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CHAPTER ONE 

Introduction 

The Questions of Early Development 

1 

Understanding the development of an organism from a single, 

diploid, toti-potent cell to a fully differentiated, mature animal is 

one of the most interesting questions in biology today. Many 

species are currently being used to elucidate the nature of the early 

events in embryonic development. These include the simple 

nematode Caenorhabditis elegans, various sea urchin species, 

Xenopus laevis, and Drosophila melanogaster. 

D. melanogaster is well suited to study development 

because of the powerful genetic approach available. The relatively 

small genome and wealth of genetic markers makes it possible to 

saturate the genome for a given class of mutations. It is possible 

to produce ovarian chimeras by pole cell transplantation producing 

flies with somatic cells of one genotype and germ-line cells of 

another (1, 2). Ovarian mosaics are produced by x-ray induced 

mitotic recombination, resulting in flies with random patches of 

cells of a different genotype (3). P-elements are transposable 

elements which can be used to integrate a gene into the Drosophila 

genome and get proper expression of the gene, provided all of the 

regulatory sequences are included in the P-element construct. 

With this technique, genetic rescue of a mutant phenotype is 

possible by P-element injection into mutant embryos (4). The P-
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element construct is incorporated into the germ-line, and rescue 

can be assayed in the next generation. With genetic manipulations 

such as these, there has been much progress in understanding the 

developmental processes in this dipteran species. The next section 

will describe the early morphology of development in these flies. 

Oogenesis in Drosophila 

The mature ovary of Drosophila is composed of a number of 

ovarioles in which the oocytes develop (Figure 1 ), (5). The cells of 

the ovary originate from two cell lineages: the mesodermally 

derived somatic cells and the germ-line cells which derive from a 

subset of embryonic cells called the pole cells. The germ-line 

cells give rise to the oocyte proper while the somatic cells form 

the follicular epithelial layer around the oocyte and the various 

structural components of the ovary. 

In the germarium, at the tip of each ovariole, stem cells 

undergo mitotic division to form one stem cell and a cell that will 

go on to form an oocyte. This cell then undergoes four rounds of 

mitotic division which results in the formation of one oocyte and 

15 sister "nurse cells" which are interconnected by cytoplasmic 

bridges. The oocyte-nurse cell complex and its surrounding 

follicle cell layer is known as the "ovarian follicle". The stem 

cells continuously divide to form new presumptive oocytes so that 

all stages of oogenesis are represented along the ovariole. 
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I 

Ov 
' ' 

Figure 1. Female reproductive system in Drosophila. 

Two ovarioles are separated from the ovary and the seminal 

receptacle is uncoiled. An egg in the uterus is indicated by the 

broken outline. 0 v, ovary; L 0, lateral oviduct; G, germarium; P S, 

peritoneal sheath; V, vitellarium; F, follicle; ME, mature egg; CO, 

common oviduct; S R, seminal receptacle; S, spermatheca; A G, 

accessory gland; U, uterus (taken from "A Handbook of Drosophila 

Development" Ransom R., 1982, Elsevier Biomedical Press) 
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The oocyte nucleus itself lacks a nucleolus during most of 

oogenesis. It is transcriptionally active for only a brief period 

during yolk uptake (the vitellogenic stages), (6). Aptly named, the 

highly polyploid nurse cells are responsible for synthesizing most 

of the RNA and some of the proteins stored in the oocyte. 

Ribosomes, lipid droplets, mitochondria, rRNA and mANA are 

transferred, via cytoplasmic bridges, from the nurse cells to the 

oocyte (7). 

Oogenesis in Drosophila 1s divided into 14 morphological 

stages (see Figure 3 below). Initially there is little increase in 

the size of the oocyte as the nurse cells synthesize products for 

later storage in the oocyte. Oocyte volume increases dramatically 

during the "vitellogenic stages". The oocyte takes up yolk proteins, 

including vitellogenin, which are synthesized in the follicle cells of 

the ovary or the fat body of the fly (analogous to the liver). 

Also formed near the onset of vitellogenesis, are the polar 

granules. The polar granules are located at the posterior tip of the 

oocyte, farthest from the nurse cells. These are small fibrous 

bodies in the cytoplasm of the oocyte which attach to each other 

and to mitochondria. These bodies contain both RNA and protein 

(8). Later during embryogenesis, the polar granules will induce any 

nuclei entering the cytoplasm in their vicinity to become pole cells 

(the germ-line precursors). 

During the later vitellogenic stages, essentially all of the 

nurse cell cytoplasm is transported into the oocyte. Thus, the 
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nurse cells gradually degenerate, forming an anterior cap over the 

oocyte, and are eventually lost. At mid- o ogene sis, the 

somatically derived "follicle cells" are squamous and inactive 

around the nurse cell end of the ovarian follicle (9). They are 

columnar, polyploid and highly active around the oocyte proper. 

The follicle cells not only synthesize yolk proteins for uptake by 

the oocyte, they also synthesize the proteinaceous egg shell. The 

egg shell in Drosophila is composed of the "vitelline membrane" and 

the "chorion". At the time that the follicle cells begin to secrete 

the vitelline membrane, a specialized subset of follicle cells, the 

"border cells", migrate from the anterior tip of the follicle, down 

between the nurse cells to the anterior surface of the oocyte at the 

nurse cell/oocyte boundary. The border cells later form the 

micropyle (a hole in the chorion) which is the point of sperm 

penetration. Like the nurse cells, the follicle cells degenerate 

near the end of oogenesis so that the mature follicle has no 

follicular layer. 

Near the end of oogenesis the oocyte initiates meiotic 

division in a process known as maturation. The oocyte completes 

meiosis upon in utero fertilization. 

Early Embryogenesis in Drosophila 

After fusion of the male and female pronuclei, the first 

thirteen nuclear divisions in the embryo are extremely rapid, 

occurring every ten minutes. The zygotic nuclei undergo the first 

seven synchronous divisions in the interior of the egg. This stage 
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1s known as cleavage, although no cell membranes are formed, so 

that the embryo exists as a syncytium. After seven or eight 

divisions, each nucleus together with a surrounding layer of 

cytoplasm (known as an energid), migrates to the periphery of the 

egg, leaving about 100 en erg ids in the yolk to form the yolk nuclei. 

The exact function of the yolk nuclei is unclear. The peripheral 

nuclei divide synchronously four more times to form between 4650 

and 6350 nuclei (1 0). This stage of development is known as the 

syncytial blastoderm stage (Figure 2), (5). It is during this stage 

that zygotic transcription is first detectable. 

During the eighth or ninth nuclear division, a group of nuclei 

migrate to the posterior tip of the syncytium to form the pole cells. 

These are, in fact, the first cells to form in the embryo and are the 

primordial germ cells (germ-line precursors). The pole cells 

divide further but asynchronously with the other nuclei. 

The syncytial blastoderm embryo consists of a yolk filled 

ellipsoid. The only significant amount of cytoplasm 1s found in a 

thin layer adjacent tothe plasma membrane and it is in this layer 

where the nuclei lie. The only cells are the few pole cells at the 

posterior tip of the embryo. During the fourteenth nuclear 

division, which requires a much longer period of time than the first 

thirteen, the rest of the embryo becomes cellularized. 

Cellularization occurs as the plasm membrane invaginates 

inward between the nuclei to surround each of them, although 
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zygote multiplication migration 

cellulari sat ion blastoderm 

Figure 2 Early embryogenesis in Drosophila. Nuclear 

multiplication and migration to the periphery of the embryo, 

resulting in the formation of the syncytial and cellular blastoderm. 

m, micropyle; n, nuclei; pc, pole cells. (taken from "A Handbook of 

Drosophila Development" Ransom R., 1982, Elsevier Biomedical 

Press) 
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cytoplasmic connections are retained between the cells and the 

yolk filled interior even until gastrulation. At this stage the 

embryo is called the cellular blastoderm and consists of an 

ellipsoid of yolk surrounded by a single layer of cells. The next 

stage of embryogenesis is one of complex cellular rearrangements 

which give rise to the three primary cell layers. This process, 

known as gastrulation, results in the formation of the ectoderm, 

endoderm and mesoderm of the embryo. Gastrulation and the 

subsequent processes of embryogenesis are outside the scope of 

this review. 

Maternal Contribution to Early Development 

A great body of evidence indicates that the zygotic genome is 

transcriptionally quiescent until syncytial blastoderm. Therefore, 

the very early development of the zygote must be controlled by the 

maternal genome. The mRNAs and proteins synthesized in the nurse 

cells and stored in the oocyte provide this maternal component. 

Mutations in genes encoding products required during oogenesis will 

produce a female sterile phenotype. 

Genetic screens have been performed to identify most female 

sterile loci on the X, second, and third chromosomes (11, 12, 13, 

Nusslein-Volhard laboratory, unpublished). Female sterility can 

arise from mutations in genes expressed in the germ-line or the 

supporting somatic cells. Therefore, further screens are in 

progress to identify those loci expressed only in the germ-line. 

Female sterile loci can be broadly classified as one of two types. 
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The first type are those that lead to abnormal or no eggs which are 

usually mutations in the egg shell components or mutations in 

nurse cell or supporting somatic cell functions. Secondly there are 

those that produce viable eggs but defective embryos. 

Some defective embryos produced by female sterile mutants 

are rescuable if the fertilizing sperm contains a wild type copy of 

the gene. Mutants that are paternally rescuable represent 

mutations in genes that are expressed both in oogenesis and 

embryogenesis. These are usually defects in essential metabolic 

pathways. The mutation rudimentary for example shows abnormal 

embryogenesis due to a defect in pyrimidine synthesis (14). It can 

be rescued by either a wild type paternal copy of the gene or by the 

injection of wild type cytoplasm or pyrimidine nucleosides. 

Mutations which cause defective embryos but are not 

paternally rescuable are true maternal effect mutants and are 

clearly important in regulating the very early development of the 

embryo. Many maternal effect genes are important in embryonic 

pattern formation. Mutations in these genes can be broadly 

classified as mutations which effect the dorsal/ventral axis such 

as dorsal or Toll (15-18), or defects in the anterior/posterior axis 

determination, the classic example of which is bicaudal (19-21 ). 

Dorsal/Ventral Axis Determination 

Dorsal/ventral axis determination in the embryo is controlled 

by three sets of genes in Drosophila: 1) maternally expressed genes 

like Kt 0 which function during oogenesis to determine the polarity 
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of the oocyte and egg chamber as well as the embryo, 2) maternally 

expressed dorsal group genes which determine the polarity of the 

embryo, and 3) zygotically expressed genes which function late, at 

or near the blastoderm such as twist and snail which are outside 

the scope of this review. 

K 1 0-Like Class of Mutations 

The female sterile mutant K 10 causes dorsalizing effects 

visible in the early stage oocyte as well as the mature egg chamber 

(22-24). This effect has been shown to be strictly germ-line 

dependent by pole cell transplantation studies (22). In this 

experiment, pole cells from embryos produced by a homozygous 

K1 o- female are transplanted into the posterior cytoplasm of an 

embryo which carries the ovoD mutation. ovoD flies produce no 

germ-line cells themselves, therefore, only embryos with 

successfully transplanted pole cells will produce egg laying 

females. The resulting chimeric adult female flies have ovaries 

with normal somatic cells and homozygous K1 0 mutant germ-line 

cells. This female produces eggs that have the K1 0 phenotype. 

The inverse experiment of transplanting wild type pole cells into 

embryos from homozygous K1 0 mutant mothers produces female 

flies with homozygous K1 0 somatic cells and wild type germ cells. 

These females do not produce eggs with the K1 0 phenotype. These 

results prove that K 10 gene expression is required only in the 

germ-line. 
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Embryos from homozygous K1 0 mothers develop into empty 

tubelike sacs of dorsal hypoderm. This gene appears to be one of 

the earliest genes involved in dorsal/ventral axis determination. 

nude/ may also be included in this class of genes because the eggs 

produced by nude/ females are fragile suggesting that nude/+ may 

be required during oogenesis. gurken is a member of this class and 

is only required in the germ-line as indicated by pole cell 

transplantations (25). These genes and their phenotypes are listed 

in Table 1. 

There are egg chamber polarity genes which function in the 

soma as well as the germ-line and do not, as yet, fit well into any 

classification scheme. Two of these are torpedo, which functions 

in dorsal/ventral polarity, and dicephalic, which is involved 

inanterior/posterior polarity (26). Embryos from homozygous 

dicephalic mothers consist of a mirror image duplication of the 

head region of the embryo. This particular mutation has very low 

penetrance which has made it very difficult to study. Nevertheless, 

by pole cell transplantation it has been conclusively demonstrated 

that a female with dicepha/ic- follicle cells and wild type germ 

cells will produce some dicephalic embryos. The converse is also 

true, that a female with wild type soma and dicephalic- germ cells 

will produce the mutant phenotype. These experiments indicate 

that the soma also determines egg chamber polarity although the 

nature of this contribution is not at all clear. 
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The Dorsal Group Genes 

The dorsal group of genes consists of eleven maternal effect 

genes which are listed in Table 1. Dorsal group genes give the 

same lack of function phenotype as dorsal. That is, embryos 

from mothers homozygous for any of these genes develop into an 

hollow tube of dorsal epidermis with a normal anterior/posterior 

pattern (16). Extensive screens of the first, second and third 

chromosome have been performed to isolate mutations of this 

category, and these eleven genes represent most of the genes of 

this class (16, 27). 

The mutant phenotype of at least seven of these mutants is 

partially normalized by injections of wild type cytoplasm into 

embryos from homozygous mutant mothers (27, 28). Reciprocal 

injections have also been performed, injecting the cytoplasm of 

onemutant into another mutant. Not all possible combinations have 

been tried, but in all cases tested the cytoplasm from one mutant 

rescues other dorsal group mutants to approximately the same 

degree (27). These results rule out the possibility of an end 

product of a biochemical pathway being responsible for determining 

polarity. Rather, these gene products must somehow be acting in 

concert to achieve their effect. 

With this rescue experiment, it has also been demonstrated 

that at least part of the rescue activity is stored in the form of 

maternal mANA. Poly (A)+ RNA purified from cleavage stage, wild 
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Dorsal/Ventral Polarity Determination 

K1 0-Like Dorsal Somatically 
Genes Group Expressed 

phenotype: Genes 

dorsalizing: 
K10 dorsal twist 
nude/ ? spatzle snail 

windbeutal 
pipe 
snake 
gastrulation defective 
nude/ 
tube 
Toll 
easter 
pelle 

ventralizing: 
gurken cactus* torpedo 

decapentaplegic 
zerknullt 
tolloid 
shrew 

Table 1. Maternal effect genes involved m 

dorsal/ventral axis determination (27). *cactus is not a dorsal group gene. 

It is however, a maternally expressed gene involved an dorsal/ventral polarity. 
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type embryos rescues at least six of the dorsal group genes (16). 

Only a fraction of the rescue activity is found in the RNA however, 

and it is likely that both transcripts and protein account for the 

rescue. Purified RNA does not rescue the dorsal mutant phenotype 

but high molecular weight fractions of cytoplasm do rescue this 

phenotype suggesting that the rescue activity is proteinaceous in 

nature (27). 

For the dorsal gene it has been demonstrated that there is a 

relationship between the amount of gene product activity and 

embryonic phenotype. A reduction to less than half of the normal 

diploid dose of dorsal as in diD results in loss of the ventral most 

pattern elements and an accompanying shift ventrally of dorsal 

elements. Further reduction of activity such as in dl2 results in 

the loss of yet more ventral pattern elements. This behavior is 

also seen in weaker alleles of dorsal group mutants such as 

gastrulation defective, easter, spatzle, and pelle suggesting that 

ventralizing activity is dose dependent. 

this dosage dependence. 

Toll does not demonstrate 

tube, snake, easter and pelle are rescued regardless of donor 

site of removed cytoplasm or recipient site of injection (27). 

Ventral structures develop in the normal ventral location. dorsal 

has more strict spatial requirements. Rescue is seen only if wild 

type cytoplasm is injected into the ventral half of the embryo. 

Additionally, during the later stages of syncytial blastoderm the 
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dorsa f+ rescue activity in the wild type cytoplasm becomes 

localized to the ventral side of the embryo. 

Of the eleven dorsal group genes required for dorsal/ventral 

polarization, Toll appears to play a critical role. First, in addition 

to the recessive dorsalizing alleles of Toll, there exist dominant, 

gain of function alleles which cause ventralization of the embryo 

(18). In contrast to the other dorsal group genes, the Toll gene 

product is capable of determining the polarity of the embryo. Thus 

in Toll- mutants, ventral structures develop at the recipient site of 

injection of wild-type cytoplasm (18). Yet Toll+ rescue activity is 

found in vast excess in the embryo and is spread evenly throughout 

the embryo. It is a paradox that Tolf+ does not cause ventralization 

in the dorsal half of the embryo in situ, yet it does when injected 

dorsally into Toll- embryos. It is postulated that the rescue 

activity is present as a poorly diffusible, precursor form of the 

Toll+ activity. The production of a small amount of active Toll+ 

product autocatalytically produces more activator which may or 

may not be the Toll product. The activator also produces a 

diffusible inhibitor which limits the activity of the activator. In 

the absence of any activated region, the Toll+ product would 

therefore become active on its own (18). 

When Toll+ cytoplasm is injected into embryos from 

grandchildless-, pipe- or snake- mothers, ventralizing activity is 

observed, although to a lesser degree than m wild type embryos 

(18). This suggests that the grandchildless pipe and snake 
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products, although not absolutely required for Toll+ activity, 

increase its efficiency. Double mutants of Toll alleles and other 

dorsalizing loci have shown that the dominant Toll9 0 allele is 

partially epistatic to grandchildless, easter, nude/, pipe, and snake, 

while dorsal is epistatic to To1J90. This suggests that 

grandchildless, easter, nude/, pipe, and snake, function before Toll 

which functions before dorsal. This cannot be a rigid hierarchy 

however, since cytoplasm from any one of the mutants rescues 

another. 

The Toll gene has now been cloned as have the genes for 

dorsal, snake and easter. The Toll gene product appears to be a 

transmembrane protein which is evenly distributed throughout the 

embryo (29). The putative extracytoplasmic domain of the Toll 

product contains 15 repeats of a leucine-rich sequence found in 

both yeast and human membrane proteins. These repeats are 

postulated to form an amphipathic secondary structure with the 

hydrophobic residues in a similar orientation, that interacts with 

the hydrophobic membrane surface. The snake and easter products 

appear to be members of the serine-protease, super-family of 

genes (30, 31 ). The snake product also appears to have a signal 

sequence suggesting that the snake protein functions in the same 

compartment as the extracytoplasmic domain of the Toll protein. 

The dorsal protein has been found to have homology to the v

rel oncogene of an avian retrovirus (32). The carboxy terminus of 

dorsal has homology to the amino terminus of the engrailed product 
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(a segment polarity gene) including the glutamine (or M repeat) and 

the alanine repeat. These repeats are stretches of a single amino 

acid and are of unknown function but they are often found in pattern 

formation genes in Drosophila. The significance of these 

homologies is not clear, however it is noted that the dorsal product 

is a nuclear protein found in a strong ventral to dorsal gradient 

(35). This suggests that the dorsal protein is the "morphogen" 

which functions to control gene expression of zygotically expressed 

genes downstream in the process of dorsal/ventral ax1s 

determination such as zerknullt and decapentaplegic (33, 34). 

Unlike bicoid (discussed below), the dorsal transcript 1s 

uniformly distributed throughout the embryo. Therefore the 

ventral localization of the dorsal protein cannot be established by a 

mechanism based on the unequal distribution of the message. 

Steward et al (35) hypothesize that the message may be 

differentially translated or degraded thus creating the gradient. 

cactus, a maternally expressed gene whose loss of function 

phenotype is ventralizing, may encode an inhibitor that blocks the 

translation of the dorsal message on the dorsal half of the embryo 

(36). 

As the nature of the protein products of the dorsal group 

genes become known, it is possible to theorize about the role of 

these genes in determining dorsal/ventral polarity. Proteins such 

as the snake and easter gene products may function proteolytically 

to indirectly activate the Toll product. The activation of the Toll 
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product by the products of grandchildless, easter, nudel, pipe and 

snake may lead to the transmission of a signal that is 

communicated to the dorsal protein. This flow of information is 

consistent with the epistatic relationships between the genes (18). 

As more of the dorsal-group genes are cloned and characterized it 

should become possible to define their roles in this process. 

Anterior/Posterior Axis Determination 

Classical embryological experiments indicate that there are 

two polar centers m the embryo which provide the 

anterior/posterior spatial information in the egg. In the 

leafhopper Euscelis, cytoplasmic transplantation experiments show 

that an activity localized in the posterior pole plasm is capable of 

inducing posterior development when transplanted to an ectopic 

region of the egg (37). Evidence for an anterior organizing region 

has been obtained in chironomid midges as a result of treating the 

anterior pole with destructive agents. Pricking, ultraviolet 

irradiation or ribonuclease treatment results in the loss of anterior 

egg pattern elements and duplications of posterior segments (38). 

