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Advances in Molecular Regulation for the Development of Zebrafish

Primordial Germ Cells

ZHANG Xiaoyuan, LI Yiping, LI Shifeng*

(State Key Laboratory of Cell Biology, Shanghai Key Laboratory of Molecular Andrology, Shanghai Institute of Biochemistry
and Cell Biology, Center for Excellence in Molecular Cell Science, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract PGCs (primordial germ cells) are the earliest germ cells appeared in organism. PGCs go
through proliferation and migration, and reach the sexual gland. Then, by a series of differentiation, PGCs
finally become sperms or eggs. For zebrafish, PGCs appear at 3 hpf (hours post fertilization), while mouse
PGCs appear at 7.25 dpf (days post fertilization). During the development of zebrafish PGCs, onset of cell
migration, change of cell number and maintenance of cell pluripotency are under serious gene regulation,
thus ensuring normal development of PGCs. This review summarizes relatedly regulating molecules in the
development of zebrafish PGCs in recent years, and recognizing the function of these regulating molecules
will be a good help for the research of the development of mammalian germ cells and human reproductive
health.
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B, RG4S N BORIE I, AT BT {8 b PR R
J 06 A B 2 1 3 B R I #%, ] DUAE B Ot
17 F 3 50 R i =X 4 i %< % 23 1% 4 R (fluores-
cence activated cell sorting, FACS)4> &5 J& 4 4= 5E
MM, F TG B R 9T o AR SCERR T R UG 2B JE A
Jf 7= A 4 T 2 R e B iR A AR B A R B Y
FEPR, I 0T B £ i 46 AR BE 40 L K B B R SR 5T
ET RS,

1 [RIGHEEMAERIE R T
U L BT A e 5 5 L 2 B 4

T, NG 2 o ARG 1 B0 BT, ATT4ERE £ A
BT E AR RE 1 MRABRIEAS [F], A AT R 46
A HE 20 0 1 A i 200 R B AR R (preformation) AT
75 34 B (induction) A T,

TS AR B2 45 52 ORG ON T A BEIE R U 1) AE 5 5
(germ plasm, GP), B8 401 73 2L HEAT , A BH o 4%
AN M 2y TC B R i B4 I SR AS AR B oI 4
W RE MR A AN, T3 A A5 AR 5 5 1) 4
MOt 2= B RGN HL 1 A5 o7 B 45 BF R RN AR
BRREEE R, A 5EEAMEA K E A K. fERLE
A BE A, AT A0 BB R AR R S AT AT SR AE e,
SRORDIRGE#), € A0 T 40 Mz A E T R AB A4 JE 20
T B A B T 2GR T4 A B P i AT 75 TN B AT 4 e
(Caenorhabditis elegans). H (Drosophila mela-
nogaster) Bt 5 (Danio rerio)FAEIN TV (Xenopus
laevis)Z& 1, {EPEH farh | 5 5702 J5 3/ A%
For il 1) J5 46 A FE 20

75 AR R TR AE SR O B0 23 RO AR AR 2
5 IR 06 A JE 20 2 TB) IR X, H 2 24 4 A o 2R
Bl B, T4 AN RE S (B0 WNT3/{E
SIEH . BMPAE Sl )IE SR, S0d S
SRR IR A FE A O TR A A TE 4 R A BT 5
i A R YRR T AL S AR R . 7R/ R
I L REEAE 2K J5 7.25 A I 2 J5 45 A= B 4 i
Tl R S AR Ik 2 75 T AR I, T IR AR I S5 R
AETEAN RS = 2 DA RE , — S 4 R B DA N
JRAGAEFEAN M A R, R4 TR DL EIA s 41
H Bt ——1 B AL E

2 WM5&RIREEMEL T IHLIEREE
19974F, 5 W N S2i = A B Oy R I T4

— AN E A A FE AN B AR bR B, ddx4(vasa) RNA, &
A DA R bR 0 B T R 0E A A A AU JE R,
AT SR I A PR B #8155 0 A 5 24 R A 0 s 75
WUl IR e A BE A M ) 3 B ALE R A T S INIR
PR/ EE N
2.1 CDHIFIRGSI4AL 5 [Ria4 FELmpT A i

CDH1( X #RE-CADHERIN)#] L i 5 48 ffl 5 48
i B 8 BRU200, 7R BE T iR g AR E AN LR A
RERRH, v TR R AR AR FE AN M IR R, TR AR A
Y i - CDH L &5 5 i o 58 46 AR JE 240 L S 4% 1 R
TG R B DY, md 7 s RE R, Y
WG KB £ K 56/ B 52K 524/
i, cdhl mRNA [ 30E & D4R B GEE 1 e i
)2,

