic
Datura 437
Datura mosaic

Datura shoestring

Dendrobium leaf
streak

Dendrobium mosaic

PoTEXVIRUS

possibly tombusvirus (structurally similar,
but no serological relationship to 18 tom-
bus and many other isometric viruses)

probably phytorhabdovirus (Rhabdoviridae)
CARLAVIRUS

unclassified (serologically related to cocks-
foot mottle virus, phleum mottle virus)

strain of tobacco mosaic virus (protein se-
quenced, not closely related to Ul)

CauLmmovirus (double-stranded DNA)
synonym for turnip mosaic

ILarviRUS (identical to apple mosaic)

possibly potexvirus (no known vector nor
serological relationship)

possibly potyvirus
Potyvirus

possibly potyvirus
possibly potyvirus

Potyvirus (serological relationship to pepper
veinal mottle virus)

possibly nonenveloped phytorhabdovirus
(Rhabdoviridae)

possibly potyvirus
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Desmodium CoMOVIRUS

Desmodium mosaic

Desmodium yellow
mottle

DIANTHOVIRUS GROUP!®3!

Digitaria striate

Dioscorea green-
banding

Dioscorea latent
Dioscorea trifida
Dock mottling mosaic

Dolichos enation
mosaic

Dulcamara mottle

possibly potyvirus

Tymovirus (no known vector)

A small group of polyhedral viruses of about
30 nm diameter, 7 X 10° particle weight
(135 S) density in CsCl about 1.37 g/cm?,
containing two RNAs of 1.5 and 0.5 x 10°¢
daltons and a coat protein of 40 x 10° dal-
tons. The larger RNA carries the coat pro-
tein gene. Carnation (Latin name: dian-
thus) ringspot is the type member, but
serologically unrelated to red clover and
sweet clover necrotic mosaic viruses, the
only other known members of the group.
These viruses have wide host ranges; they
are transmitted through the soil. Pseudo-
recombinants between various diantho-
viruses are infectious.

probably phytorhabdovirus (Rhabdoviridae),
(hopper-transmitted)

possibly potyvirus

possibly potexvirus
possibly potyvirus
possibly potyvirus

strain of tobacco mosaic virus (legumes
main host)

TymovirUS, possibly strain of belladonna
mottle virus

Echtes Ackerbohnenmosaik: see broadbean true mosaic (comovirus)

Echtes Robinienmosaik
Eggplant mild mottle
Eggplant mosaic

Eggplant mottled
crinkle

synonym for robinia mosaic
CARLAVIRUS
TYMOVIRUS

TOMBUSVIRUS
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Eggplant mottled dwarf
Elderberry latent

Elderberry latent A
Elm mosaic

Elm mottle

Enation pea
Endive
Erbsenstauche
Erysimum latent

Eupatorium yellow
vein (or leaf)

Euphorbia mosaic

Euphorbia ringspot

Europgan wheat striate
mosiac

F6-A, F6-B, F6-C

Fern

Festuca leaf streak

Festuca necrosis

Figwort mosaic

Fiji disease

Fy1 viruses'®#

PHYTORHABDOVIRUS (RHABDOVIRIDAE),
subgroup B

possibly tombusvirus (no serological rela-
tion to any isometric virus tested)

CARLAVIRUS
possibly identical with cherry leaf roll virus

ILARVIRUS (wide host range, no known vec-
tors, no serological relationship detected)

synonym for pea enation virus

probably phytorhabdovirus (Rhabdoviridae)
synonym for red clover vein mosaic virus
TymMOVIRUS

probably geminivirus (single-stranded DNA)

GEMINIVIRUS (single-stranded DNA)
possibly potyvirus

possibly rice stripe virus group

Mycovirus (double-stranded RNA)
possibly potyvirus

possibly phytorhabdovirus (Rhabdoviridae)
CLOSTEROVIRUS, subgroup I

CauLmmovirus (double-stranded DNA)

type member of Fiyi viRus (REOVIRIDAE) (sero-
logically unrelated to others)

A genus of the Reoviridae differing from the
genus Phytoreoviruses in being slightly
smaller (65 nm diameter). Their outer pro-
tein shell is less stable, thus revealing the
spikes more readily. Further, their genome
consists of only ten RNA components (of
1.0-2.9 x 10° daltons). Each RNA mole-
cule codes for a protein, six of which make
up the virion.
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F1 viRuses!®4
(continued)

Filaree red leaf
Finger millet mosaic
Flat apple

Foxtail mosaic
Frangipani mosaic
Freesia mosaic

Fuchsia latent

Fungal viruses

Gaeumannomyces Spp.

Garlic mosaic
Garlic yellow streak

GEMINI VIRUS GROUP>!

Gerbera symptomless

The type member is Fiji disease virus,
others cereal tillering disease, maize rough
dwarf, pangola stunt, rice black streaked
dwarf, Arrhenatherum blue dwarf, Lolium
enation, and oat sterile dwarf viruses.
These belong to at least three serologically
unrelated subgroups.

possibly luteovirus
possibly phytorhabdovirus (Rhabdoviridae)
synonym for cherry rasp leaf virus

PoTexVIRUS (serologically related to narcis-
sus mosaic and viola mottle virus)

ToBamoViRUs (physically and serologically
similar to tobacco mosaic virus, narrow
host range)

possibly potyvirus (aphid-transmitted)
possibly carlavirus

Ssee mycoviruses

Mycovirus (double-stranded RNA)
possibly carlavirus

possibly potyvirus

A group of viruses characterized by small (17
x 33 nm) particles occurring usually as
Siamese twins (gemini), (70 S) containing
each a circular single-stranded plus-strand
DNA of about 0.8 x 10° daltons, differing
in sequence, and both needed for infection.
The coat protein is about 31 x 102 daltons.
Generally narrow host ranges, transmis-
sion by leaf hoppers or white flies in per-
sistent manner and, not easily, by me-
chanical means. Members are maize
streak, bean golden mosaic, cassava latent,
Chloris striate mosaic and tomato golden
mosaic virus. No serological relationships
have been demonstrated.

possibly phytorhabdovirus (Rhabdoviridae)
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Gloriosa stripe mosaic
Glycine mosaic
Glycine mottle
Golden elderberry
Gombo mosaic
Gomphrena

Grape decline
Grapevine ajinashika

Grapevine Bulgarian
latent

Grapevine chrome
mosaic

Grapevine degeneration

Grapevine fanleaf

Grapevine leaf roll

Grapevine stem pitting
associated'3®

Grapevine yellow vein

Grass mosaic

Grassy stunt

possibly potyvirus

ComovirRus

possibly tombusvirus

synonym for cherry leaf roll virus
TymovirUS

possibly phytorhabdovirus (Rhabdoviridae)
synonym for peach rosette mosaic virus
possibly luteovirus

possibly nepovirus (no serological relation-
ship to other nepoviruses, not transmitted
by nematodes)

possibly nepovirus (no serological relation-
ship to other nepoviruses, except cocoa ne-
crosis virus, soil-transmitted)

synonym for peach rosette mosaic

Nerovirus (serologically related to arabis
mosaic virus)

possibly identical with grapevine stem pit-
ting associated virus

CLosTEROVIRUS, subgroup II

similar or identical with tomato ringspot
virus

synonym for sugarcane mosaic

see rice grassy stunt

Green aucuba: see Aucuba virus

Groundnut crinkle
Groundnut eyespot

Groundnut rosette
(assistor)

possibly carlavirus
possibly potyvirus

possibly luteovirus (it appears that this virus
is generally associated with another un-
identified symptomless virus, the assistor,
and that aphid transmission requires the
presence of both)
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GTAMV

Guar symptomless
Guinea grass mosaic
Gynura latent
Helenium S

HeleniumY

Helminthosporium spp.

Henbane mosaic
Heracleum latent
Heracleum 6

Hibiscus chlorotic
ringspot®7)

Hibiscus (latent)
ringspot

Hippeastrum latent
Hippeastrum mosaic

Hoja blanca

Holcus lanatus
yellowing

Holcus streak

Holcus transitory
mottle

Holmes ribgrass (HR)

Honeysuckle latent
Hop A ‘
Hop B

strain of tobacco mosaic virus, not closely
related

possibly potyvirus

PoTtyvirus

possibly strain of Chrysanthemum B
CARLAVIRUS

possibly potyvirus

Mycovirus (double-stranded RNA)
Potyvirus

possibly closterovirus, subgroup II
CLOSTEROVIRUS, subgroup I

unclassified (28 nm diameter particles, RNA
of 1.6 x 10° daltons, serologically not re-
lated to 45 other isometric viruses, vector
unknown)

NEPOVIRUS

possibly potexvirus

PoTYyVIRUS

unclassified (filamentous plant hopper-
transmitted virus)

possibly phytorhabdovirus (Rhabdoviridae)

possibly potyvirus

unclassified, similar to brome stem leaf mot-
tle virus

ToBamovirus, distantly related to tobacco
mosaic virus (156 amino acids in se-
quenced protein)

CARLAVIRUS
ILARVIRUS

ILarvirRUS (identical to prunus necrotic ring-
spot)
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Hop C ILARVIRUS

Hop latent CARLAVIRUS

Hop mosaic CARLAVIRUS

Hop stunt VIROID

HoRDEI ViIRUSs GROUP!3®!

Hordeum mosaic
Hordeum nanescens
Horseradish mosaic

HR: see Holmes ribgrass
HVCV-1 and 2

HvV-A

Hyacinth mosaic
Hydrangea ringspot
Hydra viridis
Hyoscyamus 1, 111

Hypochoeris mosaic

Rigid rods of varying lengths (about 22 X
100—150 nm) (178-200 S) containing 2—4
molecules of RNA (4%, 1.0-1.5 x 10° dal-
tons each), varying for different strains and
viruses and not all nor the same ones nec-
essary for infectivity. Barley (Latin: hor-
deum) stripe mosaic, the type member,
carries varying amounts of poly(A) near
but not at the 3’ end of most RNAs, the
3’ end being able to bind tyrosine under
tRNA charging conditions; the 5’ ends are
capped (see alfalfa mosaic virus). The sin-
gle coat protein has a molecular weight of
21 x 10 and is glycosylated. Other mem-
bers are Iychnis ringspot and poa semila-
tent virus. Their host ranges are narrow,
and transmission is through seed. Serolog-
ically, they are distantly related.

possibly potyvirus
synonym for barley yellow dwarf

synonym for turnip mosaic

ArcaL viruses (from Chlorella, symbiotic
with Hydra)

Mycovirus (double-stranded RNA)
possibly potyvirus

PoOTEXVIRUS

ALGAL VIRUS

synonym for henbane mosaic

possible tobamovirus (fragile rods 22 x 130
and 22 x 230 nm, serologically unrelated

to other tobamoviruses, coat protein of 25
x 10% daltons).



132

Virus

SECTION II

Classification or properties (Group names in
Capitals)

[LARVIRUS GROUP!3?

Indonesian soybean
dwarf

Iris fulva mosaic

Iris germanica leaf
stripe

Iris mild mosaic
Iris severe mosaic
Isachne mosaic
Ivy vein clearing
J14D1

Jonquil mild mosaic

Kale
Kartoffel-K
Kennedya Y

Particles vary from isometric to bacilliform
with 26—35 nm diameters, 80—-120 S. Their
density of 1.36 g/cm? in CsCl differs from
that of the otherwise similar alfalfa mo-
saic virus (1.28 g/cm?3). They contain four
molecules of RNA of about 1.1, 0.9, 0.7,
and 0.3 x 10°¢ daltons. The smallest, the
coat protein gene, is not required for in-
fectivity if coat protein is present, the
same situation as for alfalfa mosaic virus.
The name is derived from isometric labile
ringspot virus. The coat protein is 25 X
10® daltons. The type member, tobacco
streak virus, has a wide host range, and is
transmitted through seeds and pollen, but
not by any insects. Others are apple mo-
saic, citrus leaf rugose and variegation, elm
mottle, lilac ring mottle, North American
plum line pattern, prune dwarf, prunus ne-
crotic ringspot, spinach latent, and Tulare
apple mosaic viruses. Subgroups of the
ilarviruses are serologically interrelated.

LuTeOVIRUS

possibly potyvirus
possibly phytorhabdovirus (Rhabdoviridae)

POTYVIRUS

PoTtyviruUs

possibly potyvirus

possibly phytorhabdovirus (Rhabdoviridae)

strain of tobacco mosaic virus, closely re-
lated, lethal to some tobacco strains

possibly potyvirus (identical to narcissus
late season yellows)

strain of radish mosaic virus
synonym for potato virus M

possibly potyvirus
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Kennedya yellow
mosaic

Laburnum yellow vein
Lactuca
Laelia red leaf spot

Launea arborescent
stunt

Leek yellow strip
Legume yellows

Lemon-scented thyme
leaf chlorosis

Lettuce mosaic

Lettuce necrotic yellow

Lettuce speckless
mottle!*?

Lilac chlorotic leafspot

Lilac mottle
Lilac ring mottle
Lily

Lily curly strip
Lily symptomless
Lily X

Line

Lolium

TyYMOVIRUS

possibly phytorhabdovirus (Rhabdoviridae)
synonym for lettuce mosaic virus

possibly phytorhabdovirus (Rhabdoviridae)
possibly phytorhabdovirus (Rhabdoviridae)

PoTyvirRUS
LUTEOVIRUS

possibly phytorhabdovirus (Rhabdoviridae)

PoTyvirRUS

PHYTORHABDOVIRUS (RHABDOVIRIDAE), type
member of subgroup A (aphid-transmit-
ted)

Unclassified (unstable infectivity probably a
defective, coat gene-lacking virus, depend-
ing on beet Western yellows as a helper
virus for aphid transmission). Identifica-
tion of toga virus-like particles is of doubt-
ful significance. The infective RNA is 1.4
x 10 daltons. See carrot mottle virus for
similar situation.

probably closterovirus, subgroup I (no sero-
logical relationship to others detected)

CARLAVIRUS

ILARVIRUS

possibly potexvirus

synonym for lily symptomless
CARLAVIRUS

POTEXVIRUS

unclassified 30-nm-diameter maize virus

possibly phytorhabdovirus (Rhabdoviridae)
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Lolium enation

Lonicera latent
Lotus stem necrosis

Lucerne Australian
latent

Lucerne enation
Lucerne mosaic
Lucerne transient

streak

LuTEOVIRUS GROUP/ !

Lychnis ringspot

Lycopersicum Y

Macana disease of fique

Maclura mosaic!4?

Fyr virus (REOVIRIDAE), (identical to arrhen-
atherum blue dwarf)

CARLAVIRUS
possibly phytorhabdovirus (Rhabdoviridae)

NEerPOVIRUS

possibly phytorhabdovirus (Rhabdoviridae),
(aphid-transmitted)

synonym for alfalfa mosaic virus

possibly sobemovirus, 1.4 x 10 dalton RNA
+ 0.12 x 10° dalton circular satellite
RNA

Isometric virions of about 28 nm diameter
(120 S) consisting of RNA of 2 x 10° dal-
tons, and a coat protein of 24 x 102 dal-
tons. The RNA has a 5’ terminal protein
that is not essential for infectivity, and no
3’ terminal poly(A). A rather large group
of viruses, some with narrow and others
with wide host ranges. All are transmitted
by aphids in persistent manner, some with
great species specificity, but probably
without replication of the virus in the vec-
tor. They are located in the phloem tissue.
Mechanical transmission is not possible
except of protoplasts. Most luteoviruses
are serologically related. The type member
is barley yellow dwarf virus, and it and
many of the others cause yellowing (thus,
luteo from Latin luteus = yellow).

HoRDEIVIRUS
synonym for tomato bushy stunt virus

unclassified (isometric 29 nm diameter par-
ticles, transmitted by aphids)

possibly potyvirus (15 X 674 nm threads,
155 S, density 1.307 in CsCl, 45 x 102 dal-
ton protein, no serological relationship to
other filamentous viruses)
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Maclura ringspot

Maize chlorotic
dwarf43

Maize dwarf mosaic
Maize Hoja blanca

Maize line

Maize mosaic

MAIZE RAYADO FINO
GrOUP“4!

Maize rough dwarf!*>)

Maize streak

Maize stripe!4®
Maize wallaby ear
Malva sylvestris
Malva vein clearing
Malva veinal necrosis
Malva yellows

Marigold mottle

identical with cucumber mosaic virus

Monotypic, or possibly a group including
rice spherical tungrovirus (isometric 30-
nm-diameter particles, 183 S, density 1.51
g/cm?® in CsCl, 36% of 3.2 x 10° daltons
RNA; transmitted by leafhoppers in semi-
persistent manner, no serological rela-
tionship to other viruses tested including
rice tungrovirus). Major maize pathogen.

PoTyvirRUS
possibly phytoreovirus (Reoviridae)

probably identical with maize chlorotic
dwarf virus

possibly phytorhabdovirus (Rhabdoviridae),
(transmitted by leafhoppers)

type member: 32-nm-diameter particles,
120 S and 54 S for top component lacking
RNA; RNA 2.2 x 10° and two proteins of
22 and 26 x 102 daltons (1:3), narrow host
range, transmitted by leathoppers in per-
sistent manner. Other member: rice
grassy stunt.

Fyrvirus (Reoviridae), (serologically closely
related to rice black-streaked virus)

GEMINIVIRUS (single-stranded DNA)

rice stripe virus group

Fyivirus (Reoviridae)

possibly phytorhabdovirus (Rhabdoviridae)
possibly potyvirus (aphid-transmitted)
possibly potexvirus

LUTEOVIRUS

possibly potyvirus (transmitted by aphids)
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Melandrium yellow
fleck'”!

Melilotus latent
Melon mosaic
Melon necrotic spot
Melon variegation

Micromonas pusilla
(MPV)

Milk-vetch dwarf
Millet red leaf
Mirabilis mosaic

Molinia streak

Mulberry latent
Mulberry ringspot

Mungbean mosaic
Mungbean mottle

Mungbean yellow
mosaic

Muscat melon mosaic

Mushroom 4/48
(Agaricus bisporus)

possibly bromovirus [25-nm-isometric par-
ticles (88 S) consisting of a 22 x 102 pro-
tein and four RNAs of 1.2, 1.1, 1.0, 0.3 X
106 daltons, all slightly larger than in other
bromoviruses. No serological relationship
to any virus, wide host range, seed trans-
mission, no vectors]. The virus is very
heat-stable.

probably phytorhabdovirus (Rhabdoviridae)
synonym for watermelon mosaic virus
possibly necrovirus group

possibly phytorhabdovirus (Rhabdoviridae)

algal iridovirus (Iridoviridae)

possibly luteovirus
possibly luteovirus
CauLimovirus (double-stranded DNA)

unclassified (related to panicum mosaic
virus)

CARLAVIRUS

NepovirRus (no serological relationship to
other nepoviruses)

possibly potyvirus (aphid-borne)
possibly potyvirus (aphid-borne)

GeMINIVIRUS (single-stranded DNA)

synonym for watermelon mosaic virus

Mycovirus (double-stranded RNA)

Mushroom viruses: see mycoviruses

Muskmelon vein
necrosis

Mycogone perniciosa

CARLAVIRUS

MYCOVIRUS
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MYCOVIRUS GROUPs'*°! Typical mycoviruses are isometric particles

of 30—-48 nm diameter (120-179 S). They
all contain double-stranded RNA, either
one, two, or three molecules and totaling
2—6 x 10° daltons. They have a single coat
protein of 40—-120 x 10% daltons. Provi-
sionary classification as three families is
as follows: (1) The mycoviruses containing
one genomic molecule of RNA (3.0-5.7 X
10% daltons, 160-280 S) may be repre-
sented by two genera, the Saccharomyces
cerevisiae and the Helminthosporium
maydis virus group. The type species of
the former is ScV1 (about 40 nm diameter,
168 S) with RNA of 3.6 x 10 and a protein
of 80 x 10° daltons. Other members are
ScV2 and Ustilago maydis virus, probable
member Mycogone perniciosa virus, and
possible members Aspergillus foetidas
and niger viruses S (Af-S, An-S), Gaeu-
mannomyces graminis viruses 3bla-A and
F6-A, Helminthosporium victoriae virus
(HvV-A), and Thielaviopsis basicola vi-
ruses. The Helminthosporium maydis
virus (48 nm diameter, 283 S) has an RNA
of 5.7 x 10%, a protein of 121 x 102 dal-
tons. (2) The mycoviruses with two gen-
omic RNAs may belong to three genera:
Penicillium stoloniferum PsV-S, and G.
graminis virus groups I and II. PcV-S con-
sists of separate particles of 30—34 nm di-
ameter containing 0.94 and 1.1 x 10° dal-
tons RNA; the coat protein is 42 x 10°
and a minor protein of 56 x 10° may be
the RN A polymerase. Other members, se-
rologically related, occur in Aspergillus
ochraceous and Diplocarpon rosae.