Similar results are obtained in Drosophila. When posterior 

pole plasm is transplanted to the anterior of wild-type embryos, 

suppression of anterior development is seen (37). If however, the 

recipient animal has the anterior factors removed, the polar plasm 

can induce posterior structures. This suggests that the posterior 

pole plasm has posterior, inductive properties which are inhibited 

by the anterior plasm. Comparable results are obtained when 
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transplanting anterior plasm. However posterior suppression 1s 

most effective when the target site is the abdominal region and not 

the posterior pole as might be expected. The anterior plasm can 

also induce anterior development but large volumes of cytoplasm 

must be transplanted. 

The data indicates that two morphogens, localized at the 

poles, produce signals that diffuse towards the opposite pole and 

are responsible for the anterior/posterior segmentation pattern. A 

prepattern of two opposing gradients is quite unlike the final 

embryonic pattern however, and must be interpreted and elaborated 

upon by zygotically expressed genes to yield the final segmentation 

pattern. It is now known that maternally expressed genes regulate 

the zygotically expressed "gap" genes. Mutations in gap genes 

produce larvae with large gaps in their segmental pattern. Gap 

genes in turn regulate the "pair rule" genes, such as even-skipped, 

which when mutated produce defects in every other segment. Pair 

rule genes regulate the "segment polarity" genes, such as 

gooseberry, in which either all of the anterior or the posterior 

halves of each segment are missing in mutants. Segmental 

identity is in turn controlled by homeotic genes such as 

Antennapaedia which interpret the complex expression pattern 

produced by the combination of the various gap, pair-rule and 

segment polarity genes. 

Despite the advances made with classical embryological 

techniques, these experiments do not address questions concerning 
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the number or functions of the components involved in these polar 

organizing centers. To overcome these difficulties a genetic 

approach is required. Genetic screens have identified 18 maternal 

effect genes which are required for anterior/posterior axis 

determination and are listed in Table 2. These genes can be 

classified according to their phenotypes which affect; i) the 

anterior (ie. bicoid), ii) the posterior (ie. oskar) and iii) the 

terminal regions of the egg (ie. torso) (37). 

In embryos from bicoid and bicoid-like homozygous mutant 

mothers, the head and thorax are deleted and the terminal anterior 

region (the acron) is transformed to the terminal posterior region 

(the telson). In embryos from oskarlike mutant females the 

entire abdomen and the posterior pole plasm are missing but the 

telson is present. Finally, embryos from mothers with mutations 

in torso-like genes lack both terminal structures, the acron and the 

telson. The mutant phenotypes of the three classes are additive, 

that is double mutant bicoid/oskar consist of just two telsons 

arranged in mirror image symmetry, the segmented areas of the 

larvae are absent. torso in combination with oskar or bicoid 

causes embryos to form segmented anterior or posterior patterns 

respectively. Finally, in embryos from triple mutant mothers, no 

differentiated structures can be discerned in the cuticle. 

bicoid has recently been cloned and sequenced (39). Its 

major 2.6 kb transcript contains a homeo box, a PRD repeat 
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Anterior/Posterior Polarity Determination 

Anterior Posterior Terminal 

Pattern Pattern Group 

bicoid oskar torso 

exuperantia vasa trunk 

swallow tudor torso/ike 

bicaudal staufen fs(1) pole hole 

Bicaudai-C valois fs(1) Nasrat 

Bicaudai-D nanos 

pumilio 

Table 2. Maternal effect genes involved in 

anterior/posterior axis determination (37). 
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(alternating histidines and pralines) and an M repeat (repetitive 

glutamines). PRD repeats were originally discovered in the pair 

rule gene paired. Homeo boxes are sequences often found in the 

homeotic gene products. These products are usually nuclear 

proteins which function to regulate the transcription of other 

genes, and the homeo box is found to be important in DNA binding. 

Both the PRD and the M repeat are often found in genes which 

control pattern formation in Drosophila, although their functional 

significance is not known. 

The bicoid mRNA is localized in an exponentially decreasing 

gradient from the anterior to posterior end. The anterior inducing 

activity of anterior cytoplasm is dependent on the bicoid dosage. 

The activity is higher in females with a bicoid+ duplication 

ascompared to females with the normal bicoid dosage. The 

anterior to posterior pattern of bicoid transcript localization and 

the anterior inductive capabilities of bicoid+ cytoplasm provide 

evidence that the bicoid product is the anterior morphogen. 

It is now clear that the bicoid protein acts as a positive 

transcriptional regulator of the gene hunchback. hunchback is a 

gap gene which has maternal and zygotic transcriptional activity 

and acts to determine the anterior portion of the embryo as well as 

a small segment of the posterior region. The nuclear protein bicoid 

binds upstream of the zygotic transcriptional start site of 

hunchback to activate its expression (40, 41). The interaction of 
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bicoid, hunchback and the posterior morphogen, nanos, will be 

discussed below. 

The exuperantia and swallow phenotypes resemble that of 

weak bicoid alleles. They appear to be required for proper 

localization of the bicoid mRNA. bicoid transcripts in swallow or 

exuperantia mutants are present in a much shallower concentration 

gradient than is normal. This is consistent with the hypothesis 

that exuperantia and swallow act to trap or anchor bicoid mRNA as 

it is transported into the oocyte (37). 

The phenotype of bicaudal-like mutants differs from that 

seen with bicoid, swallow and exuperantia in that the anterior 

deletion is sometimes accompanied by a mirror image posterior 

abdominal duplication. The pole cells, however, are not duplicated 

at the anterior tip. The bicaudal phenotype can be caused by 

mutations in at least three genes: bicaudal, Bicaudai-C and 

Bicaudal-D. The bicaudal phenotype suggests that there is a 

reduction of anterior bicoid activity coupled with the ectopic 

presence of posterior activity (42). In the case of Bicaudai-D, it 

has been possible by transplantation experiments, to show the 

presence of posterior induction activity at the anterior pole (42). 

Genetic evidence also indicates that the effect of the Bicaudai-D 

mutation is on the distribution of the posterior inducing activity 

(43). Work is currently underway in our laboratory to clone the 

bicaudal locus. 
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The abdominal pattern is controlled by a group of seven genes 

listed in Table 2. Mutations in these seven genes produce 

phenotypes that are more homogeneous than in the anterior group. 

All cause abdominal deletions and five of these mutants also lack 

pole cells. Normal abdominal segmentation can be partially 

restored by isotopic transplantation of posterior pole plasm from 

wild-type embryos. However the best rescue is seen when the 

acceptor site is the prospective abdominal region and not the 

posterior pole as might be expected (43). The ability to induce 

posterior structures in an ectopic location is limited in embryos 

from bicoic:J+ mothers but in a bicoict background the posterior pole 

plasm has a strong inducing activity. This suggests that the 

posterior pole is a source of a diffusible factor that is responsible 

for posterior organization and which is inhibited by the bicoid+ 

product. Embryos from females mutant in any of the five mutant 

genes which produce embryos that also lack pole cells appear to be 

source deficient because no posterior inducing activity is detected 

in these embryos (44). Yet, at least one of these mutants (oskar) 

can be rescued by the transplantation of pumilio- pole cells. 

Therefore these genes are probably required in the proper 

localization, concentration and/or stabilization of the posterior 

inducing activity (37, 45). Posterior pole plasm from embryos 

from pumilio- mothers is capable of posterior inducing activity 

when shifted into the presumptive abdominal region of 

embryos.from pumilio- mothers. This suggests that pumilio is 
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required for the release and/or transmission of posterior inducing 

activity (37). Contrary to pumilio, posterior cytoplasm from 

embryos (which also have pole cells) from nanos- mothers, is not 

capable of posterior inducing activity. Therefore nanos is the best 

candidate for the posterior inducing signal (37). 

It has been shown that both nanos and bicoid act to restrict 

the expression pattern of the gap gene hunchback. hunchback is 

maternally expressed as a 3.9 kb mRNA which is initially 

homogeneously distributed throughout the oocyte. The nanos 

protein apparently acts to destabilize the hunchback transcript, 

thus forming an anterior to posterior gradient (46, 47). The 3.9 kb 

mRNA disappears before the blastoderm stage and reappears, as a 

result of zygotic transcription, during stages 13-14 as an anterior 

stripe (53 o/o egg length) and a posterior stripe. Interestingly, 

maternal hunchback mRNA is also expressed in the anterior yolk 

nuclei at this time. A function for these nuclei has not yet been 

determined. 

Zygotic hunchback mRNA express1on begins at stages 11-12. 

bicoid transcriptional activation of the 2.9 kb zygotic transcript 

acts to localize hunchback transcript in an anterior to posterior 

gradient. Thus, hunchback expression is limited by the two 

morphogens to that region of the embryo which it controls. 

Similarly, one might expect the gap gene knirps which controls 

posterior embryonic development, to be under control of the nanos 
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gene product. nanos and pumilio have been cloned and confirmation 

of this hypothesis awaits further experimentation (45). 

The terminal class of genes is required for the formation of 

the non-segmental anterior and posterior regions (the acron and the 

telson). Pole plasm is present in embryos produced by mothers 

mutant for these genes. Transplantation experiments reveal that 

anterior and posterior inducing activity is also present (37). 

One of the terminal class of genes torso has been cloned and 

encodes a putative receptor tyrosine kinase (48). torso mRNA is 

expressed in the earliest stages of oogenesis in the nurse cells. It 

it translocated to the oocyte where it is evenly distributed and is 

maintained in the embryo until cellularization. It is suggested 

that torso is a transmembrane protein with an extracytoplasmic 

domain acting as a receptor and a cytoplasmic domain with tyrosine 

kinase activity. 

Genetic evidence indicates that torso is activated only at the 

poles yet both its mRNA and protein are evenly distributed 

throughout the embryo (49). It is suggested that the local 

activation of torso may be produced by a localized ligand molecule 

which may originate from the oocyte or the surrounding follicle 

cells. torso/ike, which is distinct from the other terminal class 

genes in its expression in the somatic cells, may be a local ligand 

produced only in the specialized subset of follicle cells which are 

located at the posterior pole of the oocyte. The role of the other 

terminal genes remains to be elucidated. 



27 

Identification of Maternal Effect Mutants 

There are two methods of identifying maternal effect genes, a 

genetic approach and a biochemical one. Spectacular results have 

been obtained in Drosophila by saturating the genome with 

mutations and screening for those which, when homozygous in the 

female, cause some visible change in early embryonic phenotype. 

Many of the genes involved in early pattern formation have been 

identified this way. The disadvantages to this approach are that a 

mutational screen will not uncover every pertinent gene. Examples 

of mutationally silent genes are those that are on inaccessible 

regions of the chromosome due to suprastructure of the chromatin, 

or genes which may be present in more than one copy. In addition, 

genes that are identified must still be cloned for molecular 

characterization. Transposon tagging, chromosome walking or 

micro-dissection of polytene chromosomes (50-52) can be used to 

clone a given gene but these techniques must be applied individually 

to each locus and are not guaranteed to work. 

The biochemical approach to the isolation of maternally 

expressed genes involves differential screening of genomic 

libraries to identify genes which are expressed during oogenesis 

but not during embryogenesis. A biochemical approach such as this 

will hopefully identify oogenesis-specific genes and will 

simultaneously isolate those genes. This approach has been 

successfully used by Judy Lengyel (53, 54) to identify Drosophila 

transcripts present in the mature oocyte but not in the blastoderm. 
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However, the screen was limited to mature oocytes and could not 

identify genes expressed earlier in oogenesis. There are a number 

of processes specific to oogenesis, such as the polyploidization of 

the nurse cells or the transport of cytoplasmic components from 

the nurse cells to the oocyte, which would be interesting to study. 

The use of staged ovarian follicles to make probes for library 

screening would allow the isolation of genes expressed stage 

specifically during oogenesis. Hopefully, some of these genes will 

be involved in interesting cellular processes specific to oogenesis. 

One of the disadvantages with using these staged ovarian 

follicles to prepare eDNA probes is that they contain two cell 

types: germ-line cells and the somatic follicle cells. Therefore, 

any clone isolated with probes prepared from the whole ovarian 

follicle may be expressed in the two cell types and that is a 

question that must later be addressed! 

The Related Dipteran; Calliphora erythrocephala 

In Drosophila it is not possible to isolate large quantities of 

poly (A)+ RNA from staged ovarian follicles with which to screen 

libraries. This is because of the small size of the organism and 

the fact that any given ovary contains oocytes at all stages of 

development. We have chosen a related dipteran, Calliphora 

erythrocephala, as a system of study for the following reasons; 

1) Calliphora is 50 times larger than Drosophila. 

2) The physiology of oogenesis is different. Oogenesis is 

synchronously stimulated in all the ovarioles of the ovary only by a 



meat feeding. 

29 

Additionally, only one stem cell is stimulated per 

ovariole until the next meat feeding after the clutch of eggs is laid. 

This allows us to generate large populations of flies with ovaries 

at similar stages of development and in which all the follicles in a 

given ovary will be at the same stage. 

3) Embryogenesis is still very similar to that seen in 

Drosophila. Therefore genes which are important in Calliphora may 

be conserved in Drosophila , thus allowing genetic analysis with 

their Drosophila homologs. 

In summary; the large size of Calliphora and the unique 

physiology of oogenesis allow the preparation of large quantities of 

poly (A)+ RNAs from staged ovarian follicles with which to do 

differential screening for genes expressed during oogenesis but not 

during embryogenesis. 

Oogenesis in Calliphora 

The process of oogenesis is very similar in the dipteran flies 

Calliphora erythrocephala and Drosophila melanogaster, although 

the classification of stages is different. As in Drosophila, there 

are 15 nurse cells in Ca 1/iphora, which are sister cells to the 

oocyte proper and are responsible for synthesizing the maternal 

transcripts which are stored in the oocyte. The somatic cells of 

the ovary are known as follicle cells and form a layer of cells 

outside the germ-line cells. These cells are responsible for 

synthesizing some of the yolk proteins and the egg shell. The 
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oocyte and nurse cell cluster with the surrounding follicle cell 

layer together form the ovarian follicle. 

The previtellogenic stages (1-2) are before the oocyte has 

begun to take up yolk proteins. The maximal nurse cell stages (3-

4) are where the nurse cells are at maximal polyploidy and are 

highly active. At this time the follicle cells are also highly active, 

synthesizing yolk proteins for uptake by the oocyte and later 

secreting the egg shell. During stages 5-6 the nurse cell 

cytoplasm is transported to the oocyte and the nurse cells 

degenerate. The follicle cells also degenerate at the end of 

oogenesis. Figure 3 illustrates these stages and compares the 

Calliphora staging system to that used in Drosophila. 

In general, oogenesis in these two dipteran flies is very similar. 

The differences are superficial and relate to the shell structure. 

In Drosophila, the chorion has two distinctive anteriorly projecting 

dorsal appendages which are absent in Calliphora. Drosophila eggs 

also have an operculum, a circular region of chorion which has the 

micropyle (point of sperm entry) and is the place through which the 

larva hatches. The only distinctive chorionic marker on Calliphora 

eggs is the hatching fold, a ridge along the long axis of the embryo 

through which the larva hatches. 

Differential Screening of Calliphora Libraries 

The differential screening of Calliphora libraries was 

initiated by Ester Belikoff and Alice Rubacha (55). Later work was 

helped by Mark Tucker, Kathleen Gajewski and myself (56). The 
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Figure 3. Oogenesis m Calliphora. The 

Calliphora stage numbers are indicated above the ovarian follicles 

and the corresponding Drosophila stages underneath. The bar 

represents 100 Jlm. NCN = nurse cell nuclei, BC = border cells, FC 

= follicle cells, 0 0 = oocyte. Stages 1-2 are previtellogenic 

ovarian follicles, 3-4 are maximal nurse cell stage ovarian 

follicles and stage 6 is a mature ovarian follicle. 
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screening protocol was as follows: we made radioactive eDNA 

probes using the poly (A)+ RNAs from previtellogenic and maximal 

nurse cell stage ovarian follicles. For use as a differential 

screening probe, we used mid-stage embryos (embryos collected 

ten hours after fertilization). We screened a Calliphora genomic 

A.EM8L3 library, prepared by Alice Rubacha (55), for genes which 

were expressed during either one or both stages of oogenesis but 

not in embryogenesis. Thus, with this procedure, we could isolate 

not only oogenesis-specific genes, but also genes which are 

specific to a particular stage of oogenesis. Four of the clones 

isolated -A 108, 881, C7F and GG7K- were absolutely oogenesis

specific as defined by our screening protocol. Three of these 

clones -A 108, 881 and GG7K- were expressed in a stage specific 

manner. A 108 and 881 were expressed in previtellogenic and 

maximal nurse cell stage follicles. GG7K was expressed only 

during the maximal nurse cell stage of oogenesis. The fourth gene 

-C7F- was constitutively expressed throughout oogenesis and 

transcripts were also present in RNA prepared from mature 

follicles. 

An additional 18 clones were classified as oogenesis

differentials, being more strongly expressed in the oocyte than the 

embryo. Table 3, discussed below, indicates the sizes of the 

transcribed restriction fragments from the oogenesis-differential 

clones and their eDNA hybridization patterns. 
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All of the oogenesis-specific clones, A1 08, 881, C7F and GG7K 

contained fragments that hybridized to a single transcript (50, 52). 

A 108 and 881 gave very similar patterns of expression, hybridizing 

to a 1.6 kb mANA which was present in poly(A)+ RNA prepared from 

previtellogenic and maximal nurse cell stage follicles but absent m 

the mature egg. C7F hybridized to a 1.7 kb transcript present in 

poly(A)+ RNA throughout oogenesis, including the mature follicle. 

Since C7F was found in the mature follicle, it was predicted to be 

of germ-line origin because the follicle cells have degenerated and 

have been lost by this stage. GG7K hybridized to a small 0.7 kb 

transcript which was present only in maximal nurse cell stage 

follicles. Maps of A1 08, 881, C7F and GG7K are provided in Figure 5 

and 6 below (56). The oogenesis transcribed fragments and regions 

of repetitious sequences are indicated on these maps. 

Further characterization was required to establish which cell 

type expresses these genes. As previously stated, C7F was 

predicted to be expressed in the germ-line since it was detected in 

the mature follicle. In situ hybridizations to whole follicles would 

confirm this prediction and establish whether A1 08, 881 and GG7K 

are expressed in the germ-line or the soma. Therefore, these 

experiments were performed as part of this work. 

Screening of Drosophila Libraries with Calliphora 

Probes 

As previously stated, 18 Calliphora clones were isolated and 

characterized as being more strongly expressed in the oocyte than 
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the embryo. Since these clones were detected in the embryo, we 

presumed that they were expressed in the germ-line cells. During 

the initial screening, a great deal of data concerning genes 

important in the early development of the Drosophila embryo was 

becoming available. Therefore, our emphasis shifted to obtaining 

the Drosophila homologs for these oogenesis-differential clones. 

Thus, a Drosophila genomic library was screened with the 

Calliphora genes in question and this work is described in Chapter 

Four. 

A second, more direct approach to identify oogenesis-specific 

genes conserved between Calliphora and Drosophila, was to screen 

Drosophila libraries with the Calliphora eDNA probes. This work 

was undertaken by Mark Tucker and Esther Belikoff. An oogenesis

specific gene -DA005C38- was isolated from the Maniatis random 

shear, genomic Drosophila library by screening with Calliphora 

eDNA probes at conditions suitable for 1 Oo/o mismatch hybrids (57). 

The phage DAOOSC38 was renamed because of its misleading 

similarity to another gene -daughterless which is found in the 

same region of the chromosome as ME31 B. The gene was called ME 

for maternally expressed and 31 B for that region of the 

chromosome whence it originated. Henceforth, DAOOSC38 will be 

designated ME31 B in this work. 

ME31 B contained a 1.8 kb Eco RI/Hind Ill fragment which 

hybridized in an oogenesis-specific manner to Calliphora eDNA 

probes (57). It was determined by in situ hybridization to 
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Drosophila whole ovaries that ME31 8 was expressed in the nurse 

cells of previtellogenic and nurse cell stage follicles. Maximal 

expression was seen during the middle vitellogenic stages and 

transcripts were also detected in the mature follicle. 

A A.gt1 0 embryonic eDNA library from the D. Hog ness 

laboratory was screened with ME31 8 to isolate eDNA clones 

corresponding to this gene. The longest eDNA clone -1.5 kb

contains at least two exons and its continuing characterization is 

part of this work. The sequence of the gene has been determined 

and will be discussed here as well as the possible mutant 

phenotype of the ME31 8 gene. 
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The Maniatis random shear, genomic, Canton-S library in 

Charon 4 was screened for Drosophila homologs to Calliphora 

oogenesis-differential clones. LE 392 cells were grown to 

saturation in LB (1 °/o tryptone, 0.5°/o yeast extract, 85 mM NaCI, pH 

7.0-7 .5) plus 0.2°/o maltose and 1 0 mM thymidine. Cells were 

harvested and resuspended for use in 0.8 volumes of 10 mM MgS04. 

