K =R 2017 £ 3 B, 24(2): 414-423

Journal of Fishery Sciences of China

N
Qv

DOI: 10.3724/SP.J.1118.2017.16234

BREBEMAMBERARNEZ RN A=

AR, EE, TiEE, BEE FEF, KR
1. P EZK =R B Js HueScgeyh, wdk ZE2 5 066100
2. EDKFERFEVGEBE ARIEK IR, i 200090

R A AN AR B R 0 G 5 T AN [R] 4 b 2 18] 2B B R i ORI B o U A4 A 240 M AR Dt 200 i (0 i 4
i) 5 5 A B AN AR ik PR B SCBEADRE . AL £ 0 T 2 AR, T8 S SR TS [a] A (A A= 5 4 AN AN 6] 5 8 B B (B i
WG . R0 RR AR Y O 2R, T R G 2 P S A S AR RS R B R o X 8 R IR, Dy A B A R A
AN T8 2 K77 FRFEBT S SURAT T 1 R IEERE BRI LI (1) A= 58 40 i A= 2 A B IR 0 25 Rl T 5

(2) AL BTG A AR (3) MRTERIEEPE T A (4) AR B0 £ s A AR

K MRAETHANN, DR ATH AN S IR A, NVESE (R R AT

FESES: S96 NHAARERD: A

[ Brinster % e H 2 E T T A 56 40
4 (germ cell transplantation, GCT)IK R LISK, %
G ST O BURIR KR, IR ZAEmG 2
YR P AR, WL AL L M
T, P B AORS ST S0 A0 40 M B R TE T BUR T
ANERA ARG /N, HG v ) A 40 i T DAAE A AZ {4
ARE/NVE, I A IR B AR A T, X 2 i
A4 A 5 40 i B2 41 (germ  cell transplantation, GCT)
AR, MMEPAAAER A BORS R0 (Type A
Spermatogonial, A-SG)TE &A= iy i #H o 4 2R
R B IR AL RE T, Bt LSRR A T+ 4
Mg (spermatogonial stem cell, SSC). EIRZAEWH
AR BN TEL Y, (HE R A 220 A4 7
MG RIS M . 2003 4 H A AR i K2
Takeuchi 25019 YOR 28 B £ 2 0T 5 (Oncorhynchus
mykiss) %) J5 if A A 4l fifd (primordial germ cell, PGC)
% i 2| #5265 (Oncorhynchus  masou) i 1) i 11- 41 17
JiE, MRS AR P TR BT A 8 Y 5 AR, 2R
— WS T R T

kS BHA: 2016-08-10; 11T HHA: 2016-09-20.

XE4S: 1005-8737-(2017)02-0414-10

S FE PR 2245056 25 A 4k T Jie 10 288 A6 5 4
RS HEAIF ST o L7318 K 2 Saito % Pl i 204~ PGC
YR AR AE SC B T AR R, JE ], E R A RRHY
SRR (HR, R 0 IS TR R IR AN 4 £ 4]
PA M PGC 4R BAS 1 100 4>, ZEfif i $2 B
5 449 2] I FRARAY PGC 4 i fE 20 4
feki, IZ 3B PGC it #2404 4n & 24 (18
SCEH PGC SRl ad L A #EAT GFP %5 ki T
ARk Ak T S R B0, R i o R T A
B 240 B RS AT 55 A 0 FH o X — L ETAE 2006 43K 45
ZEH, Okutsu 25N pir 654 £045 270 8515 21 1
2 R B (b B A-SG)3 SRS 4 3[R Fh AR 1Y
WA 2 A £ v, s B g A A AR AR TR A
BEOR T BEE BN F RS o SEH0 25 S B R EAE
BT 025 A-SG B 5 PGC 24T 44 1L .
K EL A SCRRARM . 45 TR] LA 2 45 2H B SRE 31
B, NFR/NAESE (niche)4ERFRIRTY T A-SG 1Y T4
RS X AR SR R T T R A
YRS RIS o LS B PG R G 30 hor T R R 2

HEeWA: FxRt R4 ST H (2012BAD26B01); Al &5 [ #E [ PRk gl B2 4 AR 0 B (2015-2019).
EZ BN AN (1985-), 2o, TN, WF5EH7 10k a2t . E-mail: xiaoxian20080225@126.com

