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An RNAIi Screen for Rho Signaling Pathway Components Required

for Drosophila Amnioserosa Morphogenesis
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('College of Marine Life Sciences, Ocean University of China, Qingdao 266000, China,
2Institute of Evolution and Marine Biopersity, Ocean University of China, Qingdao 266000, China)

Abstract The formation and maintenance of cell morphology is closely related to the biological functions
it performs, of which F-actin, as the cytoskeleton, are one of the determinants of cell morphology. The Rho family
of small G proteins is an important signalling molecule that controls F-actin organization. However, the different
species of Rho proteins, and how the upstream RhoGEF and RhoGAP synergistically regulate cell morphology,
have not been systematically investigated. In this study, a genetic screen for the Rho family and its upstream signal-
ling molecules was performed by tissue-specific expression of RNAi using Drosophila amnioserosa cells as a mod-
el. The results showed that Rhol was not involved in the morphogenesis of amnioserosa cells, and that RhoL and
RhoBTB of the same Rho subfamily, Mtl of the Rac subfamily and Cdc42 were the main sources of Rho activity.

Several important regulators of amnioserosa development were further identified by knocking down 26 RhoGEF
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and 22 RhoGAP in Drosophila, with knockdown of RhoGAP19D in amnioserosa tissue leading to near 100%

lethality. In this study, a series of key factors affecting F-actin during amnioserosa development were identified

through RNAi genetic screening, providing clues for further studies.
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Table 1 List of RNAI lines used in this study

BEPH 44 7 Y SRIs E RS i b

Gene name CG number Source Gene name CG number Source

cdep CG31536 THU1999 GAPIA CG40494 THU3556
CG30440 CG30440 THU2007 cv-c CG34389 BDSC64030
cyst CG10188 THU1114 cv-c CG34389 BDSC6443

cyst CG10188 THU3895 racGAP84C CG2595 BDSC77172
exn CG42665 THUS5007 GAP54D CG6477 BDSC31144

exn CG42665 THUO0738 GAP54D CG6477 BDSC54051
mbc CG10379 THO02182.N GAP54D CG6477 BDSC54459
PDZ-GEF CG9491 THUO0466 GAP54D CG6477 BDSC6440
PDZ-GEF CG9491 THU2013 GAP54D CG6477 BDSC6441
pebble CG8114 THU2981 GAP6SF CG6811 THU4321

GEF2 CG9635 THU2012 GAP7IE CG32149 THU0863

GEF2 CG9635 THU3659 GAPIA CG40494 THUO0745

GEF3 CG43976 THU4019 GAP92B CG4755 THUO0746

GEF3 CG43976 THU1894 CG8948 CG8948 TH201500458.S
GEF4 CG8606 THU4949 graf CG8948 TH201500458.S
GEF64C CG32239 THO05316.N GAP93B CG3421 THU1656
rtGEF CG10043 THU1139 GAP93B CG3421 THU1998

sif CG34418 THU3976 GAP5A CG3208 THU1995

zir CG11376 THU2843 GAP5A CG3208 TH201500753.S
CG15611 CG43976 BDSC31158 rhol CG8416 THU2814
CG42674 CG42674 BDSC31166 rhol CG8416 THU3565
CG42674 CG42674 BDS(C34943 racl CG2248 TH201501180.S
CG43102 CG43102 BDSC62371 racl CG2248 THU1493
CG8557 CG8557 BDSC28754 rac2 CG8556 TH201501064.S
CG8557 CG8557 BDSC32341 cdc42 CG12530 THU1713

pura CG33275 BDSC31221 cdc42 CG12530 THUS427

pura CG33275 BDSC58270 mtl CG5588 THO02177.N
step CG11628 BDSC32374 mtl CG5588 THU1711

ziz CG42533 BDSC54817 mtl CG5588 THU3024
unc-89 CG33519 THU1346 RhoBTB CG5701 THO1577.N

vav CG7893 THUS5232 RhoBTB CG5701 THO2181.N

spg CG31048 THU1581 RhoBTB CG5701 THU0862

trio CG18214 THU2820 cdc42 CG12530 THU2859

trio CG18214 THUS5494 cdc42 CG12530 TH201501053.S
trio CG18214 THU2820 miro CG5410 THU2781

sos CG7793 THU3521 RhoL CG9366 THU0971

sos CG7793 THUS5743 RhoL CG9366 TH201501066.S
sos CG7793 TH201500996.S RhoL CG9366 THUS181
cdGAPr CG42533 THU3779 WASp CG1520 THO02180.N
orcl CG3573 THU3699 WASp CG1520 THU1741
GAPI100F CG1976 THUI1138 WASp CG1520 THU2125
GAP1024 CG42316 THUO0780 WASp CG1520 TH201500962.S
GAPI15B CG4937 THU4927 daam CG14622 THU3967
GAPI6F CG7122 THU4940 daam CG14622 TH201500351.S
GAPI6F CG7122 THU4940 dia CG1768 THU0408
GAPI18B CG42274 THUS5363 fhos CG42610 THUS5026

