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Abstract
 Serpins constitute the largest family of peptidase inhibitors in plants, animals and microbes. Genomic studies of Drosophila melanogaster have indicated the presence of 29 genes encoding proteins with a putative serpin domain. Little is known about the developmental functions of these serpins in Drosophila. 
In this study, the possible roles of Spn-5 gene have been investigated. Two mutations of Spn-5 as well as UAS transgenic lines of Spn-5 wild type gene and RNAi were used to study some possible functions of Spn-5 during Drosophila Development. Two lethal mutations of Spn-5 indicated their important function for larval viability, resulting lethal effect on the second instar larvae. To investigate the effects of these mutations on metamorphosis and adult flies both somatic and germ line clones systems were used. The obtained results showed high frequencies of melanotic tumors in both larval and adult stages, strong defect on bristles, wing and eye development as well as inhibition of oogenesis in homozygous clones. Over expression of UAS Spn-5 wild type using different specific GAL4 drivers showed dominant negative effect. Meanwhile, GAL4/UAS Spn-5 RNAi over expression showed efficient interference with the wild type gene expression during eye and wing development. In general, all resulted expressions were similar for those phenotypes in somatic clone assays. The obtained results indicated the importance of Spn-5 gene product(s) for proper development of wings, eyes, bristles and oogenesis as well as importance of this gene as negative regulator of Toll pathway. 
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Introduction
This study aimed to investigate some possible roles of Serine Protease Inhibitor 5 gene (Spn-5gene) during Drosophila melanogaster development.
Spn-5 gene considered one of the genes known its DNA sequence and unknown its function on development of different organs. Serpins are for the most part secreted glycoproteins of ~350-400 amino acid residues. As antiproteases, serpins play key roles in regulating biological phenomena such as blood coagulation, fibrinolysis, complement activation, fertilization, inflammation, malignancy, tissue remodelling and apoptosis. In this regard they are of medical interest because mutations in serpin genes can cause diseases such as pulmonary emphysema, cirrhosis, arthritis, blood clotting disorders and dementia (Carrell and Lomas, 1997). 

The ability to keep interesting mutations, even lethal mutations, as an inbred Drosophila stock is greatly facilitated by balancer chromosomes it is capable of activating enzymatically promutagens and procarcinogens in vivo (Graf et al., 1996; Ashburner., 1989). To confirm that the occurrence of lethality in this mutant is due to insertion the element (Piggy-Bac) in the gene-specific and thus disorder occurs in a gene defect appears in the function. Lethality in each candidate Spn-5 gene was tested using Piggy-Bac excision technique to verify that lethality is owing to Piggy-Bac insertion in this gene.

The GAl4/UAS system is widely used to drive tissue-specific expression of cloned genes in Drosophila (Brand and Perrimon, 1993).This mosaic technique is based on the transactivator properties of the GAl4 yeast protein (Fischer et al., 1988). The GAl4 system separates the target gene from its transcriptional activator in two distinct transgenic lines. GAl4 protein is a sequence-specific transactivator. The UAS vector contains multiple binding sites (upstream activating sequences) for Gal4 and is designed to drive expression of inserted cDNA sequences when GAl4 is present. Combining appropriate GAl4 driver and UAS transgenic allows tissue-specific conditional expression of cloned genes. In addition, GAl4 dependent transactivator can be used to target endogenous genes for activation and thus carry out systematic gain-of-function screens (Rørth et al., 1998).
The main problem is that the frequency of spontaneous mitotic recombination in Drosophila is very rare, therefore, FLP/FRT is designed to increase the frequency of mitotic recombination in Drosophila The mosaic techniques using targeted DNA recombination at Flipase recombination targets (FRTs), can be driven in flies by the FLP recombinase (Flipase) (Golic and Lindquist, 1989). Using of Eye-FLP/FRT system on three strains (5619, 6520, 5253) demonstrated that Spn-5 gene play an important role in eye development.