RGS14AER—FpBEFERIE M AT, A G
81 b 245 A7 1% (G-protein alpha-subunit binding
activity)®, BTy £ JFUUA A FE AN B A - R BLE A2 A IS
3/NET, BRE A L2, EHRIZR S 4.5
AN A TFUEE RS (B D)2, #8320 Ja 3/ 232 K e
4.5/ HATE] , BET 0 J s A T AN I 2508 0 R AEARTE
A ET IR S, CDHIA RGS4A S E M SE S T
[ 2131, HARTWIGSE PI7ERE & fa b R B, RGS14A
AI CLIE [A) 4% CDHI1, S0 J5 46 AE FE 40 i A8 77 1o i o
HIT Uity 5 AT 1R T S (T St 5 A6 PR T SR i 2 A4 i 44
IERE AT ER 2% ), AT 42 il B 1 £ J57 463 A4 B 41 i T
RITR RN Z . A, BEE R0 Y ok AL R
CXCLI2ARH FERA 75 2 — @ WIS | . PRk, IR
06 AR A 20 B PR ) ) 5 06 5T #0421 A [
o TEJRGRAETEAN M ITIRIE R 2 B, JR A A 5 41 i
o CDH15 RGS4A ) & & imy, PG IR 4h A 5 41
IER% ; RIS AR RN LRI RE 2 ), IR an A= a2
Jfi CDH15 RGS14A & 8388 T F, et J5an A
FEANAR TR ().
2.2 CAISBFIRACIAIETS R Ia 4 FELARRATAR (L2 H,

Y AR AL T TR R S X, H
pHAE S 5200 40 i IR AR AL AR TR 2423 AR AR SRS B 7
TEIE A BN P9 A7 1E pHIR B2 B 2627 (H 2 5 1A
PN SEESHIE B pHAT 40 ML A2 (1520 . CA1SBA& — i
5 pHIR B (1) 85 15, 72 2 FE B rI A i 356 Bk
i 28200 S S ST R pHIZE 41 i PR AN 38 50 43 A
EP N

TEBEE fh, CA15B2— Fh BEJFRIE 1 A= 58 5,
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TE J5L 6 A5 A 20 PR RN B 81 b R0k, (R FE RS b AR
KB, 20154F, TARBASHEVICHZE P 3, (£ B
O JR a6 A T A b, 4B I FCXCLI2A R K
JEE B P R S SR R, TR U6 AR B 41 i - CXCLI12AT)
ZARCXCRABIE %2 CXCLI2AMIE 5 M 4 0S, B
CA1SBf# 15 Ji7 4 A= FE 41 B T s (I pHTH 5. pHIKI

Motile activity

i L HERACTACLFRRAC I L, 7% 1L IRACTA
PEFIHEACTB 1 CURRACTIN) #5546 2 B 40 M i
S T, BT 045 0 2 B 40 B 3 CXCL 1 2 AT
w7 1) S TAE A (812) . AEBE Dt rh, Ri{Kcal 5b,
B MR R B R BN o (IpHUS, SR A LA 3
ANBEHIHE CXCLI12AWK L i (77 7] 52 [l 3T (&12)R Y

Wild-type
rgsl4akd

rgsl4a oex

hpf

rgsl4a oex

Membranal
E-CADHERIN levels

Wild-type
rgsl4akd

3 4

hpf

P R R RS B 1 A6 AR B AN AR RS B ] o kd: RRAIG; oex: IR hpf: 52K J5 /NN E

The dashed line in the up panel means the time when zebrafish PGCs (primordial germ cells) start migration. kd: knock down; oex: over expression;

hpf: hours post fertilization.

&1

Dt R isHE TR AT RS 0 B Eh K # T rgs14a mRNARIFERR(IRIBS & SCRR 23118 5%)

Fig.1 The onset of motile activity of zebrafish PGCs (primordial germ cells) depends on the degradation of
rgs14a mRNA (modified from the reference [23])
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Fig.2 Celluar environmental pH-elevation in zebrafish PGCs (primordial germ cells) is important for its

polarity (modified from the reference [31])
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2.3 CXCL12A. CXCR4B. ACKR3BF1 miR-
4301317 R in S FE LA AR A ZE [T 7%

20024, DOITSIDOU%E SI7E BT 1 1 i 2 B,
CXCLI12A(XHR SDF1A)&—FliEafuA v, HILATLA
S FEIE A TE MM T A . A R AR A 40 M A R
U CXCLI2AME 5, WIASREE [A11T 7% B M AL
Ho MCXCLI2A AL FRIENT, J5 46 A4 40 Hk i 72
FIH CXCL2ARIA B 7 1 A 2 Ve IR B 19, CX-
CR4ABZ —M7IRES IR [, 12 —FGE ARk
(G protein-coupled receptor), 7] LA 5E/A CXCL12A
ghE4 1032 20034F, KNAUTZE VR I, ZEBE 1 cx-
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T B L e i R AR T A I ) 58 1A T RS AR (B 3A).
20194, ZHANGSE 22 ik 5 g ja il /3 i 77 vt 9 1
B 0 FL 0 SR 06 AR SE AN B R 4], R Blexer4b3Rik
B, excll 2aF 15 E 5K,