GAPI19D CGl1412 THUO814 capu CG3399 BDSC32922
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Stage 6

(A) . B)

Amnioserosa anlage

10 pm

Stage 14 F

10 pm
10 Hin

A~C: RIRIERATE S K% )53 h(stage 6). D~F: FUEMARTESZ K5 10 h(stage 14). A: RIERARAAIE X, MEARITUA R RIS B, WA TS #0400 2 2k
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A-C: Drosophila embryo at stage 6, 3 h after fertilization. D-F: Drosophila embryo at stage 14, 10 h after fertilization. A: the scheme of Drosophila embryo at the

onset of gastrulation. The cells located most dorsally are determined as amnioserosa anlage (marked in green). B: the surface view of the embryo at stage 6. F-actin

(D ) Amnioserosa (E)

staining is the outline of the cells. C: cross-section shows the amnioserosa anlage cells are columnar. F-actin in red, DIg in green, DAPI in blue. D: the scheme of
Drosophila embryo at 10 h after fertilization. The mature amnioserosa cells are marked in green. E: the surface view of the Drosophila embryo. The differentiated
amnioserosa cells are flattened and squamous. F-actin staining outlines the cells. F: cross-section at the sagittal plan of amnioserosa cells which are flattened and
squamous, F-actin in red, DIg in green, DAPI in blue.

Ell RIS R IR MRS

Fig.1 The morphology of amnioserosa cells in Drosophila embryo
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Table 2 The Formin gene family in Drosophila

A R CGH%i'5

Gene Known as CG number

Diaphanous dia CG1768

Formin-like frl CG18214

Dishevelled associated activator of morphogenesis DAAM CG14622

Cappuccino capu CG3399

Formin homology 2 domain containing fhos CG42665

Fromin 3 form3 CG33556
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KR, Cded2 5 Racﬂz%ﬁéé%é%%%%&o ol Rl JRFET: 3 5% 20 0 35 7% 5, H3AN AL [Rhol
Rho®E A Z AN F R Gl i R WA R RNAIRKRSE R — 3 #ERRhoI WA T REANS 50
WEIRAE KB B TR, FRAEERIEA L bR R mlbe ARSI . mirodmiBZeRiARhot A1, 5K



1002 BRI -

(A)_c381-Gald % JE uasrnai _c381-Gald g;% o ussea
¢381-Gal4 ’\j 1( AL UASRNAI ¢381-Gal4 ’\//\:,ﬁ CyO or TM3, Sb
RNAi RNAi
100% @ 50% Q:: 50%@
o0 [/
o 7 CyO or TM3, Sb 8 L
UAS-RNAi —
381-Gald c381-Gald 381-Gald
*kk *kk * *
100+
®) © 904 K "] Heterozygous
Rho-GDP 30 . 1 Homozygous
RhoGAP RhoGEF .
Rho-GDP 704 * .
60
S R
50 :
WASp E; 20 3. v |3 2
M 5 30
Arp2/3 Formin 7 :
~N K 040 c
10+
F-actin — F§| o
0 1

ob%'c“ f s\“’; ""“I AO"“: oﬁ“iﬁ*?l
¥
S
A RIERAORRIE . LIUARRNARK R VLS T, 100%HIF IR IR EI 07 L T BARNAT IR k™). A RERNAIK R ARG T, A
A 50%HIF UG 9™ 4 T BARNAT IR AL, 53 5050% B0 IR TERNAG. QSR n] DU 17 e (i b (¥ R TRARHR B (B 5%
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Mgil. SEREFREGTHR, AOMRKRALSTHFR. *P<0.05, ***P<0.001, 5c381-Gal4>UAS-GFPALIHLL .
A: the scheme of Drosophila crosses. The left panal presents the RNAi homozygotes, which produce 100% F1 embryos containing RNA interference.
The right panal presents the RNAI heterozygotes. Half of the F1 embryos contain RNA interference and the other half not. The parents are distinguished
by the presence or absence of balancer (CyO for the second and TM3, Sb for the third chromosome). B: the scheme of Rho pathway regulating F-actin. C:
quantification of lethality of the embryo expressing RNAI against the indicated genes in amnioserosa tissue. The heterozygous embryos are in green and
the homozygous embryos are in white. *P<0.05, ***P<0.001 compared with the c381-Gal4>UAS-GFP group.
[E2 ForminfIWASp7EF IR P rifE SFHPERRTE T