Materials and Methods
Materials:

Drosophila stocks 

l(3)PL00775 mutant line with a genetic structure of y w; Spn-5Bac{3xP3-EYFP, p-Gal4D-K10}P{FRT(w[hs])}2A, P{neoFRT}82B/TM3 Ser, and Hermes transposon (jump-starter, J10) line, w[*]; Her{3xP3-ECFP, atub-piggyBac-K10}M10.III, were offered by Hacker mainwhile, the following stocks were kindly provided by the Bloomington.. Two strains, P {ry+; hsFLP}, y w1118; Dr/TM, Sb (source of FLP recombinase) and w; P {w[+mC]=Ubi GFP.D} 61EFP{ry[+t7.2] = neoFRT}2A /TM3 were used for somatic clones. A deficiency line w1118; Df (3R) ED 5664, P{3'.RS5+3.3'}ED5664/ TM6C, cu1 Sb1 was used for complementation test. An  special ey Gal 4 line with with a genotype of  y[1] w[*]; P{w[+m*]=GAL4-ey.H}3-8, P{w[+mC]=UAS-FLP1.D}JD1; P{ry[+t7.2]=neoFRT}82B P{w[+mC]=GMR-hid}SS4, l(3)CL-R[1]/TM2 was used for induction of high frequncy somatic clones in eyes. In addition, w; Dr/TM3, Sb strain was used to balance and select the mutated chromosomes. Genetic symbols, genetic nomenclature, gene names, and cytology are according to Lindsley and Zimm (1992), FlyBase (flybase.bio.indiana.edu; Fly-Base Consortium, 1999). All of these stocks were obtained from the Bloomington Drosophila Stock Center (http://flystocks.bio.indiana.edu).

Culture conditions 
All fly stocks and crosses were maintained and grown on standard medium of corn meal, agar, yeast, and sucrose, supplemented with dried live yeast. Flies were maintained at 18ºC, while, crosses and other phenotypic assays were done at 24±1 ºC. All crosses were repeated at least twice.
Methods:

Somatic mosaic analysis
The F1 mosaic screens were performed as described by Xu and Harrison (1994) with some modifications. Somatic clones were generated by using hs-FLP recombinase carried on the first chromosome (y, w, P[hs-FLP]). Clones were induced in flies of the genotype (y w, P[hs-FLP]; Spn-5Bac{3xP3-EYFP, p-Gal4D-K10}P{FRT(w[hs])}2A, P{neoFRT}82B / P {w[+mC]=Ubi GFP.D} 61EFP{ry[+t7.2] = neoFRT}2A, by exposing larvae to a 37°C heat-shock for 1 h for two successive days, followed by recovery and incubation at 25°C until eclosion. As controls, clones were produced in parallel from chromosomes that carried the FRT alone and from non-heat-shock animals. An average of 500-700 flies of resulting F1 treated larvae were screened for the presence of somatic clones with a tumor phenotype under stereomicroscope (25X to 100X). Different phenotypes were scored and photographed documented.
Lethal phase determination

The line l(3)PL00775 was balanced over TM6B;Tb to make identification of homozygous flies more easier. Eggs were collected from heterozygous mutant flies once a day for five days on ‘egg-lay’ vials supplemented with yeast paste. The development of the progeny was monitored, and the presence of homozygous was recorded during all viable developmental stages. Homozygous mutants were identified by their wild-type body length, while heterozygotes larvae were identified using Tb.  The lethal phase was assigned to a developmental stage in which homozygous mutant larvae appeared last (taking into account that the length of this developmental stage could be extended with respect to a wild type stage). 
Complementation test 

For the complementation test of Spn-5 mutant the deficiency  w[1118]; Df(3L)Exel9002, P+PBac{XP5.WH5}Exel9002/TM6B, Tb[1]  with breakpoints of 73D1;73D1 (Moberg et al., 2004) was used to verify that the inserion is responsible for the mutation. 
Results and Discussion
Lethal phase analysis and Complementation test for Spn-5:
In this study we used Spn-5 PBac which contain piggy-Bac element, responsible for Spn-5 mutation. To analyze the lethal phase, the mutant (spn-5) was balanced with the TM6B.Tb chromosome. Using Tubby marker one can easily distinguish between homozygous mutant (Fig.1b) with its wild type body phenotype and heterozygous larvae, which have tubby body phenotype (Fig. 1c) the lethal phase was assigned to a developmental stage in which homozygous mutant larvae appeared last. 
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Fig. 1: Lethal phase phenotypes of spn-5 piggy-bac insertion mutant, (A) wild type larva (control) (b) homozygous spn-5 mutant died in second-instar larvae with large melanotic tumor in pharynx and esophagus in addition to some small melanotic tumors on body, (C) heterozygous larvae for spn-5/TM6 BTb and (d) Spn-5 mutant/Df (3R) 88E demonstrates the same phenotype of lethality.

