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HE  ARBAFIAET, microRNAMIRNAWE A AABER FREETZHEA. ZLE A
A 5 microRNA £ R 28 9 £ JE 70 am e i 2 P 69 ) 68, 2 e i 2 B ) TAR R 13245 34F do s A AR
n e ois Rk X 5 m IR A AR 69 RATAEAL. A T #hiAsbid A2 F 69 9 48 HEmiRNA, 154 4| I UAS/
GAL4 =LA X A 331/ REmIiRNAZAT T A A fhik. 4R AW, & TmiRNATALEIN FLA
WA IR S AT E A, E R L FURMIR-73 S FLET 4 R e iE 5. miR-1. miR-1244=miR-
263b00) £ iR AT AR @R TR B X ¥ RIEA L. 4 REY, LT ATUAS/GAL4
89 77 3% 7T A T #IAmiRNA 9 3 48 .
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A Screening for Functional microRNA in the Development of Drosophila

Ovarian Follicle Cell Lineage

Zhao Kun, Li Mengjie*, Xin Tianchi, Xuan Tao, Li Mingfa
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Abstract

As negative regulators of gene expression, microRNA (miRNA) plays important roles during

Drosophila development. In this paper, we aimed to investigate the effects of miRNA on the commitment of Droso-

phila ovarian follicle cell lineage, which is an in vivo genetically tractable model to understand the mechanisms of

cell fate determination and cell migration. To identify functional miRNA in the process, we performed a phenotypic

screening for total 31 Drosophila miRNA by UAS/GAL4 binary expression system. The results showed that several

miRNA cause multiple severe defects during oogenesis. And both the overexpression and knock-down of miR-7 could

block the border cell migration. miR-1, miR-124 and miR-263b may function on stalk cell induction, border cell

migration and egg shell patterning. The results demonstrated that UAS/GAL4 system-based strategy used in this

paper was feasible for functional miRNA identification.
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B HL/NMA (ovariole) 14 i, 4% B L /N A4 DRI Sty B9 58
X (germarium) Ay 245, HF5) 7 &R TAFKE
B HL 2 20 Bl 1) B % (egg chamber), B2 Ji i i
YN (oviduct) b T Js A R, S ], 454 R 5
WA TI14 K E A,

71 IR DX v, YT 40 i 44 (precursor follicle
cell)[n] /L2 1T 7%, G 22 1640 JiL 1) 4 5 2 M #E(16-cell
germline cyst), 5¢ B IN 5 1) SR 4R BE i FF H 2 25 JF O
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JRIX o XA e T- 8T 41 Jid (follicle stem cell,
FSC), FifiAg £, 22 ¥ 56 B4 4k ok 15 40 i 117 4 (prepolar
cell)FTEE I Jz 41l it (epithelial follicle cell). Hi# 3L
RIAR H A7 2203 22, TS 1301 OF % INF 52 A2 B 4 i 15 3,
A E AT B0 i R AR 41 i (polar cell), 1
“hy IV A0 i i 3 <A R TR B A L ) T B 10 e
2 H B =5[] 175 5 L T g 25 40 i (stalk cell) ) 23405 B
2, H IS A R AL OP = B T S IR, ke
b R A W D R b Rz, AR L6 AR FE AN [ 154
ViR A i (nurse cell) 5 149~ 59 BEAH i (oocyte)] . BEVD
R A i A 23 0N = R AR AR FE A IRE, IR, T
F2~6 AT 22 0 3. S T~9 AT 19 & il (endo-
cycle), HIL™ A1 2 A5 PR A RE Ak S . A i 40 o 47
SRR ARG IR 24 L e i g

b B A0 T S IR W A R AR B R
JT, WEEOINITAR, & RV TR 5 TR AR M H A .
B9 25 55 T i 1R 6~8 BT b B2 4 B 52 B 40 T 1) 9 55,
HRAF10 F 40 i (border cell)ff)fivia, J-5 M4l i —ik
M b Rz A e 2, Rl A il B4 i 417 (border cell
cluster), W55 Bif—& HllR 77 1) 7534 5% 40 1) Bt 17 ) i
LA, T 55 100 I 213834 77 41 i 55 OF-BE4H i i) 12 5t
Ab, F o5 2T RS 1IN BB TE R A S SR BE 1
A R B T A ) 1) — 2R Al R, 5t
1 0 A AT 5T 40 M 4 (AT 1S ) AR R

