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Functional Dissection of MicroRNA in the Drosophila PGCs Fate Regulation
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Abstract

larval gonads undergo a unique developmental process, which involves a regulatory pattern of cell fate and behavior.

The Drosophila primordial germ cells (PGCs) are the germline stem cell precursors. The PGCs in

To systematically unravel the roles of miRNAs in PGCs fate regulation, we performed a miRNA expression profiling
on developing larval gonads in female flies. The analysis identified a group of miRNAs expressing in the tissues. We
next examined if those miRNA candidates function in the developmental process via the Gal4/UAS binary system.
The results showed that miR-33 and miR-278 controled the PGCs differentiation in the larvae. The study in this
paper provided a good working system for exploring functional miRNAs in the developmental contexts.
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Table 1 Detected microRNAs expressing in Drosophila larval gonad

g i Y

fur?lber miRNA ;\Iﬁ ur?lber miRNA f ur?lber miRNA

1 dme-miR-2a 23 dme-miR-276b 45 dme-miR-960
2 dme-miR-2b 24 dme-miR-277 46 dme-miR-962
3 dme-miR-2¢ 25 dme-miR-278 47 dme-miR-964
4 dme-miR-8 26 dme-miR-279 48 dme-miR-965
5 dme-miR-10 27 dme-miR-281-1 49 dme-miR-970
6 dme-miR-11 28 dme-miR-281-2 50 dme-miR-984
7 dme-miR-12 29 dme-miR-283 51 dme-miR-987
8 dme-miR-13b 30 dme-miR-284 52 dme-miR-988
9 dme-miR-14 31 dme-miR-289 53 dme-miR-989
10 dme-miR-31a 32 dme-miR-305 54 dme-miR-995
11 dme-miR-31b 33 dme-miR-306 55 dme-miR-996
12 dme-miR-33 34 dme-miR-310 56 dme-miR-998
13 dme-miR-34 35 dme-miR-311 57 dme-miR-1003
14 dme-miR-92a 36 dme-miR-312 58 dme-miR-1010
15 dme-miR-92b 37 dme-miR-313 59 dme-miR-2491
16 dme-miR-100 38 dme-miR-314 60 dme-miR-2495
17 dme-miR-125 39 dme-miR-316 61 dme-miR-4948
18 dme-miR-184 40 dme-miR-317 62 dme-miR-4955
19 dme-miR-252 41 dme-miR-375 63 dme-miR-4971
20 dme-miR-263 42 dme-miR-954 64 dme-let-7

21 dme-miR-275 43 dme-miR-958

22 dme-miR-276a 44 dme-miR-959
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a-spectrin

t7>mir-33

t>mir-278
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A: XA, PGCs/CBH Rl A A48 BRI, B: 1l 2 miR-33 (14 i o my ARSI 280 A 2 0 B IR R IR (A T 77 JR SO I v 19 R 263400 );
C: LR IEmIR-278 M B R AE L BL T Rl 1k 20 KR IR BECH T 07 SR ORI i R 2635890 ) o & a-spectrindy TR (25 () baic A 5 40 At 1%

PR S, VasahU (20 ) brid AR SE 40 i &

A: control LL3 gonad carries round fusome; B: gonads overexpressing miR-33 result in formation of cysts harboring branched fusomes (inset, dot line);

C: gonads overexpressing miR-278 also result in formation of cysts harboring branched fusomes (inset, dot line). Gonads are stained for a-spectrin (green)

and Vasa (red) to outline fusome and germ cell, respectively.

