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Series Preface

Mycology, the study of fungi, originated as a subdiscipline of botany and was a descrip-
tive discipline, largely neglected as an experimental science until the early years of this
century. A seminal paper by Blakeslee in 1904 provided evidence for selfincompatibil-
ity, termed “heterothallism”, and stimulated interest in studies related to the control
of sexual reproduction in fungi by mating-type specificities. Soon to follow was the
demonstration that sexually reproducing fungi exhibit Mendelian inheritance and that
it was possible to conduct formal genetic analysis with fungi. The names Burgeff, Kniep
and Lindegren are all associated with this early period of fungal genetics research.

These studies and the discovery of penicillin by Fleming, who shared a Nobel Prize
in 1945, provided further impetus for experimental research with fungi. Thus began a
period of interest in mutation induction and analysis of mutants for biochemical traits.
Such fundamental research, conducted largely with Neurospora crassa, led to the one
gene: one enzyme hypothesis and to a second Nobel Prize for fungal research awarded to
Beadle and Tatum in 1958. Fundamental research in biochemical genetics was extended
to other fungi, especially to Saccharomyces cerevisiae, and by the mid-1960s fungal
systems were much favored for studies in eukaryotic molecular biology and were soon
able to compete with bacterial systems in the molecular arena.

The experimental achievements in research on the genetics and molecular biology of
fungi have benefited more generally studies in the related fields of fungal biochemistry,
plant pathology, medical mycology, and systematics. Today, there is much interest in the
genetic manipulation of fungi for applied research. This current interest in biotechnical
genetics has been augmented by the development of DNA-mediated transformation
systems in fungi and by an understanding of gene expression and regulation at the
molecular level. Applied research initiatives involving fungi extend broadly to areas of
interest not only to industry but to agricultural and environmental sciences as well.

It is this burgeoning interest in fungi as experimental systems for applied as well as
basic research that has prompted publication of this series of books under the title The
Mycota. This title knowingly relegates fungi into a separate realm, distinct from that of
either plants, animals, or protozoa. For consistency throughout this Series of Volumes
the names adopted for major groups of fungi (representative genera in parentheses) are
as follows:

Pseudomycota

Division: Oomycota (Achlya, Phytophthora, Pythium)
Division: Hyphochytriomycota

Eumycota

Division: Chytridiomycota (Allomyces)

Division: Zygomycota (Mucor, Phycomyces, Blakeslea)
Division: Dikaryomycota

Subdivision: Ascomycotina
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Class: Saccharomycetes (Saccharomyces, Schizosaccharomyces)

Class: Ascomycetes (Neurospora, Podospora, Aspergillus)
Subdivision: Basidiomycotina

Class: Heterobasidiomycetes (Ustilago, Tremella)

Class: Homobasidiomycetes (Schizophyllum, Coprinus)

We have made the decision to exclude from The Mycota the slime molds which, although
they have traditional and strong ties to mycology, truly represent nonfungal forms
insofar as they ingest nutrients by phagocytosis, lack a cell wall during the assimilative
phase, and clearly show affinities with certain protozoan taxa.

The Series throughout will address three basic questions: what are the fungi, what do
they do, and what is their relevance to human affairs? Such a focused and comprehensive
treatment of the fungi is long overdue in the opinion of the editors.

A volume devoted to systematics would ordinarily have been the first to appear
in this Series. However, the scope of such a volume, coupled with the need to give
serious and sustained consideration to any reclassification of major fungal groups, has
delayed early publication. We wish, however, to provide a preamble on the nature of
fungi, to acquaint readers who are unfamiliar with fungi with certain characteristics
that are representative of these organisms and which make them attractive subjects for
experimentation.

The fungi represent a heterogeneous assemblage of eukaryotic microorganisms.
Fungal metabolism is characteristically heterotrophic or assimilative for organic carbon
and some nonelemental source of nitrogen. Fungal cells characteristically imbibe or ab-
sorb, rather than ingest, nutrients and they have rigid cell walls. The vast majority of fungi
are haploid organisms reproducing either sexually or asexually through spores. The
spore forms and details on their method of production have been used to delineate most
fungal taxa. Although there is a multitude of spore forms, fungal spores are basically only
of two types: (i) asexual spores are formed following mitosis (mitospores) and culminate
vegetative growth, and (ii) sexual spores are formed following meiosis (meiospores) and
are borne in or upon specialized generative structures, the latter frequently clustered in
a fruit body. The vegetative forms of fungi are either unicellular, yeasts are an example,
or hyphal; the latter may be branched to form an extensive mycelium.

Regardless of these details, it is the accessibility of spores, especially the direct
recovery of meiospores coupled with extended vegetative haploidy, that have made
fungi especially attractive as objects for experimental research.

The ability of fungi, especially the saprobic fungi, to absorb and grow on rather
simple and defined substrates and to convert these substances, not only into essential
metabolites but into important secondary metabolites, is also noteworthy. The metabolic
capacities of fungi have attracted much interest in natural products chemistry and in
the production of antibiotics and other bioactive compounds. Fungi, especially yeasts,
are important in fermentation processes. Other fungi are important in the production of
enzymes, citricacid and other organic compounds as well as in the fermentation of foods.

Fungi have invaded every conceivable ecological niche. Saprobic forms abound,
especially in the decay of organic debris. Pathogenic forms exist with both plant and
animal hosts. Fungi even grow on other fungi. They are found in aquatic as well as
soil environments, and their spores may pollute the air. Some are edible; others are
poisonous. Many are variously associated with plants as copartners in the formation of
lichens and mycorrhizae, as symbiotic endophytes or as overt pathogens. Association
with animal systems varies; examples include the predaceous fungi that trap nematodes,
the microfungi that grow in the anaerobic environment of the rumen, the many insec-
tassociated fungi and the medically important pathogens afflicting humans. Yes, fungi
are ubiquitous and important.
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There are many fungi, conservative estimates are in the order of 100,000 species,
and there are many ways to study them, from descriptive accounts of organisms found
in nature to laboratory experimentation at the cellular and molecular level. All such
studies expand our knowledge of fungi and of fungal processes and improve our ability
to utilize and to control fungi for the benefit of humankind.

We have invited leading research specialists in the field of mycology to contribute
to this Series. We are especially indebted and grateful for the initiative and leadership
shown by the Volume Editors in selecting topics and assembling the experts. We have all
been a bit ambitious in producing these Volumes on a timely basis and therein lies the
possibility of mistakes and oversights in this first edition. We encourage the readership
to draw our attention to any error, omission or inconsistency in this Series in order that
improvements can be made in any subsequent edition.

Finally, we wish to acknowledge the willingness of Springer-Verlag to host this
project, which is envisioned to require more than 5 years of effort and the publication
of at least nine Volumes.

Bochum, Germany KARL ESSER
Auburn, AL, USA PauL A. LEMKE
April 1994 Series Editors



Addendum to the Series Preface

In early 1989, encouraged by Dieter Czeschlik, Springer-Verlag, Paul A. Lemke and
I began to plan The Mycota. The first volume was released in 1994, 12 volumes followed
in the subsequent years. Unfortunately, after a long and serious illness, Paul A. Lemke
died in November 1995. Thus, it was my responsibility to proceed with the continuation
of this series, which was supported by Joan W. Bennett for Volumes X-XII.

The series was evidently accepted by the scientific community, because several
volumes are out of print. Therefore, Springer-Verlag has decided to publish completely
revised and updated new editions of Volumes I, II, IIL, IV, V, VI, and VIII. I am glad that
most of the volume editors and authors have agreed to join our project again. I would like
to take this opportunity to thank Dieter Czeschlik, his colleague, Andrea Schlitzberger,
and Springer-Verlag for their help in realizing this enterprise and for their excellent
cooperation for many years.

Bochum, Germany KARL ESSER
February 2007



Volume Preface to the Second Edition

A place for Fungi in our world has been well established. In the years since the early
1990s the body of evidence accumulating and defining these organisms as a separate
Kingdom among life on earth has been (almost) universally accepted. On a molecular
basis, there remain a few questions concerning the deep divides low in the branches of
the evolutionary tree. And as one considers the mid- and finer branches, there will not
likely be any shock waves big enough to rattle the tree or our thinking of the Fungi (e.g.
Eumycota) as a distinct group of organisms — but there remains much to be done and
learned. Certainly the work of phylogeneticists is not over, but especially, nor is that
of cell biologists - far from it! Indeed the technological and conceptual advances made
in fungal cell biology have been so rapid that a vast literature is being generated that
explores how fungal cells grow and divide. Since the previous edition of this volume in
this series was published these new methods in single-cell imaging, video microscopy,
functional proteomics and gene expression have been widely applied to core questions
related to fungal growth and development. The current edition incorporates the latest
research using these new approaches and new perspectives that have been gained. It
also adds new chapters in contemporary topics that have emerged in recent years to the
areas that have been reviewed in the past as core areas of fungal cell biology.

What makes the fungal cell unique among eukaryotes and what features are shared?
This volume addresses some of the most prominent and fascinating facets of questions
as they pertain to the growth and development of both yeast and hyphal forms of fungi,
beginning with subcellular components, then cell organization, polarity, growth, differ-
entiation and beyond - to the cell biology of spores, biomechanics of invasive growth,
plant pathogenesis, mycorrhizal symbiosis and colonial networks. Throughout this vol-
ume, structural, molecular and ecological aspects are integrated to form a contemporary
look at the biology of the fungal cell.

Chapter 1 endeavors to generate a new perspective and appreciation for the unique
qualities of the endomembrane system in filamentous fungi, as opposed to other eu-
karyotes and sometimes also yeast cells, by drawing connections between structural
and molecular data. In filamentous fungi the tubular vacuole system is one component
of the endomembrane system, as described in Chap. 2, which plays a most important
role in transport - of nutrients, proteins and membrane elements - at the subcellular
and intercellular level. The importance of these vacuolar tubules has generally not been
widely appreciated but they are now beginning to take their rightful place alongside
vesicles as major mediators of cellular traffic. Their vital role in intercellular traffic of
late diverging fungi is dependent upon the perforate septation of hyphae that enables
more complex multicellular differentiation. Chapter 3 offers a review of the Woronin
body, an organelle unique to these “advanced” members of the Eumycota (i.e. not found
among non-septate filamentous fungi) that is also indispensable in the formation of
large multicellular structures. The ability of these fungi to establish tissues and large
organs, and shared with animals and plants, is a consequence of Woronin body function
in gating cell-to-cell movement and loss of contents upon cell injury and is thus of great
evolutionary significance.
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A molecular and genomic component to the analysis of each of these cellular con-
stituents has been essential in bringing our current understanding to new levels. Simi-
larly, these same tools provide a fresh insight into the most obvious manifestation of the
fungal cell, the cell wall, and Chap. 4 includes additional impetus for new research efforts
that go beyond the Saccharomyces model. This same message is delivered in Chaps. 5
and 6. Central to this volume, and to fungal cell biology, is the topic of growth as it
relates to the polarity of yeast and hyphal cells. These two chapters review these aspects
from different perspectives and thus provide a more comprehensive synthesis of the
similarities and likely differences that underlie the biology of the major growth forms
exhibited by cells of fungi. Chapter 7 continues these considerations with regard to the
“pleomorphic” pathogen Candida albicans, an extremely important organism in human
health as well as a model allowing the functional dissection of morphogenetic signal-
ing pathways. The very recently discovered participation by C. albicans, and another
important human pathogen C. glabrata, in mating processes led to additional findings
as reviewed in Chap. 8 that point to a possible connection between the phenotypic
switching processes of morphogenesis and pathogenesis, and an obvious practicality
for understanding the biology of these growth forms and cellular events.

The biology of fungal cells that enable the pathogenesis of plants is reviewed in
the following three chapters, from the very first stages of contact to the mechanisms of
invasive hyphal growth and the various cell structures elaborated for this purpose. That
hyphae can penetrate solid substances is one of the defining characteristics of the fungi -
as pointed out in Chap. 10, this is important not only during plant pathogenesis, but in
every interaction between fungal cells and their environment. The essential ecological
role of certain fungi with the ability to form mycorrhizae, a sophisticated symbiotic
relationship between roots and these fungi that is one of the most prevalent associations
in all terrestrial ecosystems, is described in Chap. 12. Though obviously important,
we still known very little about the biology of these plant-fungus interactions but, as
you will read, many tools of contemporary cell biology are being applied to help fill
these knowledge gaps. The final chapter of the volume concerns the form and function
of interconnected, self-organized fungal networks typically occupying many square
meters of space that are ubiquitous in nature but about which we also know quite little.

As a whole this volume offers many small windows through which the reader can
appreciate both the unique and shared biology of the fungal cell as well as how and why
these organisms represent remarkable and fascinating models for study.

Wilmington, Delaware, USA RICHARD J. HOWARD
Aberdeen, Scotland, UK NEIL A.R. Gow
February 2007 Volume Editors



Volume Preface to the First Edition

Research in cell biology has exploded over the past decade, rendering impossible the
task of mortals to stay abreast of progress in the entire discipline. Anyone interested in
the biology of the fungal cell has most certainly noticed this trend, even in this fringe
field of the larger subject. Indeed, to understand the biology of the fungal cell is to
understand its interactions with the environment and with other cells, encompassing
a tremendously broad array of subdisciplines. In fact, the Mycota represent one of the
last, largely unexplored gold mines of biological diversity. From cellular morphogenesis
to colony formation and pathogenesis, this volume provides examples of the breadth
and depth of fungal cell biology. Of course, there are many topics that could not be
addressed in such limited space, but no matter. Our primary aim has been to provide
a selected sampling of contemporary topics at the forefront of fungal cell biology to
facilitate the dissemination of information across and between the many enclaves of
researchers who study fungal cell biology. These include cell biologists, cytologists,
developmental biologists, ecologists, geneticists, medical mycologists, microbiologists,
molecular biologists, plant pathologists, and physiologists - many of whom would never
consider themselves mycologists,and what a pity. We hope that the current volume will, in
some ways, serve to bridge the gaps and inequalities that exist between these mycologists
and to unite their efforts toward the advancement of our science.

