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INTRODUCTION

The Drosophila Research Conference,
a yearly meeting organized by the Ge-
netics Society of America (GSA),
serves as a platform to present the
latest developments in research using
the Drosophila melanogaster model.
The meeting provides fruit fly re-
searchers an opportunity for interac-
tion and exchange of ideas pertaining
to their research. The 49th Annual
Drosophila Research Conference took
place in San Diego, California, one of
the best tourist destinations famous
for its great weather and miles of
sandy beaches. The meeting was orga-
nized by Nanci Bonini (University of
Pennsylvania, Philadelphia), Susan
Celnikar (Lawrence Berkeley Na-
tional Laboratory, Berkeley, Califor-
nia), Brian Oliver (NIDDK, NIH,
HHS, Bethesda, MD), and John
Tamkun (University of California,
Santa Cruz). This fly meeting was at-
tended by nearly 1,500 Drosophila re-
searchers from all over the world, who
were treated to amazing presenta-
tions in 18 platform sessions encom-
passing 136 talks, 13 workshops, and
around 1,000 posters on a broad spec-
trum of biomedical topics.

The meeting opened with a welcome
and opening remark from Susan

Celnikar. It was followed by Larry
Sandler Memorial Lecture by Adam
Friedman from Norbert Perrimon’s
group, HHMI at Harvard Medical
School. The president of Drosophila
board Utpal Bannerjee (University of
California, Los Angeles) gave a memo-
rial tribute to his mentor Seymour
Benzer who died at the age of 86 on
Nov. 30, 2007. Seymour, a highly ac-
complished geneticist and neurobiolo-
gist, made history by discovering that
genes were structured like words. He
went on to do pioneering work on the
ties between genes and behavior,
memory, and longevity. The historical
keynote address was delivered by An-
tonio Garcia-Bellido, a scientist who
specializes in genetic regulation of de-
velopment and differentiation. A stu-
dent of the noted British entomologist
Sir Vincent Wigglesworth, Garcia-
Bellido started his studies of cell he-
redity and determination as a postdoc-
toral fellow with Ernest Hadorn at the
University of Zurich, and subse-
quently at Cal Tech with future Nobel
Laureate Ed Lewis (1996). While at
Hadorn’s lab, Garcia-Bellido mastered
the method of culturing imaginal disc
cells of Drosophila larvae in the abdo-
men of sterile adult females and ex-
ploited its unique advantages for

studying the properties of imaginal
disc cells of mutants of the bithorax
complex (BX-C). Garcia-Bellido’s talk
covered major landmarks of his jour-
ney through the field of Drosophila
genetics and development.

The first plenary session opened
with the presentation of the 2008 Im-
age Award. The Image Award is an
initiative to recognize the most strik-
ing image that clearly conveys an im-
portant biological result. Eric Lecuyer
(University of Toronto, Canada) re-
ceived the 2008 Image Award for the
image “Global Analysis of mRNA lo-
calization.” Lecuyer et al. conducted a
high-resolution FISH analysis of ap-
proximately 25% of mRNAs encoded
in the Drosophila genome to assess
the overall variety and prevalence of
mRNA localization events on a
genomic level. They found that the
majority of sampled mRNAs (71%) are
subcellularly localized and that tran-
scripts with similar localization pat-
terns are often functionally related.
The two runners up were S. Silver for
the image “A microRNA that can acti-
vate Wingless signaling,” and G.S.
Jefferis for the image “Mapping Pher-
omone and Fruit Odor Representa-
tions.” Interestingly, science and art
came together at the San Diego meet-
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ing when another image award went
to Joanne Topol, a scientist turned
artist, who designed the cover of the
2008 abstract book (Fig. 1).

The first talk of this session was
from David Bilder (University of Cal-
ifornia, Berkeley) entitled “Trafficking
and polarity in the control of Drosoph-
ila growth”. Using the recently identi-
fied neoplastic tumor suppressor gene
avalanche (avl) as an example, Bilder
presented evidence suggesting that
normal epithelial apical–basal polar-
ity of cells and protein trafficking are
both required for normal growth con-
trol. They observed that Crumbs (Crb)
and Notch (N) were up-regulated in
cells mutant for avl, suggesting that
either avl mutant cells are defective in
polarity, or are unable to degrade
these proteins causing their accumu-
lation. Further experiments revealed
that proper polarity is required for
proliferation control. Because N sig-
naling targets are unaffected in avl
mutant cells, they turned their atten-
tion to N trafficking and found that
both exocytosis and endocytosis are
important for cell polarity and for cells
to exit the cell cycle. These findings
open up new and exciting avenues for
studying the regulation of growth and
polarity in fruit flies.

The next talk entitled “Ig receptor
diversity in insect immunity and neu-
ronal wiring” was from Dietmar
Schmucker (Harvard Medical School,
Cambridge, MA). Dietmar identified a
Drosophila protein (Dscam), a mem-
ber of the immunoglobulin super fam-
ily that is highly related to the human
protein Down Syndrome Cell Adhe-
sion Molecule (DSCAM) that can form
38,000-protein isoforms through alter-
native splicing and is specifically ex-
pressed on the surface of growing
nerves. The extraordinary molecular
diversity of the Dscam receptor, un-
like other receptors expressed in the
nervous system, is reminiscent of im-
munoglobulin receptors in the im-
mune system. In mammals, receptor
functions and signal transduction
mechanisms are remarkably similar
between the nervous system and the
immune system. Schumucker found
that the hypervariable neuronal re-
ceptor Dscam is also expressed in the
immune system of flies. In fact, Dro-
sophila immune-competent cells have
the potential to express more than

18,000 isoforms of the Dscam recep-
tor. These findings suggest an unsus-
pected molecular complexity of the in-
nate immune system of insects.

