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CHAPTER 4 
 

 

Tribolium laminin is involved in closure of the 
serosal window. 

 

 

Tania Vazquez Faci, Niels Pijnaker and Maurijn van der Zee. 
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Abstract 

 

The serosa is a crucial extraembryonic epithelium in insects that 
protects the egg against desiccation and pathogens. As this epithelium is 
absent in the highly derived main insect model Drosophila, knowledge on 
genes regulating morphogenesis of the serosa is limited. Some 
transcription factors such as zerknüllt and dorsocross have been identified, 
but no involved structural molecules are known.  

To identify such structural genes, we rescreened 17 potential cell 
adhesion molecules from the genome-wide Tribolium iBeetle screen for 
involvement in development of the serosa. We find that Tribolium laminin 
α is involved in closure of the serosal window towards the end of 
gastrulation. Furthermore, we show expression of Laminin protein in the 
necklace cells around the serosal window during closure. Using live imaging 
movies, we demonstrate that simultaneous knock down of laminin β and γ 
results in aberrant and delayed closure of the serosal window towards the 
end of gastrulation. 

Laminin is the first structural molecule now reported to be involved 
in morphogenesis of the serosa. This study suggests that a basal lamina is 
involved in closure of the serosal window. As the observed closure defects 
are similar to the phenotype reported after dorsocross knock-down, it is 
likely that laminins are a target of the Dorsocross transcription factor 
during serosal window closure in Tribolium. 
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Introduction 

 

Insect eggs possess two extraembryonic epithelia: an inner amnion 
that covers the embryo at the ventral side, and an outer serosa that 
completely envelops embryo and yolk (1, 2). These epithelia are an 
innovation of the insects and are not present in other arthropod groups 
such as crustaceans or myriapods (3, 4). The serosa secretes a cuticle (5, 6) 
and has been suggested to play a role in desiccation resistance of the egg 
(7–9). Furthermore, an immune function has been proposed (10, 11). Both 
functions have been experimentally demonstrated using zerknüllt RNAi-
mediated deletion of the serosa in the beetle Tribolium castaneum (12, 13). 
Serosa-less Tribolium eggs desiccate at low relative humidity and do not 
upregulate an immune response upon infection (12, 13). Thus, the 
extraembryonic epithelia are of crucial importance in insects. 

In the main insect model Drosophila melanogaster, the two 
extraembryonic epithelia have been strongly reduced to a single small 
amnioserosa that covers the yolk dorsally (14). Its development has been 
extensively studied. The amnioserosa develops from a small rim of dorsal-
most blastodermal cells that express the Hox gene zerknüllt (zen) (15–17). 
In zen null mutants, the amnioserosa is absent, and germband extension is 
severely compromised (18). To maintain amnioserosal cell fate, the U-
shaped transcription factors are required (19). Loss of the U-shaped gene 
hindsight or all three copies of dorsocross, for instance, leads to failure of 
germ-band retraction (20, 21).Besides these transcription factors, the cell 
adhesion molecules Laminin and Integrin are required for germband 
retraction (22).  

Finally, the amnioserosa is essential for dorsal closure in Drosophila 
(23). More than 140 genes have been described to be involved in this 
process (see Kiehart, Crawford, Aristotelous, Venakides, & Edwards, 2017). 
In the amnioserosa, a contractile actomyosin network (25, 26) regulated by 
Crumbs (27), Rho GTPases (28) and genes from the PAR complex (29) seems 
to be a main driving force. In addition, cell adhesion molecules such as DE-
cadherin, integrins and Innexin3 have been shown to be required for dorsal 
closure (30–33). 
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Despite this massive amount of work on the amnioserosa in 
Drosophila, surprisingly little attention has been paid to the development 
of the serosa in other insects (2, 34). The serosa differentiates from the 
germ anlage at the blastoderm stage (35). In most hemimetabolous insects, 
the embryo then invaginates into the yolk leaving the serosa to fully cover 
the yolk (anatrepsis, see Panfilio, 2008 for review). During later katatrepsis, 
the amnion and serosa fuse, then the serosa retracts, and finally the 
embryo emerges from the yolk (36). Final dorsal closure follows and is 
mainly driven by the amnion (37).  In many holometabolous insects, such 
as the beetle Tribolium castaneum, the serosa folds over the germ 
rudiment during gastrulation. The folds progress to form a serosal window 
which eventually closes, resulting in an amnion that covers the embryo 
ventrally and a serosa that completely covers the yolk (38). To achieve 
dorsal closure, the amnion and serosa attach to each other under the head 
and rupture. The serosa then retracts together with the amnion to the 
dorsal side of the egg (39). 