This volume is divided into two parts. The first part considers a sampling of behav-
ioral topics — how, or in what manner and to what effect, do cells of fungi behave in
various environments; how does environment influence cell biology; how do the cells
affect their surroundings, animate and inanimate? Topics include invasive growth, a
defining characteristic of the Mycota; controls of cell polarity and shape, and morpho-
logical changes that are essential for the virulence of many pathogenic fungi; and a
detailed consideration of the ways in which groups of cells of the same species form an
individualistic coordinated organism.

The second part of the volume looks at the fungal cell as a structural continuum -
from proteins, e.g. hydrophobins, that manage patterns of growth and development in
space, to extracellular matrices, molecular connections between extra- and intracellular
domains, including the cytoskeleton, to the molecular patterns of genomes that dictate
things we do not yet know exist. All of these topics are perfused by recent advances in
molecular genetics and are written at a time when fungal genome databases are just
becoming established as a tool for the future. We hope that this volume will not only
demonstrate that fungal cell biology is useful in representing accessible systems for
exploration of biological systems as a whole, but also in illuminating aspects of fungal
biology that are unique and fascinating in their own right. We are challenged by an
amazing universe of fungal cell biology waiting to be explored.

Wilmington, Delaware, USA RicHARD J. HOWARD
Aberdeen, Scotland, UK NEiIL A.R. Gow
March 2001 Volume Editors
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1 The Endomembrane System of the Fungal Cell
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I. Introduction

The eukaryotic endomembrane system can be de-
fined as all the organelles comprising both the
endocytic and secretory pathways, including the
endoplasmic reticulum (ER), Golgi apparatus, en-
dosomes, multivesicular bodies, lysosomes, vac-
uoles, plasma membrane, and transport interme-
diates such as vesicles and microvesicles. These
membrane-enclosed compartments form a com-
plex intracellular system that can comprise a large
percentage of the total cellular volume. To under-
stand the interrelationships between these intra-
cellular compartments it is helpful to consider how
each might have evolved. One of the most signif-
icant advances in evolution from prokaryotes to
eukaryotes was the development of extensive cel-
lular compartmentalization (Stanier 1970), facili-
tated by the proliferation of internal membranes
(Blobel 1980). This elaboration of internal mem-
branes allowed for an organelle-based division of
labor for the biochemistry that was previously re-
stricted to the surface of prokaryotic cells (Becker
and Melkonian 1996). This in turn allowed for the
development of large cells with vastly reduced sur-

! DuPont Crop Genetics, Wilmington, DE 19880-0353, USA
2 Biology Department, Gettysburg College, Gettysburg, PA 17325,
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face area:volume ratios - the average eukaryotic cell
is 102-10° times greater in volume than prokary-
otes (Dacks and Field 2004).

Intracellular compartments can be divided
into three distinct topological groups: (1) the
nucleus and cytosol, (2) mitochondria, and
(3) organelles of the endomembrane system,
based upon the predominant means of protein
transport within each group (Blobel 1980): gated
between the cytosol and nucleus via nuclear pores,
transmembrane in the case of mitochondria,
and mainly vesicle-mediated. Organelles are
membrane-bounded compartments that contain
specific chemistry. The protein constituents of
each organelle define its structure and function.
Since most proteins are synthesized in the cytosol,
mechanisms exist for delivery of these proteins to
the proper organelle. Therefore, an understanding
of protein transport is inexorably connected with
understanding the endomembrane system. In
large part organelle homeostasis is controlled
by limiting the flow of molecules both into and
out of each compartment. Thus, to understand
the workings of the eukaryotic cell it is funda-
mental to understand the defining biochemical
activities for each organelle, how molecules move
between them, and how the compartments are
created and maintained. For the compartments
that comprise the endomembrane system this is
a daunting task considering all the interorganellar
communication that occurs concurrently with the
flow of biomaterials through the system. It is even
more remarkable in fungal hyphae, perhaps the
ultimate fast growing polarized eukaryotic cell.
Cells of septate fungi can be upwards of 200 times
longer than wide (and coenocytic Zygomyetes
much longer than this) with a hyphal apex that
extends a distance of up to four times the hyphal
diameter every minute (Collinge and Trinci 1974;
Lépez-Franco et al. 1995).

While there is certainly much overlap in the
strategies adopted by various eukaryotes, the
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endomembrane system of filamentous fungi has
several singular structural features that set it
apart from that of other higher eukaryotes. For
example, the Golgi apparatus in filamentous fungi
lacks stacks of membrane cisternae and does not
disperse during mitosis. Also, there is a lack of
structural evidence to support the existence of
clathrin-coated vesicles, vectors that are respon-
sible for the bulk of endocytosis and trans-Golgi
network trafficking. Some of these differences
appear to be shared between filamentous fungi
and their yeast relatives while others are not (Ta-
bles 1.1-1.6). Whether these structural differences
underlie significant functional differences remains
to be answered and could perhaps be exploited
in the design of control strategies against fungi,
many of which have a significant negative impact
upon humankind.

As we consider the endomembrane system of
filamentous fungi, we unavoidably focus on the hy-
phal tip cell (Fig. 1.1) where the most obvious prod-
uct of that system, polarized growth, is manifest.
Additionally, in terms of morphology and ultra-
structure, the hyphal tip cell is undoubtedly the
most studied of all fungal cells. The overall dis-
tribution of endomembrane compartments related
to the tip growth process is carefully orchestrated
and maintained; and perturbation of the hyphal
apex is evidenced by a rapid redistribution of cellu-
lar endomembrane components, particularly those
associated with the Spitzenkorper. For further re-
lated discussion, the reader is referred to Chaps. 5
and 6 in this volume, respectively by Fischer, and
by Sudbery and Court.

The present chapter was written in part to spur
further inquiries in this area by bringing together
disjointed sources of information. By emphasiz-
ing morphogenesis and structure we aim to draw
connections between microscope-based structural
knowledge and molecular data, and hope that this
undertaking will generate a new perspective and
appreciation for the unique qualities of the en-
domembrane system in filamentous fungi.

II. Tools for Study
of the Endomembrane System

The discovery and manipulation of fluorescent
reporter molecules has revolutionized cell biology
and been exploited to study fungi (Cormack
1998; Lorang et al. 2001; Czymmek et al. 2005).

Fluorescent protein tagging methods have aided
greatly investigations of the endomembrane
system of other eukaryotes (Hanson and Kohler
2001). These probes can be used to determine the
subcellular distribution of a given molecule as
well as assess its mobility and potential protein-
protein interactions. In addition, fluorescent
protein markers can be used to label specific
compartments, monitoring their size, shape, mo-
bility and time-resolved changes that occur during
development or in response to environmental
stimuli. For example, a yeast deletion library was
used in conjunction with a background strain
with a plasma membrane-targeted GFP to identify
genes required for precise delivery of this protein
to its proper destination (Proszynski et al. 2005).
These types of studies could do much to advance
our understanding.

Recent advances in gene targeting and the de-
velopment of fusion PCR for gene-tagging have
combined to make large-scale gene and genome
manipulation feasible in Neurospora crassa, As-
pergillus nidulans, and A. fumigatus. First, dis-
ruption of the non-homologous end joining DNA
repair pathway (NHE]), by deletion of the KU70
or KUS80 genes, essentially eliminates the histor-
ically difficult problem of inefficient gene target-
ing in these fungi (Ninomiya et al. 2004; da Silva
Ferreira et al. 2006; Krappman et al. 2006; Nayak
et al. 2006). For example, in A. nidulans cells lack-
ing KU70 or KU80, ~90% of transformants are

Table. 1.1. (on page 3-4) Endoplasmic reticulum proteins
in fungi. A. nidulans (An) ER proteins were identified
by tBlastn of the An genome (http://www.broad.mit.edu/
annotation/genome/aspergillus_nidulans/) using S. cere-
visiae (Sc) proteins. Sc proteins were obtained from Gene
Ontology annotation for yeast endoplasmic reticulum
(www.yeastgenome.org). Proteins were further defined
by forward and reverse tBlastn and blastp between
Sc and An genomes, tBlastn of An proteins against
the An genome, and tBlastn and blastp of An and Sc
proteins to all Fungal Genome Initiative (FGI) genomes
(http://www.broad.mit.edu/annotation/fgi/)

Table.1.2. (on page 5-7) Golgi proteins. A. nidulans (An)
ER proteins were identified by tBlastn of the An genome
(http://www.broad.mit.edu/annotation/genome/aspergillus
_nidulans/) using S. cerevisiae (Sc) proteins. Sc proteins
were obtained from Gene Ontology annotation for yeast
golgi (www.yeastgenome.org). Proteins were further
defined by forward and reverse tBlastn and blastp between
Sc and An genomes, tBlastn of An proteins against
the An genome, and tBlastn and blastp of An and Sc
proteins to all Fungal Genome Initiative (FGI) genomes
(http://www.broad.mit.edu/annotation/fgi/)



S. cerevisiae A. nidulans Other fungi®

Endoplasmic reticulum membrane proteins

SEC61 translocation complex
SBHI, SBH2 AN0417 (8e714, 5¢719) Ci, Cg, N¢, Mg, Bc, Ss (17110 — 5¢708)
SSS1 AN4589 (2.6e716) Bc, Ss, Mg, Ci, Cg, Ro, N¢, Cn (7% — 0.001)
SEC61, SSH1 AN7721 (1e7123, 5¢7%0) Ci, Ss, Nc,Cg, Mg,Cn, Ro, Bc (0.0 — 1e7119)

SEC63 pre-secretory protein translocation complex
SEC62 AN6269 (4e72%) Ci, Bc, Ss, Mg, N¢, Cg,Ro, Cn (1e71%0 — 1e72°)
SEC63 AN0834 (5e732) Ci, Bc, Ss, Mg, N¢, Cg,Ro, Cn (0.0 - 6e72%)
SEC66 AN1442 (2¢79) Ss, Nc, Cg, Mg, Ci, Bc, Cn, Ro (1e™ — 1e712)
SEC72 AN10987 (7e797) Ci, N, Mg, Cg, Bc, Ss,Ro, Cn (26736 — 3¢7%)

Other ER membrane proteins
VPS64 (cytoplasm— vacuole protein targeting) AN4632 (2e718) Ci, N¢, Ss, Mg, Bc, Cg, Ro (1e71%0 — 9e722)
HSDI (unknown function) AN3177 (1e™3) Ci, Bc, Mg, Cg, N, Ss, Cn, Ro (1e712 — 3¢715)
PHOB86 (packaging PHO84 into COPII vesicles) None None
NPL4 (complex w/CDC48, UFD1) AN0295 (1e7127) Ci., Ss, Cg, Bc, Nc, Mg, Ro, Cn (0.0 — 2e788)
ERI1 (GPI-GnT complex) ANB8536 (0.74) Mg, Bc, Ng, Ss, Cg, Ci (1e720 — 1e7%)
CUEL (recruits UBC7, protein degradation) AN5900 (0.072) Ci, B, Ss, Mg, N¢, Cg, Cn (le™** — 0.003)
ERG28 (interacts w/ERG6, -26, -27) AN5862 (8e717) Ci, Bc, Ss, N¢, Cg, Mg, Ro, Cn (1e730 — 2¢706)
DERI (ER-associated protein degradation) Contig 109” (0.010) Nc, Mg, Ci (3e710 —3¢707)
CSG2 (mannosylation) AN0674 (0.016) Ci, Ss, Bc, Mg, N¢, Cg, Ro, Cn (1e7109 5 7¢711)
YETI, YET2, YET3 (HuBAP3I homolog) ANO0819 (0.001, 0.028, 3e713) Ci, Nc, Cg, Mg, Ss, Bc, Ro (5676 — 1e704)
STE14 (farnesyl Cys-COOH methyltransferase) ANG6162 (4e™®) Ci, N¢, Cg, Mg, Ro, Bc, Cn, Ss (66798 — 2¢704)
BIGI (cell wall B-glucan content) AN5684 (2.4) Bc, Ci, Ss, Mg, Cg, Nc (3e72 — 2709
ERDI (retention of luminal ER proteins) AN5682 (8e797) Nc¢, Mg, Cg, Ss Bc, Ci, Cn (4e7%* — 6e™11)
ERD2 (binds HDEL motif in ER proteins) AN11226 (7e742) Ss, Bc, N¢, Ci, Mg, Cg, Cn, Ro (66774 — 1e736)
Novel additional ERD2 homolog AN4528 (2e719) Ng, Bc, Mg, Ss, Cg, Cn (2e770 — 4e724)
VPH2 (vacuolar-ATPase assembly) None None
VMA21 (vacuolar-ATPase assembly) AN2975¢ - Ss, Mg, Cg (2¢7% — 0.028)
VMAZ22 (vacuolar-ATPase assembly) AN4766¢ - N¢, Mg, Cg, Ci, B¢, Ro, Ss (2718 — 0.68)
MCD4 (GPI anchor synthesis) AN7049 (1e7140y Ci, Bc, Cg, Ng, Ss, Mg, Ro (0.0 — 6e7°1)
RCR1 (chitin deposition in cell wall) AN1001 (0.41) Ci, Cg, N¢, Ss, Mg, Bc, Ro (1e7126 5 1e727)
KARS (nuclear membrane fusion) AN1771 (2e706) Ci, Mg, Bc, Cg, N, Ss (26730 — 3¢706)
FRT1 (calcineurin substrate) Not found MGG_09764 ? (0.79)
FRT2 (interacts with FRT1) None None