Both genera of Gaeumannomyces gra-
minis viruses also have divided and sepa-
rately encapsidated RNAs, larger in group
I, and yet larger in group II than in PcV-S
{up to 1.6 x 10° daltons). The virions (110
S and 135 S) are 35 nm in diameter, the
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MyYCOVIRUS GROUPS*®)
(continued)

Myrobalan latent
ringspot!°©

Nandina mosaic
Narcissus degeneration

Narcissus late season
yellows

Narcissus latent

Narcissus (mild)
mosaic

Narcissus tip
necrosis!®!

coat proteins about 57 and 70 x 10° dal-
tons. Members of group I of the G. gra-
minis viruses are 01916-A, 38-4-A, 01-1-4-
A, Og A-B, 3bln-C, F6-C, probably 4519-A,
and viruses of Phialophora spp. To group
Il belong TI-A, F6-B, Og A-A, 3bla-B. Some
take-all fungal viruses (01916-A and 38-4-
A) may carry satellite double-stranded
RNAs, besides the genomic ones of 1.27
and 1.19 x 10° daltons coding for 62 x
10% and 55 x 10° proteins (the latter the
capsid protein). Particles lacking RNA or
carrying single-stranded (m)RNA ™ have
also frequently been noted. Mushroom
virus 4 of Agaricus bisporus and other edi-
ble mushrooms may belong to this family
but have not been sufficiently well-char-
acterized for classification. (3) Mycovi-
ruses with three genomic RNAs occur
mostly in Penicillium spp. (chrysogenum,
brevicompactum, and cyaneo-fulvum),
and possibly in Helminthosporium victo-
riae (HcV-B). Their RNAs of about 2 x 10°
daltons are again separately encapsidated
in 35-40 nm virions of 150 S. The coat
proteins of 115 x 10° daltons are serolog-
ically interrelated.

Nepovirus (frequently carries one or more

copies of satellite RNAs), (RNA1,2,3:2.4,
1.9, 0.45 x 10° daltons)

possibly potexvirus
PotyviruUs

possibly potyvirus (aphid-transmitted, iden-

tial to jonquil mild mosaic)

CARLAVIRUS

PoTEXVIRUS

unclassified (isometric 30-nm-particles (123

S) consisting of 42 (and 39?) x 10° dalton
protein and 1.6 x 10° dalton RNA. No se-
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Narcissus tip
necrosis®®!!
(continued)

Narcissus yellow stripe
Nasturtium mosaic

Nasturtium ringspot!!!)

Necrotic fleck
NECROVIRUS GROUP
Negro coffee mosaic
NEPOVIRUS GROUP!®?)

Nerine
Nerine latent
Nerine X
Nicotiana 7

rological relationship to other viruses, no
known vector).

possibly potyvirus (aphid-transmitted)
possibly carlavirus

unclassified (probably strain of broad bean
wilt virus)

probably closterovirus I

see tobacco necrosis virus
possibly potexvirus

Icosahedral rather stable particles of 28 nm
diameter of about 125, 107, and 52 S con-
taining, respectively, 44% of RNA 1, 34%
of RNA 2, or no RNA (buoyant densities
in CsCl about 1.52, 1.46, and 1.28 g/cm?3).
Satellite RNA, often multiple and of 0.1
x 10° daltons, are frequently present in
the virions. The molecular weights of the
two genomic RNAs are about 2.8 and 1.3—
2.4 x 106. They have a small protein co-
valently bound to the 5’ end, the removal
of which causes loss of infectivity. Poly(A)
is at the 3’ end. The coat protein is about
58 x 10° daltons.

Over 20 members of this group are
known, the type member being tobacco
ringspot virus; subgroups are serologically
interrelated, but not with other subgroups.
The host ranges of most of these viruses
are wide, the infection often being symp-
tomless. Mechanical and seed transmis-
sion are facile, but nematodes in the soil
are the usual vectors which retain the poly-
hedral virus (ne po) for months without
its replicating.

possibly potyvirus (aphid-borne)
CARLAVIRUS
POTEXVIRUS
synonym for tobacco etch virus
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Nicotiana 12, 13

Nicotiana velutina
mosaic!>?

Nigerian cowpea

North American plum

line pattern

Northern cereal mosaic

Nothoscordum mosaic

06-67

Oat blue dwarf®?#

Oat mosaic

QOat necrotic mottle

Oat red leaf

Oat sterile dwarf

Oat striate

Odontoglossum
ringspot

Og A-A

Og A-B

Okra mosaic

synonym for tobacco and tomato ringspot vi-
ruses

possibly tobamovirus (rods of 18 x 100-175
and 290 nm, 21.4 x 102 dalton protein and
2.3 x 10° dalton RNA, soil-borne, sero-
logically unrelated to all rod-shaped vi-
ruses tested)

possibly tobamovirus (serologically dis-
tantly related to tobacco mosaic virus)

ILARVIRUS

possibly phytorhabdovirus (Rhabdoviridae)

PoTtyvirUs

strain of tobacco mosaic virus, closely re-
lated to Ul

unclassified (29-nm-isometric particles, 119
S, containing RNA of 2.1 x 10° daltons.
Wide host range, transmitted by leafthop-
pers; possibly maize rayado fino group.

possibly potyvirus (fungus-transmitted, no
serological relationship to other viruses
detected)

possibly potyvirus (distant serological rela-
tionship to wheat streak mosaic virus,
mite-transmitted)

synonym for barley yellow dwarf

Fyivirus (REOVIRIDAE), (identical to arrhen-
atherum blue dwarf)

PHYTORHABDOVIRUS (RHABDOVIRIDAE),
(leafhopper-transmitted)

Tosamovirus (157 amino acids, known se-
quence, serologically close to tobacco
mosaic virus)

Mycovirus (double-stranded RNA)
Mycovirus (double-stranded RNA)

THYMOVIRUS
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Onion yellow leaf

Ononis yellow mosaic
Orchid fleck

Orchid mosaic
Ornithogalum mosaic
Oryza

Palm mosaic

Pangola stunt

Panicum mosaic®®

Papaya (mild) mosaic'>®
Papaya ringspot
Paramecium bursaria

Parsley latent

Parsley (5)
Parsnip (3)
Parsnip mosaic

Parsnip yellow fleck!®”

Paspalum striate
mosaic

Passiflora latent

PoTryvirus

TyMOVIRUS, possibly strain of scrophularia
mottle

possibly nonenveloped phytorhabdovirus
(Rhabdoviridae)

synonym for cymbidium mosaic virus
possibly potyvirus (aphid-borne)

synonym for rice dwarf virus

possibly potyvirus (transmitted by aphids)

Fyvirus (REOVIRIDAE), (serologically related
to maize rough dwarf virus, etc.)

Unclassified (isometric 28 nm particles,
109S containing 28 S RNA and a 29 x 102
dalton protein. Serologically related to
phleum mottle and molinia streak virus.
The virus is associated with a satellite
virus of 42 S (17 nm diameter) containing
14 SRNA and a 15.5 x 10° dalton protein.
(No known vector, limited host range).

PoTexVIRUS
PoTyvirus
ALGAL VIRUS

PHYTORHABDOVIRUS (RHABDOVIRIDAE), (aphid-
transmitted)

possibly potexvirus
possibly potexvirus
Poryvirus

unclassified (30 nm diameter, (148 S) parti-
cles, RNA of 3.7 x 10° daltons, depends
on helper (anthriscus yellows) for trans-
mission by aphids.)

probably geminivirus (single-stranded DNA)

CARLAVIRUS
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Passionfruit ringspot
Passionfruit woodiness
Patchouli mottle
Pawpaw mosaic
PBCV-1

Pea

Pea early browning

Pea enation mosaic'®®

Pea leaf roll

Pea mosaic
Pea necrosis

Pea seed-borne mosaic
Pea streak
Pea symptomless

Peach ringspot

Peach rosette mosaic
Peach stunt

Peach yellow bud

Peanut clamp

Peanut clump'>®

possibly potyvirus

Potyvirus

possibly phytorhabdovirus (Rhabdoviridae)
synonym for papaya (mild) mosaic virus
ALGAL VIRUSES

synonym for pea enation mosaic
ToBrRAVIRUS (105 and 215 nm particles)

Monotypic: two isometric 27-nm-particles
(112 and 99 S) consisting of 22 x 102 dal-
ton protein and two RNAs of about 1.4 and
1.15 x 10° daltons that are required for
infectivity, no 3’ terminal poly(A), but a
3' terminal protein of 17.5 x 10 daltons;
aphid and mechanically transmitted, lim-
ited host range, serologically unrelated to
other viruses.

LuTtEOVIRUS

PoTyvirus (possibly a strain of bean yellow
mosaic virus)

Potyvirus (possibly identical to clover yel-
low vein virus)

PoTtyvirus
CARLAVIRUS
strain of red clover mottle virus

probably identical with prunus ringspot
virus

NEPOVIRUS

probably identical with prune dwarf virus
strain of tomato ringspot virus

possibly identical to peanut clump

Unclassified (resembles hordei more than to-
bamo viruses, rigid rods of 21 x 45 and
190 nm consisting of 2.1 and 1.7 x 10°
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Peanut clump'®®
(continued)

Peanut mottle
Peanut stunt
Peanut yellow mottle

Pelargonium flower
break!¢?

Pelargonium leaf curl

Pelargonium line
pattern

Pelargonium vein
clearing

Pelargonium zonate
spot(6t!

Penicillium spp.
Pepino latent

Pepino mosaic
Pepper mottle
Pepper ringspot
Pepper severe mosaic
Pepper veinal mottle
Peru tomato

Petunia asteroid
mosaic

Petunia ringspot

RNA and 23 x 10° dalton protein. Wide
host range, transmitted by fungus poly-
myxa, seed and mechanically; serologi-
cally not related to other viruses).

PoTryvirus
CuUCUMOVIRUS
TYMOVIRUS

unclassified (structurally and biologically
similar to tombusvirus, no serological re-
lationships detected, limited host range)

TOMBUSVIRUS

unclassified (stable 30-nm-diameter parti-
cles, one protein, and one RNA, no sero-
logical relationship to 45 isometric viruses
tested)

probably phytorhabdovirus (Rhabdoviridae)

unclassified (three components of 25—-35 nm
diameter, containing 18% RNA of 0.95
and 1.25 x 10° daltons and a protein of 25
X 10° daltons, differentiating it from il-
arviruses).

Mycovirus (double-stranded RNA)
CARLAVIRUS

POTEXVIRUS

Portyvirus

strain of tobacco rattle virus
Poryvirus

PoTyvirRUS

PoTyvirRUS

TOMBUSVIRUS

unclassified, possibly strain of broad bean
wilt virus
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Petunia vein clearing

Phalaenopsis chlorotic
spot

Phaseolus
Phialophora spp.

Phleum mottle!®%21)

Physalis mild chlorosis
Physalis mosaic
Physalis vein blotch

PHYTOREOVIRUS
Group!%?

PHYTORHABDOVIRUS
GrROUPI®Y

possibly  caulimovirus (double-stranded

DNA)

possibly nonenveloped phytorhabdovirus
(Rhabdoviridae)

synonym for bean common mosaic virus
Mrycovirus (double-stranded RNA)

unclassified (structurally and serologically
closely related to panicum and cocksfoot
mild mosaic and bromestem leaf mottle
virus

possibly luteovirus

TymMOVIRUS
possibly luteovirus

A genus of the Reoviridae. Icosahedral par-
ticles of 75 nm diameter (510 S). The 59-
nm-core carries 12 double spikes, through
which the RNA is extruded during viral
replication. It consists of 12 double-
stranded RN A molecules of 0.3-3.0 x 10°¢
daltons (total 16 x 10% 22% of particle
weight). The virion is made up of seven of
the 12 proteins coded for by the RNAs (35—
160 x 10° daltons).

Wound tumor virus is the type mem-
ber and rice dwarf and possibly rice gall
dwarf viruses belong to this group. The
host range is narrow; vectors are specific
leafhoppers, in which the viruses also rep-
licate.

This term for plant rhabdoviruses has not
(yet) been approved by the ICTV. It is anal-
ogous to the approved term phytoreovirus.
The virions are baccilliform or more rarely
bullet-shaped, of 45-95 x 135-380 nm.
The helical nucleocapsid consists of a
minus-strand RNA of about 4 x 10° dal-
tons and protein N (57 x 10°® daltons).
Subgroup A (type member lettuce necrotic
yellow virus) resembles in its properties
the vesiculoviruses, while subgroup B



PLANT VIRUSES

Virus

145

Classification or properties (Group names in
Capitals)

PHYTORHABDOVIRUS
GrOUPI®Y
(continued)

Pigeon pea proliferation
Pigweed mosaic

Pineapple chlorotic
beefstreak

Pisum

Pittosporum vein
yellowing

Plantago

(type member potato yellow dwarf virus)
shows similarities to the lyssaviruses. The
gene order is 5' L-G-M-NS N 3’, the pro-
teins about 160, 85, 21, 45, 57 x 10° dal-
tons (RNA polymerase, glycoprotein, ma-
trix, nonstructural, and nucleocapsid
protein). The viruses are mechanically
transmissible, but in nature, most of them
are transmitted by aphids, some by leaf-
hoppers; the viruses replicate in their
vectors. Each subgroup has four members,
but there are many probable additional
phytorhabdoviruses.

possibly phytorhabdovirus (Rhabdoviridae)
possibly phytorhabdovirus (Rhabdoviridae)
possibly phytorhabdovirus (Rhabdoviridae)

probably phytorhabdovirus (Rhabdoviridae)
probably phytorhabdovirus (Rhabdoviridae)

possibly  caulimovirus (double-stranded
DNA]|

Plantago lanceolata: see plantain mottle virus

Plantago mottle

Plantago severe mottle

Tymovirus, possibly strain of scrophularia
mottle

POTEXVIRUS

Plantago X: see plantain X virus

Plantain mottle
Plantain X

Plum line pattern
Plum pox

PM 1-6

Poa semilatent

Pod mottle

possibly phytorhabdovirus (Rhabdoviridae)
PotexviruUs

synonym for apple mosaic virus
Potyvirus

defective strains of tobacco mosaic virus

HorpEervirus

synonym for bean pod mottle virus
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Poinsettia cryptic
Poinsettia mosaic
Pokeweed mosaic
Poplar latent
Poplar mosaic
Potato A

Potato acropetal
necrosis

Potato aucuba mosaic

Potato black ringspot

Potato calico
Potato corkyring
Potato E

Potato F

Potato G

Potato interveinal
mosaic

Potato latent
Potato leaf roll
Potato M

Potato mild mosaic

Potato mop top!®>!

Potato P

Potato paracrinkle

Potato phloem necrosis

cryptic viruses
possibly tymovirus
PoTyvirUS
CARLAVIRUS
CARLAVIRUS
PoTyvirus

synonym for potato Y (requires helper virus
for aphid transmission)

PoTexvirUS

NEPOVIRUS

identical with potato aucuba mosaic virus
strain of tobacco rattle virus

identical with potato M virus

identical with potato aucuba mosaic virus
identical with potato aucuba mosaic virus

identical with potato M virus

PoTEXVIRUS
LuTEOVIRUS
CARLAVIRUS
POTEXVIRUS

Possibly tobamovirus (stable rods of 100—
150 and 250—300 nm {pitch 2.4 nm, 20 X
102 dalton protein). Serologically distantly
related to tobacco mosaic virus, transmit-
ted by fungus (Spongosporum subterra-
neum ), narrow host range. Much similar-
ity to beet necrotic yellow vein and soil-
borne beet necrotic yellow vein mosaic
virus.

identical with potato A virus
identical with potato M virus

identical with potato leaf roll virus
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Potato S CARLAVIRUS

Potato spindle tuber
Potato stem mottle

Potato T
Potato X

Potato Y
Potato yellow dwarf

POTEXVIRUS GROUP!®®)

PoTYVIRUS GROUP!®7)

type member of VIROIDS
strain of tobacco rattle virus

proposed member of proposed capillovirus
group

type member of poTExvVIRUS group (Figure 14
and 20)

type member of POTYVIRUS group

PHYTORHABDOVIRUS (RHABDOVIRIDAE), type
member of subgroup B (leafhopper-trans-
mitted)

Filamentous, comparatively stable particles
of 13 x 470-580 nm (114—-120 S, density
in CsCl 1.31 g/cm?) consisting of an RNA
(6%) of 2.3 x 10° and 1000-1500 protein
molecules of 14.3 x 10° daltons (helical
pitch 3.4 nm). The protein becomes easily
degraded so that lower molecular weights
are suspect. The 5’ end of the RNA is
capped (see alfalfa mosaic virus); poly(A)
is not at the 3’ end, but the high content
of A (32%) suggests internal poly(A) se-
quences. Potato virus X is the type mem-
ber and at least 16 other members and
many possible ones are known. Serological
interrelationships are frequent, but not
close. The host ranges are usually narrow.
Most potexviruses produce characteristic
banded cellular inclusion bodies (Fig. 20).

A very numerous group of filamentous vi-
ruses, 11 x 720-770, and in some in-
stances up to 900 nm (about 150 S, density
in CsCl 1.31 g/cm?®). The nucleoprotein
helix has a pitch of 3.4 nm, the protein is
about 33 x 102 daltons, the RNA 3.3 x
10° daltons and always about 5% of the
particle weight. Most potyviruses are seed-
borne, and transmitted by aphids in non-
persistent manner. They form typical cy-
toplasmic inclusion bodies (‘pinwheels’’).
Most of them show serological relation-
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PoTYVIRUS GROUP'®”
(continued )

Primula mosaic
Prune dwarf

Prunus necrotic
ringspot

PSV-F, PSV-S
Quail pea mosaic
Radish mosaic
Radish P and R
Radish yellow edge

Radish yellows

Ranunculus rapens
symptomless

Raphanus

Raspberry bushy dwarf

Raspberry leaf curl
Raspberry ringspot

Raspberry vein
chlorosis

Raspberry yellow dwarf

Raspberry yellow
mosaic

Ratel

ship to one or more other potyviruses, but
not to other filamentous viruses. Their
host range is usually narrow.

possibly potyvirus (aphid-transmitted)
ILARVIRUS

ILARVIRUS

Mycovirus (double-stranded RNA)
CoMoVIRUS

CoMOVIRUS

synonym for turnip mosaic virus

possibly cryptic virus (30 nm isometric, 113
S, seed-borne)

synonym for beet western yellows

possibly phytorhabdovirus (Rhabdoviridae)

probably phytorhabdovirus (Rhabdoviridae)

ILARVIRUS
possibly luteovirus

NEPOVIRUS

probably phytorhabdovirus (Rhabdoviridae)

synonym for arabis mosaic

synonym for rubus yellow net

synonym for tobacco rattle virus

Rayado fino: see maize rayado fino

Red clover mosaic
Red clover mosaic
Red clover mottle

Red clover necrotic
mosaic

CARLAVIRUS
possibly phytorhabdovirus (Rhabdoviridae)
Comovirus

DIANTHOVIRUS
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Red clover vein mosaic
Red current ringspot
Reed canary mosaic

REOVIRIDAE

Rhabarber—Mosaik

RHABDOVIRIDAE

Rhododendron necrotic
ringspot

Rhubarb I, 11

CARLAVIRUS
synonym for raspberry ringspot virus
possibly potyvirus (aphid-borne)

The family encompassing the animal virus
genera REOVIRUS, ORBIVIRUS, and ROTAVIRUS
and the plant virus group PHYTORHABDO-
VIRUS and FIJIVIRUS.

synonym for arabis mosaic virus

The family encompassing the animal virus
genera VESICULOVIRUS and LYSSAVIRUS and
the PLANT (PHYTO)RHABDOVIRUSES.

possibly potexvirus

possibly potexvirus

Ribgrass mosaik: see Holmes ribgrass mosaic virus

Rice black streaked
dwarf

Rice dwarf

Rice gall dwarf

Rice giallume
Rice grassy stunt

Rice hoja blanca
Rice mosaic

Rice necrosis mosaic
Rice necrosis mosaic
Rice penyakit habang

Rice ragged stunt!®®

RICE STRIPE VIRUS
GROUPI®?)

Fyvirus (REoOVIRIDAE), (closely related sero-
logically to maize rough dwarf virus, leaf-
hopper-borne)

PHYTOREOVIRUS (Reoviridae), (leafhopper-
borne)

PHYTOREOVIRUS (REOVIRIDAE)
LuTEOVIRUS

possibly maize rayado fino group
possibly rice stripe virus group
synonym for rice dwarf virus
possibly potyvirus (fungus-borne)
possibly potyvirus (fungus-borne)
related to cacao swollen shoot

probably Fijivirus (Reoviridae), (but eight
RNA segments)

type member including maize stripe virus;
8 nm filaments of varying lengths at times
branched, containing supercoiled circular
nucleoprotein threads 3—4-nm wide and of
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RICE STRIPE VIRUS
GrROUP!®®
(continued)

Rice stunt

Rice transitory
yellowing

Rice tungro
bacilliform!”®

Rice tungro
spherical*®

Rice yellow mottle

Rice yellow orange leaf

Robinia mosaic

Roll-Mosaik

Rose infectious
chlorosis

Rose mosaic

various lengths, containing 4 or 5 RNAs
of 0.5—-3 x 10° daltons and a protein of 32
x 10% daltons; transmitted by and repli-
cating in leafhoppers).

synonym for rice dwarf virus

probably phytorhabdovirus (Rhabdoviridae),
(leafhopper-borne)

unclassified (31 X 100 nm, leafhopper-trans-
mitted, not serologically related to other
viruses)

unclassified (30 nm diameter particles, 175
S, containing RNA of 3.2 x 10° daltons,
leafhopper transmitted)

possibly sobemovirus (beetle-borne)
identical with spherical rice tungro virus

unclassified {40 nm isometric particles,
aphid-transmitted, wide host range)

identical to potato M virus

synonym of apple mosaic virus

ILARVIRUS (possibly identical to apple mosaic
virus)

Rotkleeader—Mosaik: see red clover vein mosaic virus

Rubus yellow net

Russian winter wheat

mosaic

Ryegrass

Ryegrass mosaic

Ryegrass spherical

Saccharomyces spp.

probably phytorhabdovirus (Rhabdoviridae),
(transmitted by aphids, not mechanically)

probably phytorhabdovirus (Rhabdoviridae),
(leafhopper-transmitted)

probably phytorhabdovirus (Rhabdoviridae),
(leafhopper-transmitted)

possibly potyvirus (mite-transmitted, no se-
rological relationship to potyviruses)

cryptic virus

Mycovirus (double-stranded RNA)
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Saguaro cactus'’!!