B T A DR IR b Rz 4 W % i i o A7 11 B RE4H
) At A% 56 BT A, BRI DR 5 28 3R 1S R 4
ISRt v, 7 o OF BR A0 M A D81 e 4 ik —
A oAk, BEF Az (AN [R] 0 23 Wh I T8 RkH BY. 1) BF 76
(egg shel) &5 4. BP7ET MIF£F(dorsal appendage)fE
R 5 g O e e B R A5 R, U AT O T
st B 0 B 44 )5 3 (dorsal appendage primordium)Zi]
JH o X R A 40 LR o) R 0 A T 24 S A [R] I S
JEL b R A0 M (1) 75 35 2 40 i (dorsal midline cell)
{UREZES w =R NP A R AN A0 A VA L NIR=R N
S, 153 2 i i K 2 5 O i (operculum) ) 73
W,

ZAE S o Re e N e T RIR
JEV A M 2K E o A7 KmicroRNA(miRNA) />
AR AR W ARGED . miRNAZ K L
LIN22 LA IR I AR S RNA, 3 I % 5% i 440
TR IE R Rk . —EmiRNARIE S KB HH
IR ARP . AR AT IRAF ) R miRN A AL 5%

U5, RHXLEmiRNATE JEL 40 Il 0k & i gl
17T RGHET, R4 7T E I SE 545 A

ARSI R 1 A R GALASh R e22¢-GALA4,
UAS-FLP/Cyo;Tub-GAL80"/TM3,Sb/ F Blooming-
ton SR MR i, 70 T S E L b R Al i b e Rk, HLAE A
GALBO & il Z 1K I [, LAE G0 W fify A &)y Hu i 3573 Ad
AP ILT 7 AR AT EUSEIL S . GRI-GAL4
P YIE I b R 4 g = 295, HiSchiipbach S 5 5
M B, 55B-GAL4M H Bloomington 5 W [, 7£ 5
JEIL 1 Bz 4 0 s R 8. Slbo®',sIbo-GALATY 1
Bloomington 4 i 42, 76140 40 bkl S vk Rk . 3L
1, slbo”*1 0k 3 F 4 i A S P 51 4R 5 Pl sbo-
lacZ.

miRNA QL % i i &: w;;UAS-miR-1/TM3,Sb.
w;;UAS-miR-6-1,miR-6-2,miR-6-3. w;;UAS-miR-124,
w;;UAS-miR-263a. w;;UAS-miR-263b. w;;UAS-
miR-7. w;;UAS-miR-14. w;;UAS-miR-375. w;;UAS-
miR-274. w;;UAS-miR-252. w;;UAS-miR-31b.
w;;UAS-miR-278.w;;UAS-miR-964.w;;UAS-miR-79.
w;;UAS-miR-9a. w;;UAS-miR-9b. w;;UAS-miR-1000.
w;;UAS-miR-927. w;;UAS-miR-33. w;;UAS-miR-
9¢. w;;UAS-miR-184. w;;UAS-miR-92a. w;;UAS-
miR-10-3p. w;;UAS-miR-210. w;;UAS-miR-999.
w;;UAS-miR-276b. w;;UAS-miR-987. w;;UAS-
miR-1017. w;;UAS-miR-310. w;;UAS-miR-310c Fll
w3 UAS-miR-let-7, A% 52 56 Plw;; UAS-LUCHE Jy [ 1
Xt DL _E i & 2500 F Bloomington S i F7E

miR-7 sponge/it Z: w; UAS-miR-7-EGFP-sp#2 H
Vactor5L 5 %5 (Harvard Medical School) 28, H]-F-<Hi
B IF I N PP EmIR-7 .

A SZIG K H B SE 86 A K anti-Fas3(1:10). anti-
Orb(1:10). anti-Armadillo(1:10)~ anti-BrC(1:10) %%
— P11 HDevelopmental Studies Hybridoma Bank
(DSHB), anti-SLBO(1:1 000)— T i Goode s % % £
i, #% G RIDAPI. %% Y% Hianti-mouse Alexa 488.
anti-mouse Alexa 546 fllanti-rabbit Alexa 54655 Il H
Molecular Probe/~ 7] . PBSIH H A4E T AW TRE(_LiH)
JBe 547 B 23 ], Triton X-1000 [ Bio-Rad /A 7, % %
FRE I I Sigma A wl, 11 2E L 14 H Gibeo A

A 52 5 K HIUAS/GALA % %8, GRI-GAL4 %
BU55B-GAL4Mh & HUASH & 125 °C2% A2, e22¢-
GAL4,UAS-FLP/Cyo;Tub-Gal80%/TM3,Sb/i & 5 UAS
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MR T 18 CCHAL . EF R P AT B h
(R AR F LA SRR A J ko A 55 D1 70 (7
PER WG, BT Wi R e th ar i R . Horp,
GRI1-GAL4FI55B-GALAS g 1) T AR 55 7% 125 °CH;
FER T, e22c-Gal4,UAS-FLP/Cyo; Tub-Gal80*/TM3,Sb
R T8, SIbo’*" slbo-GAL4 5 miR-7 sponge %48 1
RIEFFRT29 °CHEFRAH, 2~5 dJ fil A 22 LR