Phage were absorbed to the cells for 15 minute at 37° C with 

enough thymidine to give a final concentration of 10 mM. Top agar 

(LB plus 0.7°/o agar) was added to the phage and plated onto LB 

plates (LB plus 15o/o agar). 

The primary screen was plated at 50,000 plaque forming units 

(pfu)/150 mm plate. The four best signals from each probe were 

pooled, eluted into SM (1 00 mM NaCI, 50 mM Tris-HCI, 8 mM 

MgS04 ·7H20, 1 °/o gelatin, pH 7.5) and screened at 3,000 pfu/150 mm 

plate for the secondary screen. Positive signals were screened as 

an ordered array of large plaques in the tertiary screen and 

positives from this screen were plaque purified for the quaternary 

screen. The fifth screen was performed on purified and restriction 

enzyme digested phage DNA. 

Plaque lifts for screening were prepared by placing 2-4 

pieces of dry nitrocellulose filters onto the plaques for at least 20 
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minutes. The filters were processed by 3 to 6 minute incubations 

on 3 mm Whatman™ paper that had been saturated with the 

appropriate solution. The denaturation (1.5 M NaCI, 0.5 M NaOH) 

was done twice and filters were then neutralized (3.0 M NaCI, 0.5 M 

Tris-HCI, pH 7.0) once. Cell debris was removed by gentle wiping 

in 2X SSC (1X SSC = 150 mM NaCI, 15 mM sodium citrate, pH 7.4), 1°/o 

SDS. Finally, the filters were rinsed in 2X SSC, blotted dry and 

baked for at least 1 hour in a vacuum oven at 80° c. 
All library screening was done at 30°/o mismatch conditions. 

These conditions were calculated knowing that an increase of 1 °/o 

formamide decreases the Tm (melting temperature) by 0.7° C and 

that the ionic strength of the solution changes the Tm according to 

the equation: 

(T m )J.12- (T m) J.11 = 1 . 851 og 1 0 [J.t2/J.t1] where J.1.1 and J.1.2 are 

the ionic strengths of solutions 1 and 2 and (T m )J.1.2 and (T m )Jl1 are 

the T m s at those ionic strengths, (T m is also affected by the G/C 

content of the sequence and the length of the sequences in question. 

For the purposes of this work however, we assumed a 50 o/o G/C 

content and sequences of sufficient length as to not affect the 

hybridization). Hybridization is optimal at T m - 25° C. Conditions 

were thus altered to give a convenient temperature for 

hybridization. For oligo-labelled DNA probes (see below), the 

filters were prehybridized for a minimum of two hours in a SX SET 

(1X SET= 0.15 M NaCI, 1 mM EDTA, 0.03 M Tris-HCI, pH 8.0), 20°/o 

formam ide, 0.1 o/o SDS, and SX Denhardt's solution (1 X Denhardt's = 
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0.02°/o Ficoll, 0.02o/o polyvinylpryrrolidone, 0.02°/o BSA). 

Hybridizations were done overnight with the same solution plus 

heat denatured probe at 37° C. Filters were then rinsed in 2X SSC at 

room temperature and washed for at least 3 hours in 6X SET at 61 o 

c. 
Drosophila Ovarian eDNA Library Screening 

A Drosophila ovarian eDNA library with Eco Rl linkers in 

A.gt1 0 was kindly provided by M. Champe and screened with 

pB+CC2.0 cRNA (see cRNA synthesis). The primary screen was 

performed at 50,000 pfu/150 mm plate in C600 strain cells (C600 

cells were grown and used as were LE392 cells but without 

thymidine). The positive signals were rescreened at 3,000 

pfu/150 mm plate. Tertiary screening was done on plaque purified 

positives as an ordered array of large plaques and the final screen 

was performed on purified and restriction digested phage DNA. 

Filters were made as above and probed with cRNA at 30o/o 

mismatch conditions. They were prehybridized in 30°/o formamide, 

SX SSC, 1 o/o SDS, 200 J.Lg/ml sonicated salmon sperm DNA, 1 X 

Denhardt's and hybridized in the same solution plus heat denatured 

probe at 42° C. Filters were then rinsed in 2X SSC, washed in 20o/o 

formamide, 6X SET at 42° C for at least 2 hours. 

Oligo-labelling 

DNA fragments were oligo-labelled according to the method 

of Feinberg and Vogelstein with modifications by David Needleman 

(58, personal communication). DNA fragments were cut out of low-
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melt agarose gels and diluted 3X with H20. The diluted fragment 

(13 JJ.I) was heat denatured at 90° C for 2 minutes and incubated in 

1 X OLB-C (88 mM HE PES, 50 J.!M dNTPs (minus dCTP), 50 mM Tris

HCI, 5 mM MgCI2, 10 mM f3-mercapto-ethanol and 2.2 OD units of 

oligonucleotides of random sequence), 25 J.!M a-32P-dCTP and 1 

unit Klenow for at least 2 hours at 37° C. Radio-labelled DNA was 

precipitated with ethanol. 

RNA Preparation 

Frozen tissue was thawed in 1 OX volumes of chloropane 

(phenoi/CHCia/isoamyl alcohol : 50/48/2). An equivalent amount 

of HSSR (20 mM Tris-HCI, 0.3 M sucrose, 0.1 M EDTA, 0.1°/o Triton X 

100, 0.5 mM spermine-HCI, 0.15 mM spermidine-HCI, pH 8.0) was 

added and the tissue well homogenized. Alternatively, tissue was 

ground in liquid nitrogen, thawed in 1 OX volumes of chloropane, an 

equivalent volume of HSSR was added and proteins were extracted. 

The RNA was brought to 10 mM MgCI2, 1.5 M ammonium acetate and 

ethanol precipitated with 2-2.5 volumes of ethanol, (A II 

subsequent RNA precipitations were performed this way). RNA was 

then taken up in RNA PK buffer (1 X TE, 1 °/o SDS) and incubated with 

200 JJ.g/ml proteinase K at 65° C for 1 hour. The RNA was brought 

to 1.5 M ammonium 

C H C l3 /isoamyl alcohol 

acetate, chloropane extracted 3X, 

(24/1) extracted 3X and ethanol 

precipitated, or stored at -70° C in ethanol. 
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Poly {A)+ RNA Selection 

Poly (A)+ RNA selection was performed as described by 

Maniatis (59). Oligo (dT)-cellulose Type A (Collaborative Research) 

was swollen in TE (10 mM Tris-HCI, 1 mM EDTA, pH 8.0) for 1/2 

hour and a column was poured (0.17 g = 1 ml column: good for 3 mg 

RNA). The column was equilibrated with 10 volumes of loading 

buffer (10 mM Tris-HCI, 1 mM EDTA, 0.5 M NaCI, pH 8.0). The RNA in 

loading buffer was denatured at 70°C for 2 minutes and applied to 

the column. The eluant was reheated and reapplied. Poly (A)- RNA 

was washed off the columns with 10 volumes of loading buffer. 

Poly (A)+ RNA was eluted with 10 volumes of TE and ethanol 

precipitated. 

eDNA Synthesis 

32 P-labelled eDNA probes complementary to poly (A)+ RNA 

was prepared using reverse transcriptase and an oligo (dT) 12-

18mer as described by Maniatis (59). The procedure is summarized 

here. Ten J.Lg of poly (A)+ RNA and 0.5 mCi of a-32P-dCTP were 

combined and the RNA denatured with methyl mercuric hydroxide. 

J3-mercapto-ethanol was added to chelate the mercury ions and to 

stabilize the reverse transcriptase. Oligo (dT)12-1a, buffer, dNTPs 

and reverse transcriptase was added and the reaction allowed to 

proceed for two hours. The reaction was stopped by the addition of 

EDT A and the RNA template was alkali destroyed. The reaction mix 

was neutralized and the DNA was ethanol precipitated to remove 
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unincorporated label. eDNA probes were sized on alkaline agarose 

gels, typical sizes ranging from 0.5-1.5 kb. 

cRNA Synthesis 

Bluescribe™ (Stratagene Cloning Systems) transformant 

plasmids were used for cRNA synthesis according to the supplier's 

instructions. Plasmids were linearized with an enzyme that 

cleaves downstream of the insert and appropriate transcriptional 

promoter. The DNA template was made RNAse free by digestion 

with 50 J.Lg/ml proteinase K in proteinase K buffer (0.05°/o SDS, 20 

mM EDTA, 0.1 M NaCI) at 65° C for 1 hr. The DNA was brought to 0.5 

M ammonium acetate, chloropane extracted 2-3X and ethanol 

precipitated. 

One J.Lg of template was incubated with TX (40 mM Tris-HCI, 8 

mM MgCI2, 2 mM spermidine-HCI, 50 mM NaCI, pH 8.0), 0.5 mM rNTPs 

and 25 J.LM a-35S-UTP or a-32P-UTP. (Probes labelled with a-35s 

had 30 mM OTT included in the reaction buffer). Five units of T7 or 

T3 bacteriophage RNA polymerase were added and the mixture was 

incubated at 40° C for two hours. The cRNA was ethanol 

precipitated. 

For in situ hybridizations the DNA template was removed by 

incubation with RQ1 DNAse (Promega) for 30 minutes at 37° C at a 

final DNAse concentration of 0.1 J.Lg/J.LI in DNAse buffer (40 mM 

Tris-HCI, 10 mM NaCI, 6 mM MgCI2, pH 7.9). DNAse was removed by 

chloropane extractions in 1.5 M ammonium acetate and the cRNA 

was ethanol precipitated. 
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Radio-Labelled Single Strand DNA Synthesis 

Radio-labelled single strand DNAs were used to determine the 

direction of transcription and were originally used for whole tissue 

hybridizations. The technique is summarized here. Single strand 

DNA was produced using subclones in the pEMBL a+ and 9+ vectors 

by innoculating a culture with the IR1 helper phage. The single 

strand phage DNA was purified, and second strand synthesis 

performed using Klenow, radio-nucleotides and the M13 Universal 

primer. The double strand DNA was restriction enzyme digested at 

a point beyond the insert and the DNA fragments separated on a 

denaturing gel. The original single stranded template ran as a 

single band equal to the length of the linear template. The second, 

radio-labelled strand separated into two bands. One, the length of 

the distance between the M 13 primer and the restriction site used -

presumably in or near the polylinker. The rest of the DNA will be 

approximately the length of the pEMBL vector. Thus, the single 

strand probe DNA can be isolated from the gel for use. The 

technique is limited in at least two ways. First, the amount of 

second strand DNA synthesized is limited to the amount of template 

used. Second it was difficult to prevent the restricted DNA from 

reannealing in the gel system. It was determined that single 

strand cRNAs were easier to prepare with a much higher yield, 

hence the DNA technique was of limited use. 
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Transformations 

JM1 09 or XL 1 cells, grown to Klett 70-80 in LB plus 

appropriate drug, were made competent for transformation by 

harvesting at 10,000 g, 4° C. These were suspended in 1/2 volume 

of PC (50 mM CaCI2, 1 mM PIPES, pH 6.8), held for 10 minutes on ice 

and repelleted at 10,000 g, 4° C. Cells were resuspended in the 

same volume of PC and used for transformations either 

immediately or stored for later use by quick freezing in liquid N2 

with 7-10°/o DMSO. 

Two hundred Jll cells with 50 Jll DNA at 0.5 Jlg/ml in PCM (1 0 

mM CaCI2, 10 mM PIPES, 10 mM MgCI2, pH 6.8) were held at oo C for 

10 minutes, then at room temperature for 10 minutes. Prewarmed 

LB (0.20-0.35 ml) was added and cells were further incubated at 

37° C for 1 hour before plating. JM1 09 transformants were plated 

on IXA plates and XL 1 transformants on TAXI plates (IXA = LB plus 

30 Jlg/ml IPTG, 40 Jlg/ml X-Gal, 100 Jlg/ml ampicillin and 15°/o 

agar: TAXI = IXA plates plus 25 Jlg/ml tetracycline). 

Plasmid Preparations 

Ten volumes of cells were grown to saturation in LB plus the 

appropriate drugs and pelleted at 10,000 g. The pellet was 

resuspended in 1 volume of TE. Cells were lysed by addition of 2 

volumes of 0.2 M NaOH, 1 o/o SDS on ice for 10 minutes. Cell debris 

and chromosomal DNA was precipitated by addition of 1.5 volumes 

of 3.0 M potassium acetate, 1 .8 M formate, incubation on ice for 10 

minutes and centrifugation at 10,000 g. The supernatant was 
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precipitated with 0.6 volumes of isopropanol. DNA was suspended 

in TE, brought to 0.5 M ammonium acetate, chloropane extracted 

until no proteinaceous interface remained and ethanol precipitated 

again. 

Bacteriophage Preparations 

Bacteriophage were grown to complete lysis in LB or on LB 

plates. Phage were eluted with SM and cell debris was pelleted at 

10,000 g. Cellular RNA and DNA was bound to the ion exchange 

resin DE 52 (Whatman) and pelleted at 1 O,OOOG. Phage were 

ethanol precipitated and resuspended in proteinase K buffer. 

Protein was digested for 1 hour at 65° C with 50 J.tg/ml proteinase 

K. The DNA was brought to 0.5 M ammonium acetate and then 

chloropane extracted 2-3X and ethanol precipitated. 

Southern and Northern Blotting 

Restriction endonucleases were obtained commercially and 

used according to supplier's directions. Digested DNAs were 

analyzed by agarose gel electrophoresis in T A buffer (40 mM Tris

HCI, 10 mM sodium acetate, 1 mM EDTA, pH 7.8) and visualized by 

the inclusion of 1 J.Lg/ml ethidium bromide in the gel and running 

buffer. Gels were alkali denatured (1.5 M NaCI, 0.5 M NaOH) and 

neutralized (3.0 M NaCI, 0.5 M Tris-HCI, pH 7.0) and the Southern 

transfers were performed in 1 0-20X SSC as described by Maniatis 

(59) to Gene ScreenTM (NEN Research Products) or BiodyneTM (ICN) 

paper. Filters were subsequently baked for at least 1 hour at SO

goo C. 
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RNAs were denatured by incubation at 55° C for 15 minutes in 

2.2 M formaldehyde, 50°/o formamide in FGB (20 mM MOPS, 50 mM 

sodium acetate, 1 mM EDTA) (59). The RNA was 

electrophoretically separated on a 1.0-1.5°/o agarose gel in 2.2 M 

formaldehyde in FGB. Transfer was done as per Southern transfer 

but alkali denaturation and neutralization were replaced by a water 

rinse. Gels used for Northern analysis were D.Q1 ethidium bromide 

stained prior to use. 

The Northern blots of Drosophila RNAs, prepared from each 

stage in the life cycle of the fly, were transferred to Gene ScreenTM 

in 10 X SSC using a vacuum blotting apparatus. After transfer they 

were stained with methylene blue (60) to quantitate RNA loading 

per gel. Gels were pretreated for 10 minutes in 1 M acetic acid, 

stained for 10 minutes in 0.2°/o methylene blue, 0.4 acetic acid, 0.4 

M ammonium acetate and rinsed for three minutes in running water. 

Cross Homology Studies 

Cross homology studies of Calliphora genes to known 

Drosophila follicle cell genes were done at conditions optimized for 

the hybridization of nucleotide sequences which have 15o/o 

mismatch. The prehybridization was done in 40°/o formamide, 7X 

SET, SX Denhardt's, 1 o/o SDS, and 20 JlQ/ml sonicated salmon sperm 

DNA at 37° C. Hybridizations were performed in the same solution 

with the addition of boiled oligo-labelled probe. The filters were 

washed in 0.1 °/o SDS, 0.1 X sse, 6°/o formamide at 37° c for at least 3 

hours. 
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Ovarian Follicle Fixation 

Staged ovaries were dissected in isotonic insect saline (154 

mM NaCI, 1. 7 mM CaCI2, 0.1 mM KCI, 2.4 mM NaHC03, 14 mM 

glucose). The ovarian follicles were partially separated by gentle 

pi petting and rinsed 2X in AM buffer (1 X AM = 80 mM KCI, 20 mM 

NaCI, 2.5 mM EDTA, 0.5 mM spermidine-HCI, 0.2 mM spermine-HCI, 

15 mM PIPES, pH 7.4). The primary fix was performed for 10 

minutes at room temperature with shaking in 2o/o paraformaldehyde, 

0.5 X AM, 5o/o heptane (56). The primary fix was drawn off and the 

tissue was fixed again for 15 minutes at room temperature in 4o/o 

paraformaldehyde, 0.6X PBS (1 X PBS = 0.13 M NaCI, 7 mM Na2HP04, 3 

mM H2P04), 0.1°/o deoxycholate, 0.1°/o Triton X-100 and then rinsed 

4X, 5 minutes in 1 X PBS. The tissue was acid treated for 20 

minutes in 0.2 M HCI and again washed 4X, 5 minutes each in PBS 

or until the pH was neutral. The last of the PBS was removed and 

5.0 ml 5X TE was added. The tissue was incubated with 312 Jlg/ml 

pronase for 5 minutes at RT. The pronase solution was removed 

and the reaction stopped by the addition of 25 Jll of 40 mg/ml 

glycine for 30 seconds. The tissue was washed 2X, 5 minutes in 

PBS. The tissue was fixed a third time for 20 minutes in 4o/o 

paraformaldehyde, 6X PBS and rewashed 5X, 5 minutes in PBS. 

In Situs to Whole Ovarian Follicles 

The in situ hybridizations were performed by modifications of 

a procedure by Mahoney (61 ). Pre hybridization was done for 0-24 

hours at 50° C in 50% formamide, 0.6 M NaCI, 1 X TE, 10 mM OTT, 0.5 
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Jlg/ml sonicated salmon sperm DNA or tRNA, 1 X Denhardt's. 

Hybridizations were done in the same solution plus probe at 1 X 1 aS 

dpm/Jll, 50 o C, overnight. 

The tissue was rinsed 2X, five minutes in 1 X PBS and treated 

with S1 nuclease, according to the suppliers instructions, for 1 

hour at 37° at 1.25 u/Jll enzyme concentration. The tissue was 

washed 4X, 5 minutes in 2X SSC, 10 mM OTT at sao C. Then 1 X, 5 

minutes in 0.1 X SSC, 10 mM OTT at sao C and again for 1 hour. The 

tissue was dehydrated by 15 minute incubations in a graded series 

of 25°/o, SOo/o, 75o/o, 95o/o and 2X, 1 OOo/o ethanol in 0.1 X SSC. Tissue 

was cleared with xylene, wax embedded and sectioned in S Jlm 

sections (S2). 

After radiography for 1-10 days with nuclear track emulsion 

(Kodak NTB-2), the slides were developed and stained by dipping for 

10 sec in 0.02So/o methylene blue, 0.02So/o basic fuschin, 0.25°/o 

ethanol, 70 mM phosphate buffer, pH 7.3. 

DNA Sequencing 

Single stranded or double stranded DNAs were sequenced with 

SequenaseTM (USB) according to the manufacturers instructions. 

Single strand DNA was prepared as described by BluescribeTM 

(Stratagene). Double strand DNA was prepared by a modification of 

the alkaline/SDS procedure (S. Highlander, personal 

communication). A portion (1.5 ml) of an overnight culture was 

centrifuged in a microfuge for 2 minutes. It was observed that 

BluescribeTM clones grew best when grown directly from freezer 
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stocks in a rich broth (2X LB). The pellet was suspended in 100 Jll 

of 50 mM glucose, 25 mM Tris-HCI, 10 mM EDTA, pH 8.0. This was 

incubated for 5 minutes at room temperature, then 200 ml of 0.2 M 

NaOH, 1 o/o SDS was added, the tube gently mixed and incubated on ice 

for 5 minutes. Next, 150 J.!l of 3.0 M potassium acetate, 1.8 M 

formate was added, the solution was gently mixed and incubated on 

ice for 5 minutes. The debris is pelleted for 10 minutes in a 

microfuge. The supernatant was chloropane extracted till no 

interface remained, ethanol precipitated, rinsed, dried and the DNA 

suspended in 50 ml TE. Eighteen J.!l of this DNA was denatured in 

0.2 M NaOH for 5 minutes at room temperature. The pH was 

neutralized by the addition of 5 M ammonium acetate, pH 5.2 to 0.4 

M. The DNA was ethanol precipitated, rinsed, dried and used for 

sequencing according to SequenaseTM except that 10 times as much 

primer was used (25 ng) for double stranded DNA sequencing. 