Endoplasmic reticulum lumenal proteins
ZRG17 (possible zinc uptake function) AN1076 (1e7%4) Ci, Bc, Ss, Mg, N¢, Cg (1e7130 5 1e781)
PGA2 (maturation of GAS1, PHOS8) AN0597¢ - Mg, N, Ci, Ss, Bc (4e7% — 0.005)
PGA3 (maturation of GASI1, PHOS8) AN6366 (3e™?) Ci, B, Ss, Mg, N¢, Cg, Ro, Cn (1e7135 — 2¢772)
INP54 (ptdins 4,5-bisphosphate-5-phosphatase) AN11023 (6e7%) Ci, Ss, Mg, N¢, Cg, Bc, Ro (76796 — 5¢71)

Disulfide bond formation
ERV2 (PI 4,5-bisphosphate-5-phosphatase) AN3759 (5e730) Ci, Nc, Mg, Ss, Bc (le™ — 1e73%)
EPS1 (PDI1-related protein) AN5970 (1e79) Ci, Ss, Bc, Cg, N¢, Mg, Ro (0.0 — 5e732)
PDI1, EUGI (protein disulfide isomerase) AN7436 (3e7%, 6e73%) Ci, N¢, Cg, Ss, Mg, B¢, Ro, Cn (1e717° — 3¢773)
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S. cerevisiae A. nidulans Other fungi®
MPDI (inhibits CNEI chaperone activity) AN0248 (5e7%4) Ci, N¢, Mg, Ss, Bc, Cg, Ro, Cn (1e™112 — 5¢717)

ER chaperones/unfolded protein response
SHR3 (ER packaging chaperone) AN1845 (6e71%) Ci, Ss, Bc, Mg, Nc (178 — 3¢711)
ERJ5 (co-chaperone, Dnaj-like domain) AN5770 (3e704) Ci, Mg, Cg, Bc, N¢, Ss, Ro, Cn (1e7102 5 9706
ORM1, ORM2 (unfolded protein response) AN1933 (1e7%2, 8e72%) Ci, Cg, Ss, Bc, Mg, N¢, Cn, Ro (7e782 > 1e719)
ERO1 (oxidative protein folding) AN1510 (4e771) Ci, Ss, Bc, Mg, N¢, Cg, Ro, Cn (1e717% — 3¢721)
FES1 (HSP70 nucleotide exchange factor) AN6543 (6e728) Cg, Mg, Ci, N, Ss, Bc, Ro, Cn (66772 — 2e709)
LHS1 (HSP70 family chaperone) AN0847 (2e7%) Ci, Ss, Bc, N¢, Mg, Cg, Cn, Ro (0.0 > 3e™%)
SIL1 (KAR2 nucleotide exchange factor) BC1G_08026.1/ (8e712) Bc, Cg, Nc, Mg (8e712 — 5¢708)
KAR2/BiP (ATPase, chaperone§ AN2062 (0.0) Ci, B, Ss, N¢, Mg, Cg, Ro, Cn (0.0 — 0.0)
CPR5 (ER cyclophilin) AN4467 (7e741) Cg, Ng, Ss, Ro, Ci, Bc, Mg (96763 — 9¢741)
HRD1 (ubiquitin-protein ligase for ERAD) AN1488 (2e72%) Ci, Ss, Bc, Cg, N¢, Mg, Cn (0.0 — 3e73%)
CNEI1 (calnexin, ER chaperone) AN3592 (2e7%8) Ci, Nc, Cg, Mg, Ss, Bc, Cn, Ro (0.0 - 2e739)
HLJ1 (co-chaperone for HSP40) AN4441 (5¢718) Ss, Bc, Cg, Mg, N¢, Ci, Ro (5e778 — 1e721)
JID1 (probable HSP40 co-chaperone) Contig 518 (4e710) Ss, B¢, N, Ci, Mg, Ro (5¢722 — 0.007)
YDJ1 (Dnaj co-chaperone for HSP70, -90) AN2731 (1e77%) Ci, Ss, Bc, Cg, N¢c, Mg, Ro, Cn (1e7165 — 1e7%1)

Other ER and ER-associated proteins
SWR1 (SWI2/SNF2-related ATPase) AN9077 (0.0) Ci, Ss, N¢, Cg, Bc, Mg, Ro, Cn (0.0 — 0.0)
SWC3 (SWRI complex) AN3834 (0.001) Ci, Bc, Ss, Cg, Mg, Nc (3e™4 — 7e7206)
MSC1 (unknown function) AN4940 (4e726) Ci, N, Mg, B, Ss, Cg, Cn (1e7148 — 5¢710)
MSC2 (cation diffusion facilitator family) ANS5347 (8e™%7) Ci, N¢, Ro, B¢, Mg, Ss, Cg, Cn (1e777 — 7e723)
MSC7 (unknown function) ANG6636 (1e7120y Ci, B¢, Cg, Mg, Ng, Ss, Ro, Cn (0.0 — 6e781)
SLCI1 (1-acyl-glycerol-3-POy acyltransferase) AN6139 (0.0) Ci, Cg, N¢, Bc, Ss, Mg, Cn, Ro (1e7110 5 1e749)
AREI], ARE2 (acyl-CoA:sterol acyltransferase) AN4208 (0.0) Ss, Mg, N¢, Ci, Cg, Bc, Cn (1e717° — 4e71)
Novel additional ARE1/2 homolog AN6159" (5.7e721, 3¢730) Ci, Ss, Bc, Cg, N¢, Mg, Ro, Cn (17162 5 1e729)
MNLI1 (a-mannosidase-like protein) AN11163 (0.0) Ci, Bc, Ss, Mg, Cg, N¢, B¢, Ro, Cn (0.0 — 2e777)

“ Listed are fungi in which one or more putative orthologs occur. Order of fungi and corresponding range of e-values indicate relative strength of homology to An sequence.
Bc Botrytis cinerea, Cg Chaetomium globosum, Ci Coccidioides immitis, Cn Cryptococcus neoformans, Mg Magnaporthe grisea, Nc Neurospora crassa, Ro Rhizopus oryzae,
Ss Sclerotinia sclerotiorum.

b $¢ DER1 found an unnamed hypothetical ORF in An (contig 109, nt 132344-133047). Sc DER1 found putative orthologs in three other fungi; its closest relative is NCU00146
(3e710),

¢ Sc VMA21 did not find the An ortholog, but did find the putative Mg ortholog, MGG_09929 (2e™%). MGG_09929, in turn, found Sc VMA21 (1.6e"%) and the putative An
ortholog, AN2975 (0.008).

4 Sc VMA22 did not find the An ortholog, but did find the putative Ss ortholog, SS1G_13727 (e=11.0). SS1G_13727, in turn, found Sc VMA22 (0.097) and the putative An
ortholog, AN4766 (3.1).

¢ Sc PGA2 did not find an An homolog, but did find the putative Ci ortholog, CIMG_00038.2 (1e~%). CIMG_00038.2, in turn, found Sc PGA2, and a putative An ortholog,
ANO0597. The An gene did not find PGA2 in Sc, but found the same five putative orthologs in other fungi as were found by CIMG_00038.2.

'8¢ SIL1 did not find an An homolog, but did find the putative Bc ortholog, BC1G_08026.1 (8e~'2). BC1G_08026.1, in turn, found Sc SIL1 (1.3e”'%) and putative orthologs
in three other fungi, but not in A. nidulans.

8 ScJID1 found an unnamed hypothetical ORF in An (contig 51, nt 221952-222362). Sc JID1 found putative orthologs in other fungi; its closest relative is SS1G_11303 (2e710),
"' Sc ARE1and ARE2 are strongly related paralogs (1.3 7). The An ortholog of ARE1/ARE2 is AN4208 (0.0). Reciprocal blastp of the Sc genome finds ARE1 (2.2¢ ) and ARE2
(4.2e77).In addition, An possesses one paralog, AN6159, that shows moderate similarity to AN4208 (2.3e73!), and to the Sc ARE1/2 paralogs (5.7¢ 7! and 3e™3?, respectively).
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S. cerevisiae A. nidulans Other fungi®
Golgi resident proteins
ATX2 (manganese homeostasis) ANG6216 (8.5¢709) Ci, Ss, Bc, Mg, Nc, Cg, Ro, Cn (17116 — 1e73°)
ARV1 (intracellular sterol distribution) AN5868 (1.3e79%) Ci, Nc, Ss, Cg, Bc, Mg (4e723 — 3¢70%)
AURI (IPC synthase, sphingolipid synthesis) AN4991 (0.0) Ci, Ss, B¢, Cg, N¢, Ro, Cn (1e7129 5 3¢764)
GDAL1 (guanosine diphosphatase, GDP — GMP) AN1082 (0.0) Ci, Ss, Bc, Mg, N¢, Cg, Ro, Cn (1e7151 — 1e77%)
CCC1 (vacuolar Fe**/Mn** transporter) AN3681 (3.5e734) Ci, Mg, Ss, Ro, B¢, Cg, Cn (2e772 — 5¢717)
Novel A. nidulans CCC1 homolog AN4990 (2.1e73) None?
GEF1 (chloride channel, Fe metabolism) AN2308 (0.0) Ci, Ss, N¢, Cg, Mg, B¢, Cn, Ro (0.0 > 1e71%9)
Novel additional GEF1 homologs® AN6107 (0.0) Ci, N¢, Ss, Mg, Bc, Cg, Cn, Ro (0.0 — 1e7119)
AN6311 (0.0) Ci, Mg, Cg, N, Ss, Bc, Cn, Ro (0.0 — 1e7105)
IMH1 (vesicular transport, GRIP domain) AN2480 (9.4e73%) Ci, N, Ss, Bc, Cg, Mg, Ro (0.0 > 6e732)
LCBA4, LCB5 (sphingolipid long-chain base kinase) AN1176 (0.0) Ci, Bc, Ss, Mg, Nc, Cg, Ro, Cn (e — 7e743)
ANP1 (retention of Golgi glycosyltransferases) AN10265 (0.0) Ci, Ss, Mg, Cg, Nc, Bc, Ro (1e71%¢ — 6e7>7)
VANT1 (component of mannan polymerase I) AN4395 (0.0) Ci, Mg, Cg, Bc, N, Ss, Ro (1e7133 — 8e~00)
MNN9 (Golgi mannosyltransferase complex) AN7672 (0.0) Ci, Bc, Ss, Nc, Mg, Cg (17126 — 1¢7105)
MNN10 (Golgi membrane mannosyltransferase) AN7562 (0.0) Ss, Bc, Ci, Mg, N¢, Cg (1e7132 — 1e7110)
MNN11 (Golgi mannosyltransferase complex) AN1969 (1.5e722) Ci, Cg, N¢, Ss, Mg, Bc (4e7% — le™¥)
HOC1 (a-1,6-mannosyltransferase) ANA4716 (0.0) Ci, Ss, N¢, Bc, Mg, Cg, Cn (1e™117 — 8e™34)
MNN2 (a-1,2-mannosyltransferase) AN6571 (0.0) Ci, Bc, Ss, Mg, N¢, Cg, Ro, Cn (1e71%5 — 6e7%5)
MNNG5 (a-1,2-mannosyltransferase) AN6857 (4e™44) Ci, Bc, Ss, Mg, N¢, Cg, Cn, Ro (1e7138 — 1e714)
MNNI1 (a-1,3-mannosyltransferase) AN65714 (9e79%) Ci, Bc, Ss, Mg, N¢, Cg, Ro, Cn (1e71%5 — 6e7%5)
KRES6 (integral membrane B-1,6 glucan synthase) AN10779 (0.0) Ci, B¢, Ss, Cn (0.0 > 1e7115)
RSN1 (membrane protein, unknown function) ANB8069 (0.0) Ci, Bc, Cg, Ss, Nc (0.0 — 1e7104)
DRS2 (aminophospholipid translocase) ANG6112 (0.0) Ci, B¢, Cg, N¢, Mg, Ss, Ro, Cn (0.0 — 0.0)
KEX1 (killer toxin processing, TPA carboxypeptidase) AN10184 (0.0) Ci, Ss, N¢, Mg, Bc, Cg, Cn, Ro (0.0 —> 4e™43)
KEX2 (Ca“-dependent Ser protease, proprotein convertase) AN3583 (0.0) Ci, B, Ss, Cg, N¢, Mg, Cn, Ro (0.0 > 1e71%)
VRG4 (Golgi GDP-mannose transporter) AN8848° (0.0) Ci, Bc, Ss, Mg, N¢, Cg, Ro, Cn (1e714° — 8e™8)
HVGL1 (unknown function, similar to VRG4) AN9298¢ (0.0) None
PSD2 (phosphatidylserine decarboxylase) AN3188f (0.0) Ci, Ss, Cg, Mg, Bc, Cn, Ro (0.0 - 1e7145)
Novel additional PSD2 homolog AN7989 (0.0) Ci (1e7102)
HUT1 (UDP-galactose transport to GA lumen) AN4068 (0.0) Ci, Ss, Bc, Mg, Nc, Cg, Ro, Cn (1713 — 2¢7Y)
GOT1 (ER — GA transport?) AN10313 (1e797) Ci, Mg, Cg, Ss, Nc, Ro (3e726 — 2¢709)
STE13 (dipeptidyl aminopeptidase) AN2946 (1e7112) Ss, B, Ci, N¢, Cg, Mg (0.0 — 0.0)
PMRI1 (Ca*?/Mn*? P-type ATPase) AN7464 (0.0) Ci, Ss, Bc, Mg, N¢, Cg, Cn, Ro (0.0 —> 1e7122)
TUL1 (RING-finger E3 ubiquitin ligase) AN1075 (1e731) Ci, Mg, B¢, Ng, Ss, Cg, Ro, Cn (0.0 — 4e7%)
YIF1 (fusion of ER-derived COPII vesicles) AN6628 (1e22) Ci, B, N¢, Cg, Mg, Ss, Cn, Ro (1e712° - 1e719)
COY1 (similar to mammalian CASP) AN0762 (3e748) Ci, Bc, N¢, Ss, Mg, Cg, Cn (0.0 — 2e741)
SWHI1, OSH2 (oxysterol-binding protein) AN9063 (1e7123, 17160 Bc, Ng, Ss, Mg, Ci, Cg, Ro (0.0 — 2e721)
GMH]1 (interacts with GEA1, GEA2) AN3439 (7¢798) Ci, Cn (6672 — 5e70%)
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GVP36 (unknown function) AN10743 (3e730) Ci, Mg, Ss, Cg, Bc, Ro, Cn (1e7120 5 1e721)
SVP26 (retention of early GA proteins) AN5788 (1e740) Ci, N¢, Bc, Mg, Ss, Cn, Ro (6679 — 3¢7106)
BFR2 (essential protein, secretion) AN7526 (3e7%) Ci, B¢, N, Cg, Mg, Ro, Ss (3720 — 4e708)
BUGI (unknown function) None None
CHS7 (regulates CHS3 export from ER) AN1069 (3e792) Ci, N¢, Cg, Ss, Bc, Mg, Ro, Cn (1e7129 - 5e754)
Novel additional CHS7 homolog AN5152 (2¢798) Ss, N¢, Ci, Cg, Bc, Mg, Ro (178 — 5¢720)
TPOS5 (putative polyamine transporter) AN1061 (2e727) Ci, Mg, Ss, Nc (0.0 — 1e7%)
SBE2, SBE22 (transport of cell wall components) AN3752 (7679, 5¢710) Ss, Mg, N¢, Ci, Cg, Bc, Cn, Ro (1e71 — 6e713)
INP53 (PI 4,5-bisphosphate phosphatase) ANS8288 (1e7169) Ss, Ci, Mg, N¢, Cg, Bc, Ro, Cn (0.0 — 6e771)
YKLO063C (putative protein, unknown function) None None
YCRO43C (putative protein, unknown function) AN8720 (7e™4) Bc, Ss, Cg, Mg, Nc (5e7%% — 1e778)
YJL123C (putative protein, unknown function) AN4024 (5e712) Ci, Ss, B¢, N¢, Cg, Mg, Cn, Ro (1e7131 — 1e797)
Golgi protein retention
VPS1 (dynamin GTPase) ANS8023 (0.0) Ci, Ss, Cg, Nc, Mg, Ro, Cn (0.0 — 0.0)
VPS13 (homologous to human COHI) AN5579 (0.0) Ss, Ci, Mg, Cg, Bc,Nc, Ro, Cn (0.0 — 1e7161)
Golgi to plasma membrane
LST4 (transport of GAP1 permease) None None
LST7 (transport of GAP1 permease) AN4598 (0.0083) Ci, Ss, B¢, N¢, Mg, Cg (1e7129 - 1e711)
SEC14 (P-inositol/P-choline transfer protein) AN4997 (4e782) Ng, Cg, Ss, Bc, Mg, Ci, Cn (1e™%5 — 8e20)
CHSS5 (chitin biosynthesis, CHS3 localization) ANB8710 (3e7%) Ci, Ss, Bc, Mg, Cg, N¢, Ro, Cn (1e711° — 2¢719)
BCH2 (see Table 1.5) AN3122 (0.003) Ci, Cg, Ss, Nc, Mg, Bc, Ro, Cn (0.0 > 1e773)
GORASP (Golgi postmitotic reassembly stacking protein)
GRHI (hsGRASP55/65 homolog) AN11248¢ (8e718) Ci, Ss, Mg, Cg, Bc, N¢, Ro, Cn (2e7% — 7¢704)