1 EBRIRAARR o 3 FiEmiR-335 miR-2783 PGCs A [F 5 L HI R
Fig.1 Effect of miR-33 or miR-278 overexpression in somatic cells on PGCs differentiation

&2 miR-335miR-2781F FIAMPGCsH 773 LR R
Table 2 Effect of miR-33 or miR-278 overexpression on PGCs differentiation

HEDA A AN N 2 (R HY LS AT L 22 1 e e Lt

Genotype Number of gonads containing 4-cell cyst Number of gonads containing 8-cell cyst Percent
H>LUC 0 0 (n=15)
tj>miR-33 3 38.5%%* (n=13)
tj>miR-278 2 28.6%* (n=14)

ELAs: E FIAZ I TN 840 JH I 32 (1) 1k M 7 BEAS MBI EE ) . #P<0.05, 55558 TR (¢-Gald> UAS-LUC)HI b o n: W EEA % .
Percent: percent of gonads harboring 4-cell and 8-cell cyst. *P<0.05 vs control group (#j-Gal4>UAS-LUC). n: No. of gonads examined.
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Gal4>UAS-miR-278) At — 5 EE 4 (1440 it i
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278 (L HEPGCsIAT 7534k -
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KB IR LR PR PGCs S HUA 748 Wl 35 22 7 (K3), 2
7N F A miR-33EmiR-278 7 5% Wi i g 4 da IPGCs
1) 40 Jf S 5

i3 F X miR-335, miR-278 %4 14 AR (K 40 i
REBHZM
ELA1, {1 SHPGCs K 77 BACER 55 10 M 1 40 M £

PGCsi) fir iz AT A vl S/ . 3L, i
22 2 ffd (terminal filament cells, TFCs)AI7R 41 i
(intermingled cells, ICs)>A Ty BE R A WA 1) W R 2K 44
M. ABFFTR I, FEVERR AL i &R it R iAmiR-
33 8, miR-278(tj-Gal4>UAS-miR-33 ok tj-Gal4> UAS-
miR-278) ] {i¢ HEPGCSTELL3 M 147 )7 734k, & T TF
AICH o /EPGCs iy iz W # (1) Th fig, FeATadk — 2
AT T i % EmiR-338¢miR-278 5% Wi TFAI(2{)ICs
[ 7% 2 K 4= (morphogenesis), #E 1M {2 HEPGCs /3 1L 1)
AIREAL . W FCTRAN M ) B R AR R, AR ST,
F Engrailed$t 4 9 5 %¢ s G (437 L PEAEML3AILL3

&3 miR-338miR-2785d FRiA X PGCsHETE I F M
Table 3 Effect of miR-33 or miR-278 overexpression on the

proliferation of PGCs
BRI Y PGCs T 3% H PlE
Genotpye Average number of PGCs P value
>LUC 109.1 (n=15)
tj>miR-33 110.3 (n=13) 0.48
tji>miR-278 107.4 (n=14) 0.29

n: A IFEAAL

n: No. of gonads examined.
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y>LUC tj>mir-33 t>mir-278

25 um 25 um

tj>mir-33

25 pm e 25 pm 25 um

A: ML3SD HEAL, TR IT 468 OFHES I TF; B: S5 IR, 783 B miR-33 (1 R WM IR, SYRRTEIT G C: 7E RiEmiR-
278 PEIR D, [FRER] W& YORTFIEAE B G D: LL3MINT AL, TF S & YRS B S50 AT i, 761 R IAmiR-33 11 PEIR T, TEASHEE it
W F) B DR S5 40 (0 (L8 3k ); Fr AL Rk miR-278 LN b, TEAN R i i () 5 BOR G M (B (8 3K, LIRS AT F 50 o 22 AN Nl 125 T B LR 45
M2 AMEA k). I Vasaf U (S () bric AR S AN IS 3R, Engrailed HUAR(ZL () AR 1C TFAI .

A: an ML3 gonad, few TF cells are present in very short filaments; B: as in control, TF cells show up and align in short filaments in miR-33
overexpression gonad; C: as in control, TF cells show up and align in short filaments in miR-278 overexpression gonad; D: an LL3 gonad, TFs are
aligned in anterior-posterior oriented stacks; E: in contrast to control, some TFs are not formed correctly (yellow arrow) in miR-33 overexpression
gonad; F: in miR-278 overexpression gonad, some TFs are not formed correctly (yellow arrow) and some TFCs are scattered out of the TF stacks (white
arrow). Gonads are stained for Vasa (green) and Engrailed (red) to outline germ cells and TF cells respectively.