BIEES: F%, BIWF5E 5. E-mail: laozhou 529@foxmail.com



552 4

ACHE % 25 0 IS A B 0 R A A Y i R e i R T S5 415

Lacerda %" J& % % 4E fa(Oreochromis niloticus)
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AR LA S 6 P BATE A B AN M RS AL 9T 1 4%
A, A TR KBS, A SCE S
T Ll Ry FH AR5 i 5% o

1 BREFEMM

A B A R A ) 2 0T 5 R £ 28 A B AR RS AR
FUIHER,  [R] I A 58 240 A% A AT 5 14 R T T

FNEGAE T F AR 0021 £ 5 290~ 200 A P ) B A

%40, Okutsu ZE"2H Lee 2P B o7 45 B350 H
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Tab.1 Several typical experiments of fish germ cell transplantation
= . ZWRFW o 2%
B B 2k ; 5L S 1 bk A
ikt BUAZIN GtENRRG Bkm oAMENR Tl mm SERME g
) . - preparation experiment
donor fish donor cell donor cell labeling recipient fish .. development result . refer-
of recipient operation
stage ence
2003 it IR T 15T Gfp §eFEIN PG AR WA BHRER REEREN Bl
rainbow trout /My Gfp transgenic fish masu salmon diploid hatchling  donor derived intraperitoneal
(O. mykiss) PGC (O. masou) offspring  microinjection
2006 T S A BUREIE 35T Gfp fe2EIN S AN wETa gHRER EREREES (7]
rainbow trout s Gfp transgenic fish rainbow trout diploid hatchling  donor derived intraperitoneal
(O. mykiss) A-SG (O. mykiss) offspring  microinjection
2007 . JRAR RS 35 Gfp fe AL P g EXELLS e HHIER EEREES [37]
rainbow trout iy Gfp transgenic fish masu salmon triploid hatchling  donor de‘rived intraperitoneal
(0. mykiss) PGC (O. masou) offspring  microinjection
2008 B JRIRES RNA JES3RIA BE M SSRGS ey 5, 32]
pearl danio 21 iy localized RNA zebrafish TR TS blastula  donor derived g fiE ST
(D. albolineatus)  pgc expression, LRE ~ (D. rerio) MO microin embryo offspring blastula-stage
jection microinjection
2008 Al JRURATE  RNA € MRk PR MR SRR SERIREG JEA AR ey [5,32]
goldfish 20 localized RNA zebrafish HE5 MO blastula ThRENS X Rab)
(C.sauratus) PGC expression, LRE  (D. rerio) microinjection embryo  donor derived blastula-stage
sperm microinjection
2008 TRt JRUGA T RNA &Ik BEThfh WBRSOCEERLITIR BRI U A A e [5,32]
lqaf:h (M. ol 1oca1iz§d RNA zebraﬁsh 5 MO blastula TIRENS X Rab)
anguillicaudatus)  pgc expression, LRE ~ (D. rerio) micinjection embryo  gonor derived blastula-stage
sperm microinjection
2006 B EAEM A B PKH-26 P B . FERES R BeRE @b [10]
nile-tilapia 4 i nile-tilapia  high temperature and  adult fish ~ donor derived 3= 5 3|14 it
(O. niloticus) A-SG (O .niloticus)  busulfan injection offspring injection
through genital
papilla
2009 R A BURS i PKH-26 W R s R FAIE (1]
(O. bonariensis) iy (O. hatcheri) high temperature and adult fish ~ donor derive  surgical inter-
A-SG busulfan injection offspring vention

H: MO—Mhbk [z LSRR,
Note: MO—antisense morpholino oligonucleotide.