Artyom Kopp from the University of
California, Davis talked about the
cross regulatory interactions between
Hox and sex determination genes and
its implications for development and
evolution. Steve Cohen (Temasek
Life Sciences Laboratory, Singapore)
talked on the different strategies by
which “microRNA functions” are car-
ried out. Cohen presented evidence
that microRNAs function to “fine
tune” the activity of target genes, for
example, mir-8 regulates the levels

and activity of its target gene atro-
phin. Loss of mir-8 results in elevated
Atrophin activity causing apoptosis in
the brain. However, reducing levels of
Atrophin below the level generated by
mir-8 regulation causes additional de-
fects suggesting that mir-8 tunes the
levels of Atrophin and does not com-
pletely eliminate it for its normal
function. In addition, miRNAs can
play essential roles by limiting errors
and setting thresholds in the contexts
of positive autoregulatory systems.
MicroRNAs may also function by a
temporal rather than spatial mecha-
nism to clear mRNAs from the cell.
Cohen summarized the computational

Fig. 1. Cover page of the abstract book of 49th Annual Drosophila Research Conference held at
San Diego from April 2–6, 2008. Courtesy: Genetics Society of America (GSA).
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and experimental approaches de-
signed by his group aimed at identify-
ing all microRNAs from the fly ge-
nome.

Michael Ashburner (Cambridge
University, United Kingdom) received
the Thomas Hunt Morgan Medal for
outstanding contributions to the field
of genetics from GSA president Utpal
Bannerjee at a champagne reception.
Due to the broad spectrum of topics
and information presented in the
meeting, we will focus on some of the
common themes/topics in this com-
mentary.

ORGANOGENESIS:
DROSOPHILA EYE

Early Eye development

During early eye development, gener-
ation of dorsal (D) and ventral (V)
compartments is the first lineage re-
striction event. The border between
the dorsal and ventral compartments
is known as the equator and is the site
of activation of N signaling that regu-
lates cell proliferation and differenti-
ation of the developing eye. The mem-
bers of N signaling pathway, Lobe (L)
and Serrate (Ser) play an important
role in ventral eye growth and devel-
opment. Amit Singh (University of
Dayton, Dayton, OH) and Kwang Choi
(Baylor College of Medicine, Houston,
TX) identified homothorax (hth), a
Meis class gene which is a negative
regulator of eye development, as a
strong enhancer of the L mutant phe-
notype in a genetic modifier screen.
Loss-of-function of hth, results in ec-
topic ventral eye enlargements, which
is complementary to the L or Ser mu-
tant phenotype of loss-of-ventral-eye.
Ectopic induction of Hth was seen in
loss-of-function clones of L or Ser in
the ventral eye. They presented evi-
dence that L and hth act antagonisti-
cally to each other to define the ven-
tral boundary of the eye.

The complex eye–antennal imaginal
disc of Drosophila that arises from the
20–30 cell anlagen located bilaterally
in the embryonic anterior, gives rise to
the adult eye and the antenna. An
important question is how and when
the decision of division of eye–anten-
nal disc to eye and antennal region
takes places during development.
During late larval and pupal develop-

ment, the anterior lobe of this disc
gives rise to the antenna, while the
posterior lobe gives rise to the eye.
Cheng-wei Wang (Y. Henry Sun’s
group, Academia Sinica, Taipei, Tai-
wan) found that the restricted expres-
sion of markers such as eyeless (ey) in
the eye field and cut in the antennal
field could antagonize each other for
the restriction of eye and antennal
identity, respectively. They put forth
an interesting hypothesis that recip-
rocal interaction between the eye se-
lector gene ey and antennal identity
gene cut may be required to determine
eye and antennal identity.

The developing compound eye is an
excellent model system for elucidating
the molecular links between cell pro-
liferation and tissue specification, and
their role in generating the final shape
and size of an organ. If this check and
balance on cell proliferation is altered,
then tumorigenesis and cancer may
result. During early development cell
proliferation is actively promoted fa-
voring the increased ratio of undiffer-
entiated cells to the differentiated
ones. Shera Lesly (Justin Kumar’s
group, Indiana University, Blooming-
ton, IN) showed that when eye speci-
fication gene function is abolished
from entire eye it results in a no-eye or
small eye phenotype, as was previ-
ously known. However, when eye-
specification gene function is abol-
ished in only a subset of cells using a
genetic mosaic approach, there is a
rescuing communication between mu-
tant and normal cells in the early eye
disc which is crucial for balancing the
rates of cell proliferation and tissue
determination, thereby regulating/re-
storing the size of the eye. She found
that the N pathway mediates this bal-
ancing act.

The differentiation of many cell
types, including retinal pigment epithe-
lium (RPE), is controlled by the Mi-
crophthalmia-related transcription fac-
tor (Mitf) which encodes a basic Helix-
Loop-Helix Zip (bHLH-Zip) protein. The
aberrant expression of Mitf is the cause
of cancers like melanoma and clear cell
carcinoma. Tianyi Zhang (Francesca
Pignoni’s group, Harvard Medical
School/MEEI, Boston, MA) found that
targeted overexpression of either Dro-
sophila or mouse Mitf (dMitf or mMitf)
and suppresses eye development by
down-regulating two retina specifica-

tion genes: eyes absent (eya) and ey.
dMitf or mMitf can suppress prolifera-
tion autonomously, but induce prolifer-
ation nonautonomously. Of interest,
Mitf-expressing cells often down-regu-
late the cell polarity gene disc large
(dlg) and move out of the imaginal disc
epithelium.

Aditya Sen (Deborah Hursh’s
group, CBER/FDA, Bethesda, MD)
used the SELEX (Systematic Evolu-
tion of Ligands by Exponential En-
richment) approach to determine po-
tential targets for the pair-rule gene,
Odd-paired (Opa), a homolog of the Zic
(Zinc finger protein in the cerebellum)
family of mammalian transcription
factors, during postembryonic devel-
opment results in ventral head forma-
tion defects. This is an interesting
tool/method that many researchers
might find useful in finding targets of
their gene of interest.

JAK-STAT Signaling in Eye
Development

There are many signaling pathways
involved in eye development. The
JAK-STAT pathway, a well-conserved
signaling cascade from vertebrates to
Drosophila, is one of the important
pathways involved in eye develop-
ment and growth. In Drosophila, the
secreted glycoprotein, Unpaired (Upd)
has been shown to activate the JAK/
STAT pathway. It is expressed at the
central point of the posterior margin
in the eye disc. Upd is important for
morphogenetic furrow initiation and
for long-range control of cell prolifera-
tion in the eye disc. However, how
Upd is regulated in the developing eye
is still unknown. Chuan-Ju Wang, (Y.
Henry Sun’s group) used loss-of-func-
tion and gain-of-function approaches
to show that (1) Decapentaplegic
(Dpp) and Hedgehog (Hh) signaling
cooperate with the N signaling path-
way to activate Upd expression and
(2) Wingless (Wg) signaling negatively
regulates Upd expression. They also
identified potential binding sites of
several transcriptional factors in the
eye-specific enhancer region of upd.