B2 g FiEmiR-338imiR-2783 TR & 4 RIF M
Fig.2 Effect of miR-33 or miR-278 overexpression on the morphogenesis of TF

g=LUC t>mir-33 ty>mir-278

o-spectrin

o-spectrin o-spectrin

25 um 25 um 25 um

A: LL3AR AL PE IR, 1ICs 5 PGCs & 43 A1 THENR 38 Br 5556 AT 7], 3 SR iAmiR-33 1/ PE R 1y, ICsRERY I M 5 PGCsi &; C: i Rk
miR-278 LN P, ICs S PGCs[FIRE IE TR &, Lo AN IR TC 53 o P P o-spectrin i AR (4 () B Ic AL FE A0 2= th ARG 4K, TH(ELE)FLihs
itICs.

A: an LL3 gonad, ICs are intermingled with PGCs locating at the middle part of the gonad; B: miR-33 overexpression gonad has a normal distribution
pattern of ICs compared with control group. C: in miR-278 overexpression gonad, ICs are also normally associated with PGCs. Gonads are stained for
a-spectrin (green) and Tj (red) to outline fusome and ICs, respectively.

B3 j33%iZmiR-335imiR-2783FICsT 75 & 4 B9S2
Fig.3 Effect of miR-33 or miR-278 overexpression on the morphogenesis of ICs

153 ol Ksx DN TF A0 Jd iy 3 3R A 1R AEC 46 DL K% i 22 465 1)
(terminal filament, TF)J# . 45 R 2R, X4
(t-Gal4>UAS-LUC) AL, 546 41(4j-Gal4> UAS-miR-
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TR TE (B 2AF E2C), R it % ik miR-33 5miR-
278ANFEM TR i iy iz AR A3 kS 4 5 EAH e, Ay

10 I TEAH fd 2 TF 45 44 (1) B il iX — B 24 R A i FE e
IO ISR o AELL3IS B PERR h, 9% 986
Jett A RS YOIRIITFSE K, SRR 25
Z118~20% TF, £} ZETF H18~101NTF4H g K i (E2D);
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%4 T FRIEmIR-335miR-2783F1CsZH AL = H #2010
Table 4 Effect of miR-33 or miR-278 overexpression on the
number of ICs

HpRIA ICsé e 2% B Pl
Genotype Average number of ICs P value
4>LUC 332.3 (n=12)

tj>miR-33 3243 (n=14) 0.15
tji>miR-278 340.7 (n=13) 0.20

n: B REA LY .

n: No. of gonads examined.

JRLJiT 25 T TR 45 A4 2 ANEI2F 1 €8 8 3k )(4-Gal4> UAS-
miR-33, 41.7%, n=12, P<0.05; tj-Gal4>UAS-miR-278,
38.5%, n=13, P<0.05), IAELAHLR, it RIiEmiR-
338kmiR-278 W] 4l il [ 3= P Hhi(cell-autonomously) T+
TFMIEA KA.
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A T ERBLL3 S ME R b, — o B ICSTR & 3 A fE
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470 AP R BoR, T AL, sest Atk
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i 2 2 R (EB3A~KI3C)(F4). Fedl14h LA 4, miR-
338miR-2781d FIE A MICs I TE A K A

A SCAE G A o M R B 2 P miRNA R I 3 1)
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MR A, MAEWICH AT . CATEMICY
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(UnBMP. EGFRAE) K& 173 ML % PGCs
[Ffvis 547 A7, Pk, IR IE 45 AR, miR-
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HAT SRR I 2SR AE . HE— 2D F S0 K &5 O S [N 1
At K% (loss of function) ) M1 M A 5% S i 15t % $2AF
Fi R, i 5E miR-33 MmiR-2787F 4l Ht Pk IR & &+ 1)
Ly e I Bt (functioning window), Jf M 3 D] 2 1] 45
R FEPGCs Al Ml iy iz AL, F i S8 I miRNAs
L5 5l B (BMP. EGFRZS) M RGME4 5 N7 (I
BeEs R R A T A ER E K B AR R
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