The homozygous mutation of Spn-5 showed melanization and large melanotic tumor that extended from pharynx and esophagus, as shown in Figure (1b) while the heterozygous flies for the mutation could survived because the mutation causing the phenotype is recessive. The homozygous Spn-5 larvae stopped feeding and took about two to four days to die and they never pass the second instar larvae. The lethal phenotype of the homozygous Spn-5 indicates that this gene has essential function(s), which is required for the vitality of the organism. 

To verify if the inserted piggy-Bac element in Spn-5 gene is the responsible factor of this Spn-5 mutation, the excision of piggy-Bac element assay was done according to (Häcker et al., 2003). In fact, PiggyBac transposons leave no target site duplication (footprint) when they are excised (Elick et al., 1996) and, therefore, allow restoration of insertion loci to wild type even when the transposon is inserted in the open reading frame (ORF). Furthermore, to directly correlate the insertion with the mutant phenotype, the chromosome bearing the lethal mutation (3R) was re-exposed to a transposase by crossing it to the strain which carries a hermes transposase according to (Horn et al., 2000). Reversion of the lethal phenotype to wild type by the excision of the piggyBac element was detected by the appearance of viable homozygous wild type adults, which lack both of yellow fluorescent protein (EYFP) and enhanced cyan fluorescent protein (ECFP), as dominant markers of  piggyBac and hermes, respectively, in a subsequent generation. For the intron-insertion line PL00775, the excision of the piggyBac transposon has been proven to rescue the spn-5 recessive lethal phenotype.  This proved that the lethality was indeed a consequence of the piggyBac insertion, which is of great importance for the further characterization of the function of the gene. 

In addition, complementation test was used to confirm the lethal phase and to investigate whether the reported inserted piggy-bac element is the cause of the lethal phenotypes. The mutant line PL00775 was crossed to a deficiency Df(3R)ED5664, Bloomengton stock No: 24137 with a genetic structure of: w1118; Df (3R) ED 5664, P{3'.RS5+3.3'}ED5664/ TM6C, cu1 Sb1. This deletion has cytological break points [88D1-88D1] and [88E3-88E3] which deleted the 88D1--88E3 segment, where the cytological map of Spn-5 gene is 88E3-88E3.  According to (Tariq et al., 2009), Spn-5 gene is completely deleted in Df (3R) ED5664 deletion. Spn-5 mutant fails to complement that deficiency and the same lethal phenotype was obtained in trans-heterozygous of mutant chromosome and deletion as shown in Figure (1d). This result concludes that the Spn-5 mutation is the responsible factor for the mutation phenotype. 
Somatic clone phenotypes of Spn-5 mutant 

Spn-5 mutant line (l (3) PL00775) is a piggyBac insertion mutation. It has been isolated during the screen for new insertion mutation using Piggy-Bac elements in Drosophila (Häcker et al., 2003).
 In somatic clone assay, homozygous mutation of Spn-5 showed many different abnormal defects, necrotic and melanotic tumours on heterozygous background of adult flies (Fig.2 b and c). 
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Fig. 2: Somatic clone phenotypes of spn-5 induced by FLP/FRT system, (A) wild type, (b) large black melanotic tumor on the humerus. (c) melanotic tumors on the abdominal tergum. (d) defected wing with anterior wing margin loss. (e) Light microscopic image shows magnification of missing wing margin and necrosis tissues (f) abnormal notum fly with defected bristls. 