Sequencing gels of 0.2 mm thickness were used. Gels were 

typically 4-1 Oo/o 29:1 acrylamide: bis-acrylamide, 50o/o urea (w/v) 

and 1X TBE (0.1 M Tris-HCI, 0.1 M boric acid, 2 mM EDTA, pH 8.3). It 

was observed that the best results were obtained by using fresh (< 

1 week old) acrylamide which had been deionized with Amberlite 

M83TM (Sigma) ion exchange resin and filtered. Lower percentage 

gels were made easier to handle by the inclusion of 0.2°/o 

polyacrylamide from a 2°/o stock solution. The resulting gel 

solution was too thick to filter, therefore the acrylamide was 

filtered first. The urea was solubilized slowly with shaking at 37° 
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C because urea decomposes upon exposure to heat. Fresh 1 Oo/o 

ammonium persulphate (250 J.LI/1 00 ml) and TEMED (Biorad), 

(31 J.LI/1 00 ml) were added to the gel solution to polymerize the gel. 

It is important to use fresh ammonium persulphate in the 

polyacrylamide containing gels because the polyacrylamide seems 

to inhibit the ammonium persulphate. 

Calliphora Care 

Calliphora were maintained at 25° C and greater than 50o/o 

humidity in large cages with sleeved fronts for easy access to the 

flies. Flies were fed only sugar and water until egg collections 

were desired. Flies were then 'primed' with a mixture of larval 

food and beef liver homogenate (1 /1) for three days. Larval food 

was made with 66.66o/o Bakers yeast, 66.66o/o whole powdered milk, 

and 1.16o/o agar in water. This mixture was boiled, cooled and 85 

mls of a 1 Oo/o methyl-p-hydroxy benzoate solution was added. The 

larval food was then poured into 1 0 oz. styrofoam bowls to set. 

After the three day priming, flies were again maintained on sugar 

and water for three days. 

Eggs were collected on the fourth day by the addition of 

muslin covered beef liver to the cage. Eggs were collected for 2 

hours and the muslin removed. Eggs were further incubated for the 

appropriate length of time, washed, dechorionated with 50°/o bleach 

and quick frozen for storage at -80° C and later use. 

Eggs to be used for later stage collections were collected 

directly on beef liver. Larvae were raised in the 10 oz. larval food 
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and beef liver (5/1) filled styrofoam bowls for the appropriate 

time. The larval stage in Calliphora erythrocephala lasts about 

seven days. The larvae were monitored daily, and first, second and 

third instar larvae were collected when the larvae reached the 

appropriate size (3 mm, 5-6 mm and 10-12 mm). Incorrectly 

staged larvae, as judged by size, were removed with forceps during 

washing. The pupal stage lasts from ten to twelve days and early 

pupae were manually removed from the cage while still light m 

colour (2 days) and late pupae were harvested as they darkened (8 

days). Male and female adult flies were harvested soon after 

emergence and drying. Female flies were separated from male 

flies by virtue of the prominent tissue between the eyes. 

Drosophila Care 

Wild type Oregon-A Drosophila were maintained in 1/2 pint 

milk bottles at 25° C until use in collections. The Drosophila food 

contained 1.66°/o agar, 12.11 °/o cornmeal, 3.33o/o yeast powder and 

18.88o/o molasses. This mixture was brought to a boil, cooled and 

1 00 ml of 1 0°/o methyl-p-hydroxy benzoate and 30 mls of acid mix 

were added (acid mix = 41.8°/o proprionate, 3.53°/o phosphoric acid), 

(6). The food was poured into milk bottles to approximately 2 em 

and further cooled. A single piece of tissue paper was wedged into 

the food to absorb extra moisture and provide additional surface 

area. The stocks were transferred to fresh bottles every two 

weeks or when crowded. 
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Stocks were transferred to collection bottles ( -500 flies per 

bottle, Figure 4) which have small removable petri plate bottoms 

for easy egg collections (see Figure 4). Eggs were collected on 

grape plates which contained 2.2o/o agar, 5.8o/o dextrose, 2.9°/o 

sucrose, 1.8°/o yeast powder 45. 5 ml grape juice and 27.5 mM NaOH. 

This mixture was autoclaved and 5.6 mls of acid mix are added to 

the mixture after cooling. The mixture was then poured into 5 em 

petri plates for further cooling. A small smear of yeast paste was 

added to the grape plates before use (Yeast paste = 33.7 g yeast 

powder, 45 ml H20, 272 ml proprionate). Eggs laid in the first hour 

of the collection were discarded because females may have 

retained fertilized eggs in the oviduct especially if the yeast paste 

was consumed. Tissue collections were performed during the night 

cycle because it was found that the flies laid more eggs in the 

dark. Eggs were collected for two hour intervals, incubated at 25° 

C for the appropriate length of time and the tissue was washed, 

quick frozen and stored at -80° C for later use. Eggs were 

dechorionated before freezing by rinsing with 50°/o bleach. First, 

second and third instar larvae were collected at 26, 50 and 74 

hours after egg laying. Incorrectly staged larvae, as judged by 

size, were removed with forceps during washing. Early pupae 

were manually removed from the cage while still light in colour 

(-130 hours) and late pupae were harvested as they darkened (-200 

hours). Male and female adult flies were harvested soon after 
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Figure 4. Diagram of a collection bottle. The 

upper chamber is made from a plastic urine specimen jar. The 

lower chamber is a small petri plate containing grape food. 

Circles are cut out of the bottom of the jar and the lid of the plate 

with a hot implement. The two pieces are then glued together and 

set on top of the petri plate (P. Gergen, personal communication). 
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emergence and drying. Male flies were separated from female flies 

by virtue of the rounded blackened tip of the male abdomen (6). 

In Situ Hybridizations to Drosophila Embryos 

In situ hybridizations to whole Drosophila embryos were 

performed by Joe Duffy (formerly at M. D. Anderson C. C.). The 

procedure is presented here (63). Whole embryos were 

dechorionated in 50°/o bleach for 2 minutes, fixed for 20 minutes in 

heptane, PBS, 50 mM EDTA and 10% formaldehyde and devitellinized 

by replacing the aqueous fixative with methanol and shaking 

vigorously. After two rinses in methanol, they were rinsed twice 

in 95% ethanol and stored for 1-20 days at -20° C. The embryos 

were rehydrated with two rinses in PBS containing 0.05 o/o Triton-X 

100 and acetylated by rinsing 5 minutes in PBS, 0.1 M 

triethanolamine, 0.5% acetic anhydride (added just before the 

embryos) pH 7.8. Embryos were then rinsed twice in 0.05% Triton

X 100 and prehybridized for an hour at 50° C in 50 Jll of 50% 

formamide, 0.6 M NaCI, 10 mM Tris-HCI, 1 mM EDTA, 1 °/o SDS, 1X 

Denhardt's, 10% PEG 8000, 0.03% Triton-X 100, 0.25 mg/ml tRNA, 

pH 7 .5. Hybridizations were done for 12 hours at 50° C in the above 

solution plus 10 7 cpm of cRNA probe. After hybridization the 

embryos were washed three times in PBS, and the excess probe 

removed by incubation for 60 minutes at 37° C in 100 Jlg/ml RNAse 

A, 0.5 M NaCI, 10 mM Tris-HCI, pH 7.5. Embryos were then washed 

times in SSPE, 50o/o formamide, 0,05% SDS, 0.05% Triton-X 100, and 

three more times in 0.1 X SSPE, 0,05% SDS, 0.05% Triton-X 100. 
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Washes were done in 800 J.LI for 30 minutes at soo C. Ten to 

twenty embryos were mounted on a formaldehyde-activated TESPA 

coated slide in about 30 J.LI of 0.05% Triton-X 100. The embryos 

were flattened by gentle pressure on a silanized cover slip. The 

cover slip was removed by rinsing in a 95o/o ethanol bath and the 

slide was air dried. Kodak NTB-2 emulsion (66o/o) was applied to 

the slides by dipping and the slides were exposed for six days. 

After developing the slides, the embryos were stained with 10 

J.Lg/ml Hoechst 33258 for 3 minutes, rinsed in water for 15 minutes 

and air dried and mounted in a mixture of Canada balsam and methyl 

salycilate that was the consistency of maple syrup. 



CHAPTER THREE 

Calliphora Genes Identified with Calliphora 

Probes 

Results and Discussion 

Genes A 1 OB, 881 and GG7K are Expressed in the 

Somatically Derived Follicle Cells 
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As described in Chapter One, the screening procedure was 

performed with Calliphora eDNA probes prepared from whole 

ovarian follicles, hence any clone isolated was expressed in two 

potential cell types. To address the question of whether clones 

were expressed in the germ-line or the somatic cells, in situ 

hybridizations to whole ovarian follicles were performed. We 

chose to use mid-stage follicles (stages 3-5) because of their large 

size, and because all cells types are present and active in the 

middle of oogenesis. These experiments were performed in 

collaboration with Mark Tucker (56). 

cRNAs corresponding to both the template and non-template 

strand were transcribed from oogenesis-specific subclones (for 

the specific subclones see Figure 5, 6). The purpose of hybridizing 

with probes from both the template and non-template strands, is 

that the non-template strand acts as a control for DNA 

hybridization. The non-template strand can hybridize to the RNA or 
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Figure 5. Restriction enzyme maps of three 

oogenesis-specific clones (51). The bar is 1 kb. Restriction 

enzyme sites are shown; Bam HI = ~ , Eco Rl = ' , Hind Ill = 

, , Hpa II = ' , Pst I = ~,Sal I= <? Fragments 

containing oogenesis-specific sequences and the direction of 

transcription are shown by ~ , - .. -··-·· indicates 

constitutive transcription in GG7K. ---- represents homology 

to known Drosophila genes. (YP1) is the Drosophila yolk protein 1 

gene and (26A cluster homology) refers to the Drosophila 

vitelline membrane protein genes at chromosomal locus 26A. 

Repetitious DNA is indicated by hatched boxes. An estimate of 

genomic frequency as compared to a ribosomal RNA subclone is 

indicated (200X etc.) by the width of the hatched boxes. In clones 

A 1 OB and 881, it was not determined which of several small 

restriction fragments contained the repetitious DNA. Possible 

locations for these repetitive fragments is indicated by lighter 

hatched boxes. Probes used in subsequent experiments are 

indicated. 



57 

YP1 homology 

A 1 OB 11'----T'--l-_.__1 __ __._9 -+l__._1 -'-9 ___.?_9.~......:.'P...._., 9___.? 

probe .......... 

20x 

YP1 homology 

881 ? 9 9 1 9 ? 

200x 

1000x 

26A cluster homology 

GG7K T 
• probe 

9 9T ~ 
-

liM\II&•x••l•¥niiP-ttlmllm!lt;;liill 
1000x 

--1kb 



58 

t ' 66 

I I 
pe+cc2.o 

I I 
pB+CC1.6 

1000X 

Figure 6. Restriction enzyme site map of C7F. 

Fragments which contain the oogenesis-specific transcription and 

the direction of transcription is indicated by ...,~~~~~4._ __ Repetitious 

sequences and their approximate genomic representation is 

indicated by hatched boxes of varying width. ? = Eco Rl, f = 

Hind Ill, ~ = Sal I, ' = Bam HI. The subclones used in 

subsequent studies are indicated (pB+CC2.0 and pB+CC1.6). 
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DNA whereas the template can only hybridize to the DNA. Thus, the 

difference in hybridization between the two strands is due to RNA 

hybridization. Additionally, it is necessary to use both strands of 

a clone when the direction of transcription is not known. We knew 

the direction of transcription of the four oogenesis-specific genes 

from previous experiments (56). In those experiments, single 

stranded DNAs were prepared from subclones containing the 

oogenesis-transcribed fragments in the pEM8L 8+ and 9+ vectors. 

These vectors contain single strand DNA bacteriophage origins of 

replication in the opposite orientation in pEM8L 8+ and 9+. Thus, 

when cells carrying these vectors are co-transfected with a helper 

phage, single strand DNAs from the template and non-template 

strand are produced. Southern blots with these single strand DNAs 

were hybridized to Calliphora eDNA probes to determine the 

direction of transcription. Only one of the single strand DNAs from 

A108, 881, and GG7K hybridized to the eDNA probes. This allowed 

us to unambiguously determine the direction of transcription of 

these three genes and these results were also confirmed by in situ 

hybridization with strand-specific cRNA probes (see Figure 5). In 

the case of C7F, both strands hybridized to the eDNA probes 

although one hybridized more strongly than the other. The 

significance of this result will be discussed below. 

Probes for the three clones, A 108, 881 and GG7K, hybridized 

intensely to the peri-oocyte follicle cells. A 108 and 881 showed 
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Figure 7. Localization of transcripts from 881. 

Hybridization pattern of 3 5 S-labelled single strand DNA probe 

prepared from a 1.8 Kb Eco RI/Pst I fragment subcloned into the 

pEMBL 8+ vector, to a mid stage ovarian follicle is shown. The 

panels are stained 6 )lm sections. Bar is 50 Jlm. 881 hybridizes to 

the a) peri-oocyte follicle cells (F C), and also to the b) border 

cells (BC). 
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very similar patterns of hybridization (56) and only 881 is 

illustrated here (Figure 7). Interestingly, A108 and 881 also 

hybridized to a specialized subset of follicle cells called the border 

cells. The border cells are a specialized group of six to ten 

follicle cells which form the micropyle - point of sperm entry. 

These cells originate at the anterior cap of the follicle. They 

migrate down through the nurse cells, eventually coming to rest at 

the nurse cell/oocyte boundary (6). In contrast, the probe for GG7K 

did not hybridize to this subset of cells (56, 57). 

Identification of A 108, 881, and GG7K 

Drosophila genes expressed in the ovarian follicle cells have 

been well characterized and we sought to determine if any of the 

oogenesis-specific clones corresponded to a known Drosophila 

follicle cell gene. The polyploid follicle cells are responsible for 

synthesizing the proteinaceous egg shell layers, called the vitelline 

membrane and the chorion. They also provide some of the yolk 

proteins which are transferred to the oocyte during vitellogenesis. 

DNA probes from the Drosophila yolk protein genes 1 and 3 (64), 

three vitelline membrane genes from chromosomal locus 26A (TU-

1, TU-2 and TU-4), (65, 66), and four abundant chorion genes (s38, 

s36, s18, and s15), (67), were obtained and used for cross-

homology studies. In the first experiment, digests for each of the 

four oogenesis-specific clones were electrophoretically separated 

along with DNA from the Drosophila yolk protein 1 gene as a 

positive control. The DNA was transferred to a nitrocellulose 
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filter and the Southern blot was then probed with an oligo-labelled 

fragment, containing all of the yolk protein 1 coding sequence, at 

conditions optimized for 15% mismatch hybrids. The results are 

shown in Figure 8 a, b. The autoradiograph clearly shows that 

clones A 1 08 and 881 contain cross-homology to the Drosophila yolk 

protein 1 gene. 

In each clone, the yolk protein homology is in a large fragment 

which also contains the region showing oogenesis-specific 

transcription. The fragments which show yolk protein homology 

are indicated in Figure 5. An analogous experiment showed that 

yolk protein 3 contained no detectable homology to A 108 or 881. 

In a similar experiment, GG7K was shown to be homologous to 

the cluster of four vitelline membrane protein genes from 

chromosomal locus 26A (Figure 8 c, d). The four oogenesis-specific 

clones were hybridized to a probe that contained equivalent 

radioactivity from the oligo-labelled inserts of three clones which 

contain most of the coding regions for the three vitelline membrane 

proteins (TU1, 2 and 4). Since the three genes were hybridized to 

the blot simultaneously, it is not known which of these genes was 

homologous to GG7K. Assigning a specific cross-homology to a 

single vitelline membrane protein gene would have been difficult in 

any case, since two of them (TU2 and TU4) are cross-homologous 

themselves. The regions of cross-homology and oogenesis-specific 
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Figure 8. Identification of three of the oogenesis-specific 
·genes. Restriction enzyme digested DNAs from the four oogenesis
specific clones were used to prepare Southern blots. A = Hind 
Ill/Sal I digest of A10B, B = Bam HI/Sal I digest of B81, C = Hind 
Ill/Sal I digest of C7F and G = Hpa II digest of the GG7K insert in 
pBR322. Panel (a) is an ethidium bromide stain of the gel. It 
contains 1 X and 20X aliquots of a partial Hind Ill digest of a clone 
containing the Drosophila yolk protein 1 gene (1 Y and 20Y). The 
blot was probed with a radio-labelled 2.8 kb Bgl II fragment from 
the yolk protein 1 gene at conditions optimized for 15o/o mismatch 
hybrids and the autoradiograph is shown in (b). The fragments in 
panel (a) which show hybridization to the yolk protein 1 gene are 
labelled with a (*). A 5. 7 Kb fragment from A 1 OB and a 6.0 Kb 
fragment of B81 cross-hybridize to the yolk protein 1 DNA. 
Fragments resulting from an incomplete restriction enzyme digest 
are labelled (p ). Hybridization to the insert from the yolk protein 
1 clone is indicated with an arrow. Panel (c) is the ethidium 
bromide stain of the gel. It contains the four oogenesis-specific 
clones and restriction enzyme digested DNA from three of the 
Drosophila vitelline membrane protein genes from chromosomal 
locus 26A. 1 = Eco Rl digest of the TU-1 subclone, 2 = Hind 
111/Sma I digest of the TU-2 subclone and 4 = Bam HI/Hind Ill digest 
of the TU-4 subclone. The blot was hybridized with a mixed probe 
containing equal cpm from each of the three vitelline membrane 
protein genes, at 15% mismatch conditions. Hybridization (*) 
shown in panel (d) is to the insert fragments of the three vitelline 
membrane protein genes and to a 4.6 and a 0.4 Kb fragment from 
GG7K 
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transcription are indicated in Figure 5. 
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None of the four 

oogenesis-specific clones showed homology to the chorion genes 

tested. 

A 1 OB and 881 are Homologous to the Drosophila Yo I k 

Protein 1 Gene 

A 1 08 and 881 are expressed in the somatically derived 

follicle cells and have been identified as being homologous to the 

Drosophila yolk protein 1 gene. There are three major yolk 

proteins present in the eggs of Drosophila, called yolk proteins 1, 2 

and 3. Yolk proteins 1 and 2 are synthesized by the fat bodies and 

the follicle cells. They are similar in sequence (63%), especially 

toward the 3' end of the gene, but the degree of conservation in the 

secondary structure of the protein is much higher than in their 

overall primary sequence (68). Yolk protein 3 is synthesized only 

in the fat body in Drosophila and bears no similarity to yolk 

proteins 1 and 2 (68, 64). 

Given that A 108 and 881 appear to be different genes, as 

shown by their differing restriction site maps and their cross

homology to one another., the cross homology results suggest that 

A1 08 and 881 are the Calliphora equivalents of the Drosophila yolk 

proteins 1 and 2. This hypothesis is supported by the size of the 

yolk protein 1 and yolk protein 2 transcripts (both are 1.6 kb). 

A 108 and 881 have identically sized transcripts, each hybridizing to 

a 1.6 kb RNA throughout early and mid stages of oogenesis. 

Additionally, Alice Rubacha had shown that A 108 and 881 have some 
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homology in the more 3' end of their transcripts (55), which again 

corresponds to the findings for yolk proteins 1 and 2 in Drosophila. 

The structure of the cloned DNAs containing A 1 OB and B81 

permit a second possible explanation of their relationship to one 

another. Since the transcribed regions of A 1 OB and B81 are present 

at the extreme ends of their cloned inserts, it is formally possible 

that A 1 OB and B81 represent different exons of the same gene. 

Detailed transcription unit mapping will determine which of these 

two interpretations is correct. 

The transcript sizes of the Calliphora genes homologous to 

the Drosophila yolk protein 1 gene correspond exactly with those 

seen in Drosophila, however the timing of expression differs 

markedly. In Drosophila there is no evidence for expression of the 

yolk proteins prior to the onset of vitellogenesis. Yet in 

Calliphora, transcripts from A 1 OB and B81 are very abundant in 

previtellogenic follicles. This may reflect differences in the 

physiological control of oogenesis that exists between Calliphora 

and Drosophila as described in the Introduction. 

The most interesting observation concerning the expression 

of the Calliphora yolk protein homologs, is that in Calliphora these 

genes are expressed in the border cells as well as in the columnar 

follicle cells which surround the oocyte proper. Border cell 

expression of yolk proteins has not yet been demonstrated in 

Drosophila. A 1 OB and B81 are not however, expressed in the 

squamous follicle cells which cover the nurse cell cap. Both of the 
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types of follicle cells which do express A10B and 881, share the 

feature of having cell to cell contact with the oocyte proper. This 

suggests that it is this cell to cell contact which triggers the 

transcription of these genes. A systematic study to determine 

whether synthesis of these mRNAs occurs before the border cells 

make contact with the oocyte, would shed light on this issue. 

GG7K is Homologous to a Set of the Drosophila 

Vitelline Membrane Protein Genes 

The expression of GG7K is sharply limited to the mid stages 

of oogenesis, when a small (0.7 kb) transcript is produced. This 

gene was found to be homologous to the vitelline membrane protein 

gene cluster from chromosomal locus 26A. Since the experiment 

was performed with pooled oligo-labelled DNA from three of the 

four transcription units at this locus, the exact identity of GG7K is 

not known. Two of the transcription units -TU2 and TU4- are also 

0.7 kb and are expressed at the same time as the GG7K transcript. 