A limited number of studies have addressed genes involved in these 
morphogenetic movements. Zerknüllt (zen) is known to specify serosal cell 
fate in the flies Megaselia abdita and Episyrphus balteatus and in the beetle 
Tribolium castaneum (40–42). Furthermore, zen is required to open the 
amniotic cavity for dorsal closure in Tribolium and in the milkweed bug 
Oncopeltus fasciatus. RNAi leads to a completely everted (inside-out) 
topology of the embryo (42, 43). The U-shaped genes dorsocross and 
hindsight are involved in closure of the serosal window in Tribolium (44), 
and depletion of Folded gastrulation (Fog) signaling completely blocks all 
morphogenetic movements (45). Besides these important signaling 
pathways and transcription factors, no structural molecules have been 
identified in gastrulation. One exception is Integrin that was recently shown 
to anchor the anterior-ventral of the germ anlage to the surrounding 
vitelline membrane to counteract the contractile forces needed for 
morphogenetic movement of the serosa (46). 

Here, we aim to expand our knowledge on structural molecules 
involved in the morphogenesis of the serosa. From a genome-wide RNAi 
screen in Tribolium, we rescreened 17 genes that were reported to show 
wing blisters in pupae or adults upon RNAi (47, 48). Wing blisters are 
indicative of cell adhesion defects, and this phenotype maps to mutations 
in morphogenetically relevant cell adhesion molecules such as Laminin or 
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Integrin in Drosophila (49–51). We rescreened these 17 wing blister-
producing dsRNAs for defects in the early morphogenesis of the amnion  
and serosa in Tribolium. We find that Laminin is involved in closure of the 
serosal window towards the end of gastrulation.  

Laminins are key components of the extracellular matrix in the 
basement membrane of all animal epithelia (52, 53). They function as 
trimeric glycoproteins, consisting of one α, one β and one γ subunit, and 
form networks that connect to the membrane receptors of epithelial cells 
(54, 55). Although the human genome contains 5 different α, 4 different β 
and 3 different γ subunits, practically all invertebrates possess 4 Laminin 
genes: 2 distinct α subunits, called α1,2 (orthologous to human laminin α1 
and α2) and α3,4 (orthologous to human α3 and α4), one β subunit, and 
one γ subunit  (56, 57). 

Mutations in Drosophila Laminin α1,2 (called wing blister, wb) cause 
wing blisters and defects in and defects in the dorsal vessel, trachea, 
muscles and rhabdomeres (50). Null mutations of Drosophila Laminin α3,5 
(called LamininA, LanA) produce embryonic lethality with defects in 
somatic muscles, dorsal vessel and endoderm (58, 59). The α3,5 chain is 
also required for localization of anterio-posterior markers in the oocyte and 
for pathfinding of axons in the brain (60, 61). Absence of Drosophila laminin 
β (called Laminin B1, LanB1) prevents the normal morphogenesis of most 
organs and tissues, including the gut, trachea, muscles and nervous system 
(62). Finally, null mutants of Drosophila Laminin γ (called Laminin B2, 
LanB2) produce a phenotype with reduced midgut regions where gaps 
appear in the endodermal layer. Laminin γ is essential for the proper 
organization and arrangement of visceral tissue (63). Importantly, laminins 
are involved in morphogenetic cell movements, such as germ band 
retraction (64, 65). 

In our screen, we identify Tribolium laminin α1,2  to be involved in 
proper morphogenesis of the serosa. In addition, we show presence of 
Laminin γ protein in the necklace cells around the serosal window. Using 
live imaging movies, we demonstrate that simultaneous knock down of 
laminin β and γ results in aberrant and delayed closure of the serosal 
window towards the end of gastrulation. 
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Materials and methods 

Parental RNAi 

 

Seventeen dsRNAs causing wing blisters (Table 1), and dsRNAs 
against laminin β (iB_08660) and laminin γ (iB_01705) were ordered from 
the company Eupheria, Germany. pRNAi in  40 female adults per gene was 
performed as described in M. v. d. Zee, Stockhammer, Fonseca, Levetzow, 
& Roth, 2006. 
 