“ Listed are fungi in which one or more putative orthologs occur. Order of fungi and corresponding range of e-values indicate relative strength of homology to An sequence.
Bc Botrytis cinerea, Cg Chaetomium globosum, Ci Coccidioides immitis, Cn Cryptococcus neoformans, Mg Magnaporthe grisea, Nc Neurospora crassa, Ro Rhizopus oryzae, Ss
Sclerotinia sclerotiorum.

b AN4990 appears to represent a novel, expanded homolog of Sc CCC1 that occurs in A. nidulans, but not in the other fungal species in this study.

¢ The single Sc GEF1 Golgi chloride channel found three strongly conserved fungal homologs. By reciprocal blastp search each An protein found Sc GEF1 as the only
significant hit (AN2308 7.2, AN6107 1.1e7%°, and AN6311 4.4e7%8). Each of these three exhibits strong homology with human chloride channel 3 protein (NP_001820,
7e 148 5 3e713%),

4 Other fungi appear to be missing an ortholog of the Sc MNN1 a-1,3-mannosyltransferase. MNN1 finds only one An protein, AN6571 (9¢~°%). However, AN6571 appears to
be the ortholog of the Sc MNN2 «-1,2-mannosyltransferase (0.0). Similarly, Sc MNN1 found no homologs by blastp of all fungi.

¢ AN8848 and AN9298 appear to represent a duplicated gene pair in A. nidulans that is not duplicated in the other fungal species in this study, with the possible exception
of R. oryzae. The two An genes are very similar to each other (0.0). By reciprocal blastp, AN8848 shows strong conservation with Sc VRG4 (1.5¢™°!) and HVG1 (1.8e"72). By
comparison, AN9298 is more diverged from Sc VRG4 (1.5¢7%') and HVG1 (5¢™>°).

/ AN7989 and AN3188 appear to represent paralogs that are also duplicated C. immitis (CIMG_02491 and CIMG_00068) but not in the other fungal species. The two An
genes are very similar to each other (0.0).

£ AN11248 (GRASP55/65 homolog) shares greater homology with human GORASPs 1 and 2 (1e72%, 7e=2*) than it does with Sc GRHI (8e™'8).
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Other fungi®

None
None
None

A. nidulans

None
None

None”
" Human golgins-1, -2, -3, -4, -5, -6, -7, -8a, -8b, and Golgin-B1 found weak hits (<e %) to large predicted proteins such as AN3906 (viral A-type inclusion protein repeat),

AN3062 (similar to calmodulin-binding coiled-coil protein), AN5499 (TPR/MLP1/MLP2-like protein, which forms the central scaffold element of the nuclear pore basket),
AN3437 (ApsB, anucleate primary stergimata protein B), AN4706 (myosin head, motor domain), and AN7443 (transient receptor potential ion channel). These A. nidulans

proteins, in turn, found human restins, myosins, plectins, TPR/MLP1/MLP2, and sometimes golgins, at higher e-values.

Golgins (tethering and organization of Golgi stacks in animals)
Human GOPC (Golgi-associated PDZ and coiled-coil)
Human GCC1 (GRIP and coiled-coil containing-1)

Human golgins 1,-2,-3,-4,-5,-6,-7,-8a,-8b, -B1

S. cerevisiae

correctly targeted and contain no additional ec-
topic integrations of the transforming DNA (Nayak
et al. 2006). Even difficult genes can be readily
deleted from NHE]J-deficient strains. For example,
we were able to delete the cdc7 gene within a re-
combinationally suppressed chromosomal region
on LGVI of A. nidulans, in which the apparent
genetic-to-physical distance was at least 7-fold ex-
panded (=54 kb per map unit) relative to the av-
erage of ~8 kb per map unit. Repeated attempts
using conventional strains failed to delete the lo-
cus, but in the AnkuA (AKU70) background ~15%
of transformants (4 out of 30) were deleted for
this gene (laboratory of S.W. James, unpublished
data). Second, fusion PCR can be used to rapidly
produce constructs for gene deletion, tagging, or
promoter replacement. Two-way fusion PCR, or
single-joint PCR, may be used to fuse any two
DNA fragments, e.g., the coding region of a gene
with an inducible promoter; and three-way fusion
PCR can be used to make deletion constructs (Yang
et al. 2004; Yu et al. 2004). Where the genome has
been sequenced, fusion PCR obviates the need for
DNA cloning; PCR-generated fusion constructs can
be directly transformed into NHE]-deficient host
strains to delete, tag, or replace portions of genes.
In A. nidulans, useful tagging cassettes are avail-
able 21 for tagging a gene’s C-terminus with GFP
or mRFP for in vivo cytological studies; and with
the 15-amino-acid S-peptide for affinity purifica-
tion of in vivo protein complexes (Yang et al. 2004).
Publicly available cassettes, strains, libraries, and
a host of other resources may be obtained via the
Fungal Genetics Stock Center (University of Mis-
souri, Kansas City; http://www.fgsc.net/). Together,
these recent advances in gene targeting and gene
manipulation make it possible to rapidly target ev-
ery gene in a fungal genome (e.g., see Nayak et al.

Table.1.3. (on page 8-11) COPII (ER — Golgi) and
COPI (Golgi — ER) transport processes. A. nidulans
(An) proteins were identified by tBlastn of the An
genome (http://www.broad.mit.edu/annotation/genome/
aspergillus_nidulans/) using Sc proteins. Sc proteins
were obtained from Gene Ontology annotation for
yeast (www.yeastgenome.org). Proteins were further
defined by forward and reverse tBlastn and blastp
between Sc and An genomes, tBlastn of An proteins
against the An genome, tBlastn and blastp of An and
Sc proteins to all Fungal Genome Initiative (FGI)
genomes (http://www.broad.mit.edu/annotation/fgi/),
and by phylogenetic trees wusing the neighbor-
joining method excluding positions with gaps
(http://www.ebi.ac.uk/clustalw/index.html)



S. cerevisiae A. nidulans Other fungi®

ER — GA transport

COPII coatomer complex
SARI (Arf GTPase SarA) ANO0411 (4e73%) Ss, Cg, Ro, N, Ci, Mg, Bc, Cn (1e770 — 4¢728)
SEC13 (COPII component) AN4317 (1e782) Ci, N¢, Cg, Mg, Ss, B¢, Ro, Cn (1e7136 5 ge~38)
SEC16 (COPII vesicle coat) AN6615 (7e722) Ci, Bc, Ss, Nc, Mg (0.0 — 8e7>%)
SEC23 (GTPase activator of Sarl) ANO0261 (0.0) Ci, Ss, Cg, Bc, Mg, Ro, Cn, Nc (0.0 — 0.0)
SEC24, SFB2 (COPII vesicle coat) AN3720 (0.0, 0.0) Mg, Cg, N, Ss, Bc, Ci, Cn, Ro (0.0 — 0.0)
SFB3 (SEC24 family, COPII sorting) AN3080 (8e782) Ss, Mg, N¢, Cg, B¢, Ro, Ci, Cn (0.0 — 2¢7%)
SEC31 (COPII vesicle coat) ANG6257 (1e7102) Ci, Ss, Mg, Bc, Nc¢, Cg, Ro, Cn (0.0 — 6e78)

COPII-related functions
EMP24 (COPII vesicle membr protein) AN1154 (1e727) Ss, Bc, Mg, Ci, Cg, Mg, Cn (3e775 — 2e72)
EMP46, EMP47 (COPII vesicle membr protein) AN7302 (0.010) N¢, Ci, Cg,Mg, Bc, Ss, Ro (2e777 — 2e709)
ERP1, ERP5, ERP6 (complex w/ERP2, EMP24) AN4446 (6e737,1e734,7¢71%)  Ci, Ss, Cg, N¢, Bc, Mg, Cn, Ro (2e771 — 2e704)
ERP2, ERP3, ERP4 (complex w/ERP1, EMP24) AN8194 (5¢7%,6e7%,6e7%)  Ci, Cg, Ss, Bc, NC, Mg, Ro, Cn (278 — 2¢73)
ERV25 (complex with ERP1, ERP2, EMP24) AN4165 (1e749) Ci, Bc, Cg, Mg, Ss, Nc, Ro (1e77* — 4e717)
ERV14, ERV15 (COPII vesicle protein) AN5195 (26730, 5¢71%) Mg, Ci, Bc, Cg, N, Ss, Ro, Cn (27 — 5¢71)
ERV29 (COPII vesicle protein) AN1117 (3e7%7) Ss, N¢, Mg, Cg, Ci, Ro, Cn (1e778 — 4e71%)
ERV41 (complex with ERV46) AN7679 (6e724) Ci, Ss, Bc, Mg, N¢, Cg, Cn (1e7110 — 2720
ERV46 (complex with ERV4I) AN2738 (2e742) Ci, N¢, Ss, Mg.Cg. Ro, Bc, Cn (1e7148 5 ge12)
BST1 (GPI inositol deacylase) AN6702 (6e771) Ss, Bc, N¢, Cg, Ci, Mg, Ro, Cn (0.0 — 3e741)