Unlike Drosophila, the homology of TU2 and TU4 to the chorion s18-

1 gene does not appear to be conserved (69), since a eDNA clone 

known to contain this homology (67) does not cross hybridize to 

GG7K (57). 

C7F is Expressed in the Germ-line 

As described in Chapter One, C7F strongly hybridized to a 1.7 

kb RNA which was expressed throughout oogenesis. Since it was 

present in the mature follicle and it is known that the follicle cells 

degenerate and are lost by this time, we predicted that C7F must be 
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of germ-line origin. In situ hybridizations to whole follicles were 

performed with cRNA probes transcribed with the T7 and T3 

bacteriophage RNA polymerases. The results showed that the C7F 

transcript was indeed found in the germ-line, hybridizing to the 

nurse cell cytoplasm in stage five follicles {Figure 9 b). The probe 

used in this experiment {pB+CC2.0) is indicated in Figure 6. 

In addition, intense hybridization to the nurse cell nuclei was seen 

with probes corresponding to both strands of the pB+ C C 2. 0 

subclone. This was probably due to the presence of repetitious 

DNA intimately associated with this clone {Figure 6), since it 

appeared with both cRNA probes used. Repetitious sequences may 

be strongly represented in the highly polyploid nurse cell nuclear 

DNA, therefore probes containing repetitious regions will hybridize 

to the nurse cell nuclei. 

An exciting gradient of localization of the C7F transcript was 

seen in some mature follicles {Figure 9 a). An anterior to 

posterior gradient may be explained by the trivial explanation that 

a transient gradient is established by the transport of the nurse 

cell cytoplasm into the oocyte near the end of oogenesis. Also, an 

apparent gradient will result if the section is not of even thickness 

throughout its width or length. 

To establish the significance of this result, the in situ 

hybridizations should be extended throughout oogenesis and early 

embryogenesis. Preliminary work was complicated by the presence 
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Figure 9. C7F in situ hybridization to Calliphora 

ovarian follicles. cRNA transcribed from pB+CC2.0 was hybridized 

to whole ovarian follicles. After washing and wax embedding, the 

ovarian follicles were sectioned into 6 J..Lm sections. These 

sections are unstained. Panel (a) is a mature follicle which shows 

a gradient of localization of the C7F from anterior to posterior. 

Panel {b) shows a stage 5 ovarian follicle with hybridization in the 

nurse cell cytoplasm and in the anterior tip of the oocyte {0) . 

Intense hybridization to nurse cell nuclei (N C N) is observed. As 

discussed in the text, this is probably due to repetitious sequences 

hybridizing to nuclear DNA. 



70 

of repetitious DNA in the pB+ CC2.0 subclone. Both of 

the cRNAs, corresponding to template and non-template strands, 

hybridized to follicles and embryos. This made it difficult to 

determine what signal was due to message, what was DNA 

hybridization and what was merely background hybridization. 

Hybridization to both strands of the C7F gene had been 

observed in previous work (55). As described above, when single 

strand DNAs corresponding to both the template and non-template 

strands of the C7F subclone were hybridized with Calliphora eDNA 

probes, both strands hybridized, although one strand hybridized 

more strongly than the other. This indicates that the repetitious 

sequences associated with C7F are present in the transcribed 

sequences. This may account for the apparent hybridization of both 

the template and non-template cRNA strands. Yet, oligo-labelled 

DNA from a C7F subclone detected only one band when hybridized to 

poly (A)+ RNA (55), indicating that the 1.7 kb mANA is the single 

asymmetric transcript of the gene and is more abundant than any 

other transipts which have C7F homology. The more sensitive 

strand specific cRNA probes did detect minor transcripts when 

hybridized to Northern blots at reduced stringency, but these were 

not seen at high stringency. A third possibility is that of the two 

polymerases used to synthesize RNA probes, the T7 RNA polymerase 

was noted to be considerably less stable at -20° C than the T3 

polymerase. Since the cRNA produced by the T7 polymerase was 

expected to hybridize to the C7F transcript, the poorer quality of 
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the T7 transcribed cRNA may decrease the intensity of 

hybridization to the point where interference by repetitious 

sequences or background hybridization is observed. It will be 

necessary to repeat the in situ hybridizations with fresh T7 RNA 

polymerase and subclones which are free of repetitious DNA in 

order to determine the true expression pattern of C7F. 

The Expression of C7F Throughout the Life Cycle of 

Calliphora 

Alice Rubacha had established that C7F was constitutively 

expressed throughout oogenesis and transcripts had disappeared by 

10 hours of embryogenesis (55). Thus, C7F was defined as 

oogenesis-specific. However, nothing was known about the 

expression of C7F beyond ten hours of embryogenesis. Therefore, a 

cRNA probe corresponding to the template strand of C7F was 

transcribed from pB+ CC2.0 and hybridized to a Northern blot 

containing total RNA preparations from various stages in the life 

cycle of Calliphora. Northern blots which contain RNA prepared 

from all of the stages in the life cycle of a species are ·known as 

"developmental Northerns". The results are presented in Figure 10. 

The 1. 7 kb C7F transcript was expressed throughout oogenesis, and 

maintained until cellular blastoderm. It disappeared rapidly until 

no signal was detected in four to six hour embryos. In addition, a 

faint amount of transcript was detected in early pupae. 

Surprisingly, C7F transcript was also detected in adult male flies. 

This may indicate a function for C7F in the male germ-line. 
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The Restriction Enzyme Site Map of C7F 

The original restriction enzyme site map of C7F indicated that 

there were two oogenesis transcribed fragments (2.0 kb Hind 

111/Eco Rl and 3.5 kb Hind Ill/Sal I) which were separated by a 

fragment which was not transcriptionally active during oogenesis. 

Since the pattern of hybridization to Calliphora radio-labelled eDNA 

probes was identical for these two fragments, it was thought that 

they represented two exons of the same gene. The oogenesis

specific hybridization to the 3.5 kb Hind Ill/Sal I fragment was 

sublocalized to a 1.6 kb Hind 111/Eco Rl fragment. Hybridization to 

Calliphora RNA indicated that both the 2.0 and 1.6 kb fragments 

hybridized to the same size transcript (1.7 kb). All the evidence 

thus indicated that the two fragments contained two exons of the 

same gene. 

However, when strand specific cRNAs were transcribed from 

the pB+CC1.6 kb subclone and used to probe Calliphora nurse cell 

RNA to determine the direction of transcription of this fragment, it 

was found that the 2.0 and 1.6 kb fragments were transcribed in 

opposite directions! There is precedent for genes which are quite 

close together, coordinately expressed, yet are transcribed in 

opposite directions. The Drosophila yolk proteins 1 and 2 are 

arranged this way (68). 

The two fragments showed absolutely identical patterns of 

hybridization to a Calliphora developmental Northern (the same blot 

was used for both experiments, Figure 1 0). A cRNA probe from 
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pB+CC1.6 hybridized to a 1.7 kb transcript which was strongly 

expressed throughout oogenesis, maintained until four hours of 

embryogenesis and reappeared faintly in late pupae and in the adult 

male. Absolutely exact correspondence in the expression patterns 

of two divergently transcribed genes seemed unlikely, therefore we 

decided to ascertain that the original restriction enzyme site map 

was correct. 

Remapping C7F led us to differing conclusions however, than 

were initially drawn. Specifically, the original 2.0 kb Hind 11/Eco 

Rl oogenesis-transcribed fragment was mis-assigned to a similarly 

sized fragment in the opposite orientation! Repositioning of the 

2.0 kb fragment showed that the 2.0 and the 1.6 kb oogenesis

specific fragments were contiguous, transcribed in the same 

direction and probably represent a single gene. Thus far, there is 

no evidence of introns in C7F. The updated restriction map as well 

as the subclones used in this work (p+CC2.0 and pB+CC1.6) are 

indicated in Figure 6. 

C7F is Not Homologous to the Drosophila Oogenesis 

Specific a-Tubulin or Heat Shock Genes 

In Drosophila, there are several "housekeeping" genes which, 

nevertheless, show an oogenesis-specific pattern of expression. 

Therefore we sought to determine whether C7F was homologous to 

any of these genes. 

tubulin gene (70). 

One such gene is the oogenesis-specific a

Tubulin, the structural protein of microtubules, 

constitutes approximately 3% of the total Drosophila 
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Figure 10. Northern analysis of C7F throughout the life 

cycle of Calliphora. -10 J.Lg of total RNA was hybridized with cRNA 

transcribed from pB+ CC2.0. RNA was prepared from: P = 

previtellogenic ovarian follicles, N maximal nurse cell stage 

ovarian follicles, M mature ovarian follicles, 0/2 , 2/4, 4/6, 

6/1 0, 1 0/14 refer to embryos incubated that many hours after 

fertilization, 1 • 2 •, 3 • refer to first, second and third ins tar 
' 

larvae, EP == early pupae, LP = late pupae and d = adult male RNA. 

Hybridization to a 1. 7 kb transcript is indicated. The lower inset 

is the same blot which has been stripped and reprobed with radio

labelled DNA from a ribosomal gene (pKB42} to quantitate the 

amount of RNA loading per lane. 
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It has been demonstrated 

that tubulin is synthesized first by the nurse cells and later by the 

oocyte (71 ). The stable form of tubulin is a dimer composed of an 

a and a ~ subunit. There are multiple a and ~ subunits which are 

coded for by a number of different genes. Drosophila has a small 

family of four a-tubulin genes (72). One of these genes -a4-

hybridizes to a 1.7 kb RNA which is present only in adult females 

and very early embryos (70). This pattern of expression is very 

similar to that seen with C7F and it seemed possible that C7F may 

1n fact represent the Calliphora oogenesis-specific a-tubulin. 

In addition, three of the seven proteins which are normally 

only expressed in response to heat shock, are constitutively 

expressed in adult ovaries (hsp 83, 28 and 26), (73). The hsp 83, 

28 and 26 transcripts are synthesized in the nurse cell, 

translocated to the oocyte and maintained until blastoderm. The 

transcript sizes for these proteins are as follows; hsp 83 is 3.7 kb 

(74), hsp 28 is 1.25 kb and hsp 26 is 1.05 kb (75). While the sizes 

of these transcription units were different from that of C7F, their 

similar pattern of expression led us to examine C7F for cross 

homology to these oogenesis-specific heat shock genes 

Clones for the oogenesis-specific a-tubulin gene (pTa4) (70), 

and the three oogenesis-specific heat shock proteins -hsp 26, 28, 

and 83- (73, 74) were obtained and cross-homology studies were 

performed. The inserts from these clones were radio-labelled and 

hybridized to Southern blots containing pB+CC2.0 and pB+CC1.6 at 
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conditions optimized for 15°/o mismatch hybrids and no cross

homology was detected. Since pTcx4 was very similar in its 

expression to C7F, also hybridizing to a 1.7 kb mANA throughout 

oogenesis, the more sensitive reverse experiment was also 

performed. Single strand cRNA probes were transcribed from 

pB+CC2.0 and pB+CC1.6 and these probes were hybridized to the 

p T cx4 gene. This experiment was much more sensitive than the 

initial experiment due to the much higher specific activity of cRNA 

probes, the increased stability of RNA/DNA hybrids as compared to 

DNA/DNA hybrids and because there is no possibility of self

annealing with a single strand probe. Yet, no cross homology was 

detected (data not shown). 

Future C7F Experiments 

The experiments described thus far, indicate that C7F is a 

germ-line expressed gene whose main function is during oogenesis 

and/or early embryogenesis. Further characterization of this gene 

could take two paths. Sequencing the C7F gene might provide clues 

concerning its possible function, but it is rare that sequence 

analysis yields such useful information. A second, potentially 

more beneficial approach, would be to isolate the Drosophila 

homolog of the C7F gene with which to perform genetic analysis. 

Therefore, the next Chapter will describe the search for the 

Drosophila C7F homolog. 
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CHAPTER FOUR 

Search for Drosophila Homologs for a Subset of the 

Calliphora Oogenesis-Specific and Oogenesis

Differential Clones 

Results and Discussion 

Drosophila Homologs of the Calliphora Oogenesis 

Differential Clones 

The ultimate aim of this project was to relate genes in 

Calliphora which have a role in oogenesis and early embryogenesis 

to their Drosophila counterparts so that a genetic analysis could be 

performed in Drosophila. Given the similarity of oogenesis and 

early embryogenesis, it is probable that genes critical to early 

development in Calliphora will be conserved in their functional 

coding regions in Drosophila. The best approach would be to screen 

a Drosophila ovarian eDNA library. This would allow us to screen 

fewer clones, and would ensure that all of the clones isolated 

would be expressed in Drosophila ovaries. At the commencement 

of this work however, no ovarian eDNA libraries were available to 

our laboratory. Therefore, the Maniatis Drosophila, random shear, 

genomic, library was screened with the oogenesis-transcribed 

genomic fragments from each of the oogenesis-differential clones 

isolated as described in Chapter Three. The probes from each of 

the 16 parent phage used in this screen are listed in Table 3. In 

some cases, where a clone had more than one oogenesis-transcribed 
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fragment, the fragments were pooled before radio-labelling in case 

a given fragment corresponded to a region which was not likely to 

show conservation in another species such as an untranslated 

region. These fragments were radio-labelled and used in the 

screening protocol. 

The screening protocol was as follows: 50,000 phage were 

screened in duplicate for each clone at conditions optimized for 30 

o/o mismatch of the nucleotide sequences. The four consistently 

strongest positive signals from each primary plate were pooled and 

plated at a density of 1 ,500-3,000 pfu per 150 mm plate and 

secondary screens were performed. Positive signals were 

screened a third time as ordered arrays of large plaques (dots) and 

the quaternary screen performed with plaque purified phage from 

each dot. 

Three of the fifteen Calliphora oogenesis-differential clones 

have been shown to be expressed in the germ-line by in situ 

analysis (AA2, G3, T5),(57). Of the rest, another nine are also 

expressed in the germ-line since transcripts from these genes are 

also present in the mature follicle (02, H3, R4, 51 ,T2, G1, Q2, 3C2, 

031) (see Table 3). Eight of these fifteen oogenesis-differential 

Calliphora clones produced positive signals when used to screen a 

genomic, Drosophila library (C3, A 1, Q2, 022, RR3, 51, T5 and AA2), 
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Table 3. The Calliphora oogenesis-differential clones 

that were used for Drosophila genomic library screening to isolate 

Drosophila homologs are listed. The restriction enzyme digests to 

generate the probe fragments and the sizes of these fragments are 

shown. Also indicated are the expression patterns of these 

fragments. The intensity of hybridization to eDNA probes from 

previtellogenic (PV), maximal nurse cell (NC), mature follicle 

(M 0), and mid stage embryos (E E) is indicated by + or - signs. 

Probes which were not tested against a given fragment are 

indicated U. 
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Call. Frag. Calliphora 
Clones Digests Sizes eDNA Hybridization 

kb PV NC MO EE 

C7F E/H 2.0 +++ ++++ +++ 
A1 E/H 1.9 ++ u 
AA2 E/H 1.7 + ++ 
T5 H/S 2.8 + ++ + 
G3 E/S 2.0 +++ +++ + + 
RR3 p 1.0 ++ + + 
T7 E/H 3.7 + ++ + 
D2 E/H 2.6 + ++ + + 
H3 E/S 2.6 ++ ++ +++ 
R4 DIS 1.5 + 
Gl9 E/S 5.1 +++ ++ + + 
S19 E/S 1. 4 + 
Q2 E/K/S 1.1 ++ + +++ 

0.8 ++ ++ ++++ 
C3 E/H/S 3.0 ++ +++ 

2.4 + 
1.9 ++ +++ + 

S1 E/S 5.0 ++ ++ 
D22 E/H/S 3.8 +++ +++ +++ ++ 

3.5 +++ +++ +++ +++ 
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(see Table 4). The oogenesis-specific clone, C7F, was also used in 

this screen to try and isolate a Drosophila homolog, however, no 

positive signals for C7F were obtained from this particular library. 

Phage DNA was prepared for each positive signal in the 

quaternary screen. Two approaches for further characterization 

were possible at this point. The obvious method of confirming the 

isolation of a phage homologous to a given probe would be to 

prepare purified restriction enzyme digested phage DNA, Southern 

transfer the DNA to filters and hybridize the Southern blots with 

the parent probe. This technique is tedious however, when a large 

number of both phage and probes are to be used. A more 

economical approach would be to hybridize the Southern blots with 

Calliphora eDNA probes to see if the phage give the appropriate 

expression pattern, being more strongly expressed during oogenesis 

than during embryogenesis. 

We began with the first approach to determine if our 

Drosophila phage were true homologs and contained specific 

fragments homologous to the parent phage fragments used for the 

screening procedure. Two of the five Drosophila homologs that 

were tested by this approach gave positive results when probed 

with parent phage DNA Eco RI/Sal I digested DA 1 and DRR3.1 

contained fragments (11 and 2.4 kb respectively) which hybridized 

to the Calliphora probes used in the isolation of these two phage 

(see Table 3). We concluded that DA 1 and DRR3.1 were the true 
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Table 4. The Calliphora parent oogenesis-differential 

clones and their Drosophila homologs are listed. The sizes of the 

Eco Rl restriction fragments which showed oogenesis-differential 

hybridization to Calliphora eDNA probes are shown. The 

hybridization of these fragments to eDNA probes prepared from 

Calliphora NC = maximal nurse cell stage ovarian follicles and EE = 

ten hour embryos is indicated by + signs. Drosophila homolog DS1 

was probed as a large plaque, therefore it is not known (?) which 

fragment contains the oogenesis-differential hybridization. 

Drosophila homologs which show identical restriction digest and 

hybridization patterns are indicated by superscripts (* ,#, 0 ). Since 

they are identical, the pattern of only one is indicated. 
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Calliphora Drosophila Eco R1 Calliphora 
Parent Homolog Band eDNA Hyb. 

Kb NC EE 

A1 DA1.1* 14.0 ++++ ++ 
DA 1.2* 

Q2 DQ2* 

AA2 DAA2.1# 8.8 ++ ++ 
DAA2.2# 

RR3 DRR3.1 5.2 ++ + 
3.6 +++ + 

-2.4 +++ + 

DRR3.2 8.6 ++++ ++ 

3.8 ++++ ++ 

C3 DC3.1 7.0 +++ + 

5.0 +++ + 

DC3.2 9.3 +++ +++ 

3.5 +++ +++ 

S1 DS1 ? +++ ++ 

022 022.1 6.0 + + 

5.0 + + 
T5 DT5° -4.2 +++ + 

022 022.2° 
022.3° 
022.4° 
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Drosophila homo logs to their parent Calliphora phage A 1 and RR3. 

However, we found this procedure to be very time consuming and 

therefore began to employ the second approach. 

The purified Drosophila phage DNAs were Eco Rl digested, 

separated by agarose gel electrophoresis and Southern transferred 

to nitrocellulose filters. Duplicate Southerns were then probed 

with Calliphora cDNAs prepared from poly (A)+ RNA from either 

maximal nurse cell follicles or mid-stage embryos, to determine if 

the Drosophila homologs were expressed in an oogenesis

differential manner similar to the parent Calliphora clones. 

The Calliphora phage clone H5C was identified in the original 

Calliphora screen as being strongly expressed in both the maximal 

stage nurse cell oocytes and mid-stage embryos (55). Therefore, 

this phage was included on all Southern blots as a positive control 

for eDNA quality. In this experiment, the H5C hybridization signal 

was approximately five to ten times as strong for the embryonic 

eDNA as for the nurse cell eDNA, indicating that the embryonic 

eDNA probe was of higher quality. However if one 'corrects' the 

hybridization results to reflect equivalent hybridization, one can 

compare the parent Calliphora phage expression pattern with their 

cross hybridizing Drosophila phage to determine if their patterns 

are similar. These results are presented in Table 4. Each of the 

eight Calliphora parent phage had at least one Drosophila homolog 

which contained fragments that showed stronger hybridization to 

the Calliphora nurse cell eDNA than to the embryonic eDNA. 
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As described above, Drosophila phage DA 1 and DRR3.1 

contained fragments which were homologous to their parent phage, 

A1 and RR3. These same fragments also hybridized more strongly 

to a Calliphora oogenesis eDNA probe than to an embryonic eDNA 

probe. This confirmed our conclusion that DA 1 and DRR3.1 are real 

Drosophila homologs to the Calliphora clones A 1 and RR3. 