The upd gene is located in polytene
band 17A. Two predicted genes, upd2
and upd3 with sequence similarity are
present within 70 kb of upd. Classic
mutations, described as outstretched
(os), have been defined as alleles of
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upd. The two upd alleles, updYM55 and
updYC43, cause embryonic lethality
and os alleles, oso, oss, os1, result in
outstretched wings, small eyes, or
both. Liqun Wang (Doug Harrison’s
group, University of Kentucky, Lex-
ington) identified additional muta-
tions in the upd region that geneti-
cally separate the os and upd loci.
They suggested that the upd-like
genes are close to upd on the X-chro-
mosome and show sequence similarity
with upd, therefore, it is possible that
os phenotypes may result from muta-
tions in upd-like genes, disproving the
long-held belief that os is an upd al-
lele.

The JAK/STAT pathway regulates
growth by balancing proliferation and
apoptosis. Using loss- and gain-of-
function approaches, Aloma Ro-
drigues (Erika Bach’s group, NYU
School of Medicine, New York, NY)
presented that cells lacking stat92E
(the sole Drosophila STAT) are elimi-
nated, most likely by cell competition,
suggesting the interesting possibility
that JAK/STAT signaling promotes a
cell’s ability to compete. Laura Ekas et
al. (Erika Bach’s group) reported
structure function analysis of the 761
amino acid Stat92E protein. They
showed that the Stat92E lacking both
the N- and C-terminal domains acti-
vates a STAT-dependent luciferase re-
porter significantly more than wild-
type Stat92E and is a gain-of-function
allele. Both the N- and C-terminal do-
mains of mammalian STATs have
been shown to be critical for maximal
transcriptional activation suggesting
that there may be significant func-
tional differences between Stat92E
and mammalian STATs.

Retinal Determination
Network

During normal eye development in
Drosophila, several gene pairs func-
tion to specify the retina. The eye
specification network or retinal deter-
mination (RD) network consists of ten
nuclear proteins that are woven into a
complicated regulatory hierarchy.
Claire Salzer (Justin Kumar’s group)
used retinal mosaic clones of sine ocu-
lis (so), eya, and dachshund (dac) to
reexamine the regulatory relation-
ships among the pathway members.
The current model suggests that the

So-Eya protein complex promotes dac
expression. She found that this rela-
tionship holds true only ahead of the
morphogenetic furrow and in the first
few columns of developing ommatidia.
However, in more posterior regions of
the retina both so and eya cooperate to
repress dac. Of interest, the So-Eya
complex can switch between activa-
tion and repression states depending
upon their localization within the de-
veloping eye field, reinforcing the need
to critically examine well-character-
ized pathways and genes.

Eyegone (eyg) encodes a Pax tran-
scription factor and is important for
Drosophila eye development. Eyg ex-
pression begins in the embryonic eye-
antennal primordia (EAP) and contin-
ues to the larval eye disc. twin of
eyegone (toe), a paralog of eyg in Dro-
sophila, is located 30 kb apart from
eyg on chromosome 3L. Lan-hsin
Wang (Y. Henry Sun’s group) dis-
sected the eyg-toe locus to identify its
eye-specific cis-regulatory elements to
understand the dynamic changes in
the transcriptional regulation of eyg
during eye development. They identi-
fied two cis-regulatory elements, B8
and E2, which have distinctly differ-
ent enhancer activities. They showed
that the eyg/Pax gene is temporally
regulated by these separate enhanc-
ers to achieve head and antennal de-
velopment during the first and third
larval instar, and eye development
during the second instar. N signaling
regulates eyg only during the second
larval instar through the B8 en-
hancer. In line with the important
function of eyg, Yu-Chen Tsai et al. (Y.
Henry Sun’s group and Gert O. Pflug-
felder’s group, Universität Mainz,
Germany) presented that optomotor-
blind (omb), a T-box transcription fac-
tor, is a negative regulator of eye de-
velopment as omb mutants have
enlarged eyes. Ectopic expression of
omb inhibits cell proliferation, mor-
phogenetic furrow initiation and reti-
nal differentiation. Of interest, they
found that eyg represses omb to spec-
ify eye territory. During normal eye
development in Drosophila, several
gene pairs function to specify the ret-
ina. Abanti Chattopadhyay (Rui
Chen’s group, Baylor College of Medi-
cine, Houston, TX) presented her
studies on eyg and toe gene pair. They
showed that toe plays a redundant

role with eyg. Rhea Dutta (Justin Ku-
mar’s group) studied the structural
differences between another gene pair
- teashirt (tsh) and tiptop (tio), two
transcription factors that are actively
involved in eye development.

Using a combinatorial approach of
microarray analysis and phylogenetic
shadowing, Yumei Li et al. (Graeme
Mardon’s and Rui Chen’s groups, Bay-
lor College of Medicine, Houston, TX)
have identified optix (opt) as a direct
downstream target of Ey during reti-
nal development in Drosophila. Like
other known RD genes, opt is ex-
pressed before morphogenetic furrow
initiation and anterior to the morpho-
genetic furrow in eye imaginal discs.
Misexpression of Opt is sufficient to
induce ectopic eye formation.