 
Table 1. Genes included in the parental RNAi screen. Their TC-number, the corresponding dsRNA 
ordered from Eupheria (iB number), and closest Drosophila melanogaster ortholog identified by 
protein blast are given in the columns, as well as the gene name and possible function as indicated 
on the NCNI web site https://www.ncbi.nlm.nih.gov/gene/ 
 

 

https://www.ncbi.nlm.nih.gov/gene/
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Egg fixation 

 

Eggs were dechorionized in undiluted commercial bleach (4% 
NaClO) for 4 minutes, and fixed for 20 minutes in 5 ml heptane, 4 ml PBS 
and 1ml 36% formaldehyde. Eggs were devitellinized using a methanol 
shock, and stored at -20 °C. 

Immunohistochemistry and DAPI staining 

 

The standard buffer used in all steps was PBS with 1% Triton, 
supplemented with 0.05% acetylated BSA. Blocking was done with BSA and 
NGS. The primary anti-Laminin γ1(Abcam, ab47651) antibody was 
incubated overnight at 4 °C in a dilution of  1:500. The secondary antibody 
was goat anti-rabbit 488nm Alexa from Boehringer, Mannheim in a dilution 
of 1:100. DAPI was added 1:1000 to one of the last washes in PBST. DAPI 
stained embryos of the RNAi screen were imaged using an upright 
microscope equipped with epifluorescence (Zeiss Axioplan 2 imaging) with 
a 20X objective. Immunohistochemically stained embryos were imaged on 
an inverted Zeiss confocal (Zeiss 710). We took 85-200 focal planes with a 
40X or 20X objective, and all the focal planes were summed to make one 
picture.  

Western blot 

 

From eight to fifty six hours old eggs that were laid in a period 3-7 
days after dsRNA injection into the adults, and 8-72 h old eggs that were 
laid in a period 7-10 days after injection were homogenized in five times 
the egg volume of Laemmli buffer (ChemCruz), and were stored at -20 °C. 
30 µl of these samples was loaded on a 30% SDS-PAGE gel for western 
blotting next to comparable samples of wild type eggs, and 30 µl of a 1 
mg/ml alpha-tubulin solution as control. Primary antibodies used are anti-
Laminin γ1(Abcam, ab47651) in a concentration of 1:500 and anti-α-tubulin 
(Sigma, T5168) in a concentration of 1:5000. Secondary antibodies were 
anti-rabbit IgG (Boehringer Mannheim) in a dilution of 1:1000 and anti-
mouse (NA931, GE Healthcare) in a concentration of 1:2000. Visualization 
was done with ECL Western blotting detection reagents (Clarity Western, 
Biorad). 
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Live imaging movies 

 

From zero to two hours old eggs from the LAN-GFP transgenic line 
(chapter 2) were incubated for 6h at 30 °C. A 40 second incubation in 
bleach(4% NaClO)  followed by a 1 minute wash in water was repeated 
twice to dechorionated the eggs. Eggs were then aligned on a microscope 
cover slip and covered with Voltalef 10S Halocarbon oil to avoid 
desiccation. The embryos were imaged on an inverted Zeiss confocal 
microscope (Zeiss 710) at 30o C. We took eleven focal planes with a 20X or 
40X objective in a time interval of 3 minutes. We summed all the  focal 
planes. The total observation time was 14 hours. 

Statistical analysis of time for serosal window closure 

 

We measured the time between the frame just before the onset of 
the differentiated blastoderm stage (i.e. after completion of cellularization) 
and the completion of serosal window closure in 7 wildtype embryos and 
in 16 embryos in which laminin β and γ were simultaneously silenced. The 
results of the two groups of embryos were compared applying a 1-tailed 
ANOVA. 

Results 

RNAi against TC014773 disturbs closure of the serosal window 

To identify structural genes involved in the morphogenesis, we 
performed a small-scale parental RNAi screen against  17 genes that 
showed wing blisters in pupae or adults upon knockdown in the iBeetle 
screen (47, 48), Table 1. In several cases, RNAi caused a severe reduction in 
fecundity (<1.0 egg per female per day), indicated with red squares in 
Figure 1. Analysis of phenotypes in DAPI stained embryos revealed 15 
categories of developmental defects, ranging from the undifferentiated 
blastoderm stage, to dorsal closure (see legend of Figure 1, and illustrated 
in supplementary Figures 1 – 14). Knockdown of TC007565, TC010914 and 
TC012571 caused a high percentage of embryos with irregularly spaced 
nuclei in the syncytial blastoderm (see supplementary Figure 1), possibly 
indicative of cellularization defects (chapter 3). Notably, knockdown of 
TC014773 disturbed closure of the serosal window in a considerable 
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percentage of eggs (Figure 2). Although the beginning of morphogenetic 
movements seems relatively normal (Figure 2 A, F), the serosal window 
seems larger during further development (Figure 2 B, G), and sometimes 
has irregular borders (Fig. 2 C, H). Importantly, closure of the serosal 
window seems delayed (Figure 2 C, H). Although the serosal window does 
finally proceed in most eggs (Figure 2 D, I, E, J), the germband is incorrectly 
positioned (more towards posterior), similar to what has been reported for 
affected serosal window closure in dorsocross RNAi (44). In conclusion, 
TC014773 RNAi disturbs serosal window closure. 
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Figure 1. Results of the RNAi screen. TC numbers of the genes against which RNAi was performed 
are indicated below the bars. Each bar represents the percentage of eggs showing the phenotype of 
a certain category indicated by the capital letter, see legend on next page. Under every TC-number, 
the fecundity is indicated as eggs per female per day. The red squares are around TC numbers whose 
knockdown lead to a fecundity below 1.0 eggs per female per day.  
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Undifferentiated blastoderm: 
 