The next question addressed was whether the Drosophila 

phage which showed oogenesis-differential hybridization to 

Calliphora eDNA probes also showed a similar pattern of oogenesis

differential expression in Drosophila. In this experiment, we 

prepared radio- labelled eDNA probes from poly (A)+ RNAs from 

adult females and mixed stage embryos. We used adult females 

because Drosophila ovaries cannot be staged and much of the RNA in 

the adult female fly is ovarian in origin. DNA from the Drosophila 

phage were Eco Rl digested, Southerns were prepared and hybridized 

with Drosophila eDNA probes from adult females and mixed stage 

embryos. Cloned DNAs which would provide controls for eDNA 

quality were included on these blots.A vitelline membrane protein 

gene used as a was a control for positive oogenesis hybridization 

and negative embryonic hybridization. As previously described the 

vitelline membrane proteins are expressed only during the middle 

stages of oogenesis. The oogenesis-specific heat shock gene -hsp 

83- was also included as a control for oogenesis-specific 

hybridization (73). The transcript from hsp 83 is maintained in 

Drosophila until four hours of embryogenesis or until cellular 
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blastoderm. An actin gene present in the clone EF3, was used a 

control for both oogenesis and embryonic hybridization since this 

actin gene is ubiquitously expressed (76, 77). These control phage 

gave the expected hybridization patterns, however, the 

hybridization of the Drosophila homologs to both probes was very 

poor and no fragments hybridized more strongly to the adult female 

than to the mixed embryo probe. 

Two of the Drosophila phage showed both specific 

hybridization to their parent phage and oogenesis-differential 

hybridization to Calliphora nurse cell eDNA (DA 1 and DRR3.1 ). Thus 

we conclude that these clones are the real Drosophila homologs to 

A 1 and RR3. Eight Drosophila clones showed more hybridization to 

Calliphora mid-oogenesis eDNA probes than to a ten hour embryo 

probe, thus showing an expression pattern similar to their parent 

Calliphora phage. Yet, none of the Drosophila phage demonstrated 

stronger hybridization to adult female than to mixed embryo 

Drosophila eDNA probes, even though control phage hybridization 

indicated that the cDNAs were of good quality. This may indicate 

that our basic assumption that conserved genes important during 

oogenesis and early embryogenesis in Calliphora are expressed in a 

similar pattern in Drosophila, is in error. This will be discussed 

in more detail in Chapter Six. 

An unexpected finding that emerged during this screening, 

was that some of the Drosophila phage isolated with fragments 

from different Calliphora parent clones appear to be identical. It 
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is possible that this indicates that the parent Calliphora phage 

contained related genes. A more trivial explanation is that the 

isolation of identical phage with different parent probes is merely 

the result of contamination during the screening procedure. This is 

quite possible when simultaneously screening large numbers of 

phage with many different probes. At least one example of 

contamination was seen with the Drosophila clones, DA 1 and DQ2. 

DA 1 gave a positive result when probed with its Calliphora parent 

fragment and DQ2 did not hybridize to its parent. Yet these clones 

appear to be identical in both their restriction patterns and their 

hybridization to Calliphora eDNA probes. 

Drosophila Ovarian eDNA Clones Homologous to C7F 

When we screened a genomic Drosophila library with a probe 

from the C7F gene, we did not obtain a homologous Drosophila clone. 

We felt that since C7F was an interesting gene whose main function 

was during oogenesis, we would try a second approach. We 

screened a library, which had recently become available, which 

would be enriched in C7F homologous sequences relative to genomic 

DNA, that is a Drosophila ovarian eDNA library. The Drosophila 

ovarian eDNA library was kindly provided to us by M. Champe of the 

University of Washington. The library was made by oligo (dT) 

priming of reverse transcriptase using ovarian poly (A)+ RNA. After 

second strand synthesis, Eco Rl linkers were added for insertion 

into the A.gt1 0 vector. Duplicate filters were screened with radio-
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labelled cRNA transcribed from the pB+CC2.0 subclone shown in 

Figure 6. This fragment also contains repetitious DNA. 

Phage were screened at 1 00,000 pfu per large plate. The four 

reproducibly strongest positive signals in each plate were pooled 

and screened as secondaries at 1,500-3,000 pfu per plate. 

Individual positive plaques were then selected and subjected to 

tertiary screening as ordered arrays of large plaques. A final 

screening of plaque purified positives was performed. 

Twelve eDNA clones were isolated by this method. These 

were named DC7-1-12. Table 5 lists these cDNAs, their insert 

size, what is known concerning their restriction maps and their 

cross-homology to each other. The cross-hybridization patterns 

indicated that several of the cDNAs appeared to be related. DC7-6, 

5 and 9 were hybridized to each of the DC7 phage, DC7-1 0 was 

hybridized to DC7-1, 2, 4, 5, 6, 9, and 11. DC7-6 insert when 

radio-labelled and hybridized to all the other cDNAs, hybridized 

strongly to DC7-2, 3, 4, 7 and 8, indicating that these phage are 

related. Thus, all of these cDNAs had inserts ranging from 0.3 to 

0.4 kb and showed a high degree of cross-homology. 

Although DC7-5 and 10 had the same size insert (1.5 kb), they 

exhibited no significant cross-homology. DC7-9 showed only faint 

homology to the other cDNAs, but this hybridization may have been 

due to the AfT rich region present at the end of each clone since the 

eDNA clones were made by oligo(dT) priming. Clones DC7-1, 11, and 

12 all had extremely small size inserts (0.1-0.3 kb) and grew very 
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Table 5. Drosophila eDNA homologs for C7F. The 

Drosophila C7F homologs, their insert sizes in Kb and internal 

restriction enzyme sites [(/) = no internal restriction enzyme sites 

found] are shown. eDNA clones which are cross-homologous are 

indicated by the superscript (0 ). Hybridization patterns to 

Drosophila eDNA probes is listed. Adult Q = eDNA probe prepared 

from poly(A)+ RNA from adult females and Mix Emb = eDNA probe 

from mixed embryos. Hybridization is indicated by + signs. No 

hybridization is indicated by (0) and eDNA clones that were not 

tested are indicated by (N). Inconsistent hybridization patterns is 

indicated by (I). 



Drosophila 

Clone 

CD7-2° 

DC7-3° 

DC7-4° 

DC7-6° 

DC7-7° 

DC7-8° 

DC7-9 

DC7-5 

DC7-10 

DC7-1 

DC7-11 

DC7-12 

Insert Internal 

Size Sites 

0.3 I 

0.3 I 

0.4 I 

0.3 I 

0.3 I 

0.4 I 

0.7 Hind Ill 

1.5 I 

1.5 Eco R1 

0.2 I 

0.2 I 

0.2 I 

90 

Drosophila 

eDNA Hybridization 

Adult Q Mix Emb 

0 0 

N N 

0 0 

0 0 

N N 

N N 

+ 0 

++ + 

++++ +++ 

I I 

0 + 

N N 
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poorly. Therefore, these three clones were not pursued. 

We reasoned that if these Drosophila eDNA clones were true 

homologs of the Calliphora C7F gene, then they should show a 

similar pattern of expression in Drosophila. That is they should be 

expressed during oogenesis but not during embryogenesis as was 

C7F in Calliphora. On this assumption, we prepared eDNA probes 

from poly(A)+ RNA from adult females and mixed embryos for use in 

hybridization to these clones. Again, we used adult females 

because Drosophila ovaries are cannot be staged and much of the 

RNA in the adult female fly is ovarian in origin. 

Southern blots of the Drosophila eDNA clones were hybridized 

to eDNA probes made from Drosophila adult females and mixed 

Drosophila embryos. The vitelline membrane protein gene (TU-3) 

and heat shock gene hsp 83 (p301.1 ), described above, were 

included on the blots as controls for eDNA quality. As anticipated, 

only the adult female eDNA probe hybridized to the vitelline 

membrane gene. The adult female and mixed embryo cDNAs 

hybridized equally strongly to the heat shock hsp83 gene indicating 

that the mixed embryo population contained many very young 

embryos (s; four hours) since, as previously described, hsp 83 is 

maintained in the embryo until four hours after fertilization. 

At low stringency (2X SSC, 1 o/o SDS, 65° C) all the Drosophila 

eDNA clones hybridized strongly to both probes. This may be due to 

the presence of A/T rich sequences in the clones. At high 

stringency (0.1 X SSC, 0.2°/o SDS, 65° C), DC7 -1 gave ambiguous 
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results, which was another reason why this phage was not pursued 

(see Table 5). DC7-2, 4, and 6 showed little or no hybridization to 

the probes. DC7-3, 7, and 8 were not tested because they are 

homologous to DC7 -2, 4, and 6 and could be expected to give the 

same results. DC7-5 and 10 showed stronger hybridization to the 

adult female eDNA than to the embryonic eDNA. Only the 0.7 kb 

insert of DC7-9 consistently hybridized only to adult female eDNA 

and not to mixed embryo eDNA. Therefore, this clone was chosen 

for further analysis. 

DC7-9 Expression in Drosophila 

As previously described, the eDNA clone DC7-9 consistently 

hybridized to an adult female eDNA probe but not to a mixed embryo 

eDNA probe. It seemed likely therefore, that this clone 

corresponded to the Drosophila homolog of C7F. The eDNA insert 

of this clone was therefore subcloned into Bluescribe™ and cRNAs 

were used to probe Northerns made from total RNA from Drosophila 

females and mixed stage embryos. Since we did not know which 

strand of the eDNA insert was the coding strand, we hybridized a 

cRNA probe from each strand to the Northern blots. 

Interestingly, at least three transcripts were detected as 

shown in Figure 11 c and d, all of which were at least strong 

oocyte-differentials if not oogenesis-specific when corrected for 

amount of RNA loading per lane. Two of these transcripts 

(approximately 4 kb and a major approximately 0.5 kb transcript) 



93 

were complementary to one strand of the cRNA probe and the third 

(approximately 7 kb) was complementary to the other strand. 

The 7 kb transcript hybridized equally to the adult female and 

mixed embryo RNA. The 4 kb transcript was detected only in the 

female RNA and the 0.5 kb RNA was significantly stronger in the 

female than the embryonic RNA on these blots. These blots had 

however, much more embryonic RNA than adult female RNA loaded 

per lane as determined by hybridization to a ribosomal probe 

(Figure 11 b). When the signals were corrected to reflect 

equivalent RNA loading per lane we concluded that the 

transcripts homologous to DC7-9 were at least strongly oocyte

differentials if not oogenesis-specific. The two RNAs which were 

transcribed in the same direction may represent bonafide 

overlapping transcription units or alternative splicing of a given 

transcript. The third RNA which was detected by the opposite 

strand may also indicate overlapping transcription units. 

Alternatively, any of the RNAs may represent transcripts with 

some homology to a repetitious sequence in the DC7 -9 eDNA. 

DC7 _9/C7F Cross Homology 

A more detailed cross homology study was performed between 

DC7-9, and C7F. The C7F subclone pB+CC2.0 was digested with a 

number of different restriction enzymes, separated by agarose gel 

electrophoresis, Southern transferred and probed with cRNA 

transcribed from a BluescribeTM subclone containing the insert of 
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Figure 11. A Drosophila Northern blot probed with C7F, 

both strands of DC7-9, DC7-1 0 and a ribosomal probe. Total RNA 

from Drosophila adult females (F) and mixed embryos (E) was 

Northern blotted. In panel (a) a cRNA probe transcribed from 

pB+CC2.0 was hybridized to the blot. A major 2.0 and faint 0.5 kb 

transcript were detected. In longer exposures a -7 kb transcript is 

also seen. In panel (b) the same blot was stripped and probed with 

a radio-labelled fragment from a Calliphora ribosomal RNA gene 

(pKB42) to quantitate the amount of RNA loading per lane. In panel 

(c) a eRN A probe transcribed from a pB+ DC7 -9 subclone is 

hybridized to the same blot. Two transcripts of -4 kb and -0.5 kb 

are detected. In panel (d) a cRNA probe transcribed from the other 

strand of pB+DC7-9 is hybridized to the same blot and detects an 

-7 Kb transcript. In panel (e) radio-labelled DNA from the insert 

of the eDNA clone DC7-1 0 was hybridized to the blot and gives the 

same pattern seen with a C7F probe. 



2.0 

- .5 

b c 

95 

- 7 

d 



DC7-9. 

96 

No particular fragment of the pB+ CC2.0 exhibited 

significant hybridization to DC-9. We concluded that the cross 

homology between DC7-9 and pB+CC2.0 was slight and spread out 

over the pB+CC2.0 subclone. From both the C7F/DC7-9 cross 

homology data and the differing expression patterns of DC7 -9 and 

the Drosophila C7F homolog (see below), it appeared that the DC7-9 

eDNA did not represent the major 2.0 kb Drosophila C7F homolog. 

It may however, represent the minor 0.5 kb Drosophila transcript 

homologous to the 3' end of the C7F gene (see below). DC7-9 is 

still a potentially interesting oogenesis-specific gene however, and 

further characterization of this gene may prove fruitful. 

Use of C7F Subclones to Probe for Expression of the 

Homologous Gene in Drosophila 

It was hoped that C7F would hybridize to transcripts of the 

homologous C7F in Northern blots of Drosophila RNA. The 

transcript size(s) and expression pattern could then be compared to 

the transcripts homologous to each of the Drosophila eDNA clones 

to determine which, if any, of these clones corresponded to a eDNA 

clone of the Drosophila C7F homolog. The same two RNA 

preparations used to prepare eDNA probes from adult females and 

mixed embryos were also used to prepare Northern blots for this 

experiment. These Northern blots were the same blots used in the 

DC7-9 experiment described above. Two transcripts were detected 

when cRNA corresponding to the template strand of the C7F 

subclone pB+CC2.0, was hybridized to adult female and mixed 
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embryo total RNA Northern blots at 1 Oo/o mismatch conditions. 

These results are shown in Figure 11 a. We used only the template 

strand because we knew it to be complementary to the Calliphora 

C7F transcript. The major transcript was 2.0 kb and the minor 

transcript was approximately 0.5 kb. Only the 2.0 kb transcript 

was detected when the experiment was repeated with a cRNA probe 

from pB+CC1.6. In very long exposures, an approximately 7 kb 

transcript was detected with both the pB+CC2.0 and 1.6 probes. 

This 7 kb transcript was of equal intensity in the female and 

embryo RNAs. Since the pB+CC2.0 contains the 3' end of the gene, 

the simplest explanation of these results is that the 3' end of the 

gene contains some homology to a small 0.5 kb transcript in 

Drosophila. It is clear that the major C7F homolog in Drosophila 

produces a 2.0 kb transcript under conditions optimized for 1 Oo/o 

mismatch hybrids. As previously described, DC7-9 hybridizes to 

three transcripts of 0.5, 4 and 7 kb. Therefore, DC7-9 does not 

correspond to the major C7F transcript DC7 -9 may however, 

represent the minor 0.5 and 7 kb transcripts detected with 

pB+CC2.0. 

One of our original assumptions was that genes important in 

the early development of Calliphora embryos and which are 

conserved in Drosophila would be similarly expressed in Drosophila 

and Calliphora. Thus, we expected that the Drosophila C7F homolog 

would be present in adult female RNA preparations but not in mixed 

embryo total RNA. It was surprising therefore, to discover that 
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while the transcript sizes were similar in the two species 

(approximately 1.7 versus approximately 2.0 kb), the Drosophila C7F 

homolog was not absolutely oogenesis-specific as expected. 

Instead, it was more strongly expressed in mixed embryos than 

adult females! 

A partial explanation of this result came from quantitating 

the amount of RNA loaded per lane on this Northern blot. The 

Northern blot was stripped and probed with a Calliphora ribosomal 

gene probe (pKB42),as shown in Figure 11 d. This control 

hybridization indicated that there was as much as five to ten times 

as much embryonic as adult female RNA loaded per lane. Further, 

these same RNA preparations were used in the preparation of the 

Drosophila eDNA probes. These eDNA probes were used to 

determine the expression pattern of the oogenesis-differential 

homologs described above. In that experiment, hybridization to hsp 

83, a heat shock gene expressed during oogenesis and maintained 

until cellular blastoderm, hybridized equally to eDNA probes from 

adult females and mixed embryos. From these results we 

concluded that our mixed embryo population contained significant 

numbers of precellular blastoderm embryos. Since C7F transcripts 

persist in Calliphora four hour embryos, this may partially explain 

the strong embryonic expression of the Drosophila C7F homolog. 

However, in Calliphora, C7F expression was significantly higher 

during oogenesis than early embryogenesis (see Figure 1 0). 

Finally, the percentage of ovarian RNA in an entire adult female 
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will be less than that found in a RNA isolated exclusively from 

ovaries, thus the oocyte transcript levels will be depressed in our 

total adult female RNA preparations. Even considering these 

factors, it was surprising to discover such high levels of embryonic 

expression of the C7F homolog in Drosophila. This will be 

discussed in greater detail in Chapter Six. 

DC7-10 Expression in Drosophila 

Since DC7-9 was not the major Drosophila C7F homolog, we 

hoped that one of the other eDNA clones might represent the major 

2.0 kb Drosophila C7F homologous transcript. The 2,3,4,6,7,8 group 

of cDNAs are all related and the significant number of related 

cDNAs suggested that they derive from a transcript of high 

abundance. A representative of these eDNA clones (DC7-6) was 

hybridized to the same adult female and mixed embryo total RNA 

Northern blots used previously to identify the C7F homologous 

transcripts. This allowed a direct comparison of the expression of 

different probes. Since we did not know which strand 

corresponded to the coding strand, the DC7-6 insert was radio

labelled to provide a probe for both strands. The DC7-6 probe, did 

not reveal any transcript at this level of detection. These eDNA 

clones may be homologous to the repetitious DNA elements present 

in pB+CC2.0. 

The two remaining eDNA inserts (DC7-5 and 1 0) were radio

labelled and hybridized to the same adult female/mixed embryo 

Northern blots. Since we did not know the direction of 
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transcription of the genes which gave rise to these eDNA clones, 

the inserts were oligo-labelled and thus both strands were 

represented in the probe. The DC7-5 probe detected an abundant 

transcript of 1.5 kb and a minor one of 0.5 kb. 

The DC7-1 0 probe gave a pattern identical to that seen when 

C7F was probed to Drosophila RNAs as shown in Figure 11 c. 

DC7-1 0 hybridized to a 2.0 kb transcript present in the adult 

female eDNA and strongly expressed in the mixed embryo eDNA. It 

also hybridized faintly to a minor 0.5 kb transcript present in the 

adult female RNA. While DC7-9 and DC7-5, and DC7-1 0 hybridized 

to minor transcripts of 0.5 kb, there did not appear to be any 

significant cross-homology between these three eDNA clones (see 

Table 5). 

These results indicate that DC7-1 0 is a eDNA representing 

the major Drosophila C7F homolog. There is however, evidence 

which appears to contradict this conclusion. The pB+ C C 1 . 6 

subclone, which contains an oogenesis transcribed fragment from 

C7F, does not hybridize to DC7...., 1 0, nor to any of the other 

Drosophila eDNA clones isolated with pB+CC2.0. Yet the pB+CC1.6 

subclone does detect the 2.0 kb Drosophila homolog and, on longer 

exposures, a 7 kb transcript is also detected. The DC7 eDNA clones 

may have been isolated by their homology to the pB+CC2.0 3' 

sequences which hybridize to a 0.5 kb transcript not detected by 

pB+CC1.6. It is noted that neither the DC7-1 0 Northern result, nor 
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the pB+CC1.6 cross-homology to the DC7 eDNA clones, have been 

confirmed by repetition. 

Future Experiments 

Since it is possible that the Drosophila and Calliphora C7F 

genes are only homologous at their 3' ends or within the coding 

sequence, a detailed localization of the fragments containing 

homology between DC7 -1 0 and C7F may confirm that DC7 -1 0 does 

represent a eDNA clone of the major Drosophila C7F homolog. 

Southern blots with restriction digests of the pB+ CC2.0 and 1.6 

subclones which cleave the inserts into several fragments should 

be hybridized with a probe from the DC7-1 0 subclone. A cRNA 

probe would be a more sensitive probe because with a single strand 

probe there is no possibility of self annealing. Also DNA/RNA 

hybrids are more stable than DNA/DNA hybrids. DC7-1 0 should be 

included on the blot as a positive control for quality of 

hybridization Homology between DC7-1 0 and C7F in an internal 

fragment of pB+CC2.0 would confirm that DC7-1 0 is a eDNA clone 

of the Drosophila C7F homolog. 

A Drosophila Northern blot which has RNA preparations from 

each stage of the life cycle hybridized with both DC7-1 0 and C7F 

probes would allow comparison of the pattern of expression of 

these two clones. Identical patterns of expression will provide 

additional evidence that DC7-1 0 is the Drosophila C7F homolog. If 

DC7-1 0 is confirmed as being the major Drosophila C7F homolog 

then identification of its chromosomal location on the polytene 
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chromosomes of the Drosophila salivary gland may provide useful 

clues to its genetic identity. 