Retinal Differentiation

The Drosophila compound eye is com-
posed of approximately 750 omma-
tidia, each containing six outer photo-
receptor cells (R1–R6) and two inner
photoreceptor cells (R7 and R8). Dro-
sophila R7 photoreceptors are speci-
fied by synergistic activation of both N
signaling and Sevenless-mediated re-
ceptor tyrosine kinase (RTK) signal-
ing pathways. In absence of N, pre-
sumptive R7 cells default to R1/6
photoreceptor fates. Without the Sev-
enless RTK, R7 cells acquire the N-
dependent, non-neuronal cone cell
fate. Abhishek Bhattacharya (Nicho-
las E. Baker’s group, AECOM, Bronx,
NY) identified the extramacrochaetae
(emc) gene, which encodes an Id-class
helix-loop-helix (HLH) protein that
antagonizes bHLH transcription fac-
tor activity by forming nonfunctional
heterodimers with them. Emc is an
effector of N during R7 and cone cell
development. The emc gene is also re-
quired for multiple other aspects of
retinal differentiation like the differ-
entiation of supernumerary R7 cells
by ectopic N activity and development
of cone cells. Tainyi Zhang (Francesca
Pignoni’s group) presented the dissec-
tion of the regulation of early atonal
expression in Drosophila eye.

Spectrins, major proteins in the cy-
toskeletal network of most cells, play
a key role in photoreceptor morpho-
genesis. There are three Spectrins in
Drosophila: �-Spectrin, �-Spectrin,
and �Heavy-spectrin. Sangchul Nam
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(Baylor University, Waco, TX) and
Kwang Choi (Baylor College of Medi-
cine, Houston, TX) showed that
�-Spectrin is not essential for retinal
differentiation in the larval eye imag-
inal disc. However, all three Spectrins
are required for localization of apical–
basal polarity proteins during pupal
retinal development suggesting a
need to carefully examine later pheno-
types in the eye, and not just differen-
tiation. In line with this careful exam-
ination, Gerald Call (Midwestern
University, Glendale, AZ) and Utpal
Bannerjee (University of California,
Los Angeles) tested the role of B lym-
phocyte-induced maturation protein
(Blimp-1) in eye development. While
they found that larval eye develop-
ment is apparently normal in the
Blimp-1 mutants, pupal development
has multiple patterning defects in
cone, tertiary pigment, bristle cells,
and lens oversecretion. Although lens
secretion defect is the only apparent
phenotype, it is clear that Blimp-1
plays many roles in the later eye.

Mark Charlton-Perkins (Tiffany
Cook’s group, Cincinnati Children’s
Hospital Research Foundation, Cin-
cinnati, OH) presented evidence that
Prospero (Pros), a transcription factor
that functions as a molecular switch
for stem cell proliferation and differ-
entiation within larval sensory organ
precursor (SOP) system, mediates cell
fate decisions of R7 versus cone cell
development during retinogenesis.
Baotong Xie (Tiffany Cook’s group)
showed that Senseless (sens), a Dro-
sophila ortholog to the Gfi1 zinc finger
transcription factor, plays an opposite
role to Pros by both negatively regu-
lating R7-based features and posi-
tively enforcing R8-based features
during terminal differentiation. Of in-
terest, Pros has recently been shown
to function as a tumor suppressor,
whereas Gfi1 is a well-characterized
oncogene. Thus, sens/pros antagonism
may be important in many biological
processes.

Earlier Claude Desplan’s group
showed that a tumor suppressor,
warts/D-lats, and a growth regulator,
melted, control the postmitotic specifi-
cation of the R8 subtype fate. David
Jukam (Claude Desplan’s group, New
York University, New York, NY)
asked whether the Warts/Hpo/Sav
complex specifies photoreceptor fate

through a distinct signaling pathway
or by canonical signaling pathway
members. The FERM domain protein
Merlin, can act upstream of warts in
its tumor suppressor function. They
found that Merlin is required for R8
subtype specification, but fat and ex-
panded (other members of Hpo growth
control pathway) are not involved. In-
dividual sensory neurons express sin-
gle sensory receptors to avoid sensory
confusion by following one neuron–
one receptor rule. Daniel Vasiliauskas
(Claude Desplan’s group) asked
whether feedback signals from Rho-
dopsin proteins participate in regulat-
ing the choice of rhodopsin gene ex-
pression. They found that the signal
does not participate in the initial Rho-
dopsin choice, but rather acts to main-
tain R8 identity in the adult.

Genetic Screens

As genetic screens have been the basis
for advancing much of our under-
standing of genetic networks in Dro-
sophila, we have chosen to present
some of the technically different
screens. The RD gene cascade in Dro-
sophila consists of ten nuclear factors
and the protein tyrosine phosphatase,
eya. There is a need to identify other
genes involved in eye development.
Jason Anderson (Justin Kumar’s
group) followed a genetic approach to
search for new RD genes. Removal of
these genes within the developing eye
leads to a block in retinal develop-
ment, while expression of all of these
genes (with the exception of hth) is
sufficient to induce eye formation in
several nonretinal tissues.

Early Drosophila eye development
is regulated by master control gene ey,
which is both essential and sufficient
to form the eye. Rui Chen and Graeme
Mardon conducted a genome-wide
screen to identify downstream targets
of ey using three independent meth-
ods: (1) gene expression profiling in
both gain- and loss-of-function genetic
backgrounds, (2) several computa-
tional approaches to obtain a list of
potential direct Ey protein binding el-
ements, and (3) genome chromatin
profiling experiments using DamID
and ChIP-Seq to identify Ey binding
sites in the fly genome. They have
identified many novel genes along
with several genes that link ey with

other genetic pathways, such as dpp
and hh.

In the Drosophila eye, each omma-
tidium contains eight photoreceptors
arranged in a trapezoid shape. The
mechanism underlying photoreceptor
rotation is regulated by the N and
Frizzled pathways. The different pho-
toreceptors are distinguished by sev-
eral characteristics including position
and Rhodopsin (Rh) expression. The
inner photoreceptors (R7 and R8) lie
in the center of the trapezoid shape
which is formed by the outer photore-
ceptors (R1–R6). Hui-Yi Hsiao (Claud
Desplan’s group) reported a UAS-
RNAi screen involving knocking down
all known transcription factors to un-
derstand the regulatory mechanisms
underlying the determination and po-
sition of outer photoreceptors.

Atonal, a pro-neural protein in Dro-
sophila is required for the proper for-
mation of the founding photoreceptor
cell in the developing retina (R8).
Daniel Marenda (University of the
Sciences in Philadelphia, PA) identi-
fied four new genes associated with
Atonal function and involved in reti-
nal development in a chemical (EMS)
mutagenesis screen for autosomal
dominant enhancers of a loss-of-func-
tion atonal rough eye phenotype in
Drosophila.