TRAPP complex (transport protein particle), ER — GA transport
BET3 AN9086 (3e™9) Mg, N, Ss, Ci, Cg, B¢, Cn, Ro (3¢ - 1e7%?)
BET5 ANB8828 (8e708) Ss, Bc, N¢, Ci, Mg, Cg, Ro, Cn (2e740 — 2¢711)
GSG1 AN7311 (1e712) Nc, Cg, Mg, Ci, Bc, Ss, Ro, Cn (1e71°1 — 2e72)
KRE11 Not found Not found
TRS120 ANG6533 (2e713) Ci, Bc, Mg, Ss, Nc, Cg, Ro (0.0 — 3e71%)
TRS130 AN1038 (1e797) Bc, N, Ci, Mg, Ss, Cg, Cn, Ro (0.0 — 9e723)
TRS20 AN11500 (2e79) Ci, N¢, Ss, Bc, Mg, Cg (4e™% — 8e™14)
TRS23 Contig 129” (2e79) Ci, Cg, Mg, N, Bc, Ss, Ro (772! — 5¢708)
TRS31 AN6825 (6e717) Ci, Ss, B¢, Cg, N¢, Mg, Ro, Cn (3753 — 9¢713)
TRS33 AN10826 (2e79) Bc, Ci, Mg, Ro, Ss, Cg, N¢, Cn (2e™48 — 3¢718)

GA — ER transport

COPI coatomer complex
COP1 (RET1; COPI o subunit) AN3026 (0.0) Nc, Cg, B, Ss, Mg, Ci, Cn, Ro (0.0 — 0.0)
SEC26 (COPI B subunit) AN1177 (1e7142) Cg, Mg, N¢, B, Ss, Ci, Cn, Ro (0.0 — 0.0)
SEC27 (COP1 B’ subunit) AN5972 (0.0) Ss, B¢, Mg, Cg, N, Ro, Ci, Cn (0.0 — 0.0)
SEC28 (COPI ¢ subunit) AN0665 (0.022) Ss, Bc, Cg, Mg, Ro, Cn (1e7101 5 7¢721)
SEC21 (COP1 y subunit) AN4547 (1e7120) N¢, Ss, Mg, Bc, Ci, Cg, Cn, Ro (0.0 > 1e7179)
GLO3 (Arf-GAP) AN6033 (4e719) Ss, Mg, N, Ci, Bc, Cg, Cn, Ro (1e71% — 4e727)
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S. cerevisiae A. nidulans Other fungi®
RET2 (COP1I & subunit) AN0922 (2e741) Ci, N¢, Bc, Mg, Ss, Cg, Cn, Ro (0.0 — 4e732)
RET3 (COPI { subunit) AN6080 (2¢732) Ci, Mg, Bc, Cg, N, Ss, Ro, Cn (1e781 — 5¢707)
DSL1 complex (COPI vesicle fusion with ER by stabilizing Uselp-Ufelp-Sec20p SNARE complex; prohibits back-fusion of COPII vesicles with ER)
DSLI1 (interacts with coatomer at ER target) AN9435°¢ - Ci, B¢, N¢, Ss, Cg, Mg, Cn (1e715% — 2¢704)
TIP20 (fusion of COPI vesicles with ER) AN48847 - Ci, Mg, N, Bc, Cg, Ss, Ro, Cn (0.0 > 1e7%)
DSL3 (SEC39; Q/t-SNARE stability at ER) AN4188 (2e71) Ci, Ss, N¢, Bc, Mg, Cg, Ro (0.0 > 1e7%)
GET complex (GA — ER retrieval of HDEL proteins)
GET1 AN4342¢ (0.056) Mg, Ci, Ss, B, N, Cn, Cg, Ro (26740 — 3¢706)
GET2 None/ None
GET3 AN29098 (4e780) Ss, Bc, N, Mg, Ro, Ci, Cg, Cn (1e7144 5 2¢760)
Other GA — ER proteins
VPS15 (S/T kinase; regulates protein sorting) ANO0576 (1e7123) Ci, Ss, Mg, Nc, Cg, Bc, Cn, Ro (0.0 — 2e749)
VPS34 (PI3 kinase; vacuolar protein sorting) AN4709 (1e7161) Ci, Ss, Bc, Mg, N¢, Cg, Ro, Cn (0.0 —> 9¢7%2)
NEO1 (GA — ER transport) AN6614 (0.0) Ss, B¢, N¢, Cg, Mg, Ci, Cn, Ro (0.0 — 0.0)
RERI1 (GA retrieval receptor for GA — ER) AN5915 (9¢72%) Ci, Cg, N¢, Mg. Ss, Bc, Cn, Ro (1e7%7 — 3e732)
TVP15 (localizes with v-SNARE TLG2) AN10033 (0.54) Mg, Ci, N¢, Cg, Bc, Ss, Ro, Cn (2727 — 0.072)
TVP23 (localizes with v-SNARE TLG2) AN3576 (5e717) Ci, Mg, Bc, Ss, Cg, Nc, Cn (6™ — 4¢709)
TVP38 (localizes with v-SNARE TLG2) AN3579 (4e72) Ci, Bc, Ss, Mg, N, Cg, Cn, Ro (2e7% — 9¢707)
UBP3 (Ub protease, ER — GA — ER) AN5186 (1e748) Ci, N¢, Bc, Ss, Mg, Cg, Ro, Cn (0.0 — 2e790)
BRE5 (UBP3 protease cofactor) ANB8268 (6e7%4) Ci, Ss, Cg, Bc, Mg, N¢, Ro, Cn (6672 — 6e719)
SGM1 (unknown function) AN1210 (3e7%7) Mg, Ci, Bc, Ss, N¢, Cg, Ro (1e7103 5 ge712)

GTP-dependent regulators of COPII and COPI-mediated vesicle formation and transport

ADP ribosylation factor family GTPases (ARFs)
ARF1, ARF2 (coated vesicle formation)
SARI (ER — GA)
Novel fungal ARF GTPase (ARF1)

ARF-like GTPases
ARLI1 (membrane traffic regulation)
ARLS3 (recruits ARLI to Golgi)
Novel additional ARF-like GTPases” (ARF1, ARL1)

Novel additional ARF-like GTPases” (ARF1, ARL1)

AN1126
AN0411
An vs Sc
ANS5020 (4e77)

AN5912

ANO0634

An vs Sc

AN3934

(56—13’ 26707)
AnvsSc
Contig 13’

(33_19, 56_15)
[CIMG_03295
(5.3¢734, 1.3e77)]

(16_79, 7e—80)
(4e7)

Anvs Hs
HsARF6 (7e772)

(5¢7%6)
(4e722)
Anvs Hs
HsARLI10
(7e7)
Anvs Hs
HsARL2

(1e71)

Ng, Ro, Ci, Cg, Mg, Ss, Bc
Ss, Cg, Ro, N¢, Ci, Mg, Bc, Cn
Mg, Ci, Ss, B¢, Cn, N¢, Ro

Ng, Bc, Cg, Mg, Ci, Ss, Cn, Ro
Ci, Mg, B¢, Ng, Ss, Cg
B, Ss, Cg, Ci, Nc, Mg, Ro

Ng, Cg, Bg, Ss, Mg, Cn

(1e772 — 5¢77)
(1e770 — 4e728)
(3e—80—> 6e—63)

(1e7%7 — 2¢733)
(5678 — 2e732)
(2e7%° — 8e™#)

(4e7% — 1e734)

[1oD [eSunyg 2y} Jo wralsAg SUBIqUISWOPUT Y],



S. cerevisiae A. nidulans Other fungi®

GTPase activating proteins for ARFs (ARF-GAPs)
AGE1 (secretory/endocytic pathways) AN4274 (1e720) Ci, Cg, Mg, Ss, Nc, Bc, Ro (0.0 — 2¢7%)
AGE2 (TGN transport) AN1931 (7e720) Ci, Bc, Ss, Cg, N¢, Mg, Cn, Ro (1e7107 5 1e732)
GCS1 (ER — GA transport) AN2222 (1e7%8) Ci, Mg, Ss, Bc, Cg, N¢, Cn (3798 — 2¢718)
GLO3 (ER — GA transport) AN6033 (4e71%) Ss, Mg, N¢, Ci, B¢, Cg, Cn, Ro (1e71%° - 4e7%7)
Novel additional ARF-GAP" (AGE2) Anvs Sc An vs Hs Ci, Bs, Mg, Ss, Cg, Nc¢, Cn, Ro (4e78 — 3¢717)

1629 (1e797) HsSMAP1 (8e~%4)
[ARF6 GAP]

ARF guanine nucleotide exchange factors (ARF-GEFs)
GGA1, GGA2 (y-adaptin, ARF1/2 regulator) AN5710 (8734, 2¢776) Bc, Ss, Ci, Nc, Mg, Cg, Ro, Cn (1e715% — 1e739)
SYT1 (vesicular transport) AN6120 (1e719) Ci, B, Ss, Nc, Mg, Cg, Cn (0.0 - 6e™9)
GEAL1, GEA2 (GA — ER) ANO112 (4e7113,1e775) Ci, Ss, Mg, Nc, Cg, Bc, Cn, Ro (0.0 — 1e7108)
SEC7 (ER — GA, intra-GA transport) AN6709 (0.0) Ss, Cg, N¢, Mg, Ci, Ro, Cn (0.0 — 0.0)
SECI12 (ER — GA, SARI1 activator) ANO0127% UMO2499, CNAG_01871, RO3G_09896
YBLO60W (hypothetical ORF with a SEC7 domain) AN3438 (4e712) Ci, Ss, Mg, Cg, Nc, Bc, Ro, Cn (0.0 » 7e732%)

“ Listed are fungi in which one or more putative orthologs occur. Order of fungi and corresponding range of e-values indicate relative strength of homology to An sequence,
except for TRS23, ARF1/ARLI, and SYS1 comparisons (see footnotes b,i,k), below. Bc Botrytis cinerea, Cg Chaetomium globosum, Ci Coccidioides immitis, Cn Cryptococcus
neoformans, Mg Magnaporthe grisea, Nc Neurospora crassa, Ro Rhizopus oryzae, Ss Sclerotinia sclerotiorum.

b $¢ TRS23 found an unnamed hypothetical ORF in An (contig 129, nt 520998-521219), and found putative orthologs in other fungi, at e-values ranging from 7e~! — 5e
(Sc TRS23 vs all fungi).

¢ Sc DSL1 did not find an An homolog, but did find a weakly similar protein in Ro (RO3G_08898, e=0.014). RO3G_08898, in turn, found DSLI in Sc (0.014) and potential
orthologs in other fungi, with e-values ranging from le™'* (MGG_02443) to 0.072 (AN9435). MGG_02443.5 did not find Sc DSL1, and AN9435 found it as a distant hit
(e>0.96). However, the Ro, Mg, and An genes each found the human DSL1 homolog, ZW10, as the top hit (66714, 3707 and 3e7%, respectively). Sc DSL1 did not find human
ZW10, in blastp searches.

4 8¢ TIP20 did not find other fungal orthologs, but the human TIP20 homolog, RINT-1 (Rad50-interacting protein-1), did find the potential ortholog in An (AN4884, 1e73)
and other fungi. In turn, AN4884 found Sc TIP20 (1.9¢™%).

¢ GET1 is poorly conserved between Sc and An (0.056) and Sc and human (0.013), with relatively stronger conservation between An and human (2e7!!).

/'S¢ GET2 homologs do not exist in other fungi, as determined by iterative forward and reverse tBlastn of Sc and all fungal genomes and GenBank at e = 10. All fungal hits
were e>2.9. Weak fungal hits were tested by blastp analysis of Sc and An genomes.

£ Sc GET3 found the putative ortholog in An (AN2909) and other fungi. AN2909 was the only hit at e = 1.0. AN2909 found Sc GET3 (3e™%) + two additional weak, unrelated
hits (e > 0.34). AN2909 found itself (1e"'7°) + 6 additional weak, unrelated A.nidulans hits at e >2.6. GET3 is strongly conserved from Sc to human, with greater similarity
between the An and human orthologs (8¢71%2) than between Sc and human (7¢78) or Sc and An (4e™%).

h One novel additional ARF, two additional ARLs, and one ARF-GAP expansion occur in An and other fungi. Shown are the closest Sc homologs (ARF1 and ARL1, AGE2),
and the e-value for tblastn of the An genome using Sc ARF1 and ARL1 or AGE2. Also shown are the closest human homologs of the novel An proteins, and corresponding
e-values from blastp of the Hs genome using the An proteins.

' Sc ARF1 and ARL1 found an unnamed hypothetical ORF in An (contig 13, nt 160799-161626). This An ORF found strong putative orthologs in other fungi; its closest
relative is CIMG_03295 (3e779). Shown above are e-values for tBlastn search of all fungi using CIMG_03295.
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(26798 — 3¢704)
(0.0 — 1e730)
(1e72° — 0.52)
(0.0 —> 4e731)
(0.0 — 1e7168)
(66752 — 5¢705)

Ci, Ss, Cg, N¢, Bc, Mg, Cn, Ro
Ci, B, Ss, N¢, Mg, Cg, Cn, Ro
Ci, Ng, Ss, Bs, Mg, Cg, Ro

Bc, Ci, Ss, Mg, N¢, Cg

Ng, Ci, Mg, Cg, Bc, Ss
Ci, Cn

Other fungi®

(1e7)
(2¢7%)

A. nidulans
Contig 84*
NCU02294
AN3643
AN4502/
AN2480
ANO0706
AN3439

Other ARF/ARL-associated proteins
SYS1 (ARLS3 targeting to GA)
MON?2 (endosomal, ARLI-interacting)
SLO1 (Golgi, ARL3-interacting)
IMH1 (Endo — GA, GRIP domain)
USO1 (ER — GA SNARE complex)
GMHI1 (GA, interacts with GEA1/2)

S. cerevisiae

) and D. melanogaster (AAL28195.1), which in turn were used to find the putative ortholog in U. maydis, UM02499. UM02499, in turn, found Sc

SEC12 (7e™%), S. pombe SPO14 (8.5¢°%), and found putative orthologs in Cn (CNAG_01871; 2e%°), Ro (RO3G_09896; 2¢72°), and Fusarium graminearum (FG06652; 2¢~%°).