In situ hybridizations to polytene chromosomes with the 

DC7-9 clone may indicate its genetic identity and aid us in 

determining whether this gene is of interest from a developmental 

viewpoint. 
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ME31B: A Drosophila Gene Isolated with Calliphora 

Probes 

As described in the introduction, ME31 8 was isolated by 

screening Drosophila libraries with the radioactive eDNA probes 

from Calliphora previtellogenic and maximal nurse cell follicles 

(57). A radioactive eDNA probe from Calliphora mid-stage embryos 

was used as a differential screening agent. ME31 8 was actually 

isolated from a subpopulation of the Maniatis Drosophila genomic 

library. This subcollection of clones was identified by Linda 

Ambrosia and Paul Schledl as being expressed in Drosophila ovaries 

but not in blastoderm embryos. ME31 8 was identified as being the 

only clone in the collection which hybridized to Calliphora eDNA 

probes . prepared from previtellogenic and maximal nurse cell stage 

follicles but not to eDNA probes from 10 hour embryos. 

Search for ME31 B Transcripts at other Stages of 

Development 

The expression pattern of M E31 8 during oogenesis was known 

from both the initial library screening and in situ hybridizations to 

whole Drosophila ovaries (57). These experiments showed that 

ME31 8 was expressed in the previtellogenic follicle. Maximum 
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expression was seen during the middle stages of oogenesis and 

transcripts were detected in the mature follicle (see Figure 14 a 

below). Since ME31 8 did not hybridize to Calliphora eDNA probes 

from mid-stage embryos, ME31 8 was classified as an oogenesis

specific gene. However, no other stages in the life cycle of 

Drosophila had been analyzed for ME31 8 expression. Therefore, 

total Drosophila RNA from the various stages in the life cycle of 

the fly were separated by electrophoresis through a formaldehyde 

gel and transferred to Gene Screen™ membrane. This is known as a 

"developmental Northern". The Northern blot was stained with 

methylene blue to quantitate the amount of RNA loading per lane. 

The filters were then hybridized with radio-labelled cRNA 

corresponding to a subclone from the ME31 8 eDNA clone (see Figure 

12 for the probe used). These results (shown in Figure 13) 

indicated that a single 1. 7 kb transcript was present in adult 

female flies. This transcript was present in newly laid eggs but 

was no longer detectable beyond cellular blastoderm (4 hours). The 

transcript was not detectable at any other stage of embryogenesis 

or in adult males, at least at this level of detection. A very faint 

level of expression may have been detectable in second instar 

larvae and late pupae however. 

This experiment shows that the expression of ME31 8 is 

mainly maternal. ME31 8 accumulates during oogenesis and is 
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Figure 12. Restriction enzyme site map of ME31 B (57). 

The whole phage is shown at the top of the diagram. The ME31 B 

insert is shown enlarged in the middle of the diagram and the 1.5 kb 

eDNA clone from ME31 B is shown at the bottom of the diagram. 

Fragments containing oogenesis-specific hybridization are 

indicated by - The 'probe' used for in situ hybridization to 

Drosophila embryos and Drosophila Northerns is indicated by a solid 

black line. The arrow head on the 'probe' fragment indicates the 

direction of transcription of the ME31 B gene. Regions of ME31 B 

which cross-hybridize are indicated by the patterned boxes. 
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Figure 13. Developmental Northern of ME31 B. Total 

R A from the various stages in the life cycle of Drosophila are 

Northern blotted and hybridized with a cRNA probe transcribed from 

a pB+M 31 B 0.8 subclone (see Figure 12). 0 - adult female RNA, 

d adult male, 0/2, 2/4, 4/6, 6/12, 12/18, 18/24 refer to 

that many hours of development of the embryo after fertilization, 

- early pupae, P late pupae. Panel {a) is the autoradiograph and 

panel (b) is the methylene blue stain of the same blot. 

Hybridization is to a 1 . 7 kb transcript. 
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maintained until four hours after fertilization. It should be noted 

that this analysis was performed with total RNA and not poly (A)+ 

RNA, thus decreasing the sensitivity of the experiment. 

The ME31 B Embryonic Hybridization Pattern 

Some oogenesis-specifically transcribed genes which are 

important in pattern formation are localized to the particular 

region of the embryo where their products will later be required. 

An example of this is the bicoid transcript which is localized at the 

anterior tip of the oocyte for use in the specification of anterior 

structures. Having determined that ME31 8 was indeed oogenesis-

specific in its expression pattern, we sought to determine if the 

ME31 8 transcripts were localized to any particular region of the 

early embryo. 

Hybridization to whole Drosophila embryos was performed 

with 35S-Iabelled eRN A made with the pB+ME31 8 0.8 kb Bam HI/Eco 

Rl eDNA subclone (see Figure 12). After hybridization, washing and 

autoradiography, the nuclei in the whole embryos were stained with 

the fluorescent DNA stain, Hoechst 33258. The hybridization, 

washing, autoradiography, and staining were performed by Joe 

Duffy (formerly at M. D. Anderson C. C.). Staining the nuclei of the 

embryos enabled us to determine the age of the embryos since the 

number and position of the nuclei follow a precise developmental 

course, as described in Chapter One. This enabled us to compare 

the age of the embryos with their hybridization pattern. 
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The data in Figure 14 b-e indicated that the ME31 8 mANA was 

distributed evenly throughout the embryo. Additionally, 

hybridization was most intense in the youngest embryos with few 

nuclei. The signal disappeared rapidly until there was little or no 

hybridization left in cellular blastoderm embryos (four hours). No 

signal was detected in later embryos. This confirmed the timing 

of expression of the transcript as determined by developmental 

Northern analysis. We were not disappointed by the lack of 

localization of the ME31 8 transcript in the embryo because there 

are interesting genes whose transcripts are evenly distributed and 

yet have localized activity of their protein products. An example 

of such a gene is the maternal effect gene vasa. vasa transcripts 

are evenly distributed throughout the embryo, yet the vasa protein 

product is found in the posterior pole plasm (78, 79). 

Summary of the Expression Pattern of ME31 B 

It was determined in previous work that the transcript 

appeared quite early in oogenesis in the nurse cell cytoplasm of 

previtellogenic follicles. Hybridization was most intense in the 

nurse cell cytoplasm of mid-vitellogenic follicles (stages 8-11 ). 

The transcript was translocated into the oocyte, maintained in the 

mature egg, and rapidly disappeared after fertilization until the 1.7 

kb mANA was no longer detectable beyond cellular blastoderm (four 

hours). Additionally, the transcript showed uniform localization in 

the embryo and the oocyte. The timing of expression was 
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Figure 14. Cell and stage specific expression of 

ME31 B. (a) ME31 B transcripts in the Drosophila ovary. Bright

field view of an ovarian section after in situ hybridization to 

ME31 B mRNA. Following autoradiography, sections were stained 

with methylene blue and basic fuschin. Specific hybridization is 

limited to the germ-line cells of the ovary and is detected at all 

stages of oogenesis with a fairly uniform cytoplasmic distribution. 

Transcripts are most concentrated in the nurse cell cytoplasm 

during stages 8-10 b/11. The largest follicle here is 

approximately stage 10. OC = oocyte cytoplasm; NCC = nurse cell 

cytoplasm; NCN = nurse cell nucleus. BAR = 50 J.Lm. Taken from 

(57). (b )-(e) ME31 B transcripts in the early Drosophila embryo. 

Whole mounts of embryos after in situ hybridization, 

autoradiography and staining of nuclei with Hoechst 33258 

performed by Joe Duffy, (formerly of M. D. Anderson C. C.). All 

views are dark-field plus fluorescence optics. Silver grains are 

minute bright points; nuclei are much larger with diffuse, dull 

fluorescence. All embryos have anterior end to left, BAR=50 J.Lm. 

(b) Newly laid egg (no visible nuclei); (c) early cleavage; (d) cell 

formation; (e) germ band extension, dorso-lateral view. Specific 

hybridization disappears by the onset of gastrulation. Methods: 

35S-Iabelled cRNA was prepared (see Figure 11) from a 0.8 kb Bam 

HI-Eco Rl subclone of the ME31 B eDNA clone and was hybridized to 

whole embryos (63). 
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confirmed by developmental Northern hybridizations. This 

analysis was however, performed with total RNA and not poly (A)+ 

RNA, thus decreasing the sensitivity of the experiment. The 

transcript was not detectable beyond four hours of embryogenesis, 

although it may be present in late pupae, and was only seen in adult 

females, not adult males. 

ME31 B Sequence 

Although the ME31 8 transcript was evenly distributed 

throughout the oocyte and the embryo, we felt that ME31 was an 

interesting gene and hoped that sequence analysis might provide 

clues as to the function of the ME31 8 protein product. Therefore a 

number of cDNAs homologous to ME31 8 were isolated from an 

embryonic eDNA library (57). The longest eDNA insert was 1.5 kb 

and its further characterized is described here. 

The 1.5 kb ME31 8 eDNA insert and a number of smaller 

restriction fragments from this clone were 

81uescribeTM (+) or (-) for dideoxy sequencing. 

subcloned into 

Nearly the entire 

clone was sequenced throughout on both strands. The sequencing 

strategy is illustrated in Figure 15. The resulting sequence, shown 

in Figure 16, was 1531 bases and terminated in nine A residues 

which were preceded by two poly (A)+ addition signals 20 and 52 

bases upstream. The eDNA encoded an open reading frame (ORF) of 

459 codons which began, unusually, with two methionines at 

nucleotide 34. The ORF was preceded by a good match (A-A-T-A). 



112 

9 

1 4 

7 2 

6 

3 

8 

5 

Figure 15 Sequencing strategy of ME31 B. Shown is the 

1.5 kb eDNA clone for ME31 B. Black arrows indicate sequence 

strategy. Numbers refer to sequence specific oligo-nucleotides 

synthesized for sequencing. ' - Eco Rl, ' - Kpn I, ' = 
Bam HI 



1: GAATTCCTCAACAAACTAAACTAAAATTTCACTGTGA~TGATGACTGAAAAGTTAAA 
•••••••••••••••••••••••••••••••••••••••• MMTEKLN 

61: TTCTGGGCACACTAATTTAACAAGCAAGGGGATTATAAATGATCTTCAAATTGCTGGAAA 
S G H T N L T S K G I I N D L Q I A G N 

121: CACAAGTGACGATATGGGCTGGAAATCAAAGCTGAACTGCCGCCAAAGGACAACCCGATT 
T S D D M G W K S K L N C R Q R T T R F 

181: CAAAACAACTGATGTGACCGATACGCGAGGCAATGAATTCGAGGAGTTTTGCCTTAAAAG 
K T T D V T D T R G N E F E E F C L K R 

241: AGAACTGCTTATGGGTATATTCGAGAAGGGATGGGAGCGCCCTTCGCCAATTCAGGAAGC 
E L L M G I F E K G W E R P S P I Q E A 

301: AGCTATTCCTATAGCATTAAGTGGAAAAGATGTGCTGGCTCGGGCCAAGAACGGCACAGG 
A I P I A L S G K D V L A R A K N G T G 

361: CAAGACAGGAGCCTACTGCATCCCAGTTTTAGAACAAATCGACCCAACCAAGGACTACAT 
K T G A Y C I P V L E Q I D P T K D Y I 

421: TCAGGCACTTGTGATGGTCCCCACCCGAGAGTTGGCGCTACAAACCTCACAGATATGTAT 
Q A L V M V P T R E L A L Q T S Q I C I 

481: TGAGCTGGCGAAACATCTTGATATCCGGGTAATGGTCACAACGGGAGGTACCATTCTAAA 
E l A K H L D I R V M V T T G G T I L K 

541: GGATGACATTCTTCGTATTTATCAAAAAGTACAATTAATTATTGCCACTCCCGGACGAAT 
DDILRIYQKVQLIIATPGRI 

601: ATTAGATCTGATGGATAAGAAAGTTGCCGATATGTCGCATTGCAGAATATTAGTTTTGGA 
L D L M D K K V A D M S H C R I L V L D 

661: TGAGGCCGATAAGCTATTGTCGCTTGATTTTCAAGGCATGCTGGATCATGTTATACTAAA 
E A D K L t $ L D F Q G M L D H V I L K 

721: GTTACCAAAGGATCCACAGATCTTGCTATTTTCCGCAACATTTCCACTAACAGTCAAGAA 
L P K D P Q I L L F S A T F P L T V K N 

781: TTTCATGGAGAAGCATTTACGCGAGCCTTACGAGATCAACCTGATGGAGGAGCTAACACT 
MEK L PYEI ME L 

841: AAAGGGTGTCACTCAGTACTATGCATTCGTACAGGAGCGCCAGAAAGTACACTGCTTGAA 
K G V T Q Y Y A F V Q E R Q K V H C N 

901: TACGCTCTTTTCGAAGCTGCAGATCAATCAGTCTATCATATTCTGCAATTCCACGCAACG 
TLFSKLQINQSIIFCNSTQ 

961: TGTCGAGCTATTGGCCAAAAAGATCACAGAGCTTGGATATTGCTGTTACTATATACACGC 
V E L L A K K I T E L G Y C C Y I H A 

1021: TAAGATGGCCCAGGCACACAGAAATCGAGTATTCCACGATTTCCGCCAAGGACTCTGTCG 
K M A Q A H R N R V F H D F R Q G L C R 

1081: CAATCTGGTGTGCTCCGACCTGTTCACCCGTGGTATCGACGTGCAGGCCGTGAATGTAGT 
N L V C S D L F T R G I D V Q A V V V 

1141: AATCAATTTCGATTTCCCACGAATGGCAGAGACATACTTGCATCGAATTGGTCGCTCAGG 
I N F D F P R M A E T Y L H R I G R S G 

1201: ACGTTTCGGTCATTTGGGTATTGCTATTAATCTGATAACCTACGAGGATCGGTTTGATCT 
R F G H L G I A I N L I T Y E D R F D L 

1261: GCATCGGATTGAAAAAGAACTTGGAACCGAAATAAAGCCTATTCCGAAGGTCATAGACCC 
H R I E K E L G T E I K P I P K V I D P 

1321: CGCCCTTTATGTCGCAAACGTTGGCGCATCCGTTGGCGATACTTGCAACAATAGTGATCT 
A L Y V A N V G A S V G D T C N S D 

1381: GAATAATTCTGCGAACGAGGAGGGCAACGTTAGCAAATAAAACGGATATGCCCTGTGTAA 
N N S A N E E G N V S K 

1441: CGCTAGTATCTGAAATAGAGTCTAAATCGTGGAATQ~~~AACAGATGAACTATTTCA 

1501: GAAATCAAAATTGTATT~AATAAA~GGAAAGCAATTCAATTTTTAAAAAAAAAGGAATTC 

11 3 

Figure 16. The sequence of the 1.5 kb ME31 8 eDNA clone. 

Single letter code for amino acids are indicated under the 

nucleotide sequence. Indicated by boxes are the poly(A) addition to 

the Drosophila translation initiation consensus sequence (C/A-A-

A-A/C), (73). 
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It seemed likely that the eDNA contained all of recognition signals 

and the Cavener consensus for ribosome binding. The linker Eco Rl 

sites are underlined. 

the 3' untranslated sequences since the eDNA extended to a stretch 

of A residues which probably corresponds to the poly(A) tail. Most 

of the 5' untranslated sequences appear to be contained in this 

eDNA because the eDNA was 1.5 kb which, when added to a 200 base 

pair oligo (A) sequence, gives the correct mANA size of 1.7 kb. 

ME31 B is a Member of a Family of ATP Dependent 

Helicases 

Computer analysis of sequence data was performed using the 

Eugene/SAM algorithms written by the Baylor College of Medicine, 

Department of Cell Biology, Molecular Biology Information Resource 

center (MBIR). Searching Genbank for homologies revealed that the 

ME31 B protein had significant homology to the mouse translation 

initiation factor eiF-4A (37°/o), (80). Murine eiF-4A is an ATP 

dependent helicase which has double-stranded RNA unwinding 

activity (81-83). eiF-4A is postulated to be the second factor 

involved in initiating protein synthesis (after the cap binding 

protein or eiF-4E). In the presence of ATP it binds to the mANA as 

part of a larger complex (eiF-4F). ATPase activity is required to 

allow unwinding of the mANA. Hypothetically, this function is 

essential for 'melting' the secondary structure of the mANA prior to 

the binding of the ribosome to the mANA and subsequent 

translation. 
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eiF-4A is part of a family of NTP dependent helicases dubbed 

the "DEAD Box" family because of a conspicuous D-E-A-D sequence 

which have a 420 amino acid region of homology. This family to 

date includes: 

1) eiF-4AI and eiF-4AII - two mouse initiation factors which 

differ in only 2°/o of their amino acids (84), 

2) the analogous initiation factor in yeast encoded by two 

identical genes - Tif1 /Tif2 (85), 

3) PL 1 0 - a protein expressed during spermatogenesis in 

mouse (86), 

4) p68 - a major human nuclear antigen isolated from dividing 

cells (87), 

5) vasa - a Drosophila maternal effect gene involved in 

anterior/posterior pattern determination (78, 79), 

6) MSS116 - a yeast protein involved in mitochondrial gene 

expression (88), 

7) SrmB - an E. coli gene which is able to suppress the 

temperature-sensitive mutation in the ribosomal protein L24 when 

present in high dosage (89). 

Two murine translational initiation factors have been 

isolated and sequenced -eiF-4AI and II (84). These two proteins 

are 98o/o homologous but while eiF-4AI is ubiquitous, e1F-4AII is 

differentially expressed in adult tissues. Thus, it is clear that 

tissue-specific eiF-4A proteins exist and presumably function in 

regulation of translation of tissue-specific proteins. 
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The duplicated genes, Tif1 and Tif2, were isolated from 

Saccharomyces cerevisiae by a 'nuclear accommodation of 

mitochondria' approach. This technique is based on the restoration 

of respiratory functions by suppression of mitochondrial mutations 

by mutations in nuclear genes. Although there is no functional 

proof, it is hypothesized that Tif1 /2 are the yeast versions of elF-

4A. The high homology to eiF-4A (65°/o identical amino acids, 85°/o 

identical plus similar amino acids) and the absolute requirement 

for viability of at least one of these genes supports this 

hypothesis. 

Murine PL 10 was isolated by screenmg an adult mouse testis 

eDNA library with a sequence from a human Y chromosome library 

that was identified as detecting testis-specific transcripts. PL 10 

is male germ cell specific and is developmentally regulated during 

spermatogenesis. It is hypothesized that PL 10 may play a role in 

translation regulation of proteins involved in spermatogenesis (86). 

Precedent for differential regulation of translation by different 

translation initiation factors is provided by eiF-4AII. 

p68 was first identified by its immunological cross 

reactivity with the SV40 tumorigenic large T antigen (87). 

Although the epitope recognized by this monoclonal antibody is 3' to 

the region of homology indicated in Figure 17, the cross reactivity 

to T antigen is interesting because it has been shown that T antigen 

is an ATP dependent DNA helicase (90). p68 is found in the nuclei 

of all dividing mammalian and amphibian cells tested so far and is 
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absent from quiescent cells. It has been shown that p68 has RNA 

dependent ATPase and helicase activities and functions as an RNA 

helicase in vitro (91 ). It has been hypothesized that p68 functions 

in RNA processing in vivo and is required for cell growth (91 ). 

vasa was independently isolated by two laboratories. The 

Jan group screened an ovarian eDNA library with a monoclonal 

antibody which had been shown to react to the polar granules. 

Polar granules are densely staining cytoplasmic organelles without 

limiting membranes, which are associated with the pole cells (78). 

Simultaneously, Lasko and Ashburner isolated vasa in a 

chromosomal walk from a nearby deficiency breakpoint (79). vasa 

1s a maternally expressed gene which is involved in 

anterior/posterior pattern determination. It is a member of the 

posterior class of genes. Mothers homozygous for vasa develop 

embryos which lack posterior abdominal structures as well as pole 

cells. .Unlike the bicoid transcript, vasa mANA is not localized to a 

particular region of the embryo. Therefore, the localization of the 

vasa protein to the polar granules must occur at the translation or 

the protein level. The extensive protein sequences of vasa which 

are outside the 420 amino acid eiF-4A homology, may be involved in 

the sequestering of the vasa protein to the posterior pole of the 

embryo. The vasa protein is hypothesized to function similarly to 

eiF-4A, but may be active only on mRNAs involved in specification 

of posterior and polar information (79). It should be noted that the 
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pattern of RNA expression of ME31 B is very similar to that seen 

with the Drosophila maternal effect gene -vasa. 

MSS116 was isolated from Saccharomyces cerevisiae by a 

genetic screen aimed 

mitochondrial splicing (88). 

in identifying genes important in 

Mutations in MSS 116 directly impede 

the splicing of several introns of cytochrome b and cytochrome c 

oxidase. This phenotype coupled with its sequence homology to the 

proteins in the "DEAD Box" family of NTP dependent helicases lead 

the authors to propose that MSS116 has an RNA helicase activity 

required during RNA processing. 

srmB was isolated from E. coli cells by screening for second 

site revertants for mutations defective in ribosome assembly (89). 

srmB when present in high copy number can suppress the effect of a 

temperature sensitive, lethal mutation in the ribosomal protein, 

L24. L24 is essential to the assembly of the 50S subunits (92). It 

apparently destabilizes a favoured structure of naked 238 rRNA. 