Saintpaulia leaf
necrosis

Sambucus vein
clearing

Sammon’s Opuntia
Sarracenia purpurea

Satellite tobacco
necrosis (STNV)!72)

SATELLITE VIRAL RNAS! "3

Satsuma dwarf

Sawgrass
Scrophularia mottle

ScV1, Scv2

possibly tombusvirus (structurally similar to
tombusvirus, but no serological relation-
ship to any virus detected)

possibly phytorhabdovirus (Rhabdoviridae)
possibly phytorhabdovirus (Rhabdoviridae)

ToBaMOVIRUS (structurally similar to to-
bacco mosaic virus)

possibly potyvirts

Monotypic: 17 nm icosahedral particles (50
S), consisting of 0.4 x 10° dalton RNA (se-
quenced) and a protein of 23 x 10 daltons.
Defective virus, the RNA coding only for
its coat protein, unrelated yet specifically
dependent on helper tobacco necrosis
virus (even strain-specific dependency).

Many viruses, particularly the nepoviruses
and the cucumoviruses, carry at times
one, several, or many nongenomic RNAs
of 0.1-0.5 x 10° daltons in their virions.
The function of these RNAs varies; in
many instances no function is known, at
times they affect the severity of symp-
toms.

possibly nepovirus {no known vector, seed-
transmitted, no serological relationship
detected)

probably phytorhabdovirus (Rhabdoviridae)

TYMOVIRUS

Mycovirus (double-stranded RNA)

Severe etch: see tobacco etch virus

Shallot latent

Sharka plum

CARLAVIRUS

Poryvirus (serologically related to pepper

veinal mottle and Datura shoestring virus)
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SOBEMOVIRUS GROUP!7#!

Icosahedral 27-30-nm-diameter particles
(115 S) consisting of an RNA of 1.4 x 10°
and 180 molecules of a coat protein of
about 30 x 10° daltons. The RNA has a
small 5’ terminal protein that is essential
for infectivity, and no characteristic 3’ ter-
minal features. Southern bean mosaic
virus (so be mo) is the type member and
turnip rosette virus and possibly others be-
long to this group. Each has a narrow host
range. Transmission is by seeds and by
beetles. No serological relationships de-
tected.

Soil-borne wheat mosaic: see wheat soilborne mosaic virus

Solanum 1,2,3
Solanum 7,11

Solanum nodiflorum
mottle!”>

Solanum yellows

Sonchus

Sonchus yellow net

Sorghum stunt mosaic

Sour cherry necrotic
ringspot

Sour cherry yellow

Southern bean
mosaic!’®
Sowbane mosaic

Sowthistle yellow vein

Soybean dwarf

synonyms for potato X, Y, A
synonym for potato M

possibly sobemovirus (1.5 x 10° dalton RNA
and 0.12 x 10° dalton circular satellite
RNA)

LuTEOVIRUS

PHYTORHABDOVIRUS (RHABDOVIRIDAE),
(subgroup A)

PHYTORHABDOVIRUS (RHABDOVIRIDAE),
(subgroup B), (alphid-transmitted)

probably phytorabdovirus (Rhabdoviridae),
(aphid-transmitted)

similar to tobacco streak virus

synonym for prune dwarf virus

type member of SOBEMO VIRUS group

possibly sobemovirus (no serological rela-
tionship to other viruses)

PHYTORHABDOVIRUS (RHABDOVIRIDAE),
(subgroup B, aphid-transmitted)

LUTEOVIRUS
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Soybean mosaic
Spartina mottle
Spinach blight
Spinach latent

Spinach yellow dwarf

Squach mosaic
Star mottle
Statice Y

Strawberry crinkle

Strawberry latent
ringspot!””!

Strawberry mild yellow
edge

Strawberry vein
banding

Strongwellsea magna
fungus

Subterranean clover
mottle

Subterranean clover red
leaf

Subterranean clover
stunt

Sugar beet yellows

Sugarcane Fiji disease

Sugarcane mosaic

Sunblotch

Potyvirus

possibly potyvirus (mite-borne)
synonym for cucumber mosaic virus
ILARVIRUS

unclassified (possibly tobamovirus) (rigid
rods of 15 X 250 nm, narrow host range)

CoMOVIRUS
synonym for sowbane mosaic virus
possible potyvirus (aphid-transmitted)

PHYTORHABDOVIRUS (RHABDOVIRIDAE), (aphid-
borne)

possibly nepovirus (but two proteins of 44
and 29 X 10° and two RNAsto 2.4 and 1.4
daltons and, at times, a satellite RNA of
0.4 x 10° daltons that codes for a protein;
no serological relationship to others)

possibly luteovirus
Caurmmovirus (double-stranded DNA)
possibly Baculoviridae

possibly sobemovirus with circular satellite
RNA of 0.12 x 10° daltons

Luteovirus
probably luteovirus

CLOSTEROVIRUS

Fyivirus (REOVIRIDAE), (leaf-hopper-transmit-
ted)

PoTryvirus

VIROID
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Sunflower ringspot

Sunnhemp mosaic!”®

Sweet clover necrotic
mosaic

Sweet potato A

Sweet potato mild
mottle

Sweet potato russet
crack

Tabak Krausel
Krankheit

Tabakmauche
Tabak—Streifen
Tamarillo mosaic

Teasel mosaic

Tephrosia symptomless

Theobroma 1 (or
inflans)

Thielaviopsis basicola
Thistle mottle
Thraustochytrium
Tobacco etch

Tobacco leaf curl

Tobacco mosaic
(TMV)7)

similar to alfalfa mosaic virus but not se-
rologically related

TOBAMOVIRUS (coat protein gene separately
encapsidated in 40-nm long rod, distantly
related to tobacco mosaic virus)

DIANTHOVIRUS (soil-borne)

possibly potyvirus (aphid-transmitted)
possibly potyvirus (wildfly-transmitted)

possibly potyvirus (aphid-transmitted)
strain of tobacco rattle virus

strain of tobacco rattle virus

strain of tobacco rattle virus
Potyvirus

possibly potyvirus (aphid-transmitted)

possibly tombusvirus (but no serological re-
lationship to any other virus detected, nar-
row host range)

synonym for cocoa swollen shoot

Mycovirus (double-stranded RNA)
possibly caulimovirus

Mycovirus (double-stranded RNA)
Potyvirus (with 5’ terminal protein)

probably geminivirus (possibly identical
with tomato yellow dwarf)

ToBAMOVIRUS (type member of group). The
TMYV rods are 18 x 300 nm, helical pitch
2.3 nm (194 S), density in CsCl 1.325
g/cm?3. The RNA has a molecular weight
of 2 x 10°. It is 5’ terminally capped, and
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Tobacco mosaic
(TMV)7)
(continued)

Tobacco necrosis!&?

Tobacco necrotic dwarf
Tobacco rattle(®!

Tobacco ringspot!®?

Tobacco rosette

Tobacco stem tumor

Tobacco streak!®?
Tobacco vein assistor
Tobacco vein distorting
Tobacco vein mottling

Tobacco yellow dwarf

its 3’ end accepts histidine under tRNA
charging conditions. Of the coat protein of
158—161 amino acids in different strains
(17.5—18 x 103 daltons) 2130 molecules
form the typical rod, each bound to three
nucleotides of the RNA (4 nm radius), thus
6390 make up the total length of the viral
RNA; it and the coat protein, as well as
that of the proteins of several of its strains
have been sequenced.

type member of NEcrovirus group which in-
cludes cucumber necrosis and melon ne-
crotic spot virus: Icosahedral 28 nm di-
ameter particles (118 S, density in CsCl 1.4
g/cm?) consisting of 1.4 x 10° dalton RNA
and 180 protein molecules of 22.16 x 103
daltons; soil-borne, transmitted by fungus
(Olpidius), wide host range among an-
giosperms, not serologically related to
other viruses tested including cucumber
necrosis virus. Often associated with sat-
ellite virus (satellite tobacco necrosis
virus) (Figure 22)

Luteovirus
type member of ToBRAVIRUS group (Figure 23)

type member of NEPOVIRUS group (often con-
taining multiple molecules of satellite
RNA of 0.1 x 10° daltons)

unclassified (apparently a complex of two,
possibly defective viruses)

possibly geminivirus (icosahedral 17 nm di-
ameter particles, seed-transmitted, wide
host range)

type member of ILARVIRUS group
possibly luteovirus

possibly luteovirus

Potyvirus (aphid-borne)

probably geminivirus (single-stranded DNA)
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Tobacco yellow net

TOBAMOVIRUS GROUP (84!

TOBRAVIRUS GROUP!ES

possibly luteovirus

A most intensively studied relatively small

group of very stable rigid rod virions. To-
bacco mosaic is its type member (U1).

Other members are cucumber green
mottle mosaic (CGMMYV), cucumber 4
(CV4), Frangipani mosaic, Odontoglossum
ringspot, (Holmes) ribgrass mosaic [HR);
(sequenced protein), Sammon’s Opuntia,
sunnhemp mosaic (sequenced protein), to-
mato mosaic, and U2-tobacco mosaic vi-
ruses. Dahlemense, masked, and. green
and yellow aucuba viruses are strains of
Ul. All of these are serologically more or
less closely related. Their host ranges vary
from wide to limited. Transmission is gen-
erally only mechanical.

Other rigid rod viruses of varying or
multiple lengths and stabilities, regarded
as possible members on the basis of their
shape, are broad bean necrosis, beet ne-
crotic yellow vein, chara corallina, Nico-
tiana velutina mosaic, peanut clump, po-
tato mop-top, and soil-borne wheat mosaic
virus. For chara corallina and potato mop-
top distant serological relationships to Ul
have been reported.

Composed of two types of tubular helical

particles (pitch 2.5 nm) of 22 nm diameter.
The longer particle (L) is about 200-nm
long and the shorter ranges from 46-114
nm length for different strains of viruses
(300 S and 150-250 S, density in CsCl
1.30-1.32 g/cm?®). The coat protein is
about 22 x 10° daltons. The RNAs (5%)
of the two types of particles are 2.4 and
0.6-1.4 x 10° daltons. Only the latter
RNA is capped. In contrast to other mul-
tiparticle viruses, that require several
components for infectivity, the larger
RNA or virion of tobraviruses is by itself
infectious. However, no virions are pro-
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TOBRAVIRUS GROUP!8S)
(continued)

Tollkirschen—
Scheckungs

Tomato aspermy!®®

Tomato atypical
mosaic (Y,G)

Tomato black ring®”

Tomato bunchy top
Tomato bushy stunt
Tomato etch
Tomato fernleaf

Tomato leaf curl

Tomato (golden)
mosaic

Tomato mosaic

Tomato Peru mosaic

Tomato ringspot

Tomato spotted wilt/®®

duced as the result of such infection, since
the coat protein gene is located on the
smaller RNA. The type member is tobacco
rattle virus, and the only known other
members are pea early browning virus, and
possibly peanut clump virus. Serological
relations vary greatly even within strains
of the type members.

The host range is wide, transmission
by nematodes in persistent manner and by
seed.

synonym for belladonna mottle virus

CUCUMOVIRUS

strains of tobacco mosaic virus (Y = yellow,
G = green)

Neprovirus (with satellite RNA 3 of 0.5 x 10°
daltons)

synonym for potato spindle tuber viroid
type member of TOMBUSVIRUS group
probably identical with tobacco etch virus
synonym for cucumber mosaic virus

GEMINIVIRUS (possibly identical with tomato
yellow mosaic and leaf curl), (single-
stranded DNA)

GEMINIVIRUS (possibly synonym for tomato
yellow dwarf), (single-stranded DNA), se-
rologically related to cassava latent virus

ToBamovirus (serologically related to to-
bacco mosaic virus, 30 amino acid ex-
changes, host range wide among Solana-
ceous species)

probably potyvirus (transmitted by aphids)
NEPOVIRUS

Monotypic: 82 nm spherical particles (560 S,
density 1.21 g/cm?® in sucrose, probably
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Tomato spotted wilt®®
(continued )

Tomato top necrosis

Tomato yellow dwarf

Tomato yellow net and
top

TOMBUSVIRUS GROUP!®?)

Tradescantia/Zebrina

plus-strand RNAs lacking poly(A) of 2.6,
1.9, 1.7, and 1.3 x 10° daltons, four gly-
coproteins ranging from 78 to 27 x 10?
daltons, 20% lipid, wide host range, trans-
mitted by thrips in persistent manner)

possibly nepovirus

GEMINIVIRUS, possibly the same as tomato
leaf curl and tomato (golden) mosaic virus
(single-stranded DNA)

possibly and probably luteoviruses

Icosahedral particles of 30 nm diameter (140
S). These consist of one molecule of RNA
(17%) of 1.5 x 10° and a coat protein of
41 x 103 daltons.

Tomato bushy stunt virus is the type
member, and others are artichoke mottled
crinkle, carnation Italian ringspot, Cym-
bidium ringspot, eggplant mottled crinkle,
Pelargoinium leaf curl, and Petunia aster-
oid mosaic virus. All are serologically
closely related.

The host range is wide, transmission
mechanical and through the soil.

possibly potyvirus (aphid-borne)

Transitory yellowing: see rice transitory yellowing

Trespen—Mosaik

Tricorna viruses?

Trifolium 2

Triticum aestivum
chlorotic spot

synonym for brome mosaic virus

A proposed name for the group of plant vi-
ruses with tripartite single-stranded RNA
genome

synonym for red clover vein mottle virus

possibly phytorhabdovirus (Rhabdoviridae)

True broad bean mosaic: see broad bean true mosaic virus

Tulare apple mosaic

Tulare apple streak
mosaic

ILARVIRUS

ILARVIRUS
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Tulip Augusta disease identical with tobacco necrosis virus

Tulip breaking Potyvirus (narrow host range)

Tulip mosaic synonym for tulip-breaking virus

Tungro: see rice tangro virus
Turnip 2 strain of radish mosaic virus

Turnip crinkle/®! structurally similar to tombusvirus (no se-
rological relationship to other viruses,
transmitted by flee-beetle). Virion con-
tains a satellite RNA of 0.17 x 10°¢ dal-

tons.
Turnip mosaic PoTtyvirus
Turnip rosette SOBEMOVIRUS
Turnip yellow type member of Tymovirus group (Figure 24)
mosaic?®?
Turnip yellow LUTEOVIRUS
TYMOVIRUS GROUP'®®! Icosahedral particles of 29 nm diameter (115

S, density in CsC1 1.42 g/cm?), composed
to 35% of RNA of 2 x 10, a coat protein
mRNA of 0.25 x 10° daltons, of known
sequence and identical to that of the 3’ end
of the genomic RNA (frequently also
larger subgenomic RNA molecules), and
180 molecules of the coat protein of 20 x
10® daltons. The RNAs are high in cytidine
(up to 41%); they are 5' terminally capped
and the 3’ terminus accepts valine under
tRNA charging conditions. “Top compo-
nent’’ particles lacking RNA (54 S) always
accompany the virions. The type member
is turnip yellow mosaic virus (tymo), and
there are at least 16 other members of the
group. All are more or less closely sero-
logically related, and several groups so
closely that they may be regarded as
strains, rather than separate viruses, e.g.,
Andean potato latent, belladonna mottle,
dulcamara mottle, eggplant mosaic, and
physalis mosaic viruses.
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Classification or properties (Group names in
Capitals)

Tymovirus GRouUP!®?)
(continued)

Ul
U2-U8

UmV (Ustilago maidis)
Urdbean leaf crinkle

Ustilago maydis

UW21, UW51 (Ustilago
maidis)

Velvet tobacco
mottle®¥

Vicia cryptic
Vigna sinensis mosaic
Viola mottle

ViroIDs!®%

Voandzeia mosaic

Their host ranges are usually narrow
(almost only dicotyledous), and transmis-
sion is mechanical and by beetles.

Tobamovirus, common tobacco mosaic
virus (vulgare)

strains of tobacco mosaic virus (U6 closely
related to U1, U2 less closely related)

unclassified

unclassified, similar to pea enation mosaic
virus

Mycovirusts (double-stranded RNA)

unclassified

possibly sobemovirus with 0.12 x 10° dal-
ton circular satellite RNA

cryptic viruses
possibly phytorhabdovirus (Rhabdoviridae)
PoTexVIRUS

An increasing number of plant diseases is
found to be caused by small cyclic single-
stranded RNA molecules. Most of these
are about 360 nucleotides long, and most
have been sequenced. They are character-
ized by a specific rod-shaped conformation
caused by hairpin looping, and unaffected
by considerable differences in nucleotide
sequences. Neither viroids nor their com-
plementary RNAs are translated. Their
mode of transcription—replication and in-
fectivity remains unknown. The type.
member is potato spindle tuber viroid, and
others are citrus exocortis, chrysanthe-
mum stunt, chrysanthemum chlorotic
mottle viroid, etc.

CARLAVIRUS, possibly strain of cowpea mild
mottle virus, though different host range
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Classification or properties (Group names in
Capitals)

Watermelon mosaic 1
and 2

Weidelgrass—Mosaik
Wheat 1 and 3
Wheat 6 and 7

Wheat chlorotic streak

Wheat dwarf

Wheat (soil-borne)
mosaic!®®

Wheat spindle streak

Wheat spindle streak
mosaic

Wheat streak

Wheat streak mosaic

Wheat striate mosaic

Wheat take-all

Wheat yellow leaf
Wheat yellow mosaic
White bryony mosaic
White clover

White clover mosaic
Wild cucumber mosaic

Wild potato mosaic

POTYVIRUSES

synonym for brome mosaic
synonym for wheat mosaic
synonym for wheat streak mosaic

probably phytorhabdovirus (Rhabdoviridae),
(leaf-hopper transmitted)

probably geminivirus

Possibly tobamovirus (rods of 281, 138, and
92 nm, RNA of 2.3, 1.2, and 1.0 x 10° dal-
tons, protein of 19.7 x 10% daltons). Either
of the shorter rods plus the long one
needed for infectivity. Distant serological
relationship to tobacco mosaic virus,
transmitted by fungus (Polymyxa gra-
minis), much similarity to beet necrotic
yellow vein and potato mop-top viruses.

Potyvirus (aphid-transmitted)

possibly closterovirus (up to 2000 nm long,
fungus-transmitted)

Poryvirus (aphid-transmitted)

PoTyvirus (mite-transmitted, no serological
relationships found)

PHYTORHABDOVIRUS (RHABDOVIRIDAE),
subgroup A (leathopper-transmitted)

Mycovirus (double-stranded RNA)
CrosTEROVIRUS, subgroup I

possibly potyvirus (fungus-transmitted)
possibly carlavirus (aphid-transmitted)
synonym for cymbidium ringspot virus
POTEXVIRUS

TymoOvVIRUS

possibly potyvirus (aphid-transmitted)
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Wineberry latent possibly potexvirus (but no serological rela-

tionship to others tested)

Winter wheat mosaic: see Russian winter wheat mosaic virus

Wisconsin pea stunt synonym for red clover vein mosaic virus

Wisteria vein mosaic PoTyvirus

Wound tumor®”! type member of PHYTOREOVIRUS group (REO-
VIRIDAE) (Figure 25)

Yam internal related to cacao swollen shoot

brownspot

Yam mosaic identical with Dioscorea green-banding

virus

Yellow aucuba: see aucuba virus

Yellow bean mosaic: see bean mosaic virus

Yellow cucumber CUCUMOVIRUS
mosaic
Yellow mottle unclassified 25-nm-diameter beetle-borne
rice virus
Yellow spot mosaic strain of alfalfa mosaic virus
Yucai TOBAMOVIRUS

Zea (mays): see maize mosaic virus
Zygocactus (X) possibly potexvirus

01-1-4-A,0-1916-A,3 Mycovirus (double-stranded RNA)
bla-A, 3 bla-B,3 bla-
C,38-4-A 4919-A
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SECTION III

Phages of Prokaryotes
(Bacteria and Cyanobacteria)?

! Partial list; many phages described incompletely or by only one laboratory are omitted.
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Phage and host! Family?