These three, in turn, found S. cerevisiae SEC12 (4.5e71¢, 0.015, and 0.0074, respectively).

J Sc SEC12 and S. pombe SPO14 did not find other fungal orthologs. Instead, the human SEC12, PREB/SEC12 (NP_037520.1; Weissman et al. 2001) was used to find orthologs
NP_680414.1

in A. thaliana (

!'Sc SLO1 did not find other fungal orthologs, but the human SLO1 homolog, SCOCO (short coiled-coil protein, NP_115936), did find putative orthologs in other fungi, with

k'S¢ SYS1 found an unnamed hypothetical ORF in An (contig 84, nt 469956-470450). This An ORF found strong putative orthologs in other fungi; its closest relative is
e-values ranging from 7e”% (RO3G _03250.1) to 6e~%* (CIMG_04540.2). The putative An ortholog, AN4502 found Sc SLO1 (0.053).

NCU02294 (2e™*?). Shown are the e-values for tBlastn search of all fungi using Sc SYS1.

2006). A knockout project is currently underway
in N. crassa, with ~800 genes deleted so far (Colot
et al. 2006). Similar projects, along with microar-
ray libraries and related technologies, are planned
or under development for a variety of fungi (for
current status, see http://www.fgsc.net/).

Tagging the C-terminus of certain endomem-
brane proteins, such as those requiring C-terminal
prenylation, could be problematic and may, for ex-
ample, necessitate the incorporation of a prenyla-
tion motif following the tag. Alternatively, tagging
of the N-terminus would require, in many cases,
that the tag be incorporated after the N-terminal
cleavage site for the signal peptide.

The power of fluorescent reporters has been
enhanced through the development of and ad-
vancements in imaging methodologies such as
laser scanning confocal and multiphoton mi-
croscopy (Konig 2000; Zipfel et al. 2003; Czymmek
2005), making the use of these approaches even
more attractive. However, an element of caution
must also be employed. Controlling the level of
expression of a fusion protein can alter its local-
ization within the cell. In a worst-case non-lethal
scenario the fusion is non-functional and targeted
to the wrong intracellular location. Functional
complementation of a mutant phenotype by the
fusion protein is an important determinant of
proper targeting, as is antibody-based ultra-
structural confirmation that the fusion is going
to the proper compartment (Hawes et al. 2001).
Since it is rare to have the native promoter for
a gene in hand, expression must be controlled
by the judicious choice of a known promoter
whose expression level in a given cell type is

Table. 1.4. (on page 12-16) SNAREs, RABs, RAB regulators,
COGs, YIPs, and other SNARE mediators. A. nidulans (An)
SNARE and SNARE-related proteins, COGs, and YIPs were
identified by tBlastn and blastp using S. cerevisiae (Sc)
proteins. Sc proteins were obtained from Gupta and Heath
(2002), and from Gene Ontology annotation for yeast
proteins (www.yeastgenome.org). An proteins were defined
by forward and reverse tBlastn between Sc and An genomes
(http://www.broad.mit.edu/annotation/genome/aspergillus
_nidulans/), tBlastn and blastp of An proteins against
the An genome, and tBlastn and blastp of An and Sc
proteins to all Fungal Genome Initiative (FGI) genomes
(http://www.broad.mit.edu/annotation/fgi/). A. nidulans
(An) RABs were identified by tBlastn using S. cerevisiae (Sc)
Rabs. Sc Rabs were obtained from Pereira-Leal and Seabra
(2001). ER Endoplasmic reticulum, GA Golgi apparatus, VA
vacuole, HVS homotypic vacuole sorting, Endo Endosome,
TGN trans-Golgi network, FUN function unknown, PM
plasma membrane, PVC prevacuolar compartment



S. cerevisiae A. nidulans Other fungi®

Qa-SNARE:s (Syntaxins, t-SNAREs)
SEDS5 (cis-Golgi, ER <> GA) AN9256 (3e73) Cg, Cn (2.8 — 6.3)
TLG2 (Endo — GA) AN2048 (2e71%) Ss, Ci, Cg, Bc, Mg, Nc, Cn, Ro (1717 — ge~14)
PEP12, VAM3 (vacuole, PVC) AN4416 (8718, 1e711) Ci, Ss, Mg, Cg, N¢, Ro (66780 — 1e712)
UFE1 (ER membrane, GA — ER) AN6047? (0.004) Ci, Ss, Mg, Cg, Nc, Ro (2e7% — 0.023)
SSO1, SSO2 (plasma membrane) AN3416 (1e7%, 2¢79%) Nc¢, Mg, Ci, Ss, Ro, Cn, Bc (3e73% — 7e7%)

Qb-SNAREs
BOS1 (ER membrane, ER — GA)
SEC20 (GA — ER)
GOS1 (Golgi transport)
SEC9, SPO20 (fusion with PM)
VTI1 (cis-Golgi, vacuolar sorting)

Qc-SNAREs
BET1 (ER — GA transport)
SFT1 (intra-Golgi transport)
SYNS (endosomal)

TLG1 (endosome — GA)
VAM7 (vacuole)
USE1 (SLT1; ER, GA — ER)

R-SNARE:s (Synaptobrevins)
SEC22 (ER — GA — ER)
SNC1, SNC2 (GA — PM)

YKT6 (GA, Endo — VA, VA fusion)

NYV1 (vacuolar vesicle fusion)

SNARE-binding Sm-like proteins (SNARE masters)

SLY1 (ER — GA, binds SED5p)

SEC1 (exocytic vesicle docking/fusion)
VPS45 (GA — PVC, early Endo, late GA)

SNARE mediators
USO1 (ER — GA transport)
PBI2 (vacuolar fusion)
SWEFI (palmitoyltransferase)
SNX4 (sorting nexin, Endo — GA)

ATG20, SNX41 (Cyto — VA targeting)
VTC1 (vacuolar transporter chaperone)

SEC17 (ER — GA, HVYS)
SEC18 (ATPase, regulates SEC17)

Contig 112¢
AN29694
AN1229
AN2419
AN1973

AN5127
AN10508¢
AN2169
AN8171
AN4551
AN0650

Contig 1108
AN8769
ANB8488
ANO0571

AN2518
AN4724
ANG6531

AN0706
AN5125"
AN1907
AN3584
AN6351
AN1334
ANG6267
AN3098

(5¢7%)

(3e7%)
(3e7%7, 5721
(3e7")

(5¢719)

(6e7%)
(8e7')
(4e712)

(7e7%%)
(28_20, 6e—23)
(3e73?)
(2¢719)

(3¢7)
(1e™®)
(16_102)

(8e™%)
(_Se‘lﬁ)
(7e7%)
(26_33, 2e—11 )
(8e™%0)
(9¢7%7)

(0.0)

N¢, Mg, Ci

Ss, Cn, N¢, Ci

Ci, B¢, Mg, Ss, Cg, Nc

Ci, Bc, Ss, Mg, Ro

Ci, Ss, Bc, Mg, N¢, Cg, Ro, Cn

Nc, Cg, Mg, Ci, Bc, Ss

Bg, Ss, N¢, Mg, Cg, Ro

Ci, Ss, Bc, Mg, Nc, Cg, Ro, Cn
Ci, Ss, Bc, Mg, N¢, Cg, Cn

Ci, Ss, B¢, N¢, Mg, Cg, Ro, Ss, Cn
Nc, Mg

Mg, Cg, N, Bg, Ss, Ci, Cn, Ro
Ci, Bc, Ss, Mg, N¢, Cn

Ci, Ss, B¢, Cg, N¢, Mg, Ro, Cn
Ci, Ss, B¢, N¢, Mg, Cg, Ro, Cn

Ss, Mg, B, Ci, Ro, N¢, Cg, Cn
Mg, Ss, Bc, Ci, Cg, N¢, Cn, Ro
Ci, Bc, N, Ss, Mg, Cg, Cn, Ro

Bc, Ci, Ss, Mg, Nc¢, Cg, Cn
Ro, Ss, Bc, N¢, Mg, Cg

Nc¢, Mg, Cg, Ss, Ci, Bc

Ci, Bc, Ss, Mg, N¢, Cg, Ro, Cn
Ci, Ss, N¢, Cg, Mg, Ro, B¢, Cn
Ci, N¢, Cg, Mg, Ss, Bc, Ro

Ci, B, Ss, Mg, Cg, N¢, Ro, Cn
Ci, Ss, Nc, Mg, Ro, Cn, B¢, Cg

(1e716 — 4¢710)
(0.001 — 0.68)

(1e73 — 1e733)
(7e77° > 1e713)
(1e760 — 1e704)

(1e726 — 4¢705)
(9e722 - 0.11)
(1e774 — 3¢710)
(0.0 — 2e723)
(1e—100 N 23_19)
(0.011, 0.70)

(5e™8 — ge711)
(5e723 — 7¢711)
(1e7% — 1799
(2e78% — 3¢709)

(0.0 — 8e7%)
(0.0 — 2e723)
(0.0 — 8e7°h)

(0.0 — 4e727)
(6679 — 0.54)
(1e776 — 1e710)
(0.0 - 7e722)
(0.0 — 2e72%)
(9e™0 — 6e42)
(16_100 N 26_20)
(0.0 — 4e739)
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S. cerevisiae A. nidulans Other fungi”
PTM1 (FUN, copurifies with TLG2p) AN0063 (4e73) Ci, Bc, Mg, N¢, Cg, Ss, Ro, Cn (3e™%7 — 9¢714)
SFT2 (late GA transport) AN1297 (5e710) Nc, Mg, Ss, Ci, Bc, Cn 7e728 5 4e713)
DNA damage-inducible v-SNARE binding protein
DDI1 AN6741 (6e7%%) Ci, Ss, Bc, N, Mg, Cg, Ro, Cn (1e7122 -5 7¢-37)
RAB family GTPases (SNARE activators)’
YPT1 (ER — GA transport, HSRABI homolog) AN4281 (9e7%4) Ss, Cg, B¢, N¢, Ro, Mg, Ci, Cn (3e78 — 5¢74)
SEC4 (vesicle — exocytosis) AN6974 (1e7%) Ci, Cg, Mg, Ro, Cg, Ss, Nc, Cn (5e7%1 — 5¢737)
YPT31, -32 (intra-GA, vesicle budding, HsRABI1) AN0347 (3e™7) Ss, Nc, Mg, Ro, Bc, Ci, Cg, Cn (3e780 — 1e7%9)
YPTS51, -53 (endocytosis, VA prot sorting, HsSRAB5) AN4915/ (7e™%) Ci, Cg, B, Ss, Nc, Mg, Ro (1e786 — 2744
YPT52 (endocytosis, VA protein sorting, HsSRABS5) AN3842 (1e73) Ci, Cg, Ss, Mg, Bc, Ro, Nc (4e7% — 8e™44)
YPT6 (Endo — GA, HsRABG) AN7602 (2e7%) Ci, Bc, Ro, Ss, Mg, Cg, Nc (3702 — 2¢734)
YPT7 (Endo — Endo, homotypic vac fusion, HsRAB7) AN0089 (2e7%) Cg, Ss, N¢, Bc, Ro, Mg, Cn, Ci (1e78 — 6e™4)
YPT10 (vacuolar transport?) None None
YPT11 (distribution of mitochondria) None None
Novel additional Rabsk
Hs Rab2, Rab2B AN5106 (26736, 7e734) Ci, N¢, B, Ss, Mg, Cg, Ro (1e7% — 1e728)
Hs Rab4b, Rab4A AN9072 (96740, 7¢738) Ci, Ss, Mg, Nc, Cg, Bc (571 — 7¢7%%)
Hs Rab24 AN2474 (4e730) Ci, Ss, Mg, Bc, Cg, Nc, Cn (1e™3 — 2729
Prenylation of RAB GTPases
MRS6 (Rab escort protein for YPTI1 prenylation) ANB8679 (7€7%%) Ci, Ss, Cg, Bc, Mg, Nc, Ro (6747 — 9¢70%)
BET2 (B-subunit, geranylgeranyltransferase) AN3747 (3e7%) Ci, Cg, Mg, Bc, N¢, Ro, Ss, Cn (1e717 — 1e790)
BET4 (a-subunit, geranylgeranyltransferase) AN1981 (1e7%) Ci, N¢, Ss, Mg, Bc, Cn, Ro (3¢ — 1e719)
RAB-GAPs
GYP1 (GAP for YPT1, HsTBCID22B) AN7444 (1e7%3) Cg, Ci, N¢, Bc, Mg, Ss, Ro, Cn (1726 — 3e7%%)
GYP5 (GAP for YPTI and SEC4, HSRABGAPI) AN1980' (5e7%7) Ci, Bc, N, Cg, Ss, Mg, Ro, Cn (0.0 — 6e731)
GYL1 (stimulates GYP5 activity onYPT1, HsTBCIDI) AN5407' (6e717) Ci, B¢, N¢, Cg, Ss, Mg, Ro, Cn (0.0 — 6e741)
GYP6 (GAP for YPT6, HsTBCIDS5) AN4537 (0.68) Ci, N¢, Ss, Cg, Bc, Cn, Ro, Mg (7e777 — 9e714)
GYP7 (GAP for YPT7, YPT1, YPT31/32, HsTBCIDI5) ANG6618 (3e78) Ci, Ss, Mg, N¢, Cg, Bc, Ro, Cn (0.0 — 2¢7%)
GYPS8 (GAP for YPTI1, SEC4, YPT31/32, HsTBC1D20) AN4036 (2e798) Ci, N¢, Bc, Mg, Cg, Ro, Cn, Ss (5777 — 1e7%)
MSB3, MSB4 (GAP for SEC4, HsTBC1D8/1D9) AN10355 (9¢771,2e771) Ci, Bc, Ss, Nc, Mg, Cg, Ro (1e7146 5 3¢751)
MDRI (GAP for YPTS, -31, SEC4, HsTBC1D8/1D9) AN11010 (1e7160) Ng, Cg, Bc, Ss, Ci, Mg, Ro, Cn (0.0 - 1e7112)
Novel additional RAB-GAPs™ An vs Sc An vs Hs
(MDR1) ANO0573 (2e724) HsTBC1D2B (2¢73*)  Ci, Ss, Mg, N¢, Cg, Cn, Ro (0.0 — 5e720)
(GYP5) AN3094 (3e712) HsUSP6 Ci, Ss, Cg,Mg, Nc, Cn, Ro (1e7177 — 2¢713)
N-terminal-like
(1e724)
(MDR1) AN3752 (3e708) HsTBC1D14(3¢™¥’)  Ci, B¢, Mg, N, Ss, Cg, Cn, Ro (0.0 — 3e7%7)
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S. cerevisiae A. nidulans Other fungi®