The purified srmB protein exhibited considerable ATPase activity in 

the presence of poly (U). Like eiF-4A, the activity varied directly 

with the concentration of poly (U). DNA, especially single

stranded DNA, also activated the ATPase activity. The authors 

concluded that the srmB protein probably has RNA binding activity. 

They hypothesize that the protein may bind to the same sequences 

as L24 and when overproduced function similarly to L24 causing 

melting of the 238 rRNA secondary structure. 
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The 420 amino 

acid domain of homology between the nine proteins and their 

alignment is presented in Figure 17. Amino acids which are 

conserved by the Dayhoff rules (93) in all nine proteins are boxed. 

Perfectly conserved amino acids are indicated under the alignment. 

The spacing of the conserved motifs is similar in all these 

proteins, suggesting similar functions. The proteins have been 

grouped into two size classes. A shorter class which includes 

ME31 8 and a longer class with significant sequences outside the 

420 amino acid homologous domain. All are postulated to have 

some type of NTP dependent helicase function as does eiF-4A. 

The sequence D-X-X-X-X-A-X-X-G-T/S-G-K-T is similar 

to the nucleotide binding fold (A motif or motif I) typical of ATP 

binding proteins, such as E. coli ATPase and adenylate kinase, with 

the exception that at position six there is an alanine instead of a 

glycine (94, 95). This sequence is postulated to form a flexible 

loop structure which is part of the AMP binding site of adenylate 

kinase (96). There is a basic amino acid which begins this 

sequence in the adenylate kinase and is thought to interact with the 

a-phosphate. The proteins in this family however, begin with an 

acidic residue (D), which may indicate that a magnesium ion is 

involved in the interaction with the phosphate, as in the case of the 

8 motif (see below). 
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Figure 17. Sequence alignment of the 420 amino acid 

homology domain of the nine "DEAD Box" proteins. The proteins are 

named (see text for description) and the species from which each 

gene was isolated is indicated in brackets. Boxed are amino acids 

which are perfectly or functionally conserved in all nine proteins. 

Indicated underneath the alignment are amino acids which are 

perfectly conserved in all nine proteins. The number of residues 

extending beyond the 420 amino acid conserved domain are 

indicated. 



Tif1/Tif2 
e IF· 4A I 
e IF· 4A J I 
MEl1 B 
SrmB 
p68 
MSS116 
PL10 
vasa 

Tif1/Tif2 
e IF· 4A I 
eiF·4AII 
MEl 1 B 
SrmB 
p68 
MSS116 
PL10 
vasa 

Tif1/Tif2 
elF· 4A I 
e IF· 4A I I 
ME31B 
SrmB 
p68 
MSS116 
PL10 
vasa 

Tif1/Tif2 
elF· 4A I 
e IF· 4A II 
ME31B 
SrmB 
p68 
MSS116 
PL10 
vasa 

Tif1/Tif2 
elF· 4A I 
elF· 4A II 
ME31B 
SrmB 
p68 
MS S 1 16 
PL10 
vasa 
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(yeast) N H2 26aa 
(mouse) NH2 36aa 
(mouse) NH2 37aa 
(Drosophi Ia) NH2 62aa 
(E. co 1 i) NH2 Baa 
(vertebrates) NH2 78aa 
(yeast-mitochondria> NH2 1 1 1aa 

MEL 0 E NiliL R G~F G y G FEE piSAf~o R A 1M pI I · · E G H[ilvl~tlA~S~G T GK f]GifF!s~AIA~O R~,I 
MN L s ESILIL RG I] YAY GF EKPjsA 1 or.o RA 1 L PC 1 · · KGrl'ov 1 Ali.QA SG T GK T'AIT F\AII sii 1""1' 
MNLKESLLRGJjYAYGFEKP'SAIOIORAIIPCI- ·KGYDVJA~A SGTGKT ~FAilS I QQi.' 

FC LKRE LIL MG IIF EKG"ER PSP I o1EAA I PIAL·· SGKrDVLA!~AKNIGTGK T G~ YrC!I P,v E 0~~ 
L E L DES L]L EA~10DKGF T R PTA I OIAAA I PPAL · · DGR]DV L Gi~APT GT GKT YL~ P .. ]o H 
AN FPAN'~V~OV]~IARONF TE PTA I ol'AoG"PVAL · · S GLjDMVGi'1A r!GSGK TL~Y~LIL P~ IIVH I 
GVL DKE I H KA]I T AMEF PG L T PVO,OKT I KP I LSSE DH10V I A~AKT GT GK TF FL~P I OH~ 
VEMGEII GN:IELTRYTR TPVO[KHAIPIIK··EKR!DLM A TGSGKTA, FILLPI SQJ 
ADLRDIIIDN NKSGFKIPTPIOIKCSIPVIS· ·SGR1DLMA A TGSGKTAIMJLLPII SKL 

(mouse-sperm) 
(Drosophila) 

NH2 183aa 
N H2 249aa 

FGRK V INMVTEEDKRTLRDIETFTNTSIEEMPLNVADLI 
FGAK V INFVTEEDKRILROIETFYNTTVEEMPMNVAOLI 
FGHL I INLITYEORFDLNAIEKELGTEIKPIPKVIDPALYV 
AGRK T ISLVEANDHLLLGKVGRYIEEPIKARVIDELRPKTA 
STKT T 1YTFFTPNNIKOVSDLISVLREANOAINPIKLLQLVE 
SGKE S VLFICKDELPFVRELEDAKNIVIAKQEKYEPSEEIK 
VGNL L TSFFNERNINITKDLLDLLVEAKOEVPS"LENMAFE 

~
FGRK~V~INFVTNEDVGAMRELEKFYSTOIEELPSDIATLLN 

~~~~• VGNNGR TSFFHPEKDRAIAADLVKILEGSGOTVPDFLRTCGA 

Q 0 A G GKT 

28aa 
61aa 

138aa 
1 51aa 

84aa 
36aa 

COOH 
COOH 
COON 
COON 
COON 
COOH 
COON 
COOH 
COON 
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The P-T -R-E/D-L-A-X-0 motif (motif 1 a), (96) stands out in 

this alignment as a highly conserved sequence which has not been 

previously recognized due to published errors in one of the protein 

sequences. The function of this sequence is not clear. The "D-E-A

D Box" motif has been previously noted by Lasko and Ashburner (97). 

The sequence -V/1-L-0-E-A-D-X-M/L-L- is a special version of the 

B motif (or motif II) of ATP binding proteins which is also involved 

in NTP binding. Where the crystal structure is known (98), the 

motif forms a loop which binds one of the phosphates. The single 

acidic aspartate residue of adenylate kinase complexes with a 

magnesium ion to bind another phosphate. 

The "D-E-A-D Box" is followed by a perfectly conserved S-A-T 

motif, the function of which is unclear. Helicase motif Ill typical 

af ATP binding proteins (G-0/S-X-X-Q), is seen as G/A/S-0/K/E-X

X-Q (95). This motif was previously noted to resemble a conserved 

region from viral DNA polymerases. The next large conserved 

region is typified by a Y-X-H-R-1-G-R motif. Lasko and Ashburner 

hypothesize that this region may have a polynucleotide binding or 

unwinding function although no data is presented to support this 

contention. 

The size of ME31 B is most like the yeast initiation factor -

Tif1/Tif2 and the two mouse initiation factors - eiF-4AI and e1F-

4AII. Pairwise comparisons of all the "DEAD Box" proteins 

indicate that these three proteins also have the highest degree of 

sequence homology (Table 6). It is unlikely however that ME31 B 
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represents the Drosophila version of eiF-4A for two reasons. 

Firstly, eiF-4A is a ubiquitously required protein and is expected to 

be expressed throughout the life cycle of the fly. This is certainly 

not the pattern of expression of ME31 B. Secondly, we would expect 

a higher degree of conservation between the mouse and Drosophila 

genes than between the mouse and yeast genes. Yet the yeast and 

mouse genes are highly homologous (66-67%) and ME31 B and eiF-4A 

are more weakly (37-40%) related. Curiously, ME31 B is most like 

the yeast Tif1/Tif2 genes (40%) and secondly most similar to eiF-

4AI and II (37-38%). 

When all nine proteins of this family are compared, 46 

residues are perfectly conserved in all nine proteins. When the 

conservative amino acid changes are allowed, the homology 

increases dramatically An additional 51 residues are functionally 

conserved. When only the eight eukaryotic proteins are compared 

50 residues are perfectly conserved. An additional 53 residues are 

functionally conserved in the eight proteins when conservative 

amino acid changes are allowed. 

In contrast with the other six proteins, no molecular function 

has yet been identified for vasa, PL 10 or ME31 B. Interestingly, 

these three genes are all expressed in the germ-line. vasa and 

ME31 B are transcribed in the nurse cells during oogenesis and PL 10 

is transcribed in the male germ-line during spermatogenesis. It 

has been suggested for both vasa and PL 10 that they represent 

transcript specific protein synthesis initiation factors. 
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Interestingly PL 10 and vasa are more homologous to each 

other (45°/o) than to any of the other proteins in the family (see 

Table 6). Both proteins contain significant domains outside the 

420 residue homologous domain suggesting additional functions for 

these proteins. It is possible that at least part of the extra 

sequences in vasa are required for sequestering of that protein to 

the polar granules. ME31 B is closer in primary structure to eiF-4A 

than are either vasa or PL 10 suggesting that it is the most 

functionally equivalent to eiF-4A. 

Usually one obtains little practical information concerning 

the function of an unknown protein from nucleotide sequence data. 

In the case of ME31 B we were pleasantly surprised to discover that 

the homology to a known and well characterized protein suggests an 

immediate possibility concerning the function of the ME31 8 protein 

product. It is clear that translational control of specific mRNAs 

does occur during oogenesis and embryogenesis as is seen with 

bicoid (20). It will be of great interest if vas a, PL 10 and/or 

ME31 8 function to regulate gene expression in the germ-line of the 

organism. 

The Possible Genetic Identity of ME31 B 

One of the original goals in isolating oogenesis-specific 

genes in Drosophila was that this would permit genetic studies of 

these genes. We have therefore investigated the various known 

mutants from the 31 B region of the second chromosome 
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Tif eiF4AI eiF4Ail ME31B SrmB p68 MSS116 PL10 vasa 

T if 67.4 66.6 39.7 30.6 31.9 25.3 29.8 29.9 

eiF4AI I 92.4 37.4 29.1 30.3 24.9 30.0 28.0 

eiF4All 36.9 30.0 30.3 26.2 29.7 28.8 

ME31B I 30.4 28.5 23.5 27.3 25.7 

SrmB 31.3 26.1 29.2 33.4 

p68 24.2 41.7 37.5 

MSS116 24.9 25.9 

PL10 45.3 

Table 6. Percentage identical amino acids in the 420 

amino acid homology domain between any pairs of proteins in the 

"DEAD Box" family. 



126 

to determine if any of these_ mutants corresponded to ME31 B. 

It seemed reasonable that a mutation in a gene expressed 

during oogenesis would produce a female sterile phenotype. 

Therefore,chalice and three other female sterile mutants which 

map to this region were provided to us by Trudi Schupbach. The 

location of these mutants was fine mapped by Kate Beckingham and 

the location of ME31 B was fine mapped by Mark Tucker (57). It was 

determined that of the only female sterile which mapped to the 

same location as ME31 B was chalice. Oocytes from chalice mutant 

mothers are cup shaped because the follicle cells fail to migrate 

over the anterior surface of the oocyte leaving the top of the oocyte 

open. No other information is available for chalice. 

A Canadian group, (the Grigliatti laboratory), who were 

interested in position effect variegation genes established that 

there are five such genes in the 31 B region of the chromosome. 

Position effect variegation is an effect observed upon chromosomal 

rearrangement in Drosophila. A given gene will give differing 

levels of gene expression depending on its position along the 

chromosome. It is generally thought that this reflects varying 

levels of condensation of the chromatin and thus transcriptional 

activity. A mutation in at least one of these genes, the suppressor 

of position effect variegation su var(2)1 01, is also a female sterile 

mutant. It is theoretically possible, that a DNA helicase which has 

winding/unwinding activity might be involved in position effect 
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variegation, thus, ME31 B might be a position effect variegation 

gene. 

More recently, Dennis McKearin of Allen Spradling's 

laboratory, established that a P-element induced mutant which has 

severe effects on ovarian development also maps to the 31 B region 

of the chromosome. This mutant is thought to be an allele of the 

flipper mutant which was originally isolated in 1919 by Bridges 

and Mohr (99). flipper is a male/female sterile mutant. The adult 

flies are dull and dark with compact wings and are described as 

"wizened dwarfs". The allele isolated by Dennis McKearin produces 

follicles with defects in the polyploidization of the nurse cell 

nuclei. Thus, the nurse cells are much smaller and there are many 

more of them. 

Therefore, until recently there were a number of candidates 

for the mutant identity of ME31 B. However, the possibilities have 

changed dramatically as a result of work performed in the 

Grigliatti laboratory. Nigel Clegg isolated the DNA containing the 

P-element responsible for inducing this flipper mutation by a P

element screen because of its possible connection with the 

suppressor of position effect variegation -su var(2)1 01. In a P

element screen a mutant strain caused by insertion of a P-element 

into a gene is used to prepare a genomic library. P-element probes 

are then used to screen the library to isolate the gene in question. 

Using a fragment of DNA immediately adjacent to the P-element, 

Nigel Clegg hybridized this fragment to two previously isolated 
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cosmids called cos7 and 8. Cos7 and 8 were known to contain 

homology to the coding sequence of ME31 8 in a 5.6 kb Eco Rl 

fragment. The flipper fragment interrupted by the P-aiement also 

hybridized to the 5.6 kb Eco Rl fragment! This is very strong 

evidence that ME31 8 is, in fact, the gene mutated in the flipper 

mutation. 

Since most of these mutants have only recently been 

discovered, complementation crosses have not yet been performed. 

It is possible that flipper , chalice and su var(2)1 01 are allelic. 

The complementation analysis between flipper and chalice is 

currently being performed in our laboratory by Kate 8eckingham. 

We have not yet been able to obtain su var(2)1 01, with which to 

perform complementation studies with it and chalice and flipper. 

The best mutant candidate for ME31 8 is flipper, although it is 

possible that the three mutants mentioned, are allelic. Since 

flipper alleles exist which produce male as well as female 

sterility, the flipper gene must be expressed in the male germ-line. 

ME31 8 however appeared to be oogenesis-specific. It was noted 

however that the Northern analysis was performed with total RNA 

preparations as opposed to poly(A)+ RNA preparations. This would 

decrease the sensitivity of the experiment and it is possible that 

low levels of expression of ME31 8 occur but were not detected. 

To prove the identity of a gene, it is usually necessary to 

rescue the mutation by injecting a P-element version of the wild 

type gene. To prove that ME31 8 is flipper, we are currently in the 
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process of constructing a P-aiement clone of the ME31 B gene from 

the cosmids (cos7 and cos8} isolated by Nigel Clegg. The actual P

aiement injection experiment will be performed in collaboration 

with Gary Stru hI. 
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CHAPTER SIX 

Validity of the Three Approaches Used to 

Isolate Genes Expressed During Oogenesis in 

Calliphora erythrocephala and Drosophila 

melanogaster 

Discussion 

The purpose of these works (55-57, this document) was to 

complement a genetic approach to identifying genes important in 

early development with a biochemical one. At this point it is 

pertinent to evaluate the validity of the three biochemical 

approaches used. 

The first approach was to isolate Calliphora genes with 

Calliphora eDNA probes prepared from two stages of oogenesis and 

mid-embryogenesis. This approach was somewhat successful. 

Three follicle cell genes (A1 08, 881, and GG7K) which are expressed 

only during oogenesis were isolated and ultimately identified. 

While some new information was gained by this, much of the 

characterization of these genes has already been performed in 

Drosophila and other species. 

A fourth gene (C7F) of unknown function which is expressed in 

the germ-line during oogenesis and very early embryogenesis was 

isolated. Work with this gene has been greatly complicated 

however by its association with repetitious DNA and further 

experiments are required to fully characterize this gene. 
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It is obvious that most of the clones selected as being 

absolutely oogenesis-specific were of somatic cell origin. Three 

of the four absolutely oogenesis-specific clones were expressed in 

the somatic follicle cells which surround the nurse cell/oocyte 

complex. The follicle cells are highly polyploid and function 

briefly but intensely during oogenesis to provide the growing 

oocyte with yolk proteins and an egg shell. In retrospect, we 

conclude that most of the absolutely oogenesis stage-specific 

transcripts in the fly are expressed in the follicle cells. Oogenesis 

stage-specific transcripts expressed in the germ-line are probably 

of low abundance and thus, cannot be isolated by this type of 

biochemical screen. 

One of the disadvantages of this approach was that the 

original screening protocol was performed with cDNAs prepared 

from staged ovaries. Since these ovaries contained somatic as 

well as germ-line cells, it was necessary to further determine 

which cell line a clone originated from by in situ hybridizations to 

whole follicles. This is a technically difficult experiment and 

when many clones are to be analyzed, consumes a great deal of 

time. By screening with eDNA probes from mature ovarian 

follicles which have no somatic cell layer, we could have ensured 

that only germ-line expressed clones would be selected. This 

procedure was followed for the latter experiments. 

The second approach complements the first one and involves 

isolating the Drosophila homologs of Calliphora genes identified by 
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This approach has only been partially 

successful at best. While we feel that we may have isolated the 

Drosophila homolog of the oogenesis-specific gene C7F, the data 

has been complicated by the presence of repetitious DNA in the 

parent. Additionally, it appears that the Drosophila homolog may 

have a more complex structure due to either alternate splicing or 

more economical genome usage. Provided that we can confirm that 

the Drosophila clone is the true homolog of C7F, it would be 

pertinent to identify this gene by chromosomal localization before 

continuing with the work required to unravel the intron/exon 

structure of this Drosophila homolog. 

One of our original assumptions was that genes important in 

the early development of Calliphora embryos and which are 

conserved in Drosophila would be similarly expressed in Drosophila 

and Calliphora. We have seen in at least three cases that our 

assumption was an invalid one. First, the vitelline membrane and 

the yolk protein genes appear to be expressed earlier in Calliphora 

than they are in Drosophila. Secondly an oogenesis specific heat 

shock gene (hsp 83) strongly hybridized to a 10 hour Calliphora 

embryonic eDNA probe. Yet in Drosophila this heat shock gene is 

only maintained until 4 hours of embryogenesis The third example 

we have seen of differences in the timing of expression of a gene, 

is C7F. In Calliphora it was isolated as being absolutely 

oogenesis-specific. C7F transcript are maintained in the mature 

follicle and rapidly disappear during embryogenesis until they are 
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no longer detectable at four hours. Yet the homologous gene in 

Drosophila was strongly detected in a mixed embryo RNA 

preparation. This indicates that period of expression of the 

Drosophila C7F homolog extends later in the Drosophila embryo. 

The Calliphora oogenesis-differential clones were also used 

to isolate the corresponding Drosophila homologs. This work was 

at a disadvantage because it was not known which fragments 

corresponded to coding sequence and which were non-coding 

regions. One would not expect an untranslated region to be highly 

conserved. No data was available concerning the repetitiveness of 

the parent phage and it has been demonstrated how repetitive 

sequences can complicate the results. Finally several different 

parent clones identified the same Drosophila clone. Once again, 

this may indicate the presence of repetitious DNA in the parent. 

This may also have been due to parent cross homology or more 

simply it is possible that the parents contained different portions 

of a given gene. This made the data difficult to evaluate. In 

retrospect it would have been advantageous to screen all the 

Calliphora oogenesis-differentials with Drosophila cDNAs from 

adult females and embryos. In this way we would have identified 

conserved genes which were also expressed in an oogenesis

differential manner in Drosophila. 

The third approach utilized the Calliphora eDNA probes to 

directly screen a Drosophila library. This approach was the most 

successful of the three. One advantage of this approach is that one 
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eliminates much of the difficulty due to non-coding and/or 

repetitious DNA. Not only is non-coding DNA not conserved 

between different species but Calliphora and Drosophila have very 

different patterns of repetitive DNA, thus, ensuring that 

repetitious DNA will not be conserved between the two species. In 

Calliphora the pattern is one of relatively short regions of unique 

DNA interspersed with repetitious DNA. In the related blowfly, 

Lucilia cuprina, the repetitious DNA is even found within the 

introns (Eiizur, Howell, personal communication). In Drosophila 

the repetitious DNA consists of moderately repetitious 

transposable elements with longer regions of unique DNA 

separating them. 

A second advantage of this approach is that one avoids the 

study of Calliphora genes which have no homolog in Drosophila. 

Instead we directly isolate only genes which are conserved in both 

species. Thirdly, in screening with eDNA probes we are reasonably 

certain that our probe contains coding sequences and not just 

untranslated regulatory sequences. 
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