Induced somatic clones using FLP/FRT system showed survival rate reduction of emerged heterozygous adult flies, which carry the Spn-5 mutant and FRT chromosomes due to severe melanotic tumors in third instar larvae and pupal stages. Many of emerged flies showed somatic clones on wings, eyes and intugumen.  Most of defected wings of adult flies carried necrotic patches, which sometimes affect the whole wing blade, loss of wing margens (similar to wingless mutation phenotype), loss of tissues was a remarkable phenotype in wings, which might reflect apoptosis induction (Fig. 2 d and its magnification in Fig. 2 e). However, some clones showed abnormal notum with missing and abnormal bristles (Fig. 2 f).  In addition, small patches of melanotic tissue were noticed on head as well as melanotic tumors into the abdomen (Fig. 2 c). 
As shown in Figure (2 d) loss of most anterior wing margin bristle. Figure (2 e) shows a large picture of wing demonstrated missing wing margin and necrosis tissue. Previous studies identified wingless is required for differentiation of bristles late in margin development. The strong reduction in wingless expression at the wing margin may affect cell proliferation and cell identity not only in the wing margin, but also in a few cell rows adjacent to the anterior and posterior wing margin. During wing development, the Notch pathway is required for delimiting veins and proper margin formation and growth. Both Notch and wingless signaling pathways have a complex interaction in wing margin development (Phillips and Whittle 1993; Blair 1994). However, upregulation of some genes (such as  dLMO and Serrate) or downregulation of some genes (such as wg, N and cut) during wing development may resulted in wing margen defects due to unproper signal or functional protein activity, which lead to activation of apoptosis in the wing pouch (Biryukova et al., 2009). Clones of Spn-5 mutant cells are associated with wing margin defects, suggesting that Spn-5 is required for Wg signaling or one of downregulated genes.
The somatic clones phenotypes indicated that Spn-5 gene is very important in some biological process during larval stages and metamorphosis such as hematopoiesis and it has tumor suppressor activity through controlling of cell proliferation and differentiation. Black melanotic spots are found in a number of different mutants and have been called, interchangeably, melanotic tumors or pseudotumors. These "tumors" are usually not invasive and involve tumorous overgrowth only in some instances (Watson et al., 1994). Minakhina and Steward (2006)  reported that the melanotic masses can be subdivided into melanotic nodules engaging the hemocyte-mediated encapsulation and into melanizations that are not encapsulated by hemocytes. Encapsulated nodules are found in the hemocoel or in association with the lymph gland, while melanizations are located in the gut, salivary gland, and tracheae. Spn-5  homozugous mutation clones showed both melanotic tumor phenotypes. This result is in agreement with those of Minakhina and Steward (2006)  who found many mutations of genes such as Pr- Set7, skpA, and Su(var)205, involved in chromatin and chromosome structure, which show the highest divergence of melanotic tumor phenotypes.
These results indicate the tissue-specific role of Spn-5 gene. However, FLP/FRT system, used to identify many of Drosophila genes that regulate cell proliferation, cell size and apoptosis (Xu et al., 1995; Ito and Rubin, 1999; Gao et al., 2000; Tapon et al., 2001 and 2002) is a good sensitive system for these purposes. 

Induction of eye clones using ey GAL4/UAS-FLP/FRT system:

For further study of Spn-5 gene specific effect on eye development, eyGAL4/UAS with FLP/FRT system was used. The GAL4 protein production under eyless gene promotor increases the production of flipease enzyme which produced under control of UAS leading to high FRT mitotic recombination in eye cells.
The results of induced somatic clone phenotypes of heterozygous Spn-5 Piggy-Bac insertion mutation and ey GAL4/UAS-FLP/FRT (for detailed crosses and genotypes see materials and methods) are shown in (Figure 3). Two major eyed somatic clone phenotypes were scored, the first one was rough reduced eye size with irregular ommatidium phenotype and the second one was tumored eyes, which varied in size and shape. Reduced eye size phenotype with disordered ommatidia due to disrupted Spn-5 homozygous lethal mutation may be induced apoptosis. However, many large tumors in eyes were scored some of these tumors showed patches of black necrotic tissue is shown in (Figure 3 b and c ), while someothers appeared with disordered ommatidia (Figure 3 d) as well as unpatterned black tumors on eye (Figure 3 d). Irregular eye phenotype resulted from large tumor clone, which disrupted shape and the formation of eye and lack of ommatidia facets (Figure 3 e and f). Rough eye with disorganized ommatidia  with irregular size and the shape (Figure 3 g and h). Mitotic recombination clones of this gene indicated that this gene might has important function(s) during eye development and could be required for photoreceptor cell determination as well as in ommatidial differentiation.
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Fig. 3: Eye homozygous clone phenotypes of Spn-5 piggy-bac insertion mutant induced using UAS-FLP/FRT drived by eyGAL4 (yw; eyGAL4, UAS-FLP/1; FRT82 l(3)R/ FRT82 Spn-5, (a) Wild type eye, (b and c) sold melanotic tumors in eye and glossy phenotype, (d) reduced eye size with disordered ommatidia, (e) soft melanotic tumor with lossing ommatial structure (f) glossy eye, necrotic tissue with lack of ommatidia facets, (g) necrotic tissue and irregular eye phenotype and (h) Small tumor, rough eye with disorganized ommatidia.