Photoreceptor differentiation marked
by the morphogenetic furrow requires
signaling by Hh and Dpp. Kevin
Legent (Jessica E Treisman’s group,
Skirball Institute, New York Univer-
sity Medical Center, New York, NY)
presented the results of a mosaic ge-
netic screen to identify EMS-induced
mutations on the X-chromosome that
disrupt the normal pattern of photore-
ceptor differentiation. They estab-
lished 139 stocks with mutations that
prevent homozygous clones of cells
from differentiating as retinal tissue,
but allow the cells to survive long
enough to disrupt eye patterning.
They isolated mutations in members
of the epidermal growth factor recep-
tor (EGFR) and Wg pathways, as well
as known transcription factors and
novel genes.

Mario Pantoja (Hannele Ruohola-
Baker’s group, University of Washing-
ton, Seattle, WA) presented a domi-
nant modifier screen to reveal
components that interact with the
Drosophila Dystroglycan-dystrophin
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(Dg-Dys). The mutations in Drosoph-
ila Dg-Dys complex show abnormali-
ties similar to muscular dystrophy pa-
tients, such as age-dependent muscle
degeneration, eye defects and a
shorter life span. Pantojo et al. used a
wing vein phenotype seen in Dg and
Dys mutants as a basis for several
dominant modifier screens and found
interactors of the complex that belong
to the Transforming Growth Factor �
(TGF�) and EFGR signaling path-
ways as well as cytoskeletal compo-
nents and genes involved in cell/neu-
ronal migration.

CELL DEATH AND
IMMUNITY

This session covered many interesting
topics ranging from exploring immune
response of tumor cells, viruses, bac-
teria and infection-induced proteoly-
sis, to cell death triggered by ER
stress, autophagy, and the mecha-
nisms of cell death in tissue specific
contexts. Jose Pastor-Pareja (Tian
Xu’s group, Yale University School of
Medicine, New Haven, CT) presented
evidence that Drosophila imaginal
discs carrying mitotically induced tu-
mors have adherent hemocytes on the
surface of the disc and increased num-
ber of hemocytes in the hemolymph.
Induction of cell death by expression
of the proapoptotic gene Hid in the
hemocytes reduced tumor growth in-
dicating that hemocytes affect tumor
growth. To explore the underlying
mechanism, Pastor-Pareha et al.
tested if wounding imaginal discs, and
rupturing the basement membrane
(by over-expressing MMP2) invoked a
similar response. Although in both sit-
uations hemocytes attached to the
ruptured basement membrane, hemo-
cyte proliferation was not induced. In
addition, he presented evidence sug-
gesting that tissue damage invokes in-
nate immune response (which may af-
fect the number of hemocytes) and
induces JAK-STAT activity.

Lihui Wang (Petros Ligoxygakis
group, University of Oxford, UK) used
molecular and biochemical strategies
to test which (if any) peptidoglycan
recognition protein (PGRP-SA) and
the glucan binding protein (GNBP1)
are essential to recognize the Gram
positive peptidoglycan (PG). PG pro-
files differ vastly among the same spe-

cies, however, Wang showed that
PCRP-SA and GNBP1 could bind to
PG from all species of gram positive
bacteria and may be bona-fide recep-
tors for pathogen recognition, al-
though other more complex (pair-
wise) interactions may be possible for
pathogen recognition.

How do hosts recognize commensal
versus pathogenic microbes? How is
the innate immune response initi-
ated? TNF� peptidase is involved in
activation of TNF� pathway in hu-
mans. Is there a similar proteolytic
step involved in the activation of the
Drosophila immune deficiency path-
way (IMD)? Amy Tang (Mayo Clinic,
Rochester, MN) used exogenous injec-
tion of the mammalian protease in
flies and found that it induced Dro-
sophila IMD pathway by means of the
PGRP-LC receptor. Infection with
Gram-negative bacteria but not Esch-
erichia coli down-regulates PGRP-LC
expression. Thus, Tang and colleagues
propose that receptor down-regulation
may induce a strong innate immune
response facilitating effective defense
against bacterial infection and also
tissue repair.

Two talks focused on the mecha-
nisms of salivary gland cell death dur-
ing pupal histolysis. Both autophagy
(Sudeshna Dutta, University of Mas-
sachusetts Medical School, MA) and
ER stress (Robert Farkas, Slovak
Academy of Sciences, Bratislava, Slo-
vakia, presented by Prof Bernard
Mechler, DKFZ, Heidelberg, Ger-
many) play a role in elimination of
salivary gland cells. Salivary gland
cells undergo growth arrest before cell
death. However, warts mutants fail to
degrade salivary glands and show
markers for both apoptotic and auto-
phagic cell death. Analysis of growth
arrest in warts mutants suggests that
they are defective at arresting growth,
and the excess growth is TOR-inde-
pendent and possibly due to defects in
localization of phospho-AKT. These
findings indicate that Hippo signaling
may be linked to cell growth and reg-
ulation of autophagic cell death in ad-
dition to cell cycle and cell death.

In multicellular organisms, apopto-
tic cells are capable of inducing com-
pensatory proliferation of neighboring
cells to maintain tissue homeostasis.
In the Drosophila wing imaginal disc,
it has been shown that dying cells

trigger compensatory proliferation
through secretion of the mitogens Dpp
and Wg. This process is under control
of the initiator caspase Dronc, but not
effector caspases. Yun Fan (Andreas
Bergmann’s group, University of
Texas, MD Anderson Cancer Center,
Houston, TX) showed that, in an ap-
parent nonapoptotic function, differ-
ent caspases trigger distinct forms of
compensatory proliferation dependent
upon the developmental potential of
the affected tissue. Dongbin Xu (An-
dreas Bergmann’s group) reported an
exhaustive screen on the third chro-
mosome to isolate recessive mutations
in some essential apoptosis regulatory
genes. They identified several mem-
bers of the Hippo signaling pathway
which are known to be involved in cell
death and some new components.