Fig.2 Knockdown of Formin and WASp in amnoserosa leads to embryonic lethality
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A: the phylogenetic tree of Rho family in Drosophila. B: quantification of lethality of the embryo expressing RNAi against Rho family genes in amnio-
serosa tissue. The heterozygous embryos are in green and the homozygous embryos are in white. ns means no significance, *P<0.05, ***P<0.001 com-
pared with c381-Gal4>UAS-GFP group.
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Fig.3 The contribution of Rho proteins in amnioserosa development
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Table 3 The RhoGEF in Drosophila

R bR & e SRR CGHi's
Gene symbol Gene name Known as CG number
CG15611 CGl15611 / CGl15611
CG30440 CG30440 / CG30440
CG42674 CG42674 / CG42674
CG43102 CG43102 / CG43102
CG8557 CG8557 / CG8557
cdep Chondrocyte-derived ezrin-like domain containing protein / CG31536
cyst cysts Dpl114RhoGEF CG10188
exn ephexin / CG42665
mbc myoblast city Su(rac)l, Dock180 CG10379
pbl pebble ECT2 CGS8114
PDZ-GEF PDZ domain-containing guanine nucleotide exchange factor — Gef26, dizzy, [(2)k13720, dzy, GEF CG9%491
pura puratrophin-1-like / CG33275
RhoGEF?2 Rho guanine nucleotide exchange factor 2 DRhoGEF?2, (2)04291, CG9635
RhoGEF3 Rho guanine nucleotide exchange factor 3 / CG43976
RhoGEF4 Rho guanine nucleotide exchange factor 4 / CG8606
RhoGEF64C Rho guanine nucleotide exchange factor at 64C Gef64C CG32239
RtGEF Rho-type guanine nucleotide exchange factor dpix, pix, p-PIX CG10043
sif still life Dm_3L:26493, lincRNA.447 CG34418
S0S son of sevenless 1(2)br24, 1(2)34Ea, E(sev)24, CG7793
spg sponge mat(3)6 CG31048
step steppke GRP1, General receptor for phosphoinositide ~ CG11628
1, general receptor for phosphoinositides-1

trio trio 1(3)S036810, 1(3)S095914, M89 CG18214
Unc-89 Unc-89 obscurin, BEST: HL01080, obs CG33519
vav Vav guanine nucleotide exchange factor DroVav CG7893
zir zizimin-related / CG11376
ziz zizimin / CG42533
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B bR & E2 S HIFK CGHi'5
Gene symbol Gene name Known as CG number
cdGAPr Cd GTPase activating protein—related GAP, d-CdGAPr CG42533
CG8948 CG8948 / CG8948
conu Conundrum / CG17082
cv-c Crossveinless ¢ RhoGAPSSC CG34389
Graf GTPase regulator associated with FAK ~— / CGR948
ocrl Oculocerebrorenal syndrome of Lowe EG:86E4.5, dOCRL CG3573
RacGAPS84C Protein at 84C rnRacGAP CG2595
RhoGAP100F RhoGTPase activating protein at 100F  Syd-1 CG1976
RhoGAP1024 Rho GTPase activating protein at 1024~ BP1050, Dm_4:1183 CG42316
RhoGAPI5B Rho GTPase activating protein at 15B / CG4937
RhoGAPI16F Rho GTPase activating protein at 16F | CG7122
RhoGAPI8B Rho GTPase activating protein at 18B White rabbit, whir CG42274
RhoGAP19D Rho GTPase activating protein at 19D/ CGl1412
RhoGAPI1A Rho GTPase activating Protein at 14 EG:23E12.2, EG:23E12.5 CG40494
RhoGAP54D Rho GTPase activating protein at 54D/ CGo6477
RhoGAP5A Rho GTPase activating protein at 54 / CG3208
RhoGAPG68SF Rho GTPase activating protein at 68F  / CG6811
RhoGAP71E Rho GTPase activating protein at 71E~ C-GAP, 1(3)j6BY, Cumberland-GAP CG32149
RhoGAP92B Rho GTPase activating protein at 92B |/ CG4755
RhoGAP93B Rho GTPase activating protein at 93B CrGAP CG3421
RhoGAPp190 Rho GTPase activating protein at 190 p190RhoGAP CG32555
tum Tumbleweed racGAP50C acGAP, RacGAP CG13345
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A: quantification of lethality of the embryo expressing RNAi against the RhoGEF genes in amnioserosa tissue. The heterozygous embryos are in green
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abnormal morphology of anmioserosa.
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Fig.4 The role of RhoGEF in amnioserosa tissue
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Fig.5 The role of RhoGAP in amnioserosa tissue
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