Scanning and transmission electron micrographs were used to demonstrate the defected phenotype. Some eyes with somatic clone phenotypes were examined by Scanning electron microscopy. The SEM examination showed a reduced eye size with small tumor and missing of bristles, disorganized of ommatidia structure and loss of interommatidial bristles (shaven phenotype) as shown in Fig. (4 c and d). Moreover, in an eye with a large tumor, an undifferentiated mass of tissue was observed in addition to reduce eye size due to ommatidia fussion and missing of bristles in mutant clone (Fig. 4 e, and f ). 
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Fig. 4: Scaning electron micrographs of homozygous Spn-5 eye clone tumors: (a) wild type eye showing an organized ommatidial architecture, (b) regular organization of ommatia with normal inter ommatidial bristles, (c) reduced eye size with small tumor disrupted ommatedial structure, (d) irregular ommatidia structure with randomness of the bristles, (e)  large tumor with lossing of ommatidial structure and (e) rough and irregular ommatidium reflecting disruption of eye formation.
Internal structure of the ommatidia of adult eyes was investigated using TEM after toluidine blue staining. In contrast to the regular arrangement of ommatidial cells observed in wild type eyes (Fig. 5 a), profound changes were noted in somatic clones of Spn-5 Piggy-Bac FRT82/ FRT82 flies, photoreceptor cells could be hardly seen in the severely affected Spn-5 homozygous clones with a disorganized ommatidial cell arrangement (Fig. 5 b). Longtudinal section showed loss of granulated pigment cells with absence of interommatidial bristles, decrease number of ommatdia and missing ommatidial structure left a gap inside defected eye (Fig. 5 d). Meanwhile, cross sections revealed disorganization of ommatidia, disruption of cell number inside the individual ommatidium, as well as degenerative granulated pigmented cells. In addation, to loss photoreceptor cell structure and orientation, comparing with normal wild type eye structure (Fig. 5 c). The rhabdomere structures of Spn-5 homozygous clones were analyzed by Transmission electron microscopy (TEM), they showed lacking of the complete R1-7cell. Whereas, many homozygous ommatidia showed an abnormal rhabdomeres morphology, the aberrant rhabdomeres morphologies show often fused and bifurcated (Fig. 5 b and d). 

[image: image5.jpg]



Fig. 5: Transmission electon micrograhs of spn-5  mosaic eye clones of yw; eyGAL4, UAS-FLP/1; FRT82 l(3)R/ FRT82 Spn-5: (a) cross section of wild type eye shows regular rhabdomere structure with seven cells of each and normal pigment cells, (b) cross section of Spn-5 homozygous eye clone shows disorganized ommatidial cell arrangement with multi nucleus disorganized rhabdomere  and losing of pigment cells - toluidine blue stained of adult retinal sections: (c) wild type fly head showing the regular arrangement of ommatidial cell  and pigment cells, (d) homozugous spn-5 eye clone showing reduced eye size due to low number of ommatidium, irregular eye surface with losing pigment cells.
Apoptosis occurs within every developing ommatidium to eliminate two to three extraneous cells, a requirement in the refining of the highly ordered compound eye structure. Despite of the extensive apoptosis that occurs during retinal development, there is little cell death in photoreceptors, and we have no evidence supporting a role for armadillo (Arm) in normally occurring retinal cell death. Rather, this result suggests that the normal differentiation of these neurons requires tight regulation of Arm activity. In the absence of this regulation, a differentiation defect occurs (Wolff and Ready, 1991; Hay et al., 1994).
These results agree with (Alone et al., 2005) when found that the Rab11 is required during Drosophila eye development. Toluidine blue stained sections of adult eyes from flies of different genotypes were examined. In comparison to the wild type regular ommatidial arrangement, photoreceptor cells could be hardly seen in the severely affected Rab11 mutant eyes.