A (Corynebacterium)*): 50 nm diameter head and  Syphoviridae
83 nm tail

A (Escherichia coli): strain of ®X 174 Microviridae

A-1 (L) (Anabaena): 60 nm diameter head, 14 x 83 Cyanophages
nm tail contracting to 49 nm, with base plate 14
X 20 nm (cyanomyovirus)

Al-1 (Azospirillum): 56 nm head, 250 nm tail with Syphoviridae
six spikes, DNA of 26 x 10° daltons with cohe-
sive ends

A-2 (Anabaena): 63 nm head and 100 nm tail, DNA Cyanophages
of 24 x 10° daltons (cyanomyovirus)

A 4-L (Anabaena): 56 nm diameter head, 12 nm tail Cyanophages
(cyanopodovirus)

A 5/A 6 (Alkaligenes faecalis): 75 nm diameter head Syphoviridae
and 240 nm tail, serologically related to A25

A 6 (Alkaligenes faecalis): 90 nm diameter head and Myoviridae
110 nm tail

All (Azotobacter vinelandii): 120 nm diameter Myoviridae
head, 20 x 180 nm tail

A 11/A 79 (Alcaligenes faecalis): tail lacking ap- Myoviridae
pendages

A 12 (Azotobacter vinelandii): 56 nm diameter head Podoviridae

A 13 (Azotobacter vinelandii): 60 nm diameter Myoviridae
head, 10 X 170 nm tail

A 14 (Azotobacter vinelandii): 120 nm diameter Myoviridae
head, 20 x 180 nm tail, and 34% DNA of 165 x
106 daltons

A 20 (Asticacaulis): long tail with appendages Syphoviridae

A 21, A 22, A 23, A 24 (Azotobacter vinelandii), Podoviridae

(serologically interrelated phages): 57 nm diam-
eter head with short tail, 58% DNA

! Host bacteria used less frequently than the common enterobacteria, e.g., Escherichia, Sal-
monella, Pseudomonas, and Bacilli, will be included in the alphabetical listing. Please
note that many phages are identified by the Greek ® before the letter or number. Thus
search also under ®. The Greek letters are placed after the Latin alphabetic listing, followed
by number identifications (Arabic followed by Latin numerals).

2 Names of genera, when proposed or accepted, are given in parentheses. Syphoviridae is
the name approved by the ICTV for the group termed Styloviridae for a while and cor-
responds to Bradley’s group B. A = Myoviridae, C = Podoviridae.
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Phage and host Family

A 25 (Streptococcus), (related to GT 234): 47 nm Syphoviridae
diameter head and tail with terminal knob, 8 x
185 nm, virulent transducing phage

A 31 (Azotobacter vinelandii): 61 nm diameter Syphoviridae
head, 26% DNA

A 41 (Azotobacter vinelandii): unstable particles, Podoviridae
DNA of 46 x 10° daltons

A 64/A 62 (Alcaligenes faecalis). isometric with Syphoviridae
long, thin tail

A 422 (Brucella spp.)? identical to Tbilisi phage

AC-1 (Anacystis, Chroococcus): 63 nm diameter Cyanophage
head, 25 nm tail (cyanopodovirus)

Ac 20 (Asticacaulis): isometric head Syphoviridae
Acholeplasma phages: L 2, L 3, L 51, MVG, MVL
Achromobacter (now classified as Vibrio) phages: al, a2

Acinetobacter phages: BP 1, P 78

Actinophages: Phages of Actinomyces, Corynebacterium, Arthrobacter,
Mycobacterium, Streptomyces, Thermoactinomyces, Thermomono-
spora, Nocardia, Bifidobacterium, etc.

AE 2 (enterobacteria): 5 x 800 nm (43 S), (fd group Inoviridae
of inoviruses)

AG 8010: see ® AG 8010

Agrobacterium phages: B 179, LHII, LVI, P 0362, P 8149, BII BNV, PB 2A,
PR, P 58, P S192, PSR, PT, R 4, ¥, Q

Alcaligenes phages: A5, A6, A11/A 79, A 64/A 62, 8764, 8893
AN 10, AN 15 (cyanomyoviruses) Cyanophages
AN 20, AN 22, AN 24 (cyanopodoviruses) Cyanophages
Ancalomicrobium phages: EV, SP, Va

AP 50 (Anthrax)®': 14% phospholipid containing Tectiviridae
phage, high strain specificity, buoyant density in
sucrose 1.198 g/cm?, in CsCl, 1.301 (related to PR
3)

AR 1 (Bacillus subtilis): SP 8 group Myoviridae
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Phage and host Family

AR 2, AR 3 (Bacillus subtilis): 100 nm diameter Myoviridae
head, 200 nm tail with base plate with 100 nm
fibers (SP50 group)

AR 9 (Bacillus subtilis)*::contains uracil instead of Myoviridae
thymine (PBS1 group)

Arthrobacter phages: ®AG 8010, NN

AS-1 (M), (Anacystis, Synechococcus spp.): Cyano- Cyanophage

phage, type species of genus cyanomyovirus. The
isometric head has a diameter of 90 nm and a tail
of 23 X 244 nm, contracting to 93 nm, with short
tail pins on a 40 nm base plate (750 S, buoyant
density in CsCl 1.5 g/cm?®). The DNA is about 60
x 102 daltons, and there are about 30 proteins.
(Cyanomyovirus)

Asticacaulis phages: A 20, AC 20

AT 298 (Streptococcus): unclassified

Azotobacter phages: A 11-A 14, A 21-A 24, A 31, A 41

B (Corynebacterium diphtheriae) Syphoviridae

B 01 (B 02a, B 02b), (Mycobacterium smegmatis): similar or identical to
Phlei

B 01 (Escherichia coli): (subgroup I) Leviviridae

B 1, B 3, B 33 (Pseudomonas aeruginosa): female- Syphoviridae
specific temperate phages, 50 nm diameter head,
135 nm tail with terminal knob (buoyant density
in CsCl 1.473 g/cm?), DNA of 25 x 10° daltons

B 6, B 7 (Enterobacteria) probably
Leviviridae

B 33 (Pseudomonas aeruginosa)®: related to Bl

B 179 (Agrobacterium radiobacter): unclassified

BA 14 (Escherichia coli): related to T 7

Bacillus megaterium phage (ATCC-specific): 42 x 10° dalton DNA
Bacillus thuringiensis phages: GT 1, etc.; GV 1, etc.

Bacterioides phages: ®A 1: unclassified
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Phage and host Family

B am 35 (Bacillus anthracis): unusual structure of Tectiviridae
isometric 63 nm head with spikes at vertices and
at short tail (Figure 26)

Bdello vibrio phages: VL-1: unclassified
Berne 6/29 (Vibrio)'®: 66 x 74 nm head, short tail Podoviridae

BF 23 (Escherichia coli)”): closely related to T 5 Syphoviridae
BG 3 (Escherichia coli): related to T5 Syphoviridae
Bk (Brucella) Podoviridae

BL (Corynebacterium diphtheriae) Syphoviridae

BLE (Bacillus)®: 43 x 120 nm head and 220 nm tail, Syphoviridae
39 x 10° dalton DNA

BM (Bacillus): 60 nm diameter head with 15 X 130 nm tail
BP 1 (Acinetobacter): similar to P 78 Podoviridae

Brucella phages: many Podoviridae including A 422, M 51, S 708, Tbilisi
(Tb), Bk, Wb, R

Butyricum (Mpycobacterium butyricum): 63 nm Syphoviridae
head with 213 nm tail with terminal knob (410
S), DNA of 116 x 10° daltons

BZ 13 (Escherichia coli): (subgroup II) Leviviridae

C (Actinomyces): see ®C

C (Nocardium erythropolis)®'; 52 nm diameter head, 10 x 192 nm tail
C 1 (Micrococcus)*?: 45 nm diameter head Podoviridae

C 1 (Escherichia coli): 90 nm diameter head, tail Syphoviridae
with pointed tip

C 5 (Escherichia coli), (inovirus) Inoviridae
C 16 (Escherichia coli), (T-even group) Myoviridae
C 22 (Escherichia coli), (inovirus) Inoviridae

C 31 (Streptococcus coelicolor): temperate phage Inoviridae
(inovirus)

Caryophanum latum phages: ®CL 29, CLV 29

Caulobacter crescentes phages: many CB, cb, Cd, Cp, CP, CR phages,
and ®6

CB 3 (Pseudomonas aeruginosa)'!': unclassified
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Phage and host Family

Cb K (Caulobacter crescentes): unclassified

Cb 5, Cb 8, Cb 13, etc. (Caulobacter crescentes): see ®Cb 5, ®Cb 8, Cb
13, etc.

Cd 1 (Caulobacter crescentes): 60 nm head, 11 nm Podoviridae
tail, DNA of 28 x 10° daltons

Cf (Xanthomonas)*?): 1000-nm long, host-specific, Inoviridae
not pathogenic, C/A = 2, with 2% of an uniden-
tified base (inovirus)

Chondrococcus phages: x

Clostridian phages: F1, HM 2, HM 3, HM 7, k, M, S 2, 1, 80, a1, 2.

CorTicovirRiDAE!'?): Icosahedral particles of about 60 nm diameter with
spikes at the vertices. The virion consists of a supercoiled DNA of 6
x 102 daltons (12%), lipid, mostly phospholipid (13%), and four pro-
teins (75%), (of 43, 32, 12, and 5 x 10° daltons). Type species PM 2.

Corynebacterium phages: B, BL, B, v, w
Cp, CP: many Caulobacter crescentus phages, see ®Cp, $CP
CP 1 (Bacillus cereus): 90 nm diameter head and 20 x 160 nm tail

CP 1 (Pseudomonas): 55 nm head, 15 X 145 nm tail, Myoviridae
30 x 10° dalton DNA, chloroform-sensitive yet
no lipid

CP 1 (Streptococcus pneumoniae): Hexagonal head Myoviridae
(45 x 60 nm) and 15 x 20 nm tail, head fibers,
and neck appendages. DNA of 19 S (12 x 10° dal-

tons), with covalently-linked protein of 28 x 103
daltons.

CP 2, CP 18 (Caulobacter crescentus): see ®CP 2, ®CP 18
CP 3 (Bacillus subtilis): 66 nm diameter head and 13 X 276 nm tail

CP 51 (Bacillus cereus)*: transducing phage with ~ Myoviridae
90 nm diameter head, 20 X 160 nm tail, DNA
of 58 x 10 daltons containing 5-hydroxymethyl-
uracil instead of thymine (SP8 group)

CP 53 (Bacillus cereus): transducing and lysogen- Myoviridae
izing phage, head of 66 nm diameter, 13 X 276
nm tail, DNA of 17 x 10° daltons

CR: many Caulobacter crescentus phages, see ®CR, CR

CS-1 (Bacillus megaterium): 54 nm head, 10 x 200 Syphoviridae
nm tail
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SECTION III

Phage and host Family

CT 1 (Rhizobium trifolii): 60 nm diameter head, 23 Myoviridae
X 118 nm tail

CT 2 (Rhizobium trifolii) Myoviridae

CT 3 (Rhizobium trifolii): 110 nm diameter head, Myoviridae
25 x 150 nm tail

CT 4 (Rhizobium trifolii)*¥: 60 nm diameter head, Myoviridae
23 x 107 nm tail

CT 5 (Rhizobium trifolii): 54 nm diameter head, 19 Myoviridae
X 100 nm tail

CT 6 (Rhizobium trifolii): 88 nm diameter head, 26 Myoviridae

X 130 nm tail

CyaNoPHAGEs!'®: Phages of blue-green algae (Cyanobacteria). All cyano-
phages contain a single molecule of double-stranded DNA and have
typical phage heads and tails, resembling myo-, stylo-, or podoviridae.
They are thus classified as genera under these family names. The type
species of the cyanomyoviruses is AS-1. Its host range is Anacystis and
Synechococcus species. Other members are N-1, A-1(L), and A-2 of
filamentous cyanobacteria such as Nostoc (Anabaena).

The cyanostyloviruses (S 1, S-2L, and SM-2) of Synechococcus, and
the last also of Microcystis have isometric heads of about 53 nm di-
ameter, rigid (S-1) or flexible tails of 10 X 120-140 nm, DNA of about
25 x 10° daltons.

The cyanopodoviruses (type species LPP-1) of Plectonema and
Phormidium have isometric heads of 50—70 nm diameter, tails of 15
x 15 nm, 27 x 10° dalton DNA and 10-14 proteins (548—820 S, buoy-
ant density in CsCl 1.48 g/cm?®). Other members are LPP-2, SM-1 of
Synechococcus and Microcystis, A4-L (of Anabema), and AC-1 of An-
acystis and Chroococcus.

CysToviRiDAE!'®; Isometric particles of about 60 nm diameter within a
flexible lipid-rich (mostly phospholipid, 20% of particle weight) en-
velope (446 S, density in CsCL 1.27 g/cm3). Three double-stranded
RNAs of 2.3, 3.1, and 5.0 x 10° daltons and at least 11 proteins, in-
cluding RNA polymerase. The host of the type species ®6, a marine
Pseudomonas, is infected via its pili, and lysed by the phage.

D (Hydrogenomonas facilis): similar to SH 133

D (Escherichia coli): temperate phage related to P 2 Myoviridae
D 1 (Blue-green algae): unclassified cyanophage
D 3 (Pseudomonas aeruginosa): 70 nm diameter Syphoviridae

head, 12 x 150 nm tail with six knob-like pro-
jections, 44 x 10° dalton DNA, temperate phage
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Phage and host Family

D 4 (Mycobacterium spp.): sensitive to chloroform, yet probably contains
no lipid (see D 29)

D 5 (Bacillus stearothermophilus) Myoviridae

D 6 (Salmonella oranienburg): unclassified
D 12 (Escherichia coli): (T-even group) Myoviridae

D 28, D 29, D 29A, D 32 (Mycobacterium spp.): similar to D 4 (D 29: 65
nm diameter, variable tail length, three major, three minor proteins)

D 108 (Escherichia coli)'”: general transducing  Myoviridae
phage, 65 nm diameter head, 22 x 173 nm tail

D 326 (Escherichia coli): related to ®80

Dd II (Shigella dysenteriae): Head of 55 nm diameter Podoviridae
and short tail (15 x 20 nm), (480 S, buoyant den-
sity in CsCl is 1.52 g/cm?®). The phage contains
45% protein, 5% lipid, and 47% DNA (33 S) of 30
x 10 daltons.

Dd VI (Shigella dysenteriae, also Escherichia coli): Myoviridae
Elongated head (86 x 115 nm), and long contrac-
tile tail (18 x 130 nm), (859 S, buoyant density
in CsCl 1.48 g/cm?®). The phage contains 48%
DNA (66 S, 143 x 10° daltons) with glycosylated
5-hydroxymethylcytosine instead of cystosine (T-
even group).

Dd VII (Shigella dysenteriae, also Escherichia Syphoviridae
coli)*®: Head of 50 nm diameter and long non-
contractile tail (4 x 135 nml), (530 S, buoyant
density in CsCl 1.52 g/ml). Possibly contains
5-methylcytosin and 7-methylguanine.

Diplophages (Streptococcus): DP 1-DP 4, W 3, W 8
DM 11, DM 21, DM 31 (Levinea): unclassified

DP-1, DP-2, DP-3 (Streptococcus pneumoniae): Syphoviridae
Head of 67 nm diameter with envelope containing
lipid {8.5%), 150 nm tail without fibers (313 S,
buoyant density in CsCl 1.45 g/cm?), 67 x 10°
dalton DNA.

Dp-4 (Streptococcus pneumoniae)''®): 60 nm diam-  Syphoviridae
eter head, 155 nm tail, buoyant density in CsCl
1.48 g/cm®, DNA of 37 x 10 daltons, five pro-
teins



180 SECTION III

Phage and host Family

DS 6A (Mycobacterium): similar to D 4

D ® 3, D ® 4, D ® 5 (Enterobacteria) Microviridae

e (Rhizobium) 82 nm head, 124 nm tail Myoviridae

E 1 (Escherichia coli): octahedral head of 80 nm di- Myoviridae
ameter, 100 nm tail with cross-striations and four
fibers but no well-developed base plate

E 79 (Pseudomonas aeruginosa): attaches to cell Myoviridae

wall lipopolysaccharides, 38 S DNA

EC (Nocardia erythropolis): 52 nm diameter head and 10 X 197 nm tail

Ec 9 (Enterobacteria): 5 X 600 and 900 nm (possibly
fd group of inoviruses)

EJ (Escherichia coli): (subgroup II)

Inoviridae

Leviviridae

ES 18 (Salmonella): general transducing phage, long tail

Es.-7-11 (Escherichia coli): long (bacilliform) head

EV (Ancalomicrobium): 57 nm diameter head and
5 X 148 nm tail lacking plate and fibers

F 1 (Clostridium sporogenes): 55 X 90 nm head, 10
X 123 nm flexible tail with cross-striations (301
S)

f 1 (Enterobacteria)??: possibly identical with fd

F 1 (Escherichia coli)'®: large octahedral head and
thick tail with forked tip, type species

f 2 (Escherichia coli)!): type species (subgroup I}
f 4 (Escherichia coli): (subgroup I)
F 12 (Escherichia coli): (inovirus)

F 116 (Pseudomonas aeruginosa): 65 nm diameter
head, 80 nm tail, DNA of 38 x 10° daltons,
attaches to pili

FA 5 (Escherichia coli): (subgroup I)
FC 3-9 (Klebsiella pneumoniae): 110 nm looped tail
fcam (Escherichia coli): (subgroup I)

fd (Enterobacteria)®?): type species of main group
(inoviruses), (Figure 27)

possibly
Podoviridae

Syphoviridae

Syphoviridae

Inoviridae

Syphoviridae

Leviviridae
Leviviridae
Inoviridae

Syphoviridae

Leviviridae
Myoviridae
Leviviridae

Inoviridae
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Phage and host Family

FELS (Escherichia coli): recombinant of P 22, ES 18
Ff (Escherichia coli); subgroup of Inoviridae

FF 116 (Pseudomonas spp.): generalized transducing phage, attaching to
pili, contains DNA of 39 x 10° daltons

FH 5 (Enterobacteria): (subgroup IV, closely related Leviviridae
to SP)

FI (Escherichia coli): (subgroup IV) Leviviridae
FJC (Escherichia coli): {subgroup IV) Leviviridae
Flavobacterium phages: NCMB 384, 385

fr 1 (Escherichia coli): (subgroup I Leviviridae
FV Inoviridae

G (Bacillus megaterium): very large phage with Myoviridae
head of 160 nm diameter and 455 nm tail (con-
tracted 11 x 188 nm), 5 x 10® dalton DNA, type
species.

23,88, 812, g 16, g 18 (Bacillus subtilis): unclassified

G 4, G 6, G 13, G 14 (Escherichia coli)?®: similar  Microviridae
to ®X 174 (G 6 serologically related, others not)

G 101 (Pseudomonas aeruginosa): temperate phage, Syphoviridae
60 x 75 nm head, striated tail of 13 x 200 nm
with terminal tassel, 37 x 10° dalton DNA

G III (Blue-green algae): very virulent, possibly iden- Cyanophage
tical to LPP-1 (cyanopodovirus)

GA (Escherichia coli): (produces a relatively stable Leviviridae
RNA replicase), (subgroup II)

GA-1 (Bacillus stearothermophilus, B. subtilis)®': Podoviridae
45 X 60 nm head and 40 nm tail, collar with pins,

morphology and properties similar to ®29 (type
species)

GA/2 (Bacillus subtilis): defective phage, possibly identical to PBSX

Gd, Ge, Gf (Pseudomonas pseudoflora)®**': identical Syphoviridae
or very closely related to PBSX (pilus-dependent)

gh-1 (Pseudomonas putida): 50 nm diameter head, Podoviridae
short wedge-shaped tail, buoyant density in CsCl
1.45 g/cm3, 23 x 10° dalton DNA
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Phage and host

SECTION III

Family

GH 5, GH 8 (Bacillus stearothermophilus): thermophilic phage

GR (Escherichia coli): (subgroup I)

Leviviridae

GSW (Bacillus subtilis): contains 5-hydroxmethyluracil instead of thy-

mine

GT-1, GT-2, GT-3, GT-4, GT-5 (Bacillus thuringiensis): temperate phages

GT-6 (Bacillus)'®: SP 50 group

GT 234 (Streptococcus): transducing phage related
to A 25

GV 3, GV 5 (Bacillus)®: elongated head (GA-1
group)

GV 6 (Bacillus): (SP50 group)
H (Pasteurella pestis): related to ® I, ® II

H-1 (Bacillus subtilis): 100 nm head, 23 x 140 nm
tail, the 83 Xx 10° dalton DNA contains 5-hy-
droxymethyluracil instead of thymine

Haemophilus phages: MP 1, N 3, S 2

Halobacterium phage (H. salinarum): 57 nm head,
127 nm tail

HF (Hydrogenomonas facilis): similar to SH 133

HK 022 (Escherichia coli)*®: temperate phage, 45
X 51 nm head, 106 nm flexible tail, DNA of 26
x 10° daltons

HM 2 (Clostridium saccharoperbutylacetoni-
cum)'®': type species

HM 3 (Clostridium saccharoperbutylacetoni-
cum)'®: type species

HM 7 (Clostridium saccharoperbutylacetoni-

cum)'®: type species
HMT (Clostridium)'®: (HM 2 group)

HP 1 (Haemophilus influenzae), (mutants HP 1 cl
and c2): temperate phage of high transfection ef-
ficiency (1072), related to S 2, 50 nm diameter
head and 19 x 122 nm tail, DNA of 20 x 10°
daltons with cohesive ends

HR (Enterobacteria): 6 x 800 nm (fd group of ino-
viruses)

Myoviridae
Syphoviridae

Podoviridae

Myoviridae

Myoviridae

Myoviridae

Syphoviridae

Podoviridae
Myoviridae
Syphoviridae

Podoviridae

Myoviridae

Inoviridae



PHAGES OF PROKARYOTES 183
Phage and host Family
hv-1 (Vibrio): 70 nm diameter head, 220 nm tail Syphoviridae
Hydrogenomonas phages: D, HF, SH 133
Hyphomicrobium phages: Hy ® 30
Hy ® 30 (Hyphomicrobium), (294 S): (similar to T Podoviridae
7, PL 25), buoyant density in CsCl 1.508 g/cm?,
DNA of 30 x 10° daltons
13 (Mycobacterium smegmatis): transducing phage, Myoviridae
80 nm diameter head with visible capsomers, and
an 80 nm tail which contracts to 48 nm, contains
14% lipid
I 10 (Bacillus subtilis): pseudotemperate, related to Myoviridae
PBS 1
ID 2 (Escherichia coli): (subgroup IV) Leviviridae
If 1, If 2 (Enterobacteria): 5.5 x 1300 nm (inovirus) Inoviridae
IKe (Enterobacteria): 6.6 x 1300 nm (inovirus) Inoviridae

INovIRIDAE?®): A family composed of two rather dissimilar genera sharing

three properties: the phage particles are long (threads and rods, respec-
tively), contain single-stranded DNA, and are released by the host cell
without lysis. The genera are termed inovirus and plectrovirus.