RAB-GEFs
RIC1 (with RGP1, GEF for YPT6) AN1283 (0.060) Ci, Ss, Cg, Bc, Mg, Cn, Ro (0.0 — 2e72%)
RGP1 (Golgi membrane exchange factor for YPT6) AN6289 (3e79) Ss, Mg, B¢, Cg, N¢, Ro, Cn (1e71% - 1e710)
VPS9 (GEF for YPT51) AN3678 (2e™) Mg, Ss, Cg, Ci, N¢, B¢, Cn (1e7136 5 2e™44)
GDI1 (GDP dissoc. inhibitor for SEC4/YPT family) AN5895 (1e7127) Ci, N¢, Cg, Ss, Mg, Bc, Cn, Ro (0.0 —> 1e7%4)

Novel additional VPS9 domain proteins
(VPS9) AN5920 (5e797) Ci, Bc, Ss, Mg, Cg, N¢, Bc, Cn (1e7147 — 2¢711)
YMLO002W (uncharacterized hyp ORF) AN1280 (3e7%) Ci, B, Ss, N¢, Cg, Mg, Ro, Cn (0.0 — 3e-%)

AN4349 (8e71%) Ci, Ss, Cg, Nc, Mg, Bc, Ro (0.0 = 1e7%)

. . . n
Hs Rabé6-interacting protein 1 (NP 056028) ANO575 (1e7%%) Ng, Ss, Bc, Ci, Mg, Cg (0.0 — 0.0)

“ Listed are fungi in which one or more putative orthologs occur. Order of fungi and corresponding range of e-values indicate relative strength of homology to An sequence,
except where noted. Bc, Botrytis cinerea; Cg, Chaetomium globosum; Ci, Coccidioides immitis; Cn, Cryptococcus neoformans; Mg, Magnaporthe grisea; Nc, Neurospora crassa
Ro, Rhizopus oryzae; Ss, Sclerotinia sclerotiorum.

b $¢ UFE1 found four putative fungal orthologs by forward and reverse tblastn, with e-values ranging from 2e~%° (RO3G_11201) to 0.070 (CHGG_05038).

¢ Sc BOS1 found an unnamed hypothetical ORF in An (contig 1.112, nt 95072-95750), and found putative orthologs in three other fungi, with e-values ranging from le™!¢ to
4e710,

4 §¢ SEC20 found no hits in An at e = 1.0. However, autocalled SEC20 orthologs were found in Ss (SS1G_04785; 0.001), Cn (CNAG_02135; 0.002), Nc (NCU00953; 0.006), and
Ci (CIMG_07624; 0.68). CIMG_07624, in turn, found a putative An ortholog (AN2969, a hypothetical ORF, at an e-value of 3e™74).

€ Sc SFT1 found no hits in An at e = 1.0. However, putative SFT1 orthologs were found in Mg (MGG_04953; 0.016), Bc (BC1G_05009; 0.53), and Ss (SS1G_02441; 0.90).
MGG_04953 found a putative SFT1 ortholog in An (AN10508), with an e-value of 8¢™!7. AN10508, in turn, showed greatest homology to SFT1 and BET1 in Sc (2.7¢™%7,
6.4e709),

f Sc USE1 Sc found no hits in An at e = 1.0. However, putative USE1 orthologs were found in Nc¢ (NCU00184; 0.011) and Mg (MGG_12919; 0.70). NCU00184 found a putative
homolog in An (AN0650; 2e22), but the An gene did not find USEI or other SNARESs in Sc.

8 Sc SEC22 found an unnamed hypothetical ORF in An (contig 110, nt 95603-96426), and found putative orthologs in other fungi.

" Sc PBI2 found no hits in An at e = 1.0, likely because it is a very short protein. However, putative PBI2 orthologs were found in other fungi. The Mg PBI2 ortholog,
MGG_00164, found a putative An ortholog, AN5125 (3¢~%). In turn, AN5125 found Sc PBI2 (3.1e7%6).

! An RABs were defined by (1) presence of all five RAB family-specific sequences (RabF1 to RabF5), as described by Pereira-Leal and Seabra (2000, 2001), and (2) in all but
two cases (AN7602 & AN9072) the occurrence of a putative C-terminal prenylation motif (XXCC, XCXC, XXC, or XXCX). Absence of a prenylation motif from AN7602 and
AN9072 likely reflects errors in the automated annotation of the An genome, as both sequences appear orthologous to prenyl motif-containing genes in four or more other
fungi. Orthology assignments were based on forward and reverse tBlastn between Sc, An, and Hs genomes, tBlastn of An RABs against the An genome, tBlastn of An and Sc
RAB:s to all Fungal Genome Initiative (FGI) genomes, and by phylogenetic trees using the neighbor-joining method excluding positions with gaps, and including An Ras2
homologs (AN0182 and AN5832) as outliers (http://www.ebi.ac.uk/clustalw/index.html). e-values are from tBlastn of An genome with Sc RABs.

J $c YPT51 (VPS21) and YPT53 are more closely related to each other (4.3¢7>°, 1.6e™7) and to AN4915 (2e7>°, 2¢74) than to YPT52 (5.8e™*%, 5.3¢7%1) and AN3842 (7¢~>,
4e™*), YPT52, on the other hand, shows stronger homology to AN3842 (4e~1) than to AN4915 (2e™4).

k'S¢ orthologs of AN5106, AN9072, and AN2474 were not found, suggesting that these An genes may occupy new or novel functional niches. Hs genes indicate closest human
homologs by forward and reverse tBlastn. AN5106 and AN9072 are most closely related to each other (e72%). AN2474 clusters with AN5106 and AN9072 in neighbor-joining
trees. e-values are from blastp of Hs genome using An proteins.

! GYP5 and GYL1 both show stronger homology to AN1980 (5¢™%7, 1e72%) and weaker homology to AN5407 (5.1e7%, 6e™7).
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S. cerevisiae

A. nidulans

Other fungi®

Conserved oligomeric Golgi complex (COG), cytosolic tethering complex, intra-Golgi vesicle-mediated transport

COGl AN6596° - Ci, Ss, B¢, Nc, Mg (1713 — 4e7°)
COG2 AN8226° - Ci, Ss, Cg, Bc, Mg, Nc, Cn (3e™ — 2¢711)
COG3 AN4886 (5e7%) Ci, N¢, Cg, Bc, Ss, Mg, Cn (1e7163 5 5¢713)
COG4 AN7462 (6e™%4) Ci, Ss, Bc, Cg, Mg, Cn, Ro (0.0 — 1e716)
COGS5 AN8226° - Ci, Ss, Cg, Bc, Mg, N¢, Cn (3e™ — 2¢71)
COG6 AN10441 (2e722) Ci, Ss, Cg, Nc, Mg, Cn, Bc, Ro (0.0 — 5¢71%)
COG7 AN54817 (0.15) Ci, N¢, Cg, Mg, Ss, Bc (9e7™% — 1e7%)
COG8 Not found? - Ro, Cn
RUD3 (interacts with COG3 & USOI) ANO0186 (7e718) Ci, Ss, Cg, Bc, N¢, Mg (3e77° — 4¢73%)
YIP/YOS/YIF RAB-interacting proteins
YIP1 (COPII vesicle biogenesis) AN10878 (1e733) Ci, B¢, Mg, Cg, N, Ss, Ro (1e7121 — 1e747)
YOPI (interacts with YIPI) AN2279" (4e730) Ci, Ss, B¢, N¢, Cg, Mg, Ro, Cn (1e™ — 6e730)
Novel additional YOP1 homolog AN6059" (3e712) Ci, Bc, Cg, N¢, Ss, Mg, Cn, Ro (2e77% — 2e713)
YIP3 (COPII, ER — GA transport) AN10724 (2e™) Bc, Mg, Ss, N¢, Cg, Cn, Ro (7677 — 4e710)
YIP4 (interacts with Rab GTPases) AN5926 (1e713) Ci, Bc, Ss, Mg, N¢, Ro, Cn, Cg (66722 — 4e711)
YIP5 (interacts with Rab GTPases) AN4017 (8e71%) Ci, Ss, Bc, N¢, Cg, Mg, Ro, Cn (1e7103 5 ge723)
YIF1 (COPII, ER — GA transport) AN6628 (56730 Ci, Bc, N¢, Cg, Mg, Ss, Cn, Ro (1e7129 - 1e719)

" In addition to the eight orthologs of Sc RAB-GAPs, an additional three RAB-GAPs occur in An and other fungi. Shown are the closest Sc homologs (MDR1 and GYP5),
and the e-value for tblastn of the An genome using Sc MDR1 or GYP5. Also shown are the closest human homologs of the novel An RAB-GAPs and corresponding e-values
from blastp of the Hs genome using the An proteins.

" AN4349 and AN0575 have no homologs in Sc. These two genes contain DENN (AEX-3) domains characteristic of proteins involved in RAB-mediated processes. AN4349
and AN0575 show homology to human RAB6-interacting protein 1. Human RAB6IP1 finds only AN4349 and AN0575 (8e™!%, 1e7%°) in A. nidulans, and no significant hits in
S. cerevisiae. AN4349 finds Hs SBF1 (6e™17) and Hs RAB6IP1 (8¢~°) as top hits by blastp. AN0575 is more divergent, in humans finding a variety of DENN/MADD-containing
and other proteins (4¢7'* — 1e7%°), with RAB6IP1 as a more distant hit (1e7%°).

?Sc COGI, COG2, and COGS5 did not find An orthologs at e = 10. Instead, the human COG1, -2, -5 were used to find potential An orthologs. The An orthologs, in turn, found
the human genes. Note that Hs COG2 and Hs COG5 found the same An gene, AN8226 (0.81 and 0.005, respectively). AN8226 showed slightly greater similarity to Hs COG2
(6e719) than Hs COG5 (8¢~%).

P Sc COG7 shows weak homology to AN5481 (0.15). By reciprocal blastp, AN5481 shows weak similarity to MOT2 (0.41) and COG7 (0.85). These very weak homologies lead
us to question whether AN5481 is a homolog of Sc COG7. Reciprocal blastp searches between Hs COG7 and AN5481 failed to reveal homology between the two genes.

4 Sc COGS8 finds two fungal COG8 homologs: RO3G_13059 (8e™'°) and CNAG_05498 (3.9¢7%%). RO3G_13059, in turn, finds other putative fungal COGS8 orthologs, including
CNAG_05498 (4e™%4), NCU02974 (2e72%), MGG_05624 (3e722), CIMG_03548 (1e2!), SS1G_01629 (5¢72!), and CHGG_05908 (1e~'°). Human COG8 does not find the An
ortholog, but also finds CNAG_05498 (1e™#3), RO3G_13059 (3e>!), CIMG_03548 (8e™%°), MGG_05624 (1e%7), NCU02974 (2¢7%7), and SS1G_01629 (4e~%).

" AN2279 is more closely related to Sc YOP1 (4e>°) than is AN6059 (3e™!2). YOP1 and AN2279 both show strongest similarity to human Receptor Accessory Protein 5 (REEP5,
NP_005660.3, 1e 22 and 9e™2 respectively), a protein that is deleted in some Familial Adenomatous Polyposis Coli cancers (Prieschl et al. 1996) and has been implicated
in the function of odorant receptors (Saito et al. 2004) and also in Familial Glucocorticoid Deficiency (Clark et al. 2005). AN6059 shares greater homology with receptor
expression enhancing protein 4 (REEP4, NP_079508, 3e719), one of four other recently discovered human REEP paralogs (Clark et al. 2005).