-nuclei irregularly spaced A 
-holes in the blastoderm B   

Differentiated blastoderm: 
 

-condensation of the germ rudiment 
disturbed  

C 

-irregularly positioned germ rudiment D   

Gastrulation: 
 

-gastrulation disturbed E 
-delayed serosal window formation F 

-irregularly positioned germ rudiment G   

Germ band stage 
 

-(irregularly) curved germband H 
-irregularly positioned germ band I 

-head lobe defects J 
-border of the embryo irregular K 

-flat/broad germ band L   

Late 
 

-germ band retraction defects M 
-dorsal closure defects N 

-Serosa nuclei irregular spaced O   
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Figure 2. RNAi against TC014773 disturbs closure of the serosal window. (A-E) DAPI stainings after 
RNAi against TC014773. (F-J) Stills from a live imaging movie using LAN-GFP (chapter 2) showing the 
comparable wild type. (B) The serosal window seems larger than in wildtype. (C) Serosal window 
closure seems delayed, and the borders of the window are irregular. (D, E) Serosal window closure 
proceeds, but the position of the germ band is more toward posterior than in the wild type. 
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TC014773 is the laminin α1,2 subunit 

 

In NCBI and iBeetle databases, TC014773 is annotated as laminin subunit 
α1,2. Analysis of the protein domains using Prosite (67, 68) confirmed this 
annotation and unambiguously identified TC014773 as the Tribolium 
Laminin α1,2 ortholog (Figure 3). Like in practically all invertebrates (57), 
we identified three other Laminin subunits in the Tribolium genome. All of 
them showed the highly conserved protein domains typical of the 
respective subunits. LOC661583, a fusion of the former gene models 
TC003460 and TC032383, is Laminin α3,5; TC005184  is Laminin β, and 
TC010540 is Laminin γ (Figure 3).  
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Figure 7. Comparison of domains in Laminin subunits of Tribolium and Drosophila. Domains were 
identified using Prosite  (67, 68). High conservation in protein architecture shows that TC014773 is 
Laminin α1,2; LOC661583, a fusion of the former gene models TC003460 and TC032383, is Laminin 
α3,5; TC005184  is Laminin β, and TC010540 is Laminin γ. 
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As laminin α1,2 is a subunit of the Laminin trimer, we wondered if 
knockdowns the other members of the trimer give the same phenotype. 
We therefore performed RNAi against laminin β, laminin γ, and a 
combination of the two, and analyzed the phenotypic effect during closure 
of the serosal window. Similar to laminin α1,2 RNAi, these knockdowns all 
generated high percentages of defects in closure of the serosal window 
(Table 2). This suggests that the phenotype we observe is indeed caused by 
the absence of functional Laminin trimers. Simultaneous RNAi against the 
β and γ subunits gives the highest percentage of defects in serosal window 
closure (Table 2). 

 
Table 2. percentage of embryos showing defects in serosal window closure upon RNAi against 
Laminin subunits 

 

Laminin γ is enriched around necklace cells during closure of the 
serosal window 

 

Although several antibodies are present against vertebrate 
Laminins, the only currently available antibody recognizing a Drosophila 
Laminin subunit is anti-Laminin γ1 (Abcam, ab47651). To obtain an 
indication whether this antibody also recognizes the very similar Tribolium 
Laminin γ, we performed a Western blot (Figure 4). In wildtype samples, we 
observe a band around 180 kDa, the expected size of Laminin γ (Figure 4, 
3rd and 6th lane). Importantly, this band was not present after laminin γ 
RNAi (4th and 5th lane). These data indicate that ab7651 recognizes 
Tribolium laminin γ,  silencing  the protein. 