The inoviruses are helical threads (pitch 3.2 nm) of characteristic
lengths for each species (6 x 750—-2000 nm, density in CsCl 1.29 g/cm?).
The single DNA molecule is circular and of corresponding lengths (1.7
x 106 daltons for the fd subgroup). The DNA is generally high in T
(33%). The coat protein consists of about 49 amino acids (molecular
weight about 5000), and there are a few {2—4) molecules of a second
protein of about 65 X 10° daltons, the maturation protein. Several of
these phages have been sequenced in terms of both DNA and protein.
They carry about nine genes. Phages of this genus infect male strains
of Enterobacteria including Pseudomonas, Vibrio, and Xanthomonas.
Infection is generally at the tip of pili. Six recognized subgroups are (1)
the Ff group of Enterobacteria and Pseudomonas (fd, f 1, AE 2, Ec 9,
HR, M 13, 2 G/2, ZJ/2, 8A, most about 800-, some 600- and 900-nm
longj, (2) If 1, If 2, and possibly Ike of Enterobacteria (about 1300-nm
long), (3) Pf 1 and Pf 2 of Pseudomonas (about 1900-nm long), (4) Cf,
Xf, Xf 2 of Xanthomonas (980-nm long), and (5) v 6 of Vibrio.

The other genus is the plectroviruses. These are straight rods pos-
sibly icosahedral, usually 14 x 84 nm, density in CsCl 1.37 g/cm?,
consisting of a circular DNA molecule of 1.5 x 10° daltons and four
proteins of 19—70 x 102 daltons. Their host is Acholeplasma. Members
are MVL 51, (the type species), MV-L 1, MVG 51, P 3 c¢/r, 10 tur, etc.;
a possible member is SV-C 1 of Spiroplasma (~13 x 250 nm).
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] 1 (Lactobacillus casei): 55 nm diameter head, Syphoviridae
flexible 10 x 290 nm tail, buoyant density in
CsCl 1.49 g/cm?, DNA of 24 x 10° daltons with
cohesive ends (though phage is virulent)
Jersey (Enterobacteria): isometric Syphoviridae
JP 34 (Enterobacteria): (subgroup II) Leviviridae
JP 501 (Enterobacteria): (subgroup I) Leviviridae
K (Clostridium sporogenes)?®: (F 1 group) Syphoviridae
K (Staphylococcus aureus): 70 nm diameter head, Myoviridae
15 x 210 nm tail with complex basal appendages
(buoyant density in CsCl 1.479 g/cm?), DNA of
33 x 10° daltons
K 1 (Streptococcus coelicolor) Syphoviridae
K 19 (Enterobacteria): isometric Myoviridae
KB 1 (smooth Salmonella strains)?®: 60 nm diam-  Podoviridae
eter head, 15 X 25 nm tail with complex base
plate
KJ (Escherichia coli): (subgroup II) Leviviridae
Klebsiella phages: FC 3—-9, Mp.
KT (Clostridium): (HM3 group) Myoviridae
KU 1 (Escherichia coli): {subgroup II) Leviviridae
KZ (Pseudomonas): 120 nm head and 180 nm tail, Myoviridae
DNA of over 200 x 10° daltons
L (Salmonella typhimurium): related to P 22 Podoviridae

L1,L2 L3, L 51 (mycoplasma viruses): see MVL 1, etc.

L-17 (Enterobacteria): closely related or identical to PRD 1, PR 3, etc.

Lactobacillus phages: J 1, PL 1
Lambda: see A

Leo (actinophage)

Syphoviridae

Levinea phages: DM 11, DM 21, DM 31: unclassified

LeviviRiDAER?):: The family name for the classical group of RNA phages.
Members of the only classified genus (levivirus) have tentatively been
divided into two physicochemically different groups (A and B), each
consisting of two serologically differing subgroups (A = [, II; B = 1II,
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LeviviRiDAE®C)::  (continued)

IV) with some phages showing intermediate properties. They are all
icosahedral, about 23 nm in diameter, 80 S, and have a buoyant density
in CsCl of 1.44—1.47 g/cm?®. They consist largely of 180 molecules (32
capsomers, T = 3) of a capsid protein of 13—14 x 10° daltons (Group
A) and about 17 x 10° daltons in Group B, all lacking histidine and,
at times, other amino acids. The virions also carry one molecule of a
“maturation’’ or “‘adsorption”’ (A) protein (about 45 and 48 x 10 dal-
tons in Groups A and B, respectively) that serves the role of phage tails
in being required for the typical attachment of the phage to the side of
the pili of generally male enterobacteria (Escherichia coli, etc.). (This
is in contrast to the Inoviridae which attach to the tip of the pilus).
Group B has an additional virion protein (A 1) of as yet unknown func-
tion (about 39 x 10 daltons). (Fig. 27).

The RNA of the Leviviridae is a single plus-strand molecule of
about 1.21 x 10° daltons in Group A (subgroups I and II) and 1.39 x
10¢ daltons in Group B (subgroups III and IV), since the latter carry the
additional information for the A 1 protein. Besides the virion proteins,
the Leviviridae carry a gene for a peptide chain of about 57 x 102 daltons
which together with three host proteins forms the RNA polymerase
necessary for the replication of these viruses. In addition, a lysis protein
was detected in group A (8 x 10° daltons), overlapping the end of the
coat gene, the intergenic sequence, and the beginning of the polymerase
gene. Such a protein has not yet been identified in group B phages. In
the latter, the coat and A 1 genes are coded in the same phase, the
proteins starting with identical N-termini and A 1 only continuing by
read-through of the weak coat gene termination signal. Group B, pos-
sibly because of its longer RNA, is more UV-sensitive than Group A.
Several of these phages have been sequenced.

All Leviviridae lyse the host cell within less than an hour, releasing
several thousand progeny. Members of Group I are MS 2 (the type spe-
cies), f 2, £ 4, fr, R 17, JP 501, FR 1, Zr, BO 1; of Group II, GA, SD, TH
1, BZ 13, KU 1, JP 34, KJ; of Group III, QB, VK, ST, TW 18; and of
Group 1V, SP, FI, TW 19, TW 38, MX 1, and ID 2—all attacking en-
terobacteria. Among other not yet classified Leviviridae are several
Caulobacter phages (many of the ® CB, ® CP, and ® Cr groups) and
PPR 1, PP 7, and 75 of Pseudomonas. Certain Bdellovibrio phages may
also be Leviviridae.

LHII (L II) BNV (6-1, and 6-2), and LH I (L II) BV (7- Syphoviridae
1 and 7-2), (Agrobacterium tumefaciens): 72 nm
diameter head and 235 nm flexuous tail with six

appendages near end (591 S), buoyant density in
CsCl 1.51 g/cm?

LL 55: see ® LL 55
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LP 51, LP 52 (Bacillus licheniformis)®: temperate Syphoviridae
interrelated phages (see ® 1)

LPP-1, LPP-2, (LPP-3) (Lyngbya, Plectonema, Phor- Cyanophage
midium): 58 nm head, 20 x 15 nm tail (~500 S,
buoyant density in CsCl 1.48 g/cm3), (cyanopo-
dovirus)

LT 2 (Salmonella typhimurium): similar to L

LV 1 (Agrobacterium tumefaciens), (very similar to Syphoviridae

or identical with w, PB 2A, PS 8): Particles with
hexagonal head of 70 x 80 nm diameter with flex-
uous tail of 18 X 280 nm, buoyant density in CsCl
1.505g/cm?, DNA of 34 X 10° daltons. The main
proteins have molecular weights of 48 x 102
(50%), 30 x 10% (30%], 16 x 10% (16%), and 69
x 10° (4%).

M (Clostridium sporogenes): large and small particles (M1 and Ms) with
83 and 48 nm diameter head, 10 x 337 and 13 X 177 nm tail

m (Rhizobium): 110 nm head, 144 nm tail Myoviridae
M 1 (Streptococcus): elongated head Syphoviridae

M, (Thermoactinomyces): 50 X 62 nm head and 90 Syphoviridae
nm tail

M 2 (Bacillus subtilis): (related to GA-1 and B3) car- Podoviridae
ries a protein at ends of DNA strands

M 6 (Enterobacteria): (inovirus) Inoviridae

M 12 (Escherichia coli): (subgroup I) Leviviridae

M 13 (Enterobacteria): closely related to fd (inovi- Inoviridae
rus)2¢)

M 20 (Enterobacteria) Microviridae

M 51 (Brucella spp.): similar, but not serologically related to Tbilisi phage

MB 78 (Salmonella typhimurium)®!: 60 nm di- Syphoviridae
ameter head, 95 nm tail with large basal knob

Methanomonas phages: MP 1-MP 3
MG 40 (Salmonella typhimurium): similar to L Podoviridae

Micrococcus phages: C1, N 1-N 8, W, X
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MicroviriDAE®?): Icosahedral virions of 27 nm diameter with bulky spikes

on the 12 vertices (particle weight 6.7 x 10 ¢, 114 S, density in CsCl
1.40 g/cm?). The particles contain one molecule of single-stranded cir-
cular DNA, usually high in T (33%), and of 1.7 x 10° daltons. The four
proteins are the 60 molecules of the capsid protein of about 48 x 103
daltons, 12 pentameters of 19 X 10% and 5 x 102 dalton proteins form-
ing the spikes, and a protein of 36 x 10% daltons forming their tips.
Several microviruses have been sequenced. There are nine genes, sev-
eral of them overlapping and transcribed in different phases. These
phages adsorb by their spikes to the cell wall of their hosts, entero-
bacteria, and are released by cell lysis. The type species is ® X 174, and
other members are d ® 3, d® 4, d® 5 G4, G 6, G 13, G 14, M 20,
SA-1, S 13, St-1, U 3, WA/1, Wf/1, « 3, « 10,8 1,3, 18, 06, ® A, ®
R 1®1,1®3 1d7, 1d9. Three groups have also been defined:
Group A (member « 3) infects E. coli strains B and C, Group B (® X
174, ® R, S 13) infect strain C but not B and U 12 (they are serologically
related to Groups A and C), Group C (member St-1) infects Escherichia
coli K 12, not strains B and C

Mini-phages: satellite phages, such as mini-M 13 Inoviridae
(half length), (inovirus)

mor 1 (Bacillus): 43 x 88 nm head, 146 nm tail, and Syphoviridae
28 x 10° dalton DNA, type species (Figure 28)

Mp (Aerobacter aerogenes, Escherichia coli, and Syphoviridae
Klebsiella pneumoniae, not Salmonella, Proteus,

Serratia spp.): hexagonal 62 nm head, flexuous tail

of 6 X 165 nm, DNA of 23 x 10° daltons

MP 1, MP 2, MP 3 (Methanomonas methylovora): 100 nm diameter head
and 30 X 100 nm tail

MP 7 (Bacillus megaterium QMB 1551): 60 x 70 Syphoviridae
nm head, thin 170 nm tail, DNA of 42 x 10° dal-

tons

MP 13 (Bacillus megaterium): odd-shaped head, 200 Myoviridae
nm tail; note complex tail spikes (Figure 29)

MP 15 (Bacillus megaterium): round head, 300 nm Syphoviridae
tail; note small spheres attached to tail (Figure 30)

MS 2 (Escherichia coli): type species (subgroup I) Leviviridae

MSP 8 (Streptomyces griseus): 56 X 71 nm head and Syphoviridae

158 nm tail (Fig. 27)
MU(1): see p(1)
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MV Br 1 (Acholeplasma): 72 nm diameter head, long Probably

tail Syphoviridae
MVG 51 (Acholeplasma laidlawii): (plectrovirus) Inoviridae
MV Lg-pS 2L (Acholeplasma laidlawii) Plasmaviridae
MVL 1 (Acholeplasma laidlawii): not lytic nor cy- Inoviridae

tocidal (plectrovirus)

MVL 2 (Acholeplasma laidlawii)®*®: not lytic nor ~ Plasmaviridae
cytocidal (type species)

MVL 3 (Acholeplasma laidlawii): not lytic but cy- Podoviridae
tocidal, 60 nm head, a thin collar with attached
fibers, a 10 x 20 nm tail, 26 x 10° dalton DNA

MVL-51 (Acholeplasma laidlawii): not lytic nor cy- Inoviridae
tocidal (type species of plectrovirus)

MX (Escherichia coli): intermediate between Leviviridae
subgroup III and IV (group B)

MX 1 (Myxococcus xanthus): 90 nm diameter head, Myoviridae
thin collar, 100 nm tail with base plate and pins
(1145 S), buoyant density in CsCl 1.531 g/cm?, 23
proteins

MX 4, 41, 43 (Myxococcus xanthus): related gen- Myoviridae
eralized transducing phages with 67 nm head, 22
X 120 nm tail, DNA of 39 x 10° dalton, termi-
nally redundant, but apparently lacking cohesive
ends

MX 8, 81, 82 (Myxococcus xanthus): related gen- Podoviridae
eralized transducing phages, 60 nm diameter head

MX 9 (Myxococcus xanthus): 60 nm diameter head, Podoviridae
dubious tail

MY (Escherichia coli): {subgroup I) Leviviridae
Mycobacterium phages: Butyricum, Phlei, B01, D 4,13, R 1, Leo

Mycoplasmaviruses®®: Type 1: (plectrovirus) not Inoviridae
cytolytic,

type 2: not cytolytic, Plasmaviridae
type 3: not yet classified, cytolytic. Podoviridae

MyovVIRIDAE (corresponding to Bradley’s group A )34: Large phages with
medium to long complex contractile tails. The T-even phage group of
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MYOVIRIDAE (continued)

enterobacteria represents the best known genus (see under T-even
phage group). Others have not yet been formally classified. Among
these are phages with either elongated heads (9266 and 16—19 of en-
terobacteria and 108/106 of Thermomonospera), or isometric heads
(K19, o1, P1, P2, Vil, and 121 of enterobacteria, PIIBNV6 of Agrobac-
terium, A 6 of Alcaligenes, G, PBS1, SP3, SP8, SP-15, and SP50 of Ba-
cillus, HM3 of Clostridium, J3 of Mycobacterium, CP1, PB-1, PP8, K2,
W-16, and 125 of Pseudomonas, CT4, e, m, and WT1 of Rhizobium,
Twort of Staphylococcus, RZb of Streptococcus, and XP5 of Xantho-

monas).

Myxococcus phages: MX 1, MX 4 (41, 43), MX 8 (81, 82)

N 1 (Micrococcus lysodeicticus): 64 nm diameter
head, 227 nm tail, DNA of 32 x 10° daltons, re-
lated to 186, but virulent, though DNA contains
cohesive ends

N-1 (Nostoc = Anabaena): isometric 61 nm head,
100 nm tail with rigid spikes, and two flexible
fibers at neck (539 S, buoyant density in CsCl
1.500 g/cm?®), DNA of 43 x 10° daltons, 19 pro-
teins (cyanomyovirus)

N 3 (Haemophilus influenzae): 60 nm head and 200
nm tail lacking terminal fiber(s), 26 x 10° dalton
DNA with cohesive ends

N 4 (Escherichia coli K12): 70 nm diameter head,
with complex base plate, (436 S), DNA of 40 X
10¢ daltons, ten proteins

N 5, N 6 (Mycrococcus lysodeicticus): similar to A

N 1-N 8 (Micrococcus luteus): N 1-N 4, N 7, N 8,
similar morphology, different from N 5 and NG6;
the DNA has cohesive ends

N 8 (Enterobacteria)
N 17 (Bacillus)®: SP 50 group

Syphoviridae

Cyanophage

Syphoviridae

Podoviridae

Syphoviridae

Microviridae

Myoviridae

N 17 (Shigella flexneri)'®®): contains 5-hydroxycytosin instead of cytosine

NC MB 384, 385 (Flavobacterium cytophaga spp.)
NF (Bacillus subtilis)'®: Member of ® 29 group
NH, NM (Escherichia coli): (subgroup III)

Syphoviridae

Leviviridae
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NM-1 (Rhizobium): isometric Syphoviridae

NN (Arthrobacter): 75 nm diameter head and 220 Syphoviridae
nm tail

NN (Bifidobacterium): 60 nm diameter head and Syphoviridae
215 nm tail

Nocardia phages: ® C, EC, R1

NS 11 (Bacillus acidocaldarius): acido-thermophile Corticoviridae
phage, contains 12% lipid, 14% DNA, virion of
75 nm diameter with spikes at vertices

NT 1 (Rhizobium trifolii): 62 nm diameter head, 12 Syphoviridae
X 140 nm tail

nt-1 (Vibrio): 72 X 137 nm diameter head, 113 nm Myoviridae
tail

NT 2 (Rhizobium trifolii): 60 nm diameter head, 12 Syphoviridae
X 170 nm tail

NT 3 (Rhizobium trifolii): 57 nm diameter head, 15 Syphoviridae
x 130 nm tail

NT 4 (Rhizobium trifolii): 60 nm diameter head, 9 Syphoviridae
x 100 nm tail

O 1 (Enterobacteriae): isometric Myoviridae

O 3 clr (Plectrovirus) Inoviridae

OG6N-22P (Vibrio): 45 X 75 nm diameter head, 65 Myoviridae
nm tail

O 11 clr (Plectrovirus) Inoviridae

Omega: see w and O

Omicron: see o

OXN-52P (Vibrio): 70 nm diameter head, 120 nm Syphoviridae
tail

OXN-100P (Vibrio): 65 nm diameter head, 20 nm Podoviridae
tail

P 0362 (Agrobacterium tumefaciens): defective Syphoviridae

phage, head of 65 nm diameter and straight 130
nm tail, DNA of 25 x 10° daltons, buoyant den-
sity in CsCl 1.458 g/ml, lower T,, and different
protein than the LV 1 group
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P 1 (Salmonella, Escherichia coli): Generalized Myoviridae

transducing phage of 65 nm diameter with 20 X
200 nm tail. DNA of 60 x 10°¢ daltons. The viral
DNA is not integrated into the host chromosome,
but resides in the cell as a plasmid. Specific re-
striction and modification systems were first
studied in this phage. The DNA is circularly per-
muted; it contains 0.3% N° methyladenine and
half as much 5-methylcytosine. Pseudo-
virions are often present

P Ic3, mutant of P 1

Plkc (Escherichia coli): particle of 90 nm diameter Myoviridae
with 20 X 220 nm tail, buoyant density 1.47
g/cm? in CsCl

P 2 (Salmonella and Escherichia coli)®%37): Tem- Myoviridae
perate phage. Polyhedral, probably icosahedral
particles of 58 nm diameter with cylindrical con-
tractile tail of 17 X 135 nm, with thin tail fibers,
40-50 nm long.

The DNA (38%) has a molecular weight of
22 x 10°. Its length is 13.2 wm. It is linear and
nonpermuted, with cohesive ends consisting of 19
single-stranded nucleotides. It coheres with the
DNA phages 186 and 299, even though their coh-
esive sequences differ slightly (by one nucleotide).
The cohesive sequences of P 2 and P 4 are iden-
tical, but quite different from those of unrelated .

The head consists to 90% of the major capsid
protein and contains at least six minor compo-
nents. The major protein is cleaved from 44,000
to 36,000 daltons in the course of phage matur-
ation, coincident with release of two of the minor
proteins derived from the same gene (N). There
are also at least four tail proteins (Figure 31).

P 3 (Salmonella potsdam): Hexagonal head of 48 x Myoviridae
55 nm with 12 X 118 nm tail, the sheath of which
contracts to 42 nm, exposing the 5.5 nm core. Six
short fibers at the end of the core are evident. The
phage is very heat resistant.