EFE Dt CXCLI12ARIZ /KK T CXCR4B
LLAL, I845 573 7 —Fh 2 i ACKR3B(SLHFX CXCR7B).
20084F, BOLDAJIPOURZ:FIZE B 1) £ v 7 FHL, ACK-
R3BFEALE A Rik, 5 CXCLI2AL: &1
FCXCLI2AREH = 4 N 1) B4, 2 sCXCL12A
(IR, T B CXCLI12 AR IR BERG 1, N SR
A FEAM I EASE CXCLI2ARE & 77 FER , LIAH
S A2 I H (EI3A)-.

BE L £ J5 06 A B 20 R R IE 1 52 21 miR-4301
S0, 20114F , STATONSE BRI, miR-4307] LAY
1% excl12aFN ackr3b 235 M 52 0 BE L5 6 Ji7 45 A 58

+Repelling cells

Target cells

B AEFS . miR-43038 i #1H] excll2a) 15 LA
U B CXCLI2AWRERLE , 3@ i ackr3bI¥ 3%
i PLIBE 9 CXCL12A# ACKR3BIS & [, AT A4
PR T CXCLI2 AR B AR A 3R Gz o, DLTRE 4y CX-
CLI2AR B (13 AR Ak, , 348 17 CRIE Ji 2k A4 5 401 e 17
€ FEFE (KI3B)PY, h4b, 20134F, LEWELLISZ: )
TEPE D P 22 R GBI TR BRI, excll2av] LA [RJ B
¢ miR-430 M ackr3bi#5 , IIMTARIUEDE S 14122 TT I
SEAIER .
2.4 DNDIFIDAZLAHI RIS FELHpE- PG RANHIBERE

DND 1 (X FRK DND)J& — Ff BE 5 K Y5 1) A 58 i
R —FRNAL G E A, IR FECNIRST, 3RS
AR TURES . /N BRURIXS S5 b 1) A B 40 B Hh 24 B
6 £ DND1 2 [ 3RE P, 20034, WEIDINGER
SECOE BT T R R B, i SRdnd 136K G, TR Af AR AN
M RER 2B, JRan A i R AL T, (B2 R4 Al
(IR B AR . IX 1t B DND L5 4R A= A 41 B 1)
A AF AT R B EE M AE

TEPE T frp &7 IR K miR-430 RE 65 B4 A B
JEmRNAPT, (B MISHIMAZSE SR 3, 76 B D £ )
JE GG AR FEAN AR LN A, miR-430 4% f# BFE mRNA
M4 R ZER . nanos3 1 tdrd7a & miR-43011 7
ANEEIEDR, 7E R i B, H A i 4R AE T i
HIR R AR, AR KR EAFLE, P A% miR-4301)
52, 20074F, KEDDESE PR B, 7EBE 5 4 Ji dh A
FEAN LR, DND1R] PLEE & 7E nanos 381 tdrd7alf) 3'5
e X (3" untranslated regions, 3'UTRs)H & & /K
WANE R s, HLIX A7 512 miR-4301K 45 547 55
DND15 miR-4305% 4+ V45 A (EIX 267 1 b, i

(B)

° 10
@ I miR-430

/\
€D €D

A IR A FE AN I B4 SDF LAYK JEE 5 1 77 17 32 4% ; B: miR-4304MisdfTaflexer7b ¥R I% o Hi Sk Fom (e, TR S 2Fos 4] .
A: PGCs migrate towards the direction with high SDF1A concentration; B: miR-430 inhibits the expression of sdf/a and cxcr7b. The arrowhead means

promotion, and the T-shaped arrow means inhibition.