ARSI A S e SOt R (0, 715 10% L1 = LT
(FIPBS H i 351 SRAT g P 31, #2 A 1.5 mL LA, R
F= b 2RI AE FH 1 mL 4% 22 58 W1 (pH7.4) % 1
5£30 min, H70.3% Triton X-100fPBSTELE3
Fr2< i J5 1l ] #71.0% Triton X-100(%PBS % i 15
#E1 he FEBEBGMANT10%LFEME 0.3%
Triton X-100/) 3 A1V, S0 &2 he 37 285 HI,
TEARRN ) — PR R 4 cCIF B I . W — B
FWE, T50.3% Triton X-100/PBSPER3IX, FEIK
20 min, JIAT mLEf AR BRI AT he 2500
L, IOAAH N I —Pii B, M H2 he MO
DAPHE H A 249K B A 5]1:2 000, ‘255 5 10 min, 2
DI B3, IIN0.3% Triton X-100fPBSTES:
4R, FFIR20 min. ¥R 7 FFE S T4 °ClEEIRAT
FINikonf#] & 9 6 WAl Eclipse 807 %L, 11 .

A S8 K H Graphpad Prism 53443847 504 5
Mr, W3 PEARL 5G4l H Student’s #£ 5 .

ATV HUAS/GAL4 eIk ARG 255 S v
Hb ok 208 5 i (knock-down) miRNAZE K], 2 45 0
A UEVLA I RO E A OCR AL . AT S 1314
miRNAREAT I 25, 4% 91 K AE A, FRATTHE 3845 1)
SR SE RIAGN T

M ERES 1L
F FHe22c-GALA 1] LAFERR 40 B 15 25 40 M 43 fL By

Bl £iAmiRNA . 3 F1Orb&R 1A T A5 40 A H 48 o
REA0 i Hp e R IAL 1M 4R (1 Fas 33 1A T A% 24 1) 98
W E R, BAEA AN R R AN, BT I
T 2 11 (1) F 8 58 S FL e i, FRATT T LAY Wb 1 A0 52 55
AN G = v G BRI 104 H5ORT AR 40 ) B, ke A
A 208 O = A R A R, SR A OF = A H 2
1798, HEATE6 AT H(e22¢>LUC), 7F -3 ug i
bR A e P e iAmiR-15EmiR-124)5, S50 H K25
i BB 2R = AR R B S A IS, Bl — AN s b A
—ORFEE = DL B A Al i, HA AN S A L B
GEREA (D). PR, miR-1F1miR-124 7] g 2 il it
R ZE A1 M oAk T BT OE = IRl

B ApEIE R

HJ HHGR1-GAL4%) 7 9% 3l) #. S miRNA T~ 1 1]
JEI b R i b ek, JE Rk S an bR R
SLBOU2FN Il g % Fff 43T Armadilloff % 3% 9% Y JL 4
o n] DUILSE I G vl 320 57 40 o A0 1O I Jir Ak 1 7 5
FeAr1y LI T4 B BT 3 B8 1) 1E R S 1F10~25%
26%~50% 51%~75%F176%~100%3k 17 & & 4t 1t .
X FEZH N (GRI>LUC), i 1E97%H 55 1050 51 = mh (1)
S 5E T I, 171 KA miR-78miR-263b
Jei, AT I 58% K 1091 N % P 1) 2 7 4 e AT AN [F)
FEEE (TR SE IR B (1 A~EI1C, #2).

AT T T MmiRNAE & 6 i 54 41 i
TR, A SO0 T8 Bk 32 F a0 MRy S 1 Rk 1
sIbo’"*"° slbo-GAL4 X ZjmiRNA sponge K i fiimiRNA
(R IE M5 i 41 (sIbo” ', slbo>EGFP), i %
12miR-7 spongeld i A EmIR-7 )5, 105N % il
T M = AR AT AL IR IR (R R B2 RIER3). DAL, AT
e, miR-7H1miR-263b7E 1 S 4l BT 4% h A 4% T
FEVEH

1 FRIEMIR-1EmiR-12489 S A=A RS IV EFT S BN AN ERET St

Table 1 The number of oocytes per chamber and the frequency of fusion caused by the

overexpression of miR-1 or miR-124

AEAN G AP R BRI H (%)