P 4 (Escherichia coli): A defective satellite of P 2. Myoviridae
The isometric particles have a diameter of 40 nm
and a contractile tail very similar if not identical
to that of P 2 (17 X 135 nm), with thin 45-nm
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P 4 (Escherichia coli): (continued)

long fibers. The DNA has the same cohesive ends
as that of P 2, but is only one-third as long, 3.9
pwm, molecular weight about 7 x 10° (the capacity
of the head is also one-third of that of P 2). There
is no detectable homology (<1%) between the
DNA of P 2 and P 4. The proteins of P 4 appear
to be the same as those of P 2 (Figure 31).

P 4 (Salmonella potsdam)®®37): hexagonal head of
48 x 55 nm with short tail (9 X 15 nm)

P 9a (Salmonella potsdam): very similar to P 3
P 9c (Salmonella potsdam): very similar to P4

P 10 (Salmonella potsdam), (serologically related to
P 3, P 9a): Hexagonal head of 48 x 55 nm with
12 x 95 nm tail, which contracts to 38 nm, ex-
posing 6 nm core. Base plate carrying six long
straight fibers. Very heat sensitive.

P 11 (Staphylococcus aureus): general transducing
phage

P 11-M 15 (Staphylococcus aureus): A virulent mu-
tant of the temperate phage P 11. Particles of 50—
60 nm diameter (445 S) with 150 nm flexuous non-
contractile tail with terminal knob. DNA of 33 x
10¢ daltons, lacking cohesive ends or nicks.

P 22 (Salmonella,smooth strain)®®: Temperate gen-
eral transducing phage (which can integrate at
several sites, not as many as pl). Isometric 60 nm
diameter particles with short six-pin tail assem-
bly. DNA is 26 x 10°¢ daltons. It is, like those of
Pl and the T-even phages, circularly permuted
and terminally redundant. The DNA contains
small amounts of N®-methyladenine, which vary
in different hosts.

The main head protein (55 x 10° daltons)
forms proheads in conjunction with a scaffolding
protein (42 x 10° daltons) which leaves the ma-
turing phage. Minor proteins of the head are 94,
67, 50, and 18 x 10% daltons. Those of the short
tail assembly and pins are 23 and 76 x 10° dal-
tons. The full heads, proheads, and empty heads
are 500 S, 240 S, and 170 S. Pseudovirions are often
present.

Podoviridae

Myoviridae

Syphoviridae

Syphoviridae

Podoviridae
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P 42 D (Staphylococcus B): 55 nm diameter head
with 230 nm tails

P 52 A (Staphylococcus B): 50 nm diameter head
with 150 nm tails

P 78 (Acinetobacter, strain 78-specific): generalized
transducing phage with 50 nm diameter head, 13
nm tail, buoyant density in CsCl 1.524 g/cm?

P 932a (Pasteurella pestis)

P 8149 (Agrobacterium radiobacter): defective
phage not related to LV 1 group of crowngall-as-
sociated factors. Buoyant density in CsCl is 1.510
g/cm?. Bipyramidal particles with 40 nm diameter
head and short tail, DNA of 10 x 10° daltons

P II BNV 6 (Agrobacterium radiobacter). isometric

P II BNV 6-C (Agrobacterium radiobacter): isomet-
ric

P-a-1 (Streptomyces): isometric
PA 2 (Enterobacteria): (A phage group)
Pasteurella phages: H, ® I, ® II, P 932a

PB-1 (Pseudomonas aeruginosa): 75 nm diameter
head with 150 nm tail, no base plate, and four 60
nm tail fibers folded back against the sheath; the
DNA is 25 pm long

PB 2 (Pseudomonas syringae): particles with elon-
gated head (10 X 70 nm), and noncontractile tail
of 175 nm; member of XP 12 group

PB 2A (Agrobacterium tumefaciens). related or
identical with w, PS 8, and LV 1, buoyant density
in CsCl is 1.505 g/cm?

possibly
Syphoviridae

possibly
Syphoviridae

Podoviridae

Podoviridae

Myoviridae

Podoviridae

Syphoviridae
Syphoviridae

Myoviridae

Syphoviridae

Syphoviridae

PB 6, 7,8,9, 10, 29, 84, 1197 (Pseudomonas aeruginosa): contain DNA

of 31 S, 23 x 10° mol. wt.

PBA 12 (Bacillus subtilis): bacilliform head (35 X 100 nm), 200 nm tail
PBLA, PBLB (Bacillus licheniformis): similar to PBSX (orphan pseudo-

virions)

PBP 1 (Bacillus pumilus): transducing phage infect-
ing only flagellated strains of bacteria, head of 84
nm diameter and 260 nm tail with flexuous fibers,
DNA of 35 x 10° daltons, type species

Syphoviridae
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PBS1 (Bacillus subtilis)*): Large pseudotemperate = Myoviridae
phage, 113 nm diameter head, 220 nm tail, 180 x
106 dalton DNA containing uracil instead of thy-
mine, infects only flagellated strains, type species

PBX 2 (Bacillus subtilis)*!: related and similar to PBS 1

PBS 2c (Bacillus subtilis): 90 nm diameter head, 10 Syphoviridae
x 280 nm tail with neck plate

PBSX (Bacillus subtilis), (also called PBSH and Myoviridae
GA/2)%%): A defective phage carrying only host
DNA. The hexagonal particles have a diameter of
41 nm, a contractile tail of 18 X 196 nm with 70
nm tail fibers, 160 S, 1.375 g/cm? buoyant density
in CsCl. The DNA (of the host) is linear and of
9—-12 x 10° daltons.

PBV 1, PBV 3 (Penicillium brevicompactum, infec- Syphoviridae
tious for E. coli): 45 nm diameter head with long
tail, buoyant density in CsCl is 1.48 g/cm? for PBV
1 and 1.51 for PBV 3, contains linear DNA

PBV 2 (Penicillium brevicompactum, infectious for Podoviridae
E. coli): particles of 53 nm diameter with a short
tail, buoyant density in CsCl is 1.45 g/cm?3, 610
S, linear DNA of 25.2 x 10° daltons

Pc (Pseudomonas aeruginosa): 60 nm diameter Syphoviridae
head, 165 nm tail with terminal knob

PE 69 (Escherichia coli): (inovirus) Inoviridae

PF 1 (Clostridium)'®: ([HM 2 group) Podoviridae

Pf 1, Pf 2 (Enterobacteria): 1900 nm (inovirus) Inoviridae

Pt 3 (Pseudomonas and enterobacteria): 760 nm Inoviridae
(inovirus)

Phlei (Mycobacterium): 63 nm diameter head, 158 Syphoviridae
nm tail (490 S, buoyant density in CsCl 1.51
g/cm?3), DNA of 123 x 10° daltons

PK (Enterobacteria): mutant of P 2
PK 1 (Streptococcus mutans): linear and circular DNA of 28 x 10° daltons
pKC (Bacterium subtilis): 63 S DNA

PL 1 (Lactobacillus casei): 50 nm diameter head, 11 Syphoviridae
X 275 nm tail with 50 nm terminal fibers, DNA
of 25 x 10° daltons with cohesive ends
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PL 25 (P1 26, PL 27) (Proteus morganii, Providence Podoviridae
strains): particles of 485 S containing 26 X 10°
dalton DNA, 12.6 um long (similar to P 22 of Sal-
monella)

PLASMAVIRIDAE!“?? (also termed mycoplasma virus type 2): Widely varying
pleomorphic enveloped particles (50—120 nm diameter) containing su-
percoiled circular DNA of 7.6 x 10° daltons, more than eight proteins,
and a lipid-containing envelope similar in composition to the host’s
(Acholeplasma). The progeny virus is released by budding without cy-
topathology. The type species is phage MVL 2, and MVL 3, 1307, MV
LgpS2L,v1,v2 v4, v5, and v 7 are members

PLecTrOVIRUSES!*!): genus of Inoviridae (also termed Mycoplasma virus
type 1) (see Inoviridae)

PLS 1: see @ PLS 1
PLT 22 (Salmonella typhimurium): temperate phage

PM 2 (Marine Pseudomonas BAL-31)?): type spe- Corticoviridae
cies

Pneumococcus phages: w 1-0 3, ® 7—0 9

PO 2, PO 4 (Pseudomonas aeruginosa): 58 nm di- Syphoviridae
ameter head and 186 nm tail with bar-shaped
basal structure, phages attach to pili

PoDOVIRIDAE (corresponding to Bradley’s group C)“3): Phages of female
enterobacteria that are characterized by a very short (less than 20 nm)
and noncontractile tail. The type species of a genus (group) is T 7, and
T 3 is very similar to it. The phages are virulent and utilize the host’s
degraded DNA in their replication. Members of this group are H, PTB,
R, Y, W 31, and ® I and ® II. Members of other potential genera are
the isometric N 4, P 22, sd, Q 8, 7480b of enterobacteria, P Il BNV 6-
C of Agrobacterium, Tb of Brucella, HM 2 of Chlostridium, C 1 of
Micrococcus, gh-1 of Pseudomonas, ® 2042 of Rhizobium, ® 17 of
Streptomyces, and 114 of Thermomonospera. Podoviridae with elon-
gated heads are 7—11 of enterobacteria, GA-1 and ® 29 of Bacillus, and
182 of Streptococcus.

PP 1 (Pseudomonas aeruginosa): probably idential to PB 1
PP 4 (Pseudomonas aeruginosa): very similar or identical to PO 2

PP 7 (Pseudomonas aeruginosa, Enterobacteria): Leviviridae
(subgroup I, similar to R 17)

PP 8 (Pseudomonas aeruginosa): 100 nm diameter Myoviridae
head and 190 nm tail
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PPR 1 (Pseudomonas aeruginosa) Leviviridae
PR 3, PR 4, PR 5, PR 772 (Pseudomonas and En- Tectiviridae
terobacteria)®4): closely related if not identical
also with PRD 1, pilus-specific phages, head of
53—65 nm diameter and tail of variable length and
possibly not phage-specific, 11 x 10° dalton DNA
with cohesive ends
PR 590a (Agrobacterium radiobacter) Podoviridae
PR 772 (Proteus mirabilis): see PR 4
PR 1001 (Agrobacterium radiobacter) Podoviridae
PRD 1 (Pseudomonas and other gram-negative bac- Tectiviridae
teria): The DNA carries a 5’ terminal protein, type
species
PRM 1 (Rhizobium meliloti): unclassified
PRR 1 (Pseudomonas, Enterobacteria) Leviviridae
PS 4 (Pseudomonas syringae): 64 nm head and 170 Syphoviridae

nm tail

PS 8 (Agrobacterium tumefaciens). possibly identical to LV 1, PB 2A

PS 192 (Agrobacterium tumefaciens): similar to PR
1001

Psp 231a (Pseudomonas phaseolicola): 55 nm di-
ameter head, buoyant density in CsCl 1.48 g/cm?
(407 S), 28 x 10° dalton DNA

PsR 1012 {Agrobacterium radiobacter): similar to
PR 1001

PST (Escherichia coli): (T-even group)

PT 11 (Agrobacterium): 55 X 110 nm head, 130 nm
tail

PTB (Yersinia pestis)

Podoviridae

Podoviridae

Podoviridae

Myoviridae
Syphoviridae

possibly
Podoviridae

PX (Pseudomonas phages related to CB 3: PX 1, 4, 10, 12, 14 psychrophilic,

PX 2, 3, 5, 7 mesophilic)
QB (Escherichia coli)*>*P): (subgroup III
R (Brucella)

R (Hydrogenomonas facilis): similar to SH 133

Leviviridae
Podoviridae

Podoviridae
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R 1 (Mycobacterium butyricum): bacilliform head Syphoviridae
of 50 x 97 nm, tail of variable length (~220 pm)
with terminal knob and fibers, buoyant density in
CsCl 1.472 g/cm?®, DNA of 25 x 10° daltons, 14%
lipid

R 1 (Nocardia): 75 nm diameter head and 330 nm Syphoviridae
tail

R 1 (Streptomyces coelicolor): isometric Syphoviridae

R, (Streptomyces coelicolor): 56 X 100 nm head and Syphoviridae
170 nm tail

R 4 (Agrobacterium tumefaciens): (Related to PS 8, Syphoviridae
PB 2A, LV 1, and o): Polyhedral head of 65 nm
diameter with flexuous tail of 10 X 210 nm. Buoy-
ant density in CsCl 1.51 g/ml. DNA of 34 S, 30
X 10° mol. wt. The phage contains four major
proteins of 72, 45, 28, and 14.5 x 10° mol. wt.

R 17 (Escherichia coli)*9): (subgroup I) Leviviridae
R 23 (Escherichia coli): {subgroup I) Leviviridae
Rhi ¢ I (Rhizobium melilotis), complex tail with probably
spikes (Figure 32) Myoviridae
Rhi ¢ L 9 (Rhizobium melilotis), complex tail with probably
spikes (Figure 33) Myoviridae

Rhizobium phages: CM1, CM2 CT 1-CT 4, m, MM1, NM1, NM2, NM3,
NT 1-NT 4, PRM 1, st |, WT 1, WT 2, 7-7-7, 16-6-12, 16-12-1, 317, ®
2042, etc.

Rho: see p
Rhodopseudomonas phages: R® 1, RS 1

RI (Nocardia restrictus): 75 nm diameter head and Syphoviridae
10 x 330 nm flexuous tail

RS 1 (Rhodopseudomonas spheroides): 65 nm diameter head, 60 nm tail,

with end plate and fibers, buoyant density in CsCl 1.50 g/cm®, DNA
of 33 x 10° dalton

RZh (Streptococcus): 90 nm diameter head, 205 nm Myoviridae
tail

R ®-1 (Rhodopseudomonas palustris): lysogenic, 60 Syphoviridae
nm diameter head and 270 nm tail

S 1 (Bacillus): temperate phage
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Family

S 1 (Synechococcus): 50 nm head, rigid 140 nm tail
(353 S, buoyant density in CsCl 1.50 g/cm?), 24
X 10° dalton DNA, 13 structural proteins (cy-
anostylovirus)

S 2 (Hemophilus influenzae): (related to HP 1), par-
ticles of 49 X 46 nm with 19 X 117 nm tail, con-
tains 10 x 10° dalton DNA with cohesive ends

S 2 (Clostridium sporogenes): similar to F1

S-2L (Synechococcus)*”: 56 nm diameter head and
flexible 120 nm tail with short thin terminal fiber,
contains 2,6 diaminopurine instead of adenine
(cyanostylovirus)

S 13 (Escherichia coli)?®): serological related to ®X
174

S 708 (Brucella spp.): similar to Tbilisi phage
SA-1 (Escherichia coli)

Cyanophage

Myoviridae

Syphoviridae
Cyanophage

Microviridae

Microviridae

Salmonella Newport: six phages, three bacilliform (dimensions 2.4/1)
with contractile tail, two with very long heads (3.5/1) and short tail,

one with dubious tail

SBX-1 (Xanthomonas, growing in soybeans): the polyhedral head is elon-
gated (80 X 83 nm) and carries a tail of 112 nm, with base plate and

spikes
SD (Escherichia coli): (subgroup II)

sd (Escherichia coli SK): icosahedral head of 59 nm
diameter and short (20 X 20 nm) tail (780 S, buoy-
ant density in CsCl 1.45 g/ml) and 43% DNA of
58 x 106 daltons (51 S)

SD 1 (Pseudomonas): 50 nm head and 188 nm tail,
buoyant density in CsCl 1.52, DNA of 66 x 10°
daltons

Serratia phages: Mp, SM 2, SM 4, SMP, t, m, k,

SFs (Bacillus subtilis): morphologically similar to ® 29

Leviviridae

Podoviridae

Syphoviridae

SH 3, SH 5, SH 10, SH 13 (Streptomyces phages with DNA with cohesive

ends)
SH 6 (Streptomyces): similar to SH 133

SH 133 (Hydrogenomonas facilis): 58 nm head, 29
nm tail

Podoviridae

Podoviridae
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Shigella phages: Dd, N 17

Si 1 (Spirillum itersonii): large icosahedral phage with 26 x 10°¢ dalton
DNA

SM-1 (Synechococcus, Microcystis): 67 nm head, Cyanophages
very short collar with thin appendages (820 S,
buoyant density in CsCl 1.48 g/cm?3), DNA of 56
X 106 daltons, 12 structural proteins (cyanopo-
dovirus)

SM-2 (Synechococcus, Microcystis): 53 nm head, Cyanophages
135 nm tail with curly fibers (cyanostylovirus)

SM 4 (Serratia narcescens): similar to P 22, with Myoviridae
complex tail

SM(B)2 (Serratia narcescens): possibly identical with SMP

SMP (Serratia narcescens, as well as Salmonella, Myoviridae
Escherichia): Very large phages, with a head of 135
nm diameter (almost twice the volume of T 2) and
a contractile tail of 28 x 235 nm. The tail in ex-
tended form resembles the stacked disk form of
TMYV protein.

SMP 2 (Enterobacteria): (T-even group) Myoviridae

SP (Ancalomicrobium): 58 nm diameter head and Syphoviridae
about 120 nm tail lacking plate and fibers

SP (Escherichia coli): (subgroup IV) Leviviridae

SP 3 (Bacillus subtilis): 115 nm diameter head, 22 Myoviridae
X 290 nm tail contracting to 150 nm, DNA of 150
X 10° daltons, 5-hydroxymethyluracil instead of
thymine, type species

SP 5 (C), SP 6, SP 7, SP 9 (Bacillus spp.)*®" all contain hydroxymethyl-
uracil instead of thymine

SP 8 (Bacillus subtilis)*®: 94 nm diameter head  Myoviridae
with 152 nm tail, contracting to 130 nm, 69 x
10° dalton DNA of 109 x 10° daltons containing
hydroxymethyluracil instead of thymine, type
species

SP 10 (Bacillus subtilis): pseudotemperate, 90 nm diameter head with
165 nm tail
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SP 15 (Bacillus subtilis)*®: 120 nm diameter head =~ Myoviridae

with 250 nm tail; many peculiarities, such as
DNA (250 x 10° daltons) with A/G/T/C =
29/21/17/21, with 12% 5-(4',5’-dihydroxypentyl)-
uracil. The DNA also contains alkali-sensitive
ester bonds and glucose. Density is unusually
high (1.761 g/ml) and T,, low (61.5°). The phage
infects only flagellated strains of bacteria (SP8
group).

SP 24 (Streptococcus): DNA of 42 x 102 bases, terminally redundant and
circularly permuted

SP 50 (Bacillus subtilis)¥: 88 nm diameter head = Myoviridae
with visible capsomers and 25 X 203 nm complex
tail, 108 x 10° dalton DNA (54 S) with breaks in
both strands (related to @ 1, ® 2, ® 14), type spe-
cies

SP 60 (Bacillus subtilis): 130 x 10° dalton DNA (63 S) with hydroxy-
methyluracil instead of thymine
SP 70, SP 80 (Bacillus subtilis): related to PBS 1

SP 82 (G) (Bacillus subtilis)*®: 100 nm diameter =~ Myoviridae
head and 20 x 165 nm tail, DNA of 130 x 10°¢
daltons containing hydroxymethyluracil instead
of thymine, related to ® 1, 2C

SP 90, SP 100 (Bacillus subtilis): related to PBS 1

SP 105 (Bacillus subtilis): 63 S DNA

SP 272 (Streptococcus): Related to SP 24

SPB (Bacillus subtilis)*?): unclassified

Spirillium phages: Si 1

Spiroplasma phages: SV-C1, SV-C2, SV-C3, spv-1, spv-2

SPO 1 (Bacillus subtilis)*%3748): 100 nm diameter =~ Myoviridae
head, 200 nm tail (base plate, tail tube, 140 nm
sheath), DNA of 87 x 10° dalton (54 S), contains
hydroxymethyluracil instead of thymine (SP 8
group)

SPO 2 (Bacillus subtilis)'®: temperate phage related  Syphoviridae
to 105, 50 nm diameter head, 177 nm tail with
complex six-pronged tail tip structure, DNA of 25
x 10° daltons with cohesive ends (¢ 105 group)
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SPP 1 (Bacillus subtilis): Closely related to SPO 2. Syphoviridae

Hexagonal head of 59 nm diameter with 156 nm
long tail. DNA of 27 x 10° daltons with cohesive
ends. Its strands can be separated on the basis of
different densities (1.713 and 1.725 g/ml) in CsCl,
and contain, respectively 43 and 57% pyrimi-
dines. This is the most infective DNA known, 5—
6 x 102 molecules being able to initiate a plaque,
type species.