B3 BED & R IAAE 5E R AT 75 28 £ R miR-4305 T % SR M (IR #255 STaik 21,3418
Fig.3 Zebrafish PGCs (primordial germ cells) migration path and the influence of miR-430 on

migration (modified from the references [21,34])
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DNDI1AEf% PH 1E 34 miR-430/1) RNAE T HITTER &
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nanos3K tdrd7a i) 3" AERHIE X, AT 4051 nanos3F1
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AE % 4E R 1) 0 R 4 AR FE AN R () -, 400 i 46 A=
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ot rh AT I SR R W], 50 AAE L, mlR dnd ]
S TR 6 A T 2 1 K 2 A kb, Ui B DND LG
SR A T AR B I A 2 JE L TR, IX 451852003
‘F WEIDINGER% PO G5 fH e o 1 — DI SE %
B, W% dnd IR cxerdb(R 5% cxerdbie N T ik R4
FA 20 M R 25 0 L RS B e 0, A AN 2 78 B
RO E, o iE R B AR5, BRI EMERRAL
BG4 A2 A AZ A S L S B i
HIE 3., FREN M40 (B 4BAME 4C), I
H R AZ 2 230 A7 4 i 1 2 PR 3 32k A R 4
Ha 4RI 101, DND 125 25 5 240 i 4 19 D B & IR 57
[, 20174F, YAMAJIEE BRI, A8 /N B B 46 A Bl
AL, DND1H] PAZE & 2 mRNAR) 3 - # 3 X
5 UUA/U) =B e 1 A7 5 E 4 5% CCR4-
NOTifp BRI 2 A4, FRARFE mRNA P48 E 14,
AT U0 1) 200 PR T, 3 T 4 4 D s A 4 L ) A7 3
K.

(A) SN\

Soma miRISC/_\_
o —_ -AAAAA

AN

l.} PGCs AAA

(C) Control dnd kd

DAZL & —Ff BEJF RIS A FE R, o — Fl
RNAZE A& HFE A W4, 20094, TAKEDAZ Ik
P, EPE T R A AR T AN I, DAZLW] DL 4 3
tdrd7a mRNAP) 3" dERH B IX, {15 tdrd7a mRNA
) polyAJ& L AZ K, i f7% miR-430 ) RNA %
(ITTER S AR XT tdrd7a mRNAIESE , 1415 tdrd7a
75 DATE 5 4 A= B A i wh 3R 08, T 7 A 4 TR b B
it (Bl4A). AN, DAZLSS & 1E H % mRNA (dazl
mRNA) 13 i JERI 1R X, PIE#EDAZLER A 16 AL,
{15 DZALR W RF 8 K45 D) e ™. frCL, DNDIM
DAZLYrFIAEF , (645 75 B 5 fa 7 4 A6 5 40 i o
B K REAY WK BT miR-430 00 FEAR , X L% A
o ik %) % SR A AT DA 4k 42 7 Ji R A B AT B R R $E T
BE (K 4A)*, LAk, 20114F , WISZNIAKZE WI7E B
I i 1 I, ELAVL2 2 BEJE R IR B A T8 T, 7 =
BT EEAEF , DAZLA] LLEE 4 B elavi2 mRNA
(1 3 s JERPEIX , 6] elavi2 mRNAKBEAR , {2
elavi2 mRNA I EHVE.

2.5 HiWSEHE&RGEEMNA B HEXHIERE

B T b TR 2 1 R e B £ iR 46 A T 41 K
BRI, EF — L H AR B . NANOS3/2 —
R BEESRIR A58 5T, & —FIRNAZE A A, fiE
i 52 B T 0 JiE G A B AT PR A ALE RS 1240 3y
A nanos3 3" AER PR X B RNA B DURE 2 Hh e 457 3

(B)

cxcrdb™™
EGFP-F’ in PGCs
H2B in all nuclei

30 Jm
—

30 um
I

30 pm
I

30 pm
—

30 pm
—

A: DNDSDAZL P FEA], Bk B 6 A4 5 20 A A mRNABmiRISCR# i, #7 Sk Rom e 2k, THUE S R iil; By C: AEBL i R BRdnd lex-
crdb, BRI K G B 2K fG24/N, RGBS S LT EH S MBS HEE . 10U 20 I 30 06; 40 B3, 5: 5%, kd: ik,
A: DND and DAZL cooperate to stop mRNA degrading by miRISC in PGCs; the arrowhead means promotion, and the T-shaped arrow means inhibi-

tion; B,C: dnd-deficient PGCs from cxcr4b” embryos at 24 hpf (hours post fertilization) exhibit different somatic morphologies based on the tissue

within which they reside. 1: muscle; 2: eye; 3: brain; 4: otic capsule; 5: notochord; kd: knock down.

[El4 DNDHDAZLIEBED & [R 144 58 40 AE + B91E A (IR #E2E SCRK (40,4511 250
Fig.4 Function of DND and DAZL in zebrafish PGCs (primordial germ cells) (modified from the references [40,45])



HK/NEAE: B RS E SRR B o TR R Te iR

2205

A A AN A U2 R nanos3 3" AERIIEX 1
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FHELAE FH, S5 BRSS9 A2 58 5 75 52 K 1 5 1A 4>
Z5 DA 23 8 1) 5 20 0 B DR 4 AR BE A M, T
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