Caspase activation has become
nearly synonymous with apoptosis. A
critical mass of data, which suggests
that apoptotic caspases may also par-
ticipate in a variety of nonapoptotic or
apoptotic-like processes. Eli Arama
(Weizmann Institute of Science, Reho-
vot, Israel) talked about regulation of
caspase activation during Drosophila
spermatogenesis. Arama had previ-
ously reported that during terminal
differentiation Drosophila spermatids
lose their bulk cytoplasm and or-
ganelles in a restricted, apoptosis-like
process requiring active apoptotic
caspases. He identified a new E3 ubiq-
uitin ligase complex Klhl10-Cullin-3-
Roc1b, which is required for caspase
activation during terminal differenti-
ation of spermatids. Furthermore,
they identified a novel inhibitor of
caspase activation, Sik1, was also
identified. Mutations in Sik1 cause
male sterility due to elevated levels of
active effector caspase expression, and
defects during late spermatid differ-
entiation.

CYTOSKELETON AND CELL
BIOLOGY

Sarah Windler from the David Bilder
group expanded on the findings from
the MENE genetic screen. Windler
and colleagues isolated 10 new
complementation groups. In addition
they found mutations that disrupt
protein trafficking at various steps:
Avl/Rab5 (early endosomes), ESCRT
I, II, and III (late endosome, sorting/
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degradation stage). One of the new
complementation groups disrupted
the �-adaptin gene, which is part of
the Drosophila AP-2 complex. AP-2 re-
cruits’ clathrin to vesicles and disrup-
tion of clathrin or shibire can pheno-
copy the neoplastic defects of polarity
disruption. Using mutations in
�-adaptin and clathrin, they began to
tease apart the various steps of pro-
tein sorting/degradation and their re-
quirement for N signaling. Further
studies will shed light on the role of
trafficking in the regulation of signal-
ing interactions, polarity and growth
control.

Robert Eisman (Fred Hutchinson
Cancer Research Center, Seattle, WA)
talked about the mechanisms regulat-
ing the Centrosomin protein—a core
component of Drosophila mitotic cen-
trosomes. Its activity is regulated by
phosphorylation at multiple sites
within the protein. Using sequence
comparison, Eisman and colleagues
predict at least 10 phosphorylation
sites on the Centrosomin protein, and
systematic analysis of this protein ex-
pression profiles revealed 2 isoforms
(PA ad PC), of which PC is the more
abundant transcript. They found that
Centrosomin is phosphorylated at 6
sites in the unfertilized egg and the
phosphorylation profile is dynamic de-
pending on the stage of development.
This work illustrates the complex
posttranscriptional regulation of Cen-
trosomin and the mechanisms regu-
lating replication of centrosomes dur-
ing mitosis.

Amy McMahon (Angela Stathopoulos
group, Caltech, Pasadena, CA) pre-
sented stunning images of coordinated
cell movements during mesoderm mi-
gration during embryogenesis (gastru-
lation). Using two-photon laser scan-
ning microscopy, McMahon collected
images from live developing embryos
that expressed GFP in the mesoderm.
These images were further processed
using the Imaris tracking software and
MATLAB algorithms, which allowed
tracking of individual nuclei and recon-
struction of the migration process in
three dimensions, and quantitative
analysis of datasets from several em-
bryos. This study showed that the
movement of mesoderm cells is highly
regulated and directed. These ap-
proaches demonstrated that combina-
tion of imaging techniques with quanti-

tative analysis can shed light on the
mechanisms of mesoderm migration
and other contexts involving collective
cell migration/movement.

Sarah Zimmerman (Carnegie Mel-
lon University, Pittsburgh, PA) talked
about the role of Wg signaling in the
tissue morphology defects caused by
the loss of APC1 and APC2 tumor sup-
pressor genes. Loss of APC1�2 causes
typical folding morphologies, dubbed
“outpocketing” by Zimmerman, which
progressively become more severe
with development. Ultimately these
outpocketing phenotypes lead to sort-
ing of the mutant tissue from the sur-
rounding normal cells. She found that
blocking Wg activity suppressed the
outpocketing phenotype, while over-
expression of Cadherin does not phe-
nocopy the APC1�2 mutant pheno-
type. Therefore, she concluded that
increased Wg activity may directly/in-
directly affect actin dynamics, which
may be the molecular mechanism
driving outpocketing of APC1�2 mu-
tant cells.

Two presentations (Catarina
Homem’s group, University of North
Carolina, Chapel Hill, and Shai Muli-
nari, Lund University, Lund, Sweden)
focused on the role of Diaphanus and
RhoGEF2 in regulating cell contractil-
ity during cell migration and develop-
ment (formation of segmental grooves)
using constitutive active versions of
Diaphanous and the signaling interac-
tions through the Rho pathway. Di-
aphanous is implicated in the regula-
tion of cell adhesion (stabilizing
adherens junctions) and regulating
cell shape changes in part by regulat-
ing actin polymerization and myosin
levels and activity.

DROSOPHILA MODELS OF
HUMAN DISEASES

The session opened with a presenta-
tion on the regulation of synaptic plas-
ticity by a prion-like domain in the
Drosophila FMRP protein (Paromita
Banerjee, Thomas C. Dockendorff’s
group, Miami University, Oxford,
OH). Deletion of the prion-like domain
(�QN mutants) does not significantly
affect the protein levels or its spatial
distribution, but leads to a decrease in
courtship behavior as tested by a
short-term memory or immediate re-
call tests. In this test, males are first

crossed to nonvirgin females that ex-
press nonreceptive to courtship be-
havior and are later crossed to virgin
females either immediately (immedi-
ate recall) or after being isolated for
an hour (short-term memory). Nor-
mally such males show low or de-
creased courtship response due to
their immediate recall/short term
memory of the nonreceptive females.
The �QN mutants show a moderate
defect in immediate recall but strong
deficits in short-term memory. Baner-
jee tested if this was due to defects at
the synapses and found that �QN mu-
tants had increased boutons and in-
creased axon-guidance defects. They
propose that the prion-like domains
mediate synaptic plasticity and be-
havior, and may regulate physiologi-
cal processes.