SPR (Bacillus subtilis): related to SP 8, SPR, Z, p 11, ®3 T
sf)v-l, spv-2 (Spiroplasma spp.): similar or identical with SV-C3
SPX (Bacillus subtilis): defective phage

SP « (Bacillus subtilis): defective phage

SP B (Bacillus subtilis): temperate phage with 85 Syphoviridae
nm head and 339 nm tail, DNA of 76 x 10° dal-
tons, type species (members: Z, SPR, ® 3 T, 8 11)

ST (Escherichia coli): (subgroup III) Leviviridae
st 1 (Rhizobium trifolii)
St-1 (Enterobacteria) Microviridae

ST 2 Microviridae

Staphylococcus phages: K, P 11, P 11-M 15, P 52A, SA, Twort, 3A, 3B,
3C, 5C, 6, 11, 44A, 52, 55, 70, 77, 80, 81, 91, 107, 187, 230, 581, 594n
(and many more unlisted)

Streptococcus phages: A 25, AT 298, C31, Dp 4, GT 234, K 1, M 1, MSP
8, P-a-1, PK1R1,R2, SH3,SH 5, SH 8, SH 13, RZh, VD 13, VP 11,
3 ML, 24, 119, 182, 227, ® 42, ® 227 (and others not listed)

Streptomyces phages: VP 5, R 2, MSP 8, ® 17

SV-C1 (Spiroplasma spp.): 12 x 250 nm (possibly Inoviridae
plectrovirus)
SV-C2 (Spiroplasma spp.) Possibly
Syphoviridae
SV-C3 (Spiroplasma spp.): buoyant density in me- Probably

trizamide 1.26, in CsCl 1.45 g/cm?3, DNA of 14 X Podoviridae
10° daltons, five proteins (similar to MVL 3)

SW (Bacillus subtilis)'®:: head of 101 nm diameter =~ Myoviridae
with long contractile tail (22 X 172 nm, 910 S,
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SW (Bacillus subtilis)'®: (continued)
buoyant density in CsCl 1.52 g/cm?), linear DNA
of 62 S, 127 x 10 daltons, the thymine is replaced
by 5-hydroxymethyluracil (SP 8 group)

SW (Eschericahi coli): (subgroup II) Leviviridae

SYPHOVIRIDAE (formerly termed styloviridae, and corresponding to Brad-
ley’s group B): Phages of elongated or isometric heads and variously
long noncontractile tails. The only now classified genus is the A phage
group. Besides \, the type species and prototype of lysogenic phages,
there is PA 2, ® D 328, and ® 80. Strains of \ are ® 82, ® 432, ® 21,
and ® 424 in decreasingly close relationship.

Other Syphoviridae are not lysogenic, e.g.,, T 1. Many others, not
yet classified in terms of genera are, with isometric heads, N4, P22, sd,
08, 7480b (enterobacteria), PIIBNV6-C {Agrobacterium), Tb (Brucella),
HM2 (Clostridium), Cl (Micrococcus), gh-1 (Pseudomonas), ®2042, 2
(Rhizobium), ®17 (Streptomyces), 114 (Thermomonospora), 7-11 (en-
terobacteria), GA-1, ®29 (Bacillus), 182 (Streptococcus)

T (Bacillus megaterium 899a)
t (Serratia narcescens): temperate phage

T 1 (Escherichia coli): head of 50 nm diameter, with Syphoviridae
along noncontractile tail (10 x 150 nm), the DNA
(34 S) of about 30 x 10° daltons is terminally re-
dundant, without circular permutation, and lack-
ing cohesive ends

T 2 (Escherichia coli)*374% : the hydroxymethyl- Myoviridae
cytosine is 69% a-glucosylated, 6% B glucosyl-a-
glucosylated (see T-even phage group)

T 3 (Escherichia coli)**®): closely related and very =~ Podoviridae
similar to T 7

T 4 (Escherichia coli)*374®): the hydroxymethyl-  Myoviridae
cytosine is 70% o- and 30% B-glucosylated (see
T-even phage group) (Figure 34)

T 5 (Escherichia coli)“3748): The head is 65 nm in Syphoviridae
diameter. The tail (10 x 180 nm) consists of about
45 turns of 3 nm pitch. Tail fibers and base plate
are very fine and thus poorly characterized. The
DNA (49 S) is 75 x 10° daltons (69% of the par-
ticle weight). It contains no single-strand nicks
but alkali-labile short ribonucleotide sequence.
There are at least 13 proteins, five making up the
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T 5 (Escherichia coli)'*3748);  (continued)
head. The main capsid protein (65%) has a mo-
lecular weight of 32 x 10% and minor components
of 43, 30, 28, 23, 19, and 18 x 102 daltons. The
major tail protein (17%) is of 51 x 102, the minor
components of 140, 128, 125, 82, and 70 x 102
daltons. Only 8% of the phage’s DNA is initially
injected into the host, the rest only after comple-

tion of the early proteins 2—3 min later (Figure
35).

T 6 (Escherichia coli)**®): the hydroxymethylcy-  Mpyoviridae
tosine is 3% a-glucosylated, 72% B-glucosylated
(see T-even phage group)

T 7 (Escherichia coli)*?6437.48,50: Type species of  Podoviridae

the T 7 genus of virulent phages which includes
the very similar T 3. The head is 65 nm in di-
ameter, the 17 nm tail has six short fibers (507 S,
buoyant density in CsCl 1.50 g/cm?3). The DNA
is 24 x 10° daltons; it is terminally redundant,
but not circularly permuted. There are about 13
proteins (Figure 36).

Ta (Thermoactinomyces vulgaris): 56 nm diameter Podoviridae
head (519 S), DNA of 29 x 10° daltons

Thilisi (Tb) (Brucella abortus): 65 nm diameter head Podoviridae
(related to A 422, M 51, S 708, and many more)

TECTIVIRIDAE®!): Icosahedral 65 nm virions, at times with long spikes at
the vertices (390 S, density in CsCl 1.28 g/cm?®) with an internal lipid-
rich mantle {10% of particle weight phospholipid, 5% neutral lipids).
The double-stranded DNA of 9 x 10° daltons is linear (15%). There
are about 20 proteins. The broad-range plasmid-dependent phages ad-
sorb by means of a tail-like structure to the tips of pili of enterobacteria,
Acinetobacter, Pseudomonas, Vibrio Bacillus, etc. The type species is
PRD 1 and members L 17, PR 3, PR 4, PR 5, PR 772, AP 50, B am 35,
and ® NS 11.

T-EVEN PHAGE GROUP (GENUS) OF MYOVIRIDAE: (Figure 34) Virions with ico-
sahedral but elongated heads (80 x 95 nm) and tails of about 16 x 110
nm with a neck, collar, contractile sheath over the central tube, and a
complex base plate with six spikes and six long fibers (1040 S, buoyant
density in CsCl 1.49 g/cm?). The linear DNA of 130 x 10° daltons (60
S, 54-nm long) is terminally redundant and circularly permuted. It con-
tains hydroxymethylcystosine instead of cytosine, largely a-glucosy-
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T-EVEN PHAGE GROUP (GENUS) OF MYOVIRIDAE: (continued)

lated and partly carrying glucosyl-glucose. There are about 30 capsid
plus tail proteins, as well as two or three internal proteins, and a total
of well over 100 genes, many of which are for enzymes and/or for reg-
ulatory proteins. Infection of enterobacteria is by attachment of the
tail fibers and piercing of the cell wall by the spikes as the sheath
contracts. The host’s nucleic acid is cannibalized for the synthesis of
concatemeric phage progeny DNA. Heads, fibers, and tails are sepa-
rately assembled. The cell is lysed within 20-30 min.

Some of the phages’ lysozymes (as well as other proteins) have been
sequenced. T 2 and T 4 lysozyme (gene e) differ in only three amino
acids. It functions in lysis from within, while another lysozyme as-
sociated with the base plate acts upon infection and lysis from without.
The role of the presence of dihydrofolate reductase and pteroylhexa-
glutamate in the base plate is not understood, nor that of about 140
firmly bound Ca®™ ions and ATP molecule in the contractile sheath
(which consists of 144 protein molecules), the latter being released upon

contraction. There are very many members of this group besides T2,
T 4, and T 6, mostly not listed.

Tg (9, 10, 13) (Bacillus thuringiensis)

TH 1 (Enterobacteria): (subgroup II) Leviviridae
Thermoactinomyces phages: Ta, M,

Thermomonospora phages: 108/106, 114, 119

Thermus thermophylus phage: ®YS 40

TP 1 C (Bacillus stearothermophilus): temperate phage

TP 8, TP 12 (Bacillus stearothermophilus): temperate phage

TP 50 (Bacillus)®: (SP 50 group) Myoviridae

TP 84 (Bacillus stearothermophilus): 37 X 64 nm head, 10 X 150 nm
tail (436 S), DNA (30 S) of 32 x 10° daltons

TSP-1 (Bacillus subtilis)®: 90 nm diameter head Myoviridae
and 200 nm tail, DNA of 56 x 10° daltons, tem-
perature requirement >50° (SP 50 group)

TW 18 (Escherichia coli): (subgroup III) Leviviridae
TW 19, TW 28 (Enterobacteria): (subgroup IV) Leviviridae

Twort (Staphylococcus): 91 nm diameter head, 203 Myoviridae
nm tail, type species, many members

Type F (Bacillus subtilis): 50 X 76 nm head and 158 Syphoviridae
nm tail
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T ® 3 (Bacillus stearothermophilus): DNA (38 S) of 23 x 10° daltons has
different buoyant density in CsCl of the two strands

U 3 (Escherichia coli, strain K 12): 22 nm diameter possibly
(83 S), thus smaller than ® X 174, requires cell Microviridae
wall galactose
UC-1 (Escherichia coli): 45 nm diameter head and Syphoviridae
10 x 150 nm very flexible tail with no terminal
features
UX (Bacillus subtilis): unclassified
vl v2 v4,v5, v 7 (Vibrio) Plasmaviridae
V 6 (Vibrio parahaemolyticus): {inovirus) Inoviridae

V 12, V 14 (Vibrio parahaemolyticus): unclassified

V 45 (Vibrio foetidus): 50 nm diameter head, 7 X 24 nm tail

VA (Ancalomicrobium): 38 nm diameter head and Syphoviridae
104 nm tail lacking terminal features

VA-1 (Vibrio cholerae NIH 41) Myoviridae

VD 13 (Streptococcus): 43 X 113 nm head, 145 nm Syphoviridae
tail

Vi I (Enterobacteria): isometric, with fibers at the Myoviridae
collar

Vi II (Enterobacteria): isometric Syphoviridae

Vibrio phages: v 6, v 12, v 14, v 45, VA 1, O6N58P, 149, & 2

VK (Escherichia coli): (subgroup III, very similar to Leviviridae
QB)

VL-1 (Bdellovibrio): about 50 nm diameter head and possibly
50 nm tail Myoviridae

VP 1 (VP 7, VP 18), | Vibrio parahaemolyticus)®: 90 = Myoviridae
nm diameter head, 97 nm tail (neck appendages)

VP 3 (VP 6), (Vibrio parahaemolyticus): 69 nm di- Syphoviridae
ameter head, with knoblike projections, 233 nm
tail, (Figure 37)

VP 5 (Streptomyces): 59 nm diameter head, 166 nm Syphoviridae
tail

VP 5 (VP 15, VP 16), (Vibrio parahaemolyticus)'®": Syphoviridae

52 x 92 nm diameter head, 156 nm tail
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VP 11 (Streptomyces coelicolor): 55 nm diameter Myoviridae
head, 11 x 220 nm tail

VP 11 (Vibrio parahaemolyticus)'®: 55 x 72 nm  Syphoviridae
head, 138 nm tail, 55 x 10° dalton DNA

VP 12 (VP 13), (Vibrio parahaemolyticus)®: 78 nm  Syphoviridae
diameter head, 167 nm tail

Vx (Bacillus)®: (SP 8 group) Myoviridae
W (Micrococcus luteus)*?': related to 186 Syphoviridae
W (Excherichia coli): related to T 3, T 7 Podoviridae

W 3, W 8 (Streptococcus pneumoniae)®: 60 nm  Syphoviridae
head, 10 x 180 nm tail, DNA of 33 x 10° daltons

W 14 (Pseudomonas acidovorans): 85 nm head, 140 Myoviridae
nm tail, DNA of buoyant density in CsCl 1.666
g/cm?, Ty, 99.3°C (73% G+ C). About half of thy-
mine replaced by 5-(4-aminobutylaminomethyl)-
uracil i.e., thyminyl-putrescine.

W 31 (Escherichia coli): similar to ® I, ® II Podoviridae
WA/1 (Escherichia coli) Microviridae
WAKY/2 (Escherichia coli): long tail with forked tip Syphoviridae
Wb (Brucella) Podoviridae
WF/1 (Escherichia coli) Microviridae

WLL (Excherichia coli): phage used by Schlesinger in classical virus-char-
acterizing studies about 1934

WT 1 (Rhizobium trifolii): 64 nm head, 128 nm tail Myoviridae

X (Micrococcus luteus): related to 186 Syphoviridae

X 1 (Salmonella typhimurium): 66 nm diameter head, 14 x 220 nm tail
X 2—6 (Salmonella typhimurium): unclassified

X 7 (Salmonella typhimurium): 85 nm diameter head, 19 x 263 nm tail
and 185 nm fibers

X 29 (Vibrio)'®: 64 nm head, 142 nm tail Myoviridae
X 174: see ® X 174
Xanthomonas phages: Cf, CBX-1, Xf, XP 5, XP 12

Xf, XF 2 (Xanthomonas oryzae). coat protein with Inoviridae
44 aminoacids (inovirus)
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XP 5 (Xanthomonas prunii): 60 nm diameter head, Myoviridae
88 nm tail
XP 12 (Xanthomonas): 55 X 78 nm head and 142 Syphoviridae
nm tail, DNA of 34 x 10° daltons that contains
5-methylcytosine instead of cytosine
Y (Enterobacteria) Podoviridae

Z (Bacillus subtilis): temperate phage related to SPR, SPB, ® 3 T, and p

11
ZG/1 (Escherichia coli): (subgroup IV)
ZG/2 (Enterobacteria)?%¥: (inovirus)
ZG/3A (Enterobacteria): elongated head

ZIK/1 (Escherichia coli): probably subgroup II, coat
protein of 12 x 102 daltons, lacks histidine, me-
thionine, cysteine

ZJ 1 (Escherichia coli): (subgroup I)
ZJ/2 (Enterobacteria): closely related to fd
ZL/3 (Escherichia coli): (subgroup IV)

ZR (Escherichia coli): (subgroup I, closely related to
MS 2)

ZS/3 (Escherichia coli): (subgroup IV)

a (Bacillus tiberius and megaterium)®: temperate
isometric phage with 61 nm head and 121 nm tail
(470 S) containing 35 X 10° dalton DNA (40 S)
with an average of one interruption per chain.
This was the first DNA virus in which it was
found possible to separate the strands by density
gradients (1.717 and 1.724 g/cm? in CsCl).

al (Enterobacteria): (T-even group)

al, a2 (Achromobacter): closely related to o 3,
though different tail lengths

al, a2 (Clostridium botulinum): different buoyant
density in CsCl for the two strands

a3 (Achromobacter, sp 2)/°?): general transducing
phage, 45 nm diameter head, 320 nm tail, buoyant
density in CsCl 1.506 g/cm? DNA 34 x 10 dal-
tons.

Leviviridae
Inoviridae
Syphoviridae

Leviviridae

Leviviridae
Inoviridae
Leviviridae

Leviviridae

Leviviridae

Syphoviridae

Myoviridae

Microviridae

Syphoviridae
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a3 (Escherichia coli) Microviridae

a3A (Vibrio)®): 48 x 66 nm head, 330 nm tail, DNA Syphoviridae
of 34 x 10° daltons

a10 (Enterobacteria) Microviridae
al5, al7 (Escherichia coli): (probably subgroup IV) Leviviridae

B (Corynebacterium diphtheriae): 55 X 61 nm head Syphoviridae
and 10 X 287 nm tail (related to w)

B (Escherichia coli) (subgroup I Leviviridae

B3 (Bacillus subtilis): pseudotemperate phage, DNA Podoviridae
of 59 x 10° daltons containing an unidentified
base and terminally-bound protein (related to M
2)

B4 (Enterobacteria): isometric Syphoviridae

B22 (Bacillus subtilis): large virulent phage unrelated to SP 82, 100 nm
diameter head and 220 nm tail

~v (Bacillus anthracis): possibly related to ® 80

v (Corynebacterium diphtheriae): closely related to

v(2) (Escherichia coli) Syphoviridae
31 (Enterobacteria) Microviridae
dA (Enterobacteria): (fd group of inoviruses) Inoviridae

€', €3* (Salmonella anatum): temperate phages

{3 (Enterobacteria) Microviridae

m (Serratia narcescens): 73 x 10° particle weight, buoyant density in CsCl
is 1.495 g/ml, DNA of 100 x 10° daltons with part of the guanine being
replaced by a not yet identified base of an absorbance maximum at all
pHs above 280 nm; an unidentified sugar is also present.

m8 (Enterobacteria): related to A, @ 80 Microviridae

01 (Bacillus licheniformis): Oblong head of 50 x 100 Syphoviridae
nm and thin tail of 200 nm with base plate and
spikes; related to LP 52 (Figure 38)

k (Serratia narcescens). temperate phage, the DNA of 100 x 10 daltons
shows, in contrast to m, no unusual components

k {Vibrio): 61 nm head, 111 nm tail Myoviridae
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\ (Escherichia coli) (Figure 39) Type species of genus Syphoviridae
A phage group, the classical prototype of lysogenic
(temperate) phages. Icosahedral particles of 54 nm
diameter with evident capsomers, carrying a thin
noncontractile tail {15 X 150 nm) with fine cross-
striation and a thin fiber (2 X 25 nm) at the end.
The particle weight is 60 x 10° (416 S), the buoy-
ant density in CsCl 1.49 g/cm3. The phage con-
tains one molecule of double-stranded DNA (34
S)of 30 x 10° daltons and 17.2 pm contour length.
The composition is 49% (G+ C). The DNA has
cohesive ends (12 nucleotide pairs long). It yields
upon shearing two halves of unequal (G + C) con-
tent, the so-called left-hand portion being denser
and higher in (G + C) than the right (55 vs. 45%).
There is also a difference in the density of the two
strands, but this difference is less than in many
other phages.

The main proteins have been identified as
composing the head (38 x 102 daltons, 60% or
540 molecules), the tail (31 x 10° daltons, 19%),
the tail fiber (130 x 10° daltons), and a protein
playing an internal role, particularly during ma-
turation (12 x 103, 19%, 550 molecules per par-
ticle). Mutant capsids, termed ‘“‘petit,”’ lack that
protein. There are also six minor protein com-
ponents ranging from 79 to 14 x 10° daltons. At
least 18 genes are involved in the morphogenesis
of A\, seven with head formation and the rest with
tail assembly. The endolysin, the product of gene
R, has been purified and sequenced (157 residues,
one cysteine). It is unrelated to the T-even phage
lysozymes. Most of the DNA has actually been
sequenced.

Many more or less closely related strains of
A are known. These are, in order of diminishingly
close relationship, 82 and 434, 21, 424, and 80.
They are listed separately in this catalogue. (Phage
186 is related to P 2, 299, D, and N 1, not to \A).
These and others are defective mutants, carrying
varying amounts of the host’s gal and bio gene.
Their DNAs differ in molecular weight, contour
length, and composition.

W (Serratia narcescens): probably identical to m
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i, pl (also termed Mu), (Escherichia coli, Salmo- Syphoviridae
nella, etc.)’®®: A temperate phage of appearance
and size similar to A but in density and DNA con-
tent more similar to defective A strains; serolog-
ically not related to A. The DNA is 12.9-um long,
of 30.7 S, and 25 x 10° daltons. The phage has a
unique propensity for stable integration at many
positions, and for increased mutation frequency.

w2 (Escherichia coli): (subgroup II) Leviviridae

w4 (Bacillus stearothermophilus): 55 nm diameter Syphoviridae
head and 7 x 225 nm tail lacking base plate and
fibers, DNA of 33 S, 26 x 10° daltons, the strands
can be separated on CsCl gradients

n4 (Bacillus subtilis): unusually small (10 nm) tailless particle
o6 (Enterobacteria) Microviridae

pll (Bacillus subtilis): 82 nm diameter head, 380 Syphoviridae
nm tail, 11 nm base plate with pins (temperate
phage related to ® 3 T and SPR)

®1, ®2 (Bacillus subtilis)®: related to SP 50
®2 (Vibrio cholerae)'®: DNA of 113 x 10° daltons, five proteins
®3, &4 (Escherichia coli): female-specific host range mutants of ®W

®3T (Bacillus subtilis)®®: temperate phage related Syphoviridae
to SPB, pll, 81 nm diameter head and 11 x 380
nm tail with 32 nm base plate with prongs

®6 (Caulobacter): requires pilus for infections Syphoviridae

®6 (Pseudomonas phaseolicola)®”): The phage Cystoviridae

shows a polyhedral 60 nm head covered by a lipid
envelope, the lipid composition resembling that
of the host. The tail is short and complex. Lipid
content 25%, RNA 13%, protein 62%. Buoyant
density in CsCl 1.27 g/cm® Three double-
stranded RN As of mciccular weights 1.9, 2.8, and
4.6 x 10°. The phage is sensitive to ether, etc. It
contains RNA polymerase; type species.