These results agree with (Pham et al., 2008)he found the adherens junctions of many of the mutant photoreceptor cells were also elongated and increased size of the rhabdomeres. These data suggest a role for tsr during the morphogenesis of the rhabdomeres.

These data suggested that the Spn-5 gene is required for morphogenesis of the Drosophila rhabdomeres and induction of retinal cell death during the normal development of the Drosophila eye.

The GAL4–UAS system is a binary system for gene expression that allows the spatially regulated expression of interested genes under UAS (Upstream Activating Sequence) promoter depending on GAL4 protien expression which produces under control of specific gene promoter according to the GAL4 insertion site, where the expression of this system increased with increasing the temperature (Brand and Perrimon 1993). 

To elucidate the role of Spn-5 in specific organ development, i.e., eye and wing of Drosophila, the ectopic expression of two transgenic gene constructed lines were used consulting GAL4/UAS system. First constructed line (UAS Spn-5+) contains cDNA wild type gene under UAS promoter (as a gift of Castelo-lopeas), while the second one expresses the antisense of Spn-5 RNA under UAS promoter (VDRC, Austria) referred here as RNA interference (Spn-5 RNA i).  Series of experiments were done for over-expressing the two forms of Spn-5 artificial constructs, specifically in the eye and wing under the control of Apterous (Ap) GAL4 and GMR GAL4, respectively, using GAL4/UAS system according to procedure of (Brand and Perrimon 1993).
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Fig. 6: Phenotypes of SPn-5 over-expression (Phenotypes produced by RNAi of SPn-5) abnormal phenotype of wing phenotype after overexpression of SPn-5 under AP GAL4 driver. (A) Cuticle preparation of wild type wing showing the position of the longitudinal veins L2 to L5. (B) Cuticle preparation of AP GAL4 /UAS SPn-540i. (C) Cuticle preparation of AP GAL4 /UAS SPn-540i dicer. (D) Cuticle preparation of AP GAL4 /UAS SPn-548i. (E) Magnification of wing showing defect.  (F) Magnification of wing AP GAL4 /UAS SPn-548i dicer. (G) Cuticle preparation of AP GAL4 /UAS SPn-5II. (H) Cuticle preparation of AP GAL4 /UAS SPn-5III. (I) Magnification of wing AP GAL4 /UAS SPn-5III. 
In eyes, over expression of both UAS Spn-5+ and UAS Spn-5 RNAi under GMR GAL4 during eye development on 29° C induced same phenotypes, rough eye, missing of interommatidia bristles, small necrotic and melanotic spots on adult eyes which were very similar for those whom obtained in FLP/FRT somatic clone assay (data not shown).  

Miss-expression of UAS-SPn-5+ gene, ectopically expressed under the control of Ap-GAL4 driver, reduced the width of the wing and caused melanotictumors as well as increasing of L3 vein thickness (Figure 6, B). However, missing apart of L4 vein in addition to thickened L2, L3 veins and induced wing darkness due to suppressing cell absorbstion during wing spreeding (Figure 6, C). Same results were obtained after over expression of UAS Spn5 RNAi using the same GAL4 driver. Meanwhile, using Ap-GAL4 driver combained with UAS Dicer II, the frequency of these phenotypes were incresed because the dicer II increases the efficiency of Spn-5 RNAi.
Abnormal wing shape in (Figure 6, D) Magnification of wing demonstrate the thickness of the L2, L5 and irregular cell. (Figure 6, E) the wing was observed apoptosis of cells with (black spots). (Figure 6, F) A blister encompasses a portion of L3-L5.

Gain-of-function of SPn-5 ectopically expressed under the control of AP-GAl4. As shown in (Figure 6, G) missing features of veins with cell polarity interruption. (Figure 6, H) absences of anterior (acv) cross veins with melanotic tumor of L5vein  and black spots in proximal as shown in (Figure 6, I) .