P a3 Eln PGC HA @ miEB I A Z kA
FAUSRE ST, (2) FHASZIRR PGC HAT 431k A M
TERC T A RE 1, 00 32 14 14 A 44 i /N A 5 e
FE; (3) B RS T R HEAH 5 A BE 40 RS AR
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PR TP A RUE SR A AR R &4, JFHAE
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G, T BH S 1R B A RS A A2 AR 3 oy 2 SR
] L W2 25 SRS ) ARG AT, PGC fEfa 2k
AR A, R I T A b B4 BE T il
HEHL . Yoshizaki 25045 T 1 VASA J [H 5 [X.
BRAK Y . FEA FE AR R R R IR Y Gfp SR R A%
LA fa, B TR a0 A B A M 2L SR 0 R

Mo T HAERE R Fi. F, BAGE RN H4E
Gfp ZikPY, Saito 2Pk S 6 v i A= 5 40 i T 4
IR AT TE 4 AN A2 IR S N TR
e Gfp 1) mRNA LAY, NFRZ A RNA XE AL
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H Ay 38 R A 20 it AE A2 A v S RS Rl as B 1L T
F-Bt. Okutsu ZEVUM i 654tk 5520 M B8 43 9l
F& A 2] [F] b S 1A 0 M A A7 Ay, S S i S AR
BCAE A TR B AR D RE P IR F AR . S8
BZE R IR HEAE T 028 A-SG(A I h &
AYEA S PGC R MUK T AR IE . 2 PGC Y
AAT, OB S (EOR E) h r E R L A-GS(EK
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At = AR S " A NI A/ NE
PORE S BE, KPR EA TR, IR EH .
M sGRA, EESEER SR ANAT . 7
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LA A e A0 1) e i 15 2 Sl 2 B An e B
T S B URE E I NS BN/ R vl AR ]|
FH T 8 8 R0 T 2 A T A M o R AR B A
MigH T, Lacerda &1 Sy 17 A% Ak 0 i fa ol 32
R AR A RS Al D7 v i el e N T ks
T 32 A A0 P IR AR E 20 MR T AR A A B A
VR ok A A FL R Bk TR O AR RS
Gz i N MR s S 61 N A S [ e N
PR AT R R A, ER R NS 2
A BIRT A R A AR B DI R o 7E RS b 4 i
FEAE 0 SC 50 b, (AR 20 B 2 7 B 1Y 2 O G £ B
A RS HLE RS Bl L A R AT B AR A Y
FIBE b £ P LUK 00k 32 0K B I b 47 T A A 40
B A 5T

3 GCT &¥EARMMNAR=
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A B 21 B RS L Ry I A I R DR 4 VR 5 3t
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175 P Al A5 100 28 B 7 R G 8 R PR AE 5 1k 1) R A
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FEPET I TR T 1 SR A S Ml o A8 T 2R 2 1o 4 4
R o & TF Uk, AR SRBHIF T4 &% Ak F & T
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+, SRR TR AR RS, BRI #
B: H-80°C 4/ 4 3R R #E fa rp R B A=
SR 200 M FH T A B4R M RS A T A D BE IS T AL
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“LERAMLE, AR AR fa s n AL BRI S ik mT
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s GCT R R M EME AL
IR BT RN XEFARReAMAK | AR B R K
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DA E A, 54 KR IR B AN 55 B ) 4%
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Fig. 1 Diagram illustrating the high level of sexual plasticity of fish spermatogonia and oogonia after
germ cell transplantation (from Lacerda et al.[**l)
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estrogen-induced marker-assisted detection

neo-female

JEAREUES A TARCAR ) l

progeny test or

marker-assisted detection
eyl
A . super-male
2l
® -| all-male

B2 ZL8EAR T i Al AP I T 2R s i
(D7 AR B R 2 KA B AR 27 A A F SR B K 7™ 52 36 e
http://www.se.a.u-tokyo.ac.jp/research.html)

Fig. 2 Diagram of T. rubripes all-male breeding research
(From Fisheris LAB Graduate School of Agriculture and Life
Sciences, The University of Tokyo

http://www.se.a.u-tokyo.ac.jp/research.html)

T R A B OB OR SR T AL AR T AR e
FEFE R SE G 1, A UREUAL Y PR A A gT 45 SRR,
S A BN AR H AT SRR T A Sk A
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5 DR £ PR B A DR HE £ (XY, DR €0 5 0 R
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A TR Y A AR AT R A (XY) . An SR A P
Sy FRRC T BRI IE RS, &5
it 5 AREHE], BIEA T Fhsid X AN PR
it 3 ARLA B R], X6 LT 68 2Ry ok Ak A i
TR SE R 7 4L F(B 2). i@t GTC 7= A4
7 AN [ e e AR P (AR B — A B ] B AT o] 2%
MM, BAL G TR O ERE . AR A B ]
WNSER FH R R A2 A% i, ) B T LA 4
FRAELIN . FE T REIITRASLL, 5 2 1
HEU R VY @) Jf 5 oAl U By i
AR 7 Sl I S 1) 23 T O el A () R A
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JE SR X B AR O A B 40 i i A s e B BE S