FL R 7Y
e Number of the oocyte per chamber (%)
Genotype
2 3 4 >4
e22c¢>LUC (n=103) 0 0 0 0
e22c>miR-1 (n=95) 11(11.58%)** 9(9.47%)** 11(11.58%)** 17(17.89%)**

€22¢>miR-124 (1=92) 14(15.22%)**

12(13.04%)**

9(9.78%)** 15(16.30%)**

#*P<0.01, 5X5 41 (e22¢>LUC)HHLL .
**P<0.01 compared with control group (e22¢>LUC).
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UAS-LUC UAS-miR-7 UAS-miR-263b

Armadilo
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v
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A~C’: miR-7 5 miR-263b 3 B0 S 41 Ui AL ST, 1 kAR VUL A AL AT RI7 e A~C: A0 A% (I 5) 15 41 B B B 231 Armadillo (45 €2) IR 25
P, ArmadilloZs €4 1] SR BN £5H; A~C: uLj”UHﬂH’Qhu PEER EISLBO(AL ()b i S At i [ 7E10II, BIVERT A A il Jia 141 2]
IBVEFEANNL S OO BN M L AL, 58T RS By B HCL C 430 il FEmiR-7HImiR-263b )5 1 1031 61 ==, 120 541 iy 447 AN [ FE 32 (K1 A% 48
IBPLG D~FOA B E S ML . miR-75miR-263b S H 0N 5 B U i 4, 181 0 DAPICE () 5 15 78 B 1 S ik 40 [ R 35 A T BrO (40 () i 45 1 4
LTI [ 5 v 0 = 5 I'?ig?HiH@f’J/JN\?HiH@ o, SCPTOU R TS A B S5 4 T 438 BrC(D); By F23 50 i 4 iAmiR-7 5 miR-263bIK] 11
ORI b A0 M DAk e 1 e B E A A i 1) A

A~C’: miR-7 and miR-263b could cause border cell migration delay. Arrows indicated border cell cluster. A~C: the nucleuses were visualized with
DAPI (blue). And chambers were stained with cell adhesion molecule, Armadillo (green), which could outline the structure of egg chamber; A’~C’:
SLBO was used to mark the border cell clusters; A,A’ as negative controls, border cell cluster have reached the NC-oocyte boundary at stage 10. Stage
10 chamber with miR-7 (B,B’) or miR-263b (C,C’) overexpression showed border cell migration delay with varying degrees; D~F: dorsal was facing
the readers; miR-7 and miR-263b could cause egg shell patterning defect. Egg chambers were stained for dorsal appendage cell marker, BrC (red) and
DAPI (blue); A stage 11 chamber served as a negative control (D), in which dorsal midline cells group was about 4-cell-width and the BrC was accu-
mulated in two groups of dorsal-anterior follicle cells flanking the dorsal midline. Stage 11 chamber with (E) miR-7 or (F) miR-263b overexpression
showed enlarged dorsal midline. Anterior was to the left in all panels.

Bl I REmiR-75miR-263b 52015 57 4 AT 5 BY 3T 1R K 5P 5% FE 22 A HY R B2 (200%)
Fig.1 Overexpression of miR-7 or miR-263b caused border cell migration delay and egg shell patterning defects (200x)

#2 I &RiEmiR-7K% miR-263b/5i4 FAMT R RMNIMENHE TSI
Table 2 The number and the frequency of chambers with delayed border cell migration caused by the

overexpression of miR-7 or miR-263b

e P

0~25% 26%~50% 51%~75% 76%~100%
Genotype
GRI>LUC (n=113) 1(0.88%) 0 0 2(1.77%)
GRI1>miR-7 (n=109) 18(16.51%)** 16(14.68%)** 17(15.60%)** 15(13.76%)**
GR1>miR-263b (n=119) 26(21.85%)** 12(10.08%)** 12(10.08%)** 20(16.81%)**

*#P<0.01, S5XF AL (GRI>LUC) A LE .
*#P<0.01 compared with control group (GR1>LUC).