Mutations in human Pantothenate
Kinase 2 gene (PANK2) causes a
severe neurodegenerative disorder
called pantothenate kinase associated
neurodegeneration (PKAN), charac-
terized by iron accumulation in spe-
cific parts of the brain. PANK2 en-
codes for the first enzyme in the CoA
biosynthesis pathway. Using a for-
ward genetic screen, Ody Sibon (Uni-
versity of Groningen, Groningen,
Netherlands) isolated a mutation in
dPPCS, the gene encoding the second
enzyme in the CoA biosynthesis path-
way. Using this mutation as a starting
point, Sibon and colleagues tested the
entire CoA pathway in flies, by finding
or generating pathway mutants to fur-
ther their investigations. All pathway
mutants showed altered lipid ho-
meostasis, increased apoptosis in the
larval brain and neurodegeneration in
adult flies. This fly model enabled Si-
bon and colleagues to perform a com-
prehensive analysis of the physiologi-
cal effects of disrupting the CoA
biosynthetic pathway. Based on the
phenotypes of fly mutants, this con-
served pathway is also required for
maintaining DNA and cellular integ-
rity. Studies of neurodegeneration in
flies from the impairment of CoA bio-
synthesis are expected to provide in-
sights in the pathogenesis of PKAN in
humans.

Annabel Guichard (Ethan Bier’s
group, University of California, San
Diego, La Jolla) presented an interest-
ing application of Drosophila genetics
and biology in the study of anthrax
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toxins activities. Three clinical forms
of anthrax bacteria exist: cutaneous,
gastrointestinal or inhaled (bacterial
spores). Three toxins are important
for infectivity: PA (protective anti-
gen), LF (lethal factor), and EF
(edema factor). The PA binds to sur-
face receptors on mammalian cells
and allows endocytosis of LF and EF,
which encode zinc metalloprotease
and adenylate cyclate, respectively.
Although LF and EF are not known to
affect/infect insects, expression of LF
and EF intracellularly by means of
transgenic lines evokes their known
cellular responses. Guichard and col-
leagues used the tools of Drosophila
genetics and biology to show that EF
and LF affect many developmental
pathways as known from studies in
human cells; in addition, EF and LF
also induce additional phenotypes due
to their effect on other signaling path-
ways. Analysis of these phenotypes
showed that LF and EF suppressed N
targets and down-regulated N signal-
ing. These phenotypes from studies in
flies are relevant to the pathogenecity
of anthrax toxins in humans because
N signaling in vascular endothelial
cells is known to regulate vascular en-
dothelial growth factor (VEGF), and
EF/LF inhibit N signaling in human
brain vascular endothelial cells. Thus
Guichard and colleagues propose that
inhibition of N signaling may underlie
the vascular leakage by means of de-
repression of VEGF.

Hui-Ying Lim (Rolf Bodmer’s group,
Burnham Institute for Medical Re-
search, La Jolla, CA) presented her
findings on the cardiac disorders
caused by mutation in easily shocked,
a gene that renders flies susceptible to
heart failure under stress. Lim de-
scribed their experimental setup,
“electric pacing”, in which an electric
pulse (3–6 Hz) is passed through flies
on a special platform and heart-pump-
ing rate is monitored. Normally flies
can pace their heart rate following the
electric pulse, and their failure to do
so led to identification of mutants with
cardiac disorders. Easily-shocked en-
codes an ethanolamine kinase, the
first enzyme in the synthesis of phos-
phatidyl ethanolamine (PE), and mu-
tant flies are viable but have defects in
heart periods, undergo cardiac arrest
and fibrillation under stress. In addi-
tion, easily shocked flies suffer sei-

zures and defects in PE metabolism
and are a model for studying epilepsy,
as epileptic patients also suffer car-
diac anomalies. easily shocked flies
show myocardial heart thinning, and
overexpression of Easily shocked and
dominant negative Sterol regulation
element binding protein (dSREBP)
rescued this defect. In addition, over-
expression of constitutively active
dSREBP can mimic easily shocked de-
fects, and may be the effector of PE
signaling in cardiac physiology. Lim
and colleagues suggested that defec-
tive PE homeostasis in easily shocked
mutants may lead to increased
dSREBP signaling and cardiac abnor-
malities.

A fruit fly model to study neurode-
generation in Retinitis Pigmentosa by
ER stress-induced apoptosis by the
unfolded protein response was the
topic of Min Ji Kang’s (Hyung Don
Ryoo’s group, New York University,
School of Medicine, New York, NY)
presentation. Kang described the phe-
notypes of ER stress-induced apopto-
sis and mutants obtained from a mod-
ifier screen which were identified as
mutants in Ire1 signaling and ERAD
signaling. Analysis of the regulation of
ER stress-induced cell death revealed
that loss of dronc or the H99 deletion
can rescue the cell death phenotype.
Although expression of DIAP1 blocked
the cell death, the cell ablation pheno-
type was not completely rescued, sug-
gesting that other nonapoptotic mech-
anisms may also be affected in the
neurodegeneration. This is a new
model to study ER stress-induced ap-
optosis that promises to further our
understanding of the defects underly-
ing ER stress related diseases.

Spinal muscular atrophy is caused
by recessive mutations in Survival of
Motor Neuron (SMN) gene, which is
expressed ubiquitously, but only mo-
tor neurons and muscles are sensitive
to mutations in the SMN gene. Using
Drosophila, H. Chang (Artavanis-
Tsakaonas Spyros group, Harvard
Medical School, Boston, MA) explored
the underlying causes of this skewed
sensitivity to gene mutations or doses.
SMN is expressed in the postsynaptic
region of the neuromuscular junction
(NMJ) and in the muscle nucleus and
neural boutons. SMN mutations had
decreased boutons at the NMJ. In ad-
dition, Chang described genetic modi-

fiers of SMN, which include wishful
thinking (a receptor of BMP signaling
pathway). wishful thinking mutants
cause defects in NMJ but is not ex-
pressed in the NMJ. Loss of wishful
thinking enhances NMJ defects (de-
crease in bouton number). Testing
other BMP components (Mad, Dad)
suggested a link between BMP signal-
ing and SMN function. This may lead
to a better understanding of the de-
fects in SMN function that contribute
to spinal muscular atrophy.