TC NUMBER Laminin subunit    % Serosal window  
closure defect  

TC14773 Laminin α 1,2 58% 

TC05184 Laminin β 44% 

TC10540 Laminin γ 30% 

TC05184,  TC10540 Laminin β and γ 60% 
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Figure 4. The ab7651 Drosophila laminin γ antibody recognizes Tribolium Laminin γ. The first lane 
shows a 10-180 kDa ladder; the second lane a blotting control of alpha-Tubulin. In the wildtype lanes 
(lane 3 and 6), a 180 kDa band is visible, whereas this band is absent after the RNAi samples in lane 
4 and 5. Alpha tubulin was used as loading control. 
 

We used this antibody to investigate expression pattern of laminin 
γ during closure of the serosal window. In wildtype embryos, we observe 
an enrichment of Laminin γ in the so-called “necklace cells”, the cells at the 
border of the amnion and the serosa (69). A possibly extracellular 
enrichment of the protein is visible at the inner rim of the serosal window 
(Figure 5 A, arrowhead). This suggests that a basal lamina is present during 
closure of the serosal window. This expression pattern is absent after 
laminin γ knockdown (Figure 5 B), confirming that RNAi against laminin γ 
effectively prevents expression of the protein. 

 
 



 

 107  

 

 
 
Figure 5. Laminin γ is enriched in necklace cells around the serosal window.  Embryos of around 10 
hours after cellularization at 30oC. In green is Laminin stained with 488nm of Alexa and  blue are the 
nuclei stained with DAPI. A) Wild type embryo; Laminin is expressed mainly at the edge of the serosal 
window (arrowhead) B) Laminin γ knock down embryo; Laminin is only detected at low levels all over 
the egg. Scale bar 50 µm.    

Absence of Laminin delays closure of the serosal window 

 

To investigate the laminin knockdown phenotype in more detail, we 
analyzed development in live imaging movies of the LAN-GFP transgenic 
Tribolium line (chapter 2). We applied double RNAi against laminin β and γ, 
as this simultaneous knockdown generated the highest percentage of 
defects in closure of the serosal window (Table ). Strikingly, these movies 
reveal an irregularly formed serosal window, with some necklace cells 
staying behind (red arrows in Figure 6 A, B and C), instead of a regularly 
formed serosal window. Importantly, serosal closure is delayed (Figure 6 C, 
D), and the germband irregularly curved and positioned more towards the 
posterior ( Figure 6 D), as reported for dorsocross knockdown (44). 
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Figure 6.  Serosal window closure is delayed in laminin β and γ double knock down 

embryos. Stills of temporary aligned time lapse movies of a wild type embryo (Top) and an embryo 
with Laminin beta-gamma silenced (Bottom) of the LAN-GFP transgenic Tribolium line. Red arrows 
indicate necklace cells that stay behind at the irregular borders of the serosal window. Serosal 
window closure is delayed (C, D), and the germband is folded and positioned more towards posterior 
after RNAi (D).  Scale bar 100 µm. 

 

To quantify the delay in closure of the serosal window upon 
simultaneous laminin β and γ RNAi, we measured the time between the 
onset of the differentiated blastoderm stage (i.e. the end of cellularization) 
and the completion of the serosal window closure in 16 knockdown 
embryos and 7 wildtype embryos. This revealed a conspicuous difference 
in closing time of the serosal window between wild type embryos (3.67 
hours) and Laminin β and γ knock down embryos (3.92 hours) (Figure 7). 
Given the small number of movies in which this time could be measured, 
the p-value of this difference (0.07 in an ANOVA) might well drop when a 
higher number of embryos will be analyzed. 
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Figure 7. Comparison of the average of the time of serosal window closure between wild type and 
Laminin β and γ silenced. Using a t-test, we found that the difference of the serosal window closure 
time is different with a p-value of 0.07. 

 
Taken together, we have identified laminin α 1,2 to be involved in 

closure of the serosal window in Tribolium. We have shown enrichment of 
Laminin γ in necklace cells of the serosa, and reveal that serosal window 
closure is delayed in laminin β and γ knockdown embryos. This 
demonstrates that the Laminin trimer is a key structural molecule for 
proper closure of the serosal window. 
 

