
attract their mating partners. We have characterized the

nature and the constituents of this sex pheromone-like

substance, the locale of its production, its perception

requirement and related sex pheromones produced by other

Caenorhabditis species. Two candidate chemicals in the

samples were defined, the exact identity of which will be

confirmed by chemical synthesis coupled with bioassays.

These attractants are produced by the gonad as confirmed by

laser microsurgery experiments. Their activity could be

abolished by mating with males. While perception of these

attractants could be observed in males of the androdioecious

C. elegans, the cellular and molecular perception pathway

was delineated by repeated testing of genetic mutants

affecting specific cells or molecular functions. Our results

show that two different sensory neurons and an interneuron

are required. Moreover, a GPCR mediated signaling pathway

subjected to intracellular modulation was defined to be

crucial for the pheromone perception. Hypothesis suggesting

a conservation of the pheromone perception pathway across

different species will be tested using chemo-attraction assay

on con-specific and hetero-specific combination of testing

animals. (The study was funded by Research Grant Council,

Hong Kong.)
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Pax6 and Atonal expression during embryonic eye

formation in the American Horseshoe crab, Limulus

polyphemus
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1 Children’s Hospital Research Foundation and University of
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2 Harvard University, Cambridge, MA, USA
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5 Northwestern University School of Medicine, Chicago,
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The American horseshoe crab (Limulus polyphemus) has

several sets of distinctly different eyes, including lateral

compound eyes, medial ocelli, ventral and rudimentary eyes.

While numerous anatomical, neurobiological and circadian

studies have been conducted on these eyes, little is know about

their developmental biology. A better characterization of the

development of these diverse Limulus eye morphologies will

enable comparisons both among these different eye types and

to those of other animals. To initiate research into the

developmental basis of horseshoe crab eye formation, we have

isolated Limulus homologues of the Pax6 and atonal genes.

Using in situ hybridization, the expression patterns of Limulus

Pax6 and atonal were compared to that of MyoIII, an

unconventional myosin present in all four eye types. Although

all Limulus eyes contain invertebrate rhadomeric-type opsins,

we were surprised to find that Pax6 and atonal expression is

mainly restricted to the forming dorso-lateral sense organs.

These studies will contribute to a better understanding of the

evolution of eye diversity.

doi:10.1016/j.ydbio.2006.04.281
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Analysis of eye selector gene function in the visual system of

the red flour beetle Tribolium castaneum

Xiaoyun Yang, Markus Friedrich

Wayne State University, Detroit, MI, USA

Having retained many ancestral body plan aspects, the red

flour beetle Tribolium castaneum is well positioned for

comparative analysis of development in reference to the highly

derived Drosophila. In the latter, six eye selector genes are

required for the gradual determination of the adult eye

primordium. Two of these, sine oculis (so) and eyes absent

(eya), have been found to be also essential for larval eye

development consistent with the shared evolutionary origin of

insect larval and adult eyes. Strikingly, the highly conserved

Pax-6 paralogs eyeless (ey) and twin of eyeless (toy) are

dispensable for larval eye formation in Drosophila. We

investigated the function of eya, so, ey and toy during larval

and adult eye development in Tribolium. In the adult eye,

systemic RNAi mediated knockdown of eya elicits complete

deletion of eyes. Strong perturbation of retinal patterning is

observed in so knockdown animals. Similar phenotypes are

observed for larval eye development consistent with the

Drosophila paradigm. Importantly, double knockdown of ey

and toy leads not only to patterning defects in the adult eye but

also loss of larval eyes revealing an essential requirement for

larval eye development unlike in Drosophila. These data indicate

that the gene network controlling larval eye development in

Tribolium retained a more ancestral organization than that in

Drosophila. Elucidating the genetic circuitry of Tribolium

embryonic visual system development will therefore be critical

for understanding of the evolution of insect eye development.

doi:10.1016/j.ydbio.2006.04.282
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Developmental evolution of insect metamorphosis:

Transient silencing of eye selector genes in grasshopper

nymphs mimics temporal dynamics of visual system

development in higher insects

Markus Friedrich 1, Ying Dong 2

1 Wayne State University, Detroit, MI, USA
2 UT Southwestern Medical Center, Dallas, TX, USA

The adult compound eye of primitive insects like grass-

hopper is the product of continuous differentiation initiated in

the embryo and persisting through juvenile development. The
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compound eye of holometabolous insects like Drosophila, on

the other hand, forms exclusively during the postembryogen-

esis, while the embryonic phase produces highly specialized

larval eyes. We have begun to investigate the genetic basis

underlying the evolutionary transformation of insect visual

system development by studying eye development in grass-

hopper as model of primitive insect visual system develop-

ment. Taking advantage of a recently developed strategy for

systemic RNAi mediated gene knockdown in grasshopper

nymphs, we imitated the temporal dynamics of Drosophila

eye selector gene expression by transiently silencing the

grasshopper orthologs of eyes absent (eya) and sine oculis (so)

during nymphal development. Both regimens induced long-

term but transient arrest of postembryonic eye development

thereby mirroring the long intermission between the develop-

ment of larval and adult eyes in holometabolous insects like

Drosophila. These data unravel an inherent capacity of the eye

gene network in primitive insects to partition visual system

development into life cycle stage restricted phases. The results

also highlight the lesser studied grasshopper as critical system

to study ancestral mechanisms of stem cell facilitated

postembryonic eye development in insects.

doi:10.1016/j.ydbio.2006.04.283
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Genetic basis of pigmentation differences within and

between Drosophila species

Patricia J. Wittkopp, Belinda K. Haerum, Emma Stewart,

Alekhya Ratnala, Gizem Kalay, Gabriel Smith-Winberry

Univ. of Michigan, Ann Arbor, MI, USA

Drosophila pigmentation offers an excellent opportunity to

investigate the developmental basis of evolutionary change.

Pigmentation is one of the most frequently diverging traits in

animals and its dispensability for viability makes it well suited to

developmental analysis. In Drosophila, adult body color is

composed of black, brown and yellow pigments. The location

and abundance of each pigment are determined by expression of

enzymes controlling biochemical reactions in the pigment

synthesis pathway. Divergent cis-regulatory regions controlling

expression of these enzymes contribute to phenotypic differ-

ences between species. To determine whether phenotypic

changes within and between species are caused by similar

developmental mechanisms, we study pigmentation differences

betweenD. novamexicana andD. americana as well as variation

within D. americana. ebony and tan encode enzymes that

control opposite directions of a biochemical reaction in the

pigment biosynthesis pathway and appear to contribute to both

intra- and interspecific differences. Ebony expression has

diverged between species, and a genetic association between

the ebony gene and pigmentation suggests cis-regulatory

changes are responsible for divergent expression. Expression

and regulation of the tan gene are currently under investigation,

although a genetic association has already been observed.

Preliminary data indicate that the same genetic and develop-

mental mechanisms generate pigmentation differences within

and between species.

doi:10.1016/j.ydbio.2006.04.284
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How to grow bigger legs: Insights from insects

Aleksandar Popadic, Najmus Mahfooz, Nataliya Turchyn

Wayne State University, Detroit, MI, USA

Differential enlargement of hind (T3) legs represents one of

the hallmarks of insect evolution. Previously, we have observed

that expression of the hox gene Ultrabithorax, Ubx, is localized

only in T3 leg segments undergoing differential growth

(compared to their foreleg counterparts). Here, we use RNA

interference to elucidate further the molecular basis of hind leg

divergence in two hemimetabolous insects, milkweed bug

Oncopeltus fasciatus and the house cricket Acheta domesticus.

Our results show that in both species, Ubx is regulating

differential leg growth and determines which hind leg segments

will be enlarged. We propose that diversification of T3 legs

resulted from wide, species-specific regulatory changes in the

spatial and temporal expression of Ubx. More specifically, the

novel acquisition of Ubx expression in distinct hind leg

segments provided positional information as to which regions

of hind legs will be enlarged. At the same time, evolution of Ubx

regulation also included changes in the timing of its expression

during embryonic development. As a consequence, the degree of

leg enlargement can be directly correlated to the duration of Ubx

expression—the longer the expression, the bigger the affected

segments. This study illustrates how evolution of even complex

phenotypes, such as leg size, may be governed by selection in the

regulation of a single selector gene.

doi:10.1016/j.ydbio.2006.04.285
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The developmental and molecular basis of allometry in

Drosophila

Alexander W. Shingleton 1, Jennifer A. Brisson 2,

David L. Stern 2

1 Michigan State University, East Lansing, MI, USA
2 Princeton University, Princeton, NJ, USA

Allometry is the scaling relationship between the size of an

organism and the size of its constituent parts. Despite its obvious

developmental and evolutionary importance, very little is known

of themechanisms that regulate allometries. Here, we look at one

particular type of allometry—that created by rearingDrosophila

under different nutritional conditions.Drosophila larvae that are

fed increasingly suboptimal diets eclose into increasingly small

adults with increasingly small body parts. Surprisingly, howev-

er, the male genitals remain approximately the same size under a

range of nutritional conditions. The genitals therefore maintain a

different allometric relationship with the body than other
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