* Sc YOS1 found an unnamed hypothetical ORF in An (contig 61, nt 141452-141694). Sc YOS1 found putative orthologs in other fungi; its closest fungal relative is BC1G_07235
(0.52, Sc YOSI vs. all fungi).
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(0.52 — 2.0)
(1e7% — 2¢761)
(1e7173 — 3e707)

Ci, Ss, Bc, Mg, Cg, N¢, Cn, Ro

Ci, Bc, N¢, Cg, Mg, Ss
None

Other fungi®
Bc, Ss, Mg

(0.067)
(6e71)
(0.41)

A. nidulans
Contig 61°
AN5404"
AN5648!
None

RTNI1 (reticulon, interacts with SEC6, YIP3)
RTN2 (unknown function, similar to reticulon)

Novel additional RTN1-like

YOS1 (COPIL ER — GA)
! An proteins show greatest homology in a reciprocal search to Sc RTN1 (2.5¢™% for AN5404, 0.0029 for AN5648). However, they do not find each other in reciprocal A.

nidulans blastp searches, suggesting that they may be unrelated or diverged. Sc RTN1 and AN5404 show greatest similarity to human reticulons. Surprisingly, however,
Sc RTNI1 shows stronger homology to the human reticulons (3e7% — 8e7%4) than does AN5404 (0.006), indicating that RTN1 orthologs in filamentous fungi and one

basidiomycetous yeast have diverged away from those in mammals. Furthermore, the weak An RTN1 homolog, AN5648, does not find human reticulons, instead showing

mild similarity to several functionally unrelated human proteins (4e~%7 — 5¢70°),

S. cerevisiae

understood. Overexpression is not necessarily
undesirable, in that the additional labeling that
is observed may provide information regarding
the trafficking route for that protein. For example,
overexpression of a sialyltransferase-GFP fusion
in plant epidermal cells can lead to a distribution
of the fusion protein throughout the entire Golgi
stack, whereas under lower levels of expression
the enzyme is restricted to the trans-face (Hawes
and Satiat-Jeunemaitre 2005). Overexpression
may also be required for microscopic detection if
expression of the endogenous promoter is too low,
as appears to be the case with the majority of gene
products in the Saccharomyces genome (Natter
et al. 2005).

Issues and uncertainties associated with over-
expression may be less problematic in A. nidulans,
where the widely used alcA alcohol dehydrogenase
gene promoter permits flexible control over lev-
els of expression, and where it is often possible to
fine tune the expression of a protein based simply
on the carbon source of the growth medium. In
Aspergillus, the alcA alcohol dehydrogenase gene
promoter is repressed strongly by glucose. Low

Table.1.5. (on page 17-18) Clathrins, clathrin media-
tors, and dynamins in fungi. A. nidulans (An) proteins
were identified by tBlastn and blastp using S. cerevisiae
(Sc) proteins. Sc proteins were obtained from Gene
Ontology annotation for yeast (www.yeastgenome.org).
An proteins were defined by forward and reverse
tBlastn and blastp between Sc and An genomes
(http://www.broad.mit.edu/annotation/genome/aspergillus
_nidulans/), tBlastn and blastp of An proteins against
the An genome, tBlastn and blastp of An and Sc pro-
teins to all Fungal Genome Initiative (FGI) genomes
(http://www.broad.mit.edu/annotation/fgi/), and by phylo-
genetic trees using the neighbor-joining method excluding
positions with gaps. In addition, fungal dynamins were
analyzed by blastp of An proteins vs Hs genome, and by
phylogenetic trees with Sc, An, and Hs proteins, using the
neighbor-joining method excluding positions with gaps

Table. 1.6. (on page 19-22) Endosomal, vacuolar and exocy-
totic processes. A. nidulans (An) ER proteins were identified
by tBlastn using S. cerevisiae (Sc) proteins. Sc proteins were
obtained from Gene Ontology annotation for yeast endo-
some/vacuole (www.yeastgenome.org), and from Bowers
and Stevens (2005). An proteins were defined by forward
and reverse tBlastn and blastp between Sc and An genomes
(http://www.broad.mit.edu/annotation/genome/aspergillus
_nidulans/), tBlastn of An proteins against the An genome,
and tBlastn and blastp of An and Sc proteins to
all Fungal Genome Initiative (FGI) genomes (http://
www.broad.mit.edu/annotation/fgi/). MVB Multivesicular
body, PM plasma membrane, PI-3-P phosphatidylinositol
3-phosphate, VA vacuole



S. cerevisiae A. nidulans Other fungi®
Clathrin vesicle coat
CHC1 (heavy chain) AN4463 (0.0) Ci, Cg, N¢, Mg, Ro, B, Ss, Cn (0.0 — 0.0)
CLC1 (light chain) AN2050 (2e710) Bc, Ci, Ss, Cg, N¢, Mg (3e738 — 2¢726)
ENTS3 (clathrin recruitment, GA — Endo) AN3821 (1e73%) Ss, Cg, Bc, Ci, Mg, N¢, Ro, Cn (2e7 — 7e722)
ENTS5 (clathrin recruitment, GA — Endo) None None
Other clathrin-binding proteins
ENT1, ENT2 (endocytosis) AN3696 (1e726, 5¢721) Ci, Ss, Cg, Bc, Mg, Nc, Cn, Ro (1e71%0 — 1e731)
ENT4 (unknown function) None None
YAP1801, YAP1802 (clathrin cage assembly) AN5224 (2e712, 1e719) Ci, Cg, B¢, N, Mg, Ss, Cn, Ro (17116 5 5¢722)
AP-1 adaptor complex
APL2 (B-adaptin) AN3029 (6e77%) Ci, Ss, N¢, Ro, B¢, Cg, Mg (0.0 — 1e7141)
APL4 (y-adaptin) AN4207 (3e77) Ci, Bc, Ss, Nc, Mg, Cg, Cn, Ro (0.0 — 1e7101)
APS1 (o-subunit) AN7682 (4e73) Ci, N¢, Cg, Mg, Ss, B¢, Ro (1e7%3 — 8e31)
APM1 (Mul-like subunit) AN8795 (7e771) Cg, Mg, N, Ss, Ci, Ro, Cn, Bc (0.0 — 1e7108)
APM2 (unknown function) None None
AP-2 adaptor complex
APLI (B-adaptin) AN5950 (2e731) Nc, Cg, Ss, Bc, Cn, Ci, Ro (0.0 — 9¢782)
APL3 (a-adaptin) AN7016 (1e773) Ci, B¢, N¢, Mg, Ss, Cg, Ro (0.0 — 0.0)
APS2 (o-subunit) AN0722 (7e73%) Mg, N, Cg, Bc, Ci (1e7%3 — 3¢758)
APM4 (Mu2-like subunit) AN7741 (3e788) Bc, Ss, Nc, Mg, Cg, Ci, Ro, Cn (0.0 — 9e7%4)
AP-3 alternative pathway complex
APLS5 (8-adaptin) AN8291 (7¢787) Ci, Bc, Mg, Ss, N¢, Cg, Ro, Cn (0.0 —> 1e737)
APLG6 (B3-like subunit) ANO0165 (3e7%%) Ci, Ss, Bc, N¢, Cg, Mg, Ro, Cn (0.0 — 5e733)
APS3 (o-subunit) AN5519 (5e7%9) Ci, Cg, Mg, Bc, Ng, ss, Cn, Ro (26770 — 4¢728)
APM3 (Mu3-like subunit) AN5641 (5¢710) Ci, Ss, Bc, Mg, Cg, Nc (1e711° — ge™83)
Proteins associated with clathrin-coated vesicles
AGE2 (Arf GTPase, TGN) AN1931 (7e720) Ss, Ci, B¢, Cg, N¢, Mg, Cn, Ro (1e7110 — 1e732)
BCH1, BUD7, CHS6, FMP50 AN3122 (66725, 2723, Ci, Cg, Ss, N¢, Mg, Bc, Ro, Cn (0.0 —> 1e773)
(CHS1-ARF1 binding proteins, GA — PM export) 0.053, 0.003)
BSC6 (function unknown) AN7147 (2e723) N, Ci, Bc, Cg, Ss, Mg (5672 — 7¢78%)
CPD1 (cyclic nucleotide phosphodiesterase) None None
GYP6 (GAP for Rab Ypt6) AN4537 (0.95) Ci, N¢, Ss, Cg, Bc, Cn, Ro, Mg (7e777 — 9e714)
LAAL1 (large AP-1 accessory protein) AN6598 (5e718) Bc, N¢, Mg, Cg, Ss, Ci, Ro, Cn (0.0 — 0.0)
LDB19 (function unknown, telomere length control?) AN0056 (1e7%8) Bg, Ss, N¢, Cg, Mg (26798 1e7%0)
SCY1 (putative kinase, suppressor of GTPase mutant) AN4322 (5e79) Ci, Ss, Bc, Cg, N¢, Mg, Cn, Ro (0.0 —> 7e™43)
TVP18 (late Golgi integral membrane protein) Contig 84" (1e72) Ss, B, Ci, Cg, Mg, N¢, Ro (46722 — 270
YBLO10C (uncharacterized hypothetical ORF) None None
YEL048C (uncharacterized hypothetical ORF) None None

19D 1eSunyg oy} Jo wrdlsAg SUBIqUISWOPUT Y],

L1



S. cerevisiae A. nidulans Other fungi”
YHLO17W (putative protein of unknown function) AN0063 (3e728) Ci, B¢, Mg, N, Cg, Ss, Ro (3¢ — 2e7%)
YMLO037C (putative protein of unknown function) None None

BinAmphiphysinRvs (BAR)-domain proteins (regulate early steps of endocytosis, formation of clathrin-coated vesicles at the plasma membrane)
RVS161 (amphiphysin-like lipid raft protein) AN8831 (5.8¢797) Ci, Ss, Mg, Cg, N¢, Cn, Ro (1e7!4 — 9e752)
RVS167 (homolog of amphiphysin) AN2516 (2.4e7107) Ci, Ss, Mg, Nc, Cg, Cn, B, Ro (1e713 — 6e73%)
GVP36 (Golgi vesicle protein of unknown function) AN10743°¢ (1.6e7%°) Ci, Ss, Bc, Cg, Mg, Ro, Cn (le14* — 2¢7%)
Novel additional BAR domain protein: AN2277¢ (3e712) Ci, Ss, B¢, Cg, N¢, Mg, Cn, Ro (4e7% — 2e733)

Hs endophilin (SH3-containing SH3GLBI)

Dynamin GTPases and dynamin-related proteins

An vs Sc An vs Hs?
VPS1 (vacuolar prot sorting) ANS8023 (0.0) DNMIL (3e71%%) Ci, Ss, Cg, N¢, Ro, Mg
DNM1 (mitochondrial fission, endocytosis) ANB8874 (0.0) DNMIL (5e180) Ci, Mg, Ss, Bc, N¢, Cg, Ro
MGMI1 (mitochondrial) AN1093 (1e71%) DNMI1 (1e%?) Ci, Ss, Bc, Mg, N¢, Cg, Ro, Cn
FZO1 (mitochondrial) AN6897 (5¢79) None Ci, Ss, Bc, Mg, N¢, Cg, Ro, Cn
Novel dynamin-related proteins®
An vs Sc An vs Hs
(DNM1) AN1309 (1.8e719) MX2, MX1 (9739, 3¢727) Mg, Ci, N, Cg, Bc, Ss
(VPS1) AN10691 (7.7¢7%3) MX2, MX1 (4733, 1e731) Ci, N¢, Cg, Bc, Mg, Ss
(DNM1) AN1912 (5.2¢721) MX1, MX2 (7e731, 2¢72%) Ci, Bc, Ss, Cg, N¢, Mg
(VPS1) AN5327 (9.4e7%0) MX2, MX1 (1e733, 3e730) Ng, Cg, Bc, Ci
(DNM1) AN1322 (1.7e79) MX1, MX2 (3716, 4e71°) Cg, Bc, Mg, Ss
(VPS1) AN1648 (1.5e714) DNM2 (1e71%) Nc¢, Mg, Cg, Cn, Ss

(0.0 — 0.0)
(0.0 > e7131)
(0.0 > e715%)
(0.0 — 0.0)

(e—166 — e—77)

(e—169 N le—79)
(e—172 N 4e—47)
(e—106 N 1e—54)
(1e™ — 5¢729)
(2e733 - 2¢714)

@ Listed are fungi in which one or more putative orthologs occur. Order of fungi and corresponding range of e-values indicate relative strength of homology to An sequence,
except where noted. Bc Botrytis cinerea, Cg Chaetomium globosum, Ci Coccidioides immitis, Cn Cryptococcus neoformans, Mg Magnaporthe grisea, Nc Neurospora crassa,

Ro Rhizopus oryzae, Ss Sclerotinia sclerotiorum.

b S¢ TVP18 found an unnamed hypothetical ORF in An (contig 84, nt 252159-252599), and found putative orthologs in other fungi, at e-values ranging from 4e~22 to 2e™%,
¢ AN10743 and AN2277 appear to encode endophilin-related proteins, with e-values of 1e”!° and 3e™!? versus human SH3-containing and GRB2-like 1 (SH3GLB1). An
e-value for AN2277 versus SH3GLB1 was obtained by blastp of the Hs genome. In a blastp of the Sc genome with AN2277, Sc RUD3 (interacts with COG3 and USO1, see

Table 1.4) was the best, though very weak, hit (e = 0.03).
4 e