Mutations in the amyloid precursor
protein (APP) and presenilin (Psn),
the catalytic component of the gam-
ma-secretase complex, mediate famil-
ial Alzheimer’s disease (AD). Ming
Guo’s group (University of California,
Los Angeles) identified that Drosoph-
ila Ubiquilin 1 (Ubqn) binds to Dro-
sophila Psn by means of its UBA do-
main, and that loss of Ubqn function
suppresses phenotypes that arise
from loss of psn function during devel-
opment. Thus, Ubqn acts as a regula-
tor of Psn and APP and plays an im-
portant role in AD pathogenesis. A
splicing variant of Ubqn was reported
to be associated with an increased risk
for late-onset AD. Their studies sug-
gest the possibility that expression of
a human AD-associated variant can
cause neurodegeneration independent
of amyloid production.

Several other models of human dis-
eases were presented in this extended
session, in fact this field has grown so
rapidly that the Genetics Society of
America has recently started sponsor-
ing a new meeting called “Genetic
Analysis: Model organisms to Human
Biology” every 2 years. As expected,
Drosophila models have been featured
prominently in this meeting.

COMMUNITY RESOURCES

FlyBase

FlyBase is an exhaustive database of
genetic and molecular data for Dro-
sophila (http://flybase.org/). FlyBase
is proving to be a valuable resource,
with 65% of Drosophila community
using FlyBase once a day or more and
80% finding FlyBase invaluable or
very helpful in their genetic research
activities. FlyBase includes data on
all species from the family Drosophili-
dae and can provide individual com-
parative analyses of the genomes of 12
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species of the genus Drosophila. The
FlyBase staff organized demonstra-
tions during the fly meeting to intro-
duce newly developed features of this
resource to the members of fly commu-
nity. Fly researchers were exposed to
bulk data tools for biologists, includ-
ing accessing data from the 12 Dro-
sophila genomes available at FlyBase.

FlyMine

FlyMine (http://www.flymine.org) is
an integrated database of genomic, ex-
pression and protein data for Dro-
sophila, Anopheles, and C. elegans de-
veloped by a team of software
developers and biologists in the Cam-
bridge Systems Biology center at
Cambridge University, UK. Its main
focus is genomic and proteomics data
for Drosophila and other insects. Fly-
Mine version 12.0 was released just
before the fly meeting.

POSTER AWARD
PRESENTATION

The GSA has instituted poster awards
to acknowledge the scientific contribu-
tions of the students and the postdoc-
toral fellows to the meeting. Holly A.
Morrison (David Bilder’s group) got
the first place award for a student
poster, entitled “Rabenosyn and
Vps45 regulate cell polarity and early
endosomal entry.” She reported iden-
tification and characterization of two
important regulators involved in tar-
geted vesicular trafficking, a vital pro-
cess essential for maintaining the
proper segregation of intracellular
compartments and their protein car-
goes. Johnnie Chau (Helen Salz’s
group, Case Western Reserve Univer-
sity, Cleveland, OH) received the sec-
ond prize for his poster entitled “Sex-
lethal is required for asymmetric fate
specification of ovarian germ cells.”
Sex-lethal (Sxl) encodes a female-spe-

cific RNA binding protein that is the
“master regulator” of sexual cell fate
in the soma. Sxl is also required for
ovarian germ cell development, but its
role remains unclear. They hypothe-
sized a model in which at least two
different programming events are re-
quired for asymmetric cell fate speci-
fication in the germ line that is under
Sxl control. Tammy Chan (Scott
Pletcher’s group, Baylor College of
Medicine, Houston, TX) received third
prize for her studies on characteriza-
tion of ponchik, a novel gene regulat-
ing appetite, adiposity, and lifespan in
Drosophila melanogaster. In a novel
screen using Drosophila melano-
gaster, they identified ponchik, a gene
important for energy balance. Her
data suggest that ponchik may play a
critical role in coordinating organis-
mal responses to nutrients.

In the postdoctoral category, Rad-
mila Capkova-Frydrychova (NIEHS/
NIH LMG, Research Triangle Park,
NC) received first prize for her studies
on the effect of 2L TAS deficiencies on
telomere-telomere associations. The
second place award went to John M.
Olson (Utpal Banerjee group, Univer-
sity of California, Los Angeles) for his
poster on Genome-Wide Expression-
Based Lineage Analysis. The UCLA
Undergraduate Research Consortium
for Functional Genomics has under-
taken the development of a compre-
hensive genome-wide, gene expres-
sion-based analysis of lineage in
several tissues of Drosophila. Their
poster demonstrated how their stock
using red and green fluorescent pro-
teins provides dynamic, real-time ex-
pression data and tracked all past ex-
pression for the gene of interest. Ana
Talamillo (CIC bioGUNE, Bizkaia,
Spain) received third prize for her
poster entitled “Sumoylation is neces-
sary for the metamorphosis of Dro-
sophila melanogaster.” She generated
transgenic flies carrying the trans-

gene UAS-smt3 RNAi to reduce smt3
mRNA levels in specific groups of cells
to study the in vivo role of the ubiq-
uitin-like protein Smt3 (Sumo) during
Drosophila development. She found
that the low Smt3 in the prothoracic
gland, the tissue responsible for the
synthesis of ecdysteroids, prevents
metamorphosis.

The meeting was a great success by
way of providing a platform for pre-
senting recent advances in research
relating to the wide spectrum of the
Drosophila model. The local organiz-
ers, the fly community, and the Genet-
ics Society of America deserve the
credit for the success of the meeting.
This meeting further validated the
point that model organism genetics
holds immense promise for advancing
biology, medicine, and human genet-
ics. There is no doubt that the focused
efforts of the Drosophila community
will lead to identification of several
valid models of normal physiology and
more stringent models of disease pa-
thology. Finally, we look forward to
the Annual Drosophila meeting at
Chicago, Illinois, on March 4–8, 2009.
It will be a major landmark in the
history of the Drosophila conference
as it will be the 50th Annual meeting.

ACKNOWLEDGMENTS
We extend our apology to those whose
work we could not cite due to space
constraints. We thank members of the
fly community for their input and
Sarah M. Oros for comments on the
manuscript. MKS is supported by a
Mercer University Seed Grant. G.B.C.
is supported by a Midwestern Univer-
sity intramural grant. A.S. is sup-
ported by start up support from Uni-
versity of Dayton, grants from Ohio
Cancer Research Associates and Uni-
versity of Dayton research council.

3452 KANGO-SINGH ET AL.