Ectopic expression of UAS SPn-5 gene lead to disruption of wing vein formation , programmed cell death, Absences of anterior (acv) cross veins or posterior (pcv) cross veins, increasing of vein thickness  and melanotic tumor in different area in the wing . The development of Drosophila wings requires the coordinated action of several signaling pathways and positional information systems, which yield precise control over cell survival, proliferation, and specification.

Epidermal Growth Factor receptor (EGFR) signalling has an important function in the differentiation of a wide variety of tissues, during multiple stages of Drosophila development (Shilo, 2003).  Many genes control wing vein formation in Drosophila (Bier, 2000) these genes are interacting in many developmental pathways to give rise the wing vein structure.

The observation that UAS-SPn-5 /APGAL4 wings encode disruption of wing vein with over expression of SPn-5 gene. The major pathway affecting this area of wing is Rhomboid (Rho) pathway. Rho is a trans-membrane protein and a mediator of Epidermal Growth Factor Receptor (EGFR) activation. Ectopic expression of rho causes ectopic vein formation, whereas absence or reduction of rho activity, or impaired Egfr-dependent signaling, generates the complementary phenotype, i.e. loss of vein structures (Sturtevant et al., 1993). A key step in ligand maturation involves precursor cleavage by members of the evolutionarily conserved Rhomboid (Rho) family of serine proteases (Urban et al., 2001). The longitudinal veins share a common program of cell differentiation, which is initiated in the wing disc epithelium by the activation of the EGFR signalling pathway (Guichard et al., 1999). In addition, EGFR signalling in the veins is required for the activation of Delta (Dl), the ligand of the Notch receptor, and for the expression of several members of the EGFR pathway, such as rhomboid (rho), argos (aos) and dMKP3 (Ruiz-Gomez et al., 2005). These elements contribute to prevent vein differentiation in cells adjacent to the vein (Dl) and to maintain correct levels of EGFR activation in the vein (rho, aos and dMKP3). Very little is known about the proteins and mechanisms involved in regulating gene expression in response to EGFR signalling in the wing.

We infer that loss of Spn-5 results in apoptosis, suggesting that spn-5 is required for dLMO protein and Epidermal Growth Factor Receptor (EGFR) which elevation of dLMO can clearly generate developmental phenotypes that are not simply due to excess apoptosis control bristle and wing development (Li et al., 2006).
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الملخص العربي
الدور الأساسي لجين Spn-5 في المراحل التطورية المختلفة لحشرة الدروسوفيلا ميلانوجاستر

ابراهيم ابراهيم الشوف1, عبدالوهاب محمد حسن1, هدى على الجارحى1, شيرين عبدالحميد محمد1, خالد فهمى2,*
1- قسم الوراثة , كلية الزراعة, جامعة بنها, مشتهر, جمهورية مصر العربية
2- قسم الوراثة, كلية الزراعة, جامعة عين شمس, جمهورية مصر العربية

تعتبر حشرة الدروسوفيلا (Drosophila) كائناً نموذجياً لدراسة الأسس الوراثية للعديد من العمليات والميكانيكيات الحيوية لفهم الأساس الجزئيى لها حيث يوجد تشابه بين جيناتها وجينات الإنسان. بنسبة تتجاوز 70%. لذا، فمن الممكن الكشف عن وظيفةِ الجينِ في حشرة الدروسوفيلا. ويمكن استخدامها  لفهم الآليّات المختلفة الّتي تؤدي إلى فتح عمل الجينات أو غلقها أثناء مراحل النّموّ الطبيعي.  

وقد، تركزت التجارب فى هذا البحث على اكتشاف وظيفة الجين (Serpin(Spn-5 في بعض المراحل التطورية للدروسوفيلا. وذلك باستخدام نظام  FLP/FRTوالذي يعتمد على استحداث عبور وراثي جسمي بين مواقع معينة وذلك باستخدام طفرات معزولة بواسطة Piggy-Bac ,وهو عنصر متنقل, ويستخدم هذا النظام في حالة الجينات المميتة للحصول على مستعمرات نقية للطفرات المميتة وبالتالي دراسة أثر هذا الجين في خلفية خليطه.  
وأستخدم أيضا نظام GAL4/UAS لدراسة التّعبير الفائق لجين Serpin (Spn-5). ومن خلال نظام Ey-FLP/FRT  وتم التعرف على دور الجين في مراحل تكوين العين. 
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