Discussion 
 

We identify Laminin as key structural molecule involved in closure 
of the serosal window in Tribolium. Furthermore, we show the enrichment 
and potentially extracellular localization of Laminin γ protein around the 
necklace cells of the serosal window. As laminin is a component of the basal 
lamina in all animals (52, 53), it is likely that a basal lamina is present around 
the serosal window, and required for proper closure. It would be 
interesting to investigate this hypothesis by electron microscopy. In 
addition, disturbance of the basement membrane upon laminin RNAi could 
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be studied using antibody stainings for other components of the basal 
lamina, such as Collagen IV or Perlecan  (62).  

We have identified four laminin subunits in the Tribolium genome, 
like in all invertebrates. These subunits all show high conservation in 
protein domains with their respective orthologs. However, in a frequency 
below 10%, we observed a splice variant of laminin γ that lacks the N-
terminal domain. Interestingly, one of te three human laminin γ genes 
(laminin γ2) also lacks the N-terminal domain, suggesting that this 
Tribolium splice variant might well have a biological function (70). Knock 
down of subunit α1,2, subunit  β or subunit γ all give the same phenotype 
in serosal window closure. This strongly suggests that it is the laminin 
trimer composed of these three subunits that is required for proper closure 
of the window. 

Finally, we show that closure of the serosal window is delayed in 
laminin deficient embryos. As the duration of serosal window closure can 
only be measured in particularly oriented embryos, and only during this 
particular period in development, we could only analyze 16 movies of the 
RNAi treatment. In addition, RNAi effects vary in strength per embryo. It is 
therefore not surprising that the p-value we found for the difference in 
serosal window closure time between wildtypes and knockdowns is slightly 
higher than 0.05 (p=0.07). Considering same striking movies like the one in 
Figure 6, and conspicuous pictures of fixed material, we feel confident that 
analysis of a larger number of eggs will decrease this p-value.  

The phenotype we observe after laminin RNAi is comparable to the 
one reported for dorsocross RNAi  (44). Not only the delay of closure of the 
serosal window is similar, but also the curved germ band that is positioned 
more towards the posterior (44). In absence of proper separation of the 
amnion and the serosa, the amnion connects the germ band to the serosa 
which is anchored to the outer vitelline membrane, preventing anterior 
movement of the germ band (44, 46). This probably happens I both 
dorsocross and laminin RNAi. In addition, the expression pattern of laminin 
γ resembles the reported expression pattern of dorsocross (44). This makes 
it highly likely that laminins are important target genes of the Dorsocross 
transcription factor during closure of the serosal window in Tribolium. 

In conclusion, we have shown that Laminin is required for closure of 
the serosal window, a crucial step in the development  of the serosa. As 
more genetic tools such as RNAi and CRISPR-Cas are now available for non-
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model organisms, more genes will probably soon be described to be 
involved in morphogenesis of this crucial extraembryonic epithelium in 
insects.  
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Supplementary 

Examples of the defects found in the embryos 

 

 All the embryos are stained with DAPI as mentioned in the method. 
 

 
 
Figure 1. Embryo during the nuclei division with TC10914 gene silenced showing nuclei irregular 
spaced. 
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Figure 2. Embryo during the nuclei division with TC3474  gene silenced showing a hole in the 
blastoderm. 
 

 
 
Figure 3. Embryo after cellularization with TC7565  gene silenced showing a wrong condensation of 
the germ rudiment. 
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Figure 4. Embryo after gastrulation with TC1525  gene silenced showing a gastrulation disturbed. 

 

 
 
Figure 5. Embryo after cellularization with TC14773 (Laminin α)  gene silenced showing a delay serosa 
closure. 
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Figure 6. Embryo after gastrulation with TC3007  gene silenced showing irregular positioned germ 
rudiment. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Embryo in the germband stage with TC10914  gene silenced showing irregular curved 
germband. 
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Figure 8. Embryo in the germband stage with TC14773  gene silenced showing irregular positioned 
germband. 
 

 
 
Figure 9. Embryo in the germband stage with TC5546  gene silenced showing head lobes defects. 
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Figure 10. Embryo in the germband stage with TC16062  gene silenced showing an irregular border 
of the embryo. 
 

 
 
Figure 11. Embryo in the germband stage with TC3342  gene silenced showing a flat germband. 
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Figure 12. Embryo in the in a late germband stage with TC5676  gene silenced showing a germband 
retraction defect. 
 

 
 
Figure 13. Embryo in the in a late germband stage with TC5546  gene silenced showing dorsal closure 
defects. 
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Figure 14. Embryo in the in a late germband stage with TC3007  gene silenced showing the serosal 
nuclei irregular spaced. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