®14 (Bacillus subtilis): (SP 50 group) Myoviridae
®15 (Bacillus subtilis)®: (® 29 group)

®17 (Streptomyces)*®: 60 nm diameter head and 14  Podoviridae
nm tail
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P21: see 21
®23-1-a (Pseudomonas phaseolicola): insensitive to organic solvents

®25 (Bacillus subtilis)®: 75 nm diameter head and  Myoviridae
13 x 130 nm tail, 64 S DNA containing hydro-
xymethyluracil instead of thymine (SP 8 group)

®29 (Bacillus subtilis)*37-58): 32, x 46 nm head, 6 X 36 nm tail, 14 nm
fibers on head and collar (256 S). Its 12 x 10° dalton DNA, linear
and not permuted, carries a 5'-terminal protein (31 x 10° daltons).
Both the head and the neck collar with appendages consist of three
proteins, and the tail of one protein (related to ®15, NF, GA-1, SF 5),

(Figure 40).
®42 (Streptococcus, Group H)'%: temperate phage, DNA of 25 x 10°
daltons, circularly permuted and terminally redundant

®80 (Escherichia coli): deletion mutant of X with Syphoviridae
same cohesive ends, 8% less DNA

®105 (Bacillus subtilis)®: temperate phage, 59 nm  Syphoviridae
diameter head, 10 x 200 nm tail, 26 x 10° dalton
DNA, type species, note narrow neck, killer par-
ticle (Figure 41)

®149 (Vibrio cholorae) (566 S) Contains linear DNA Podoviridae
of 36 x 10° daltons
®186: related to P 2

$227 (Group H) (Streptococcus sanguis)'®: Tem- Syphoviridae
perate phage with 56 X 52 nm head, 10 x 149
nm tail, buoyant density in CsCl 1.50 g/cm3,
DNA of 23 x 10° daltons

®2037/1-®2037/7 (Rhizobium)'®®: 77 x 147 nm  Syphoviridae
head, 261 nm tail

®2042 (Rhizobium)'®?): 64 x 75 nm diameter head, = Podoviridae
17 nm tail

®2193/2 (Rhizobium)'®°): 108 nm diameter head, 23 Myoviridae
X 147 nm tail

®2205; related to $2037/1
®I (Escherichia coli): related to T 7 Podoviridae

®II (Escherichia coli): female-specific, similar to T Podoviridae
7

®A (Escherichia coli): serologically related to ®X Microviridae
174



212

SECTION III

Phage and host Family

®A1 (Bacterioides fragilis): 63 nm head and 153 nm Syphoviridae
tail, lacking a sheath

®AG 8010 (Arthrobacter globiformis 8010)°Y: 60  Syphoviridae
X 69 nm head, 120 nm sheathless tail

®C (Actinomyces): 52 nm diameter head and 92 nm Syphoviridae
tail

®C (Escherichia coli) Microviridae

®C (Nocardia) Syphoviridae

®Cb5, Cb8, Cb8r, Cb12r, Cb23r (Caulobacter) Leviviridae

®Cb 13 (Caulobacter): bacilliform with short tail

®CbK (Caulobacter crescentus)®7%?): Bacilliform  Syphoviridae
(64 x 195 nm), with flexible tail of 275 nm, tail
fibers, and head fibers

®CL 29 (CLV 29), (Caryophanum latum): 70 x 130 Syphoviridae
nm head, 6.7 x 330 nm tail, buoyant density in
CsCl 1.450 mg/cm?

®CP (Actinomyces): strain of ®C

®CP 2 (Caulobacter crescentus): 29 nm diameter Leviviridae

®CP 18, ®CP 28, PCP 32, PCP 42 (Caulobacter): Leviviridae

serologically related to ®CP 2
®CR (Actinomyces): strain of ®C

®CR 1-PCR 13, ®CR 15-PCR 27, PCR 29-PCR 38 (Caulobacter cres-

centus): 60—200 nm heads, 50-330 nm tails

®Cr 14, ®Cr 28 (Caulobacter): 22 nm diameter, re-
quires pili

®D 326 (Escherchia coli): N\ phage group
®e (Bacillus subtilis)®: (SP 8 group)
PDK: see K

®K 2 (Pseudomonas)

®KZ: 130 nm diameter head

®LL 55 (Lactobacillus lactis): 50 nm diameter head
and 7 x 200 nm tail

®NR2rH: DNA of 92 x 10° daltons

Leviviridae

Syphoviridae

Myoviridae

Myoviridae
Podoviridae?

Syphoviridae
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®NS 11 (Bacillus): 68 nm diameter head with 9 x Tectiviridae
10° dalton DNA

®PLS-1 (Pseudomonas aeruginusa): 70 nm diameter Myoviridae
head and 120 nm tail, lipopolysaccharide-specific

®R (Enterobacteria) Microviridae

®RE (Staphylococcus): identical with 6

®T (Bacillus megaterium 899a): 68 x 57 nm head, Syphoviridae
10 x 240 nm tail with 15 nm terminal disk

®W (Escherichia coli): probably identical with ®II

®W 14 (Pseudomonas): see W 14 Myoviridae

®W 31 (Escherichia coli): related to ®W

®X 174 (Escherichia coli)?°4%3): type species (Figure =~ Microviridae
42) (see Microviridae)

®YS 40 (Thermus thermophilus), (extreme ther- probably
mophile): 125 nm diameter head, 178 nm tail with Myoviridae
27 nm base plate and fibers

®,, (Escherichia coli): related to A, ®80

P, 4: see p4

X (Chondrococcus columnaris) Myoviridae

x (Enterobacteria): Attacks the flagellae of motile Syphoviridae

Salmonella strains only; 67 nm diameter head, 14
x 220 nm tail with 55 fine striations (pitch 4.2
nm), and a single tail fiber (2.2 X 210 nm).

¥ (Agrobacterium tumefaciens, strain B91):
(<37°), very similar or identical to Q

temperature-sensitive

o (Corynebacterium): 52 X 57 nm head and 283 nm tail

wl, w2, w3, w4, ®8 {Pneumococcus): 50 nm diameter
head and 200 nm tail with fiber at the end

w7, 09 (Pneumococcus): different from wl, etc.

Syphoviridae

Q (Agrobacterium tumefaciens): (closely related if not identical to LV 1,

R 4, PS 8, PB 2A), see LV 1

Q8 (Escherichia coli), (08-specific): 49 nm head and
with 14 nm base plate with 4 X 13 nm spikes and
168 nm fibers

Podoviridae
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06 N 58 P (Pseudomonas) possibly
Corticoviridae

1 (Clostridium sporogenes): similar to F 1

1 (Bacillus subtilis): see ® 1

1X1 (Pseudomonas aeruginosa): unclassified

1®1, 193, 197, 199 (Escherichia coli) Microviridae

2 (Salmonella typhimurium): similar to E 1

2 (Rhizobium) Podoviridae

2,6,7,8,9, 10 (Pseudomonas aeruginosa): temperate phages

2C (Bacillus subtilis)®: 88 nm diameter head, 15 x
142 nm tail. The DNA (100 x 10° dalton) contains
hydroxymethyluracil instead of thymine. The
strands have large terminal redundancy and very
different buoyant density in CsCl (SP82G group).

2G/2 (Escherichia coli): (fd group of inoviruses)
2G 3A (Escherichia coli): elongated head
3 (Bacillus subtilis): T-even group

3A (Staphylococcus)'®: 35 x 42 nm head, 307 nm
tail, type species (many members)

3B (Staphylococcus B)'1%: 60 x 80 nm head, 300 nm
tail

3C (Staphylococcus)*?: bacilliform 45 x 95 nm
head, 270 nm thin tail with very thin collar

3ML (Streptococcus)’?: 43 x 56 nm head, 96 nm
tail

Myoviride;é

Inoviridae
Syphoviridae
Myoviridae
Syphoviridae

Syphoviridae
Syphoviridae

Syphoviridae

3NT (Bacillus subtilis): pseudotemperate, related to PBS 1

3T + (Escherichia coli): (T-even group)
5C (Staphylococcus): probably identical with 2C
6 (Pseudomonas phaseolicola): see ® 6

6 (Staphylococcus B)\'?): 40 x 92 nm head, and 300
nm tail. (Figure 43)

7-7-7 (Rhizobium)'®¥: very elongated head

7-11 (Salmonella Newport): 40 X 154 nm head and
very short tail'®® (Figure 44)

Myoviridae

Syphoviridae

Syphoviridae

Podoviridae
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7S (Pseudomonas aeruginosa, Enterobacteria): related to PP7

9/0 (Escherichia coli): (T-even group)

ONA (Salmonella, smooth strains): 60 nm head, 150
nm tail with 30 nm base plate

10/tur (Escherichia coli): (plectrovirus)
11F (Enterobacteria): (T-even group)

12B (Pseudomonas syringae): varying size head and
complex tail structure

128 (Pseudomonas syringae): 80 nm diameter head
and 100 nm tail

13 M (Proteus mirabilis): similar to 5006
14 (Bacillus subtilis): unclassified
15 {Bacillus subtilis): related to ® 29

15 (Escherichia coli): 60 nm diameter elongated
head, 12 nm neck, 20 x 100 nm tail

16-6-12 (Rhizobium)**: isometric 54 nm head, 144
nm tail

16-12-1 (Rhizobium)'¥: 59 nm head and 12 x 141
nm forked tail, attaches to pili

16-19 (Salmonella Newport): 48 x 167 nm head,
185 nm tail

17 (Actinomyces): see ® 17

21 (Escherichia coli): related to P 22 and A with same
cohesive ends

24 (Streptococcus)*?): 55 nm diameter head, 255 nm
tail

25: see ® 25

29: see ® 29

29a (Escherichia coli): related to T 5
34 (Proteus mirabilis): similar to 5006

41C (Bacillus subtilis): 50 nm diameter head and 10
X 140 nm tail lacking base plate and fibers

42: see O 42

Myoviridae
Syphoviridae

Inoviridae
Myoviridae

Myoviridae

Myoviridae

Myoviridae

Syphoviridae

Syphoviridae

Myoviridae

Syphoviridae

Syphoviridae

Syphoviridae

44A (Staphylococcus aureus and pyogenes): unclassified
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47 (Staphylococcus): identical with b

50 (Enterobacteria): (T-even group) Myoviridae

52 (Staphylococcus B)\19): elongated 50 nm diameter Syphoviridae
head with 150 nm tail (52HJD: strain of 52)

55 (Staphylococcus) Syphoviridae

66F (Enterobacteria): (T-even group) Myoviridae

66t (Salmonella typhimurium): (T-even group) Myoviridae

70 (Staphylococcus B)*?: 53 x 98 nm head and 300 Syphoviridae
nm tail

75 (Bacillus pumilis): unclassified

77 (Staphylococcus B)*°: 55 nm head and 220 nm Syphoviridae
tail, type species (many members)

80 (Clostridium perfringens). (HM2 group) Podoviridae

80 (Staphylococcus pyogenes): unclassified

81 (Staphylococcus pyogenes): unclassified

82 (Escherichia coli)®®): similar and related to A with same cohesive ends

91 (Staphylococcus B)19: 50 nm diameter head and 150 nm tail

105 (Bacillus subtilis)'®: Temperate phage, similar
to SPO 2 (slight serological cross-reaction). The
head is hexagonal with 52 nm diameter, the tail
10 x 220 nm, equipped with hexagonal end plate,
23 nm in diameter, but no tail fibers. The DNA
is of 25 x 10° mol. wt., possibly with cohesive
ends.

107 (Staphylococcus)*?): 58 nm diameter head and
193 nm tail, type species

108/106 (Thermomonospora): 84 x 110 nm head
and 140 nm tail

114 (Thermomonospora): 56 nm diameter head and
17 nm tail

119 (Thermomonospora):. 60 nm diameter head and
183 nm tail

121 (Enterobacteria): isometric

143/tur (Acholeplasma): (plectrovirus)

Syphoviridae

Syphoviridae
Myoviridae
Podoviridae
Syphoviridae

Myoviridae

Inoviridae
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149 (Vibrio cholerae): 75 x 85 nm head, flexuous Syphoviridae
tail of 10 X 220 nm with terminal knob of 13 nm
diameter, equipped with hexagonal end plate 23
nm in diameter, but no tail fibers. The DNA is of
25 x 10° mol. wt., possibly with cohesive ends.

179/tur (Acholeplasma): (plectrovirus) Inoviridae

182 (Streptococcus)’®': 32 x 40 nm head, 32 nm tail  Podoviridae
with appendages on neck, type species (many

members)
182/tur (Acholeplasmal): (plectrovirus) Inoviridae
182a (Streptococcus) Syphoviridae

186 (Escherichia coli)*Y): temperate phage, related  Syphoviridae
toP 2, P4, 299, D, and N 1, similar to but not
closely related to A, with different cohesive se-
quence

187 (Staphylococcus): 59 nm diameter head, 173 nm Syphoviridae
tail

227: see ® 227

230 (Staphylococcus) Syphoviridae

299 (Escherichia coli): unstable phage, 60 nm di- Syphoviridae
ameter head and 140 nm tail, DNA of 21 x 10°
daltons with cohesive ends similar to those of P

2

317 (Rhizobium leguminosarum): 59 nm diameter Syphoviridae
head and tail with three fibers of 27 nm, 41 x 10°¢
dalton DNA

363 (Escherichia coli): temperate deletion mutant of A

424 (Escherichia coli): temperate deletion mutant of A with same co-
hesive ends

434 (Escherichia coli): temperate deletion mutant of A

525 (Pseudomonas phaseolicola): phage with 56 nm Podoviridae
diameter head, 15 nm tail with base plate, DNA
of 25 x 10° daltons

581 (Staphylococcus aureus): phage with 55 nm head and 240 nm tail

594n (Staphylococcus)'®): phage with 55 x 96 nm  Syphoviridae
head and 300 nm tail
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1304clr (Acholeplasma): (plectrovirus) Inoviridae
1307 (Mycoplasma) Plasmaviridae
1412 (Enterobacteria) Podovirdiae

3610 (Bacillus subtilis): defective phage of various sizes similar to PBSX,
a and

4996 (Vibrio): 65 nm diameter head, 18 nm tail Podoviridae

5006(M), (Proteus mirabilis)®”: General transduc- Podoviridae
ing phage, 46 nm diameter head, buoyant density
in CsCl11.491, 16 X 16 nm tail, DNA of 21 x 10
daltons circularly permuted and terminally re-

dundant
5845 (Escherichia coli): (T-even group) Myoviridae
7480b (Enterobacteria) Podoviridae

8762, 8764 (Alcaligenes faecalis): 60 nm diameter Syphoviridae
head and 170 nm tail

8893 (Alcaligenes faecalis): (T-even group) Myoviridae
9266 (Enterobacteria): elongated head Myoviridae
I (Vibrio): 71 nm diameter head, 13 nm tail Podoviridae

Bi {Bacillus): 97 nm diameter head and 539 nm tail, Syphoviridae
type species

II (Vibrio): 64 nm diameter head, 79 nm tail, DNA Myoviridae
of 93 x 10° daltons

III (Vibrio): 61 nm diameter head, 16 nm tail Podoviridae

IV (Vibrio): 83 nm diameter head, 159 nm tail, DNA Syphoviridae
of 68 x 10° daltons
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FIGURES 225

FIGURE 1. Adenovirus (80 nm diameter largely composed of hexons, with the fibers attached
to the pentons being 27-nm long).



226 FIGURES

FIGURE 2. Lymphocytic choriomeningitisvirus (Arenaviridae). Typical diameter 150 nm.
The small internal bodies are ribosomes.



FIGURES 227

FIGURE 3. Nuclear polyhedrosis virus {Baculoviridae). Groups of virion rods (about 300-nm
long) more or less orderly stacked and encapsidated.



228 FIGURES

FIGURE 4. Human coronavirus (Coronaviridae). Average diameter 150 nm. The long
peplomers are clearly visible.



FIGURE 5. Cytoplasmic polyhedrosis virus (about 60 nm diameter), (Reoviridae). The tube-
like protrusions through which the RNA molecules exit upon translation and replication
are clearly visible.



230 FIGURES

FIGURE 6. Human herpesvirus (about 200 nm diameter). The tubular capsomers, 162 in
all, are clearly distinguishable.



FIGURES 231

FIGURE 7. Influenzavirus (Orthomyxoviridae), typically heterogeneous in shape (pleo-
morphic), average diameter 120 nm.



232 FIGURES

FIGURE 8. Tipula iridescent virus (top) (180 nm diameter), (Iridoviridae) shadowed by the
electron beam, with an icosahedral model body (bottom) equally light-shadowed to illustrate
the three-dimensional structure of a large icosahedral viruses. Most small isometric viruses
have the same shape, not usually so clearly visible.



FIGURES 233

FIGURE 9. Lymphocystis virus (fish virus, Iridoviridae), {250 nm diameter); group formerly
termed icosahedral cytoplasmic DNA viruses.



234 FIGURES

FIGURE 10. Human papillomavirus (Papovaviridae), (55 nm diameter). The polyoma viruses,
e.g., SV40, look very similar, though slightly smaller (45 nm diameter).
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FIGURE 12. Poliovirus. A microscopic crystal of the pure virus (top), and an electron mi-
crograph of the crystalline array of the virions (bottom) (27 nm diameter).



FIGURES 237

FIGURE 13. Three genera of Reoviridae (see also Figure 5), orthoreovirus (C), orbivirus (B),
and rotavirus (A). The tubelike capsomers are most clearly seen in C. Diameter about 80
nm.



238 FIGURES

FIGURE 14. Rous sarcoma virus (average diameter 100 nm). The thread-like particles rep-
resent potatovirus X used as size markers (13 nm diameter and usually about 500-nm long).



FIGURES 239

FIGURE 15. Vesicular stomatitis virus (Rhabdoviridae) as typically seen bullet-shaped par-
ticles (60 x 200 nm) (top), and from the end which shows the glycoprotein envelope and
the matrix coat (bottom).



240 FIGURES

FIGURE 16. Sindbisvirus (Togaviridae), (30 nm diameter).



FIGURES 241

FIGURE 17. Vacciniavirus (Poxviridae), (about 400 x 240 x 200 nm). The internal lateral
bodies and other structural elements are discernable.



242 FIGURES

FIGURE 18. Alfalfa mosaic virus. Four different particles of this tripartite virus are illus-
trated as follows: B (bottom upon ultracentrifugation) the largest, M (middle), Tb (top), all
nucleoproteins, and Ta, RNA-lacking pseudovirions. (58, 48, 36, and 28 x 28 nm).



FIGURES 243

FIGURE 19. Cauliflower mosaic virus {50 nm diameter).



244 FIGURES

FIGURE 20. Potato virus X (13 x 600 nm).



FIGURES 245

FIGURE 21. Tobacco mosaic virus (18 X 300 nm).
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FIGURE 22. Tobacco necrosis virus and its satellite virus (28 and 17 nm diameter, respec-
tively).



FIGURES 247

FIGURE 23. Tobacco rattle virus. Typical particles of this strain are 200- and 80-nm long.



248 FIGURES

FIGURE 24. Turnip yellow mosaic virus (29 nm diameter).



FIGURES 249

FIGURE 25. Wound tumor virus (Phytoreoviridae), (75 nm diameter). The fibers are potato
virus X.



FIGURE 26. Phage B am 35 (63 nm head, with spikes at vertices and short tail) (Tectiviridae).



FIGURES 251

FIGURE 27. Phage fd (Inoviridae, group I}, attached to the end of a pilus of Escherichia coli,
with many MS2 phages (Leviviridae, 23 nm diameter) attached to the side of that pilus.



252 FIGURES

FIGURE 28. Phage mor 1 (43—-88 nm head, 146 nm tail) (Syphoviridae).



FIGURE 29. Phage MP13 (Note odd-shaped head; 200 nm tail) (Myoviridae).



FIGURE 30. Phage MP15 (Oblong head, 300 nm tail) (Syphoviridae).



FIGURES 255

FIGURE 31. Phage P2 (60 nm diameter) and dependent P4 phage with smaller head (45 nm
diameter). The tails of both are 135 nm long (Myoviridae).



256 FIGURES

FIGURE 32. Phage Rhi¢ I (60 nm head, 130 nm tail) (Myoviridae).



FIGURE 33. Phage Rhid L9 (50 nm head, 120 nm tail; note complex tail appendages) (Myo-
viridael.



258 FIGURES

FIGURE 34. T4 phage (80-95 nm head and 16 X 110 nm tail), with clearly visible neck,
tail fibers, base plate, and spikes {Myoviridae).



FIGURES 259

FIGURE 35. T5 phage (65 nm diameter head and 110 x 180 nm thin tail with knob and
fibers at the end (Styloviridae).



260 FIGURES

FIGURE 36. T7 phage (65 nm diameter with very thin 17 nm tail) (Podoviridae).



FIGURES 261

FIGURE 37. Phage VP 6 (69 nm head, 233 nm tail) (Syphoviridae).



FIGURE 38. Phage 6 (50 x 100 nm head and 200 nm tail) (probably Syphoviridae).



FIGURES 263

FIGURE 39. Phage A (54 nm diameter head, 15 x 150 nm tail) (Syphoviridae).



264 FIGURES

FIGURE 40. Phage ¢ 29 (32 X 46 nm head, 6 X 36 nm tail, with fibers on head and collar).



FIGURE 41. Phage ¢ 105 (59 nm diameter, 10 x 200 nm tail} {Syphoviridae).



266 FIGURES

FIGURE 42. Phage ¢ x 174 (27 nm diameter, with spikes at the vertices of the icosahedron)
(Mycroviridae).



FIGURE 43. Phage 6 (40 X 92 nm head and 300 nm tail) (Syphoviridae).



FIGURE 44. Phage 7-11 (40 x 154 nm head and very short tail; note presence of shorter
particles) (Podoviridae).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