IpEE R e 0 1 B H R4 AT AT I S AL T A
H EABrCAE 1 0 B A i 2 4 B v s R0k, i (55B>LUC), FH55B-GALATE i 180 - 5z 41 g
T HE AT 0 5 ¢ 6 YL muxm%%%ﬂmumwﬁ i) £ 2 miR-78miR-263b )7, 10~113 5F % 15 3 vp &
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slbo®3!° sIbo>EGFP sIbo®3'° slbo>EGFP-miR-7-sp#2

B

A~B’: 1;"3fﬂﬂ5” 2 RE S PEs1bo ', sbo-GALASK Ay R HE A Kk . AL B: DAPI(H () 55 3 s i 4 (4,9 1 EI(QT%ﬁ)E’]AMCLI' A’. B BliL
A0 0 S 2 i 4 2 S M sTbo-lacZ(ZL () b iC L S 4l M [, I HRA L A b iE RIKEGFPIA 10MBR =, 1A A4l A1 5E TR, B B il &
iAmiR-7 sponge 1039151 % i S A Mo AT AL B Ao 1B 5 S48 7= 12 530 i 131 P Ak 5 5 HLL 9 " 4T iy o 1) /o

01310

A~B’: border cell specific line, slbo"",;slbo-GAL4 was used to drive the expression of downstream gene. A,B: egg chambers were stained for DAPI
(blue) and EGFP (green); A’,B’: border cell specific enhancer trap reporter gene slbo-lacZ was shown in red and marked border cell clusters; A,A’ as
negative controls, border cell cluster have reached the NC-oocyte boundary on time; border cell migration was blocked with miR-7 sponge in stage 10

chamber (B,B’”). Arrows indicated border cell clusters and the anterior was always to the left.
2 miR-7 spongeT S HImiR-73% T H UL F 4RI B IEIR (200%)
Fig.2 Downregulation of miR-7 by sponge impeded border cell migration (200%)

#<3 I FiZmiR-7 sponge/Fi FRAMIT BIERRYIIEN ST 2 b
Table 3 The number and the frequency of chambers with delayed border cell migration caused by the

overexpression of miR-7 sponge

PRI 76%~100%
0~25% 26%~50% 51%~75%

Genotype

s1b0”*° sIbo>EGFP (n=87) 1(1.15%) 1(1.15%) 0 3(3.44%)

s1bo®*'® sIbo>miR-7-SP (n=83) 4(4.82%)** 7(8.44%)** 5(6.02%)** 4(4.82%)**

##P<0.01, 5% 4 (s1bo”*",slbo>EGFP)# LL
*%P<(.01 compared with control group (sIbo”*'°,slbo>EGFP).

T4 TFRIZEmIR-7EmiR-263b/FEE P &MY KRMENMIEE L

Table 4 Frequency of enlarged dorsal midline egg chambers caused by the overexpression of miR-7 or miR-263b

S THI Ly K8 3 08 H (%)

Genotype Number of chambers with enlarged dorsal midline (%)
55B>LUC (n=47) 0

55B>miR-7 (n=44) 15(34.09%)**

55B>miR-263b (n=43) 19(44.19%)**

##P<0.01, 5XRAL(55B>LUC)H L .
**P<0.01 compared with control group (55B>LUC).

A H A2 IS, 5xF ATAH LE s n T 2034 () X3 A T KRG EHE AR ER). LA g R4ER:
A0 v FE(BEDAETE 264), 1 00l B2 J5 5 41 g miR-7HImiR-263bZ 5 G ‘% 15 0 v 25 40 it 1) iy 0z vk
BOH TR [, BT 2R 50 ] DL 8 A 5, miRNAGEFIA 1] S 5 P X Rl SR
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ARSI IE FHUAS/GALAZR 1K R 4861317 miRNA
I FAE SR N SRV ik RO E TR Th AT T
RY0HEY, KL F A miR-18EmiR-124 1] Uk 45 G
)R AR R (AT RE RE A B 7 % AR L 25 40 i 1) 43
1k); TimiR-75%miR-263b i % ik AN K O 1 K
A L S AN BRI AS H A IR, 3R S EBUS BT ORI X
R . BRATLEWE T miR-71%) T fe i, 16 R
W YR PEmIRNAZR G (1) 2 T 3EAT T AH B 1) 38 K
W, FRAF T BHPESLEG 25 R, B ur 7 525 45 SR iyl
FE. T M RS S — A2 2 B T T
2RI E Y R . miR-7H L B R AT
RES 5 T XRS5 IE s s, ke s 7
MMER IR R, T L B R, T2
AW A SCIRIATE SR s . ) 2810 B R BBl i i e, LA
K22 5 s il 2R E M ae
miRNAZ 1. CLENHE 2 {5 5 30 B8 WiNoteh™, JAK/
STAT!'S'61 PVE/PVRI71 EGFRI' & BMP*2014 4
JEV AN S 2R B R e R PR GBI R AR
— DI 0K PR A SC P 3R A 1 T e EmiRNA
A3 PTG T 2  TE E T R TR
YERBLEL

B

SR Ry A SIS A4 K1 () Bloomington HL i 4 |
DSHBHL 4 5. & i [7] 17 Schiipbach. Goodet; Vac-
tor LRAR AL IR P4 5 Bl i 2R
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