W VR 28.6 g 11 2 sS4 Dt Jli #4331 7F 28°C
A 32°CAKIRAM N4 30 RE 7%, Mg ML, &

PAE R IR A E T, M £0 B S S5 A FA R, DR 40 g
KEJAT-(E 3B); Mtk 500 w2545, AN
KT, Ki/NEIE A (& 3D)(CC &S H,
KEE) o SIRZE T R IR AT T B ARt g
A FEANE I T . S E R A A P A S
ABEANMIR T, R AR BRI A 1) GTC
SR B A R 4T AR i 10 m”
A 7K et s B 4 b TS 8 950, 0.3 m?
KA 14 35 B B0 KR T 5 4 R L A AR Bl A KA
T B, NI B KB 58 2 2% AR [a] A
35 MATFTHIRIGHENIE, EnEWSHFESE

B FE RO AE S —Fh A sk Bl 4 BT B A
WA H g8 K, i ) F AR K R0 N T A LA
K A B 2 A e e PRI SR L AR R L
2 0 9% VR R I e A R AR el T R R S A
EE] TR AR (HE X 8% S 7R BT 45
Fft SR B [ B, AR5 RS T Rk A T o o BT
A TR AT BEAT AL AR 1 D], XS )R
TN T Aol ok A AR BN SEARE, JFHZ
LB B 51 0 3T 58 R 1 38t 4L 22 R 1 1 0
/AR08 o o 0 2 LA 1R T ) O, AR
TS B b, AR EE BN AR 1) BB T LA AR R
BRI 1R . L SRR S il fa
AR A B2 2 X 2 R R R B 1 i i 1 U707,
FAOV Y8 38 1 N T SR AR A i 2 W 00 AR5 3 ) o
BV, SCAN(EE AR P A B AR 2 REME R EOR,
S o SR DA 1 A £ 2 e R G R RN A B
FIH . Sato %7123k Tl GCT HAB AT
L YR 2 e e oa = W N bf e =4 UP NG|
AR AR BB HP 0 8 A5 30 A B A0 i S 9 A ) A
A-SG MR IR A — 7, K b A A= B 40 i B
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FEAR R KN EE AR R], 380t GCT nl A %3 s
R L e . X A4 R T 3k [ A 4E K2 Y
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Fig. 3 The effect of high temperature on grass puffer gametogenesis
(Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences, ZHOU Qin)

A. Histological appearance of the ovaries in control temperature (20-25°C), arrow indicating normal oocyte; B. The ovaries in higher

temperature (32°C) for 30 day’s culture, arrow indicating depleted oocyte; C. Testis in control temperature (20-25°C), arrow indicates
cysts full of spermatid; D. Testis in higher temperature (32°C) for 30 day’s culture, arrow indicates empty cysts after germ cell depletion.
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Development and application prospects of fish germ cell
transplantation technology
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Abstract: This review introduces the development and applications of germ cell transplantation (GTC) (also called
as surrogate production) as a newly emerging biotechnology. It is achieved by inducing germ-line chimerism be-
tween different species. Primordial germ cells (PGCs) and spermatogonial (or oogonia) are the key material of this
technique. During the last decade, several different approaches have been developed for germ cell transplantation
in fish, using different type of germ cell and recipients of various ages and life stages, such as blastula-stage em-
bryos, newly hatched larvae and sexually mature specimens. All of these achievements give it advantages for ap-
plication in many aquaculture research fields. (1) It has opened up new scenarios for the study of germ cell and
niche biology and the possibility of generating transgenic fish. (2) Combined with the technique of cryopreserva-
tion of germ cell, whole testes and even whole fish, it could be a powerful tool for preserving valuable fish strains
with desirable genetic traits and endangered species. (3) It presents a unique sex-selective breeding system that is
superior to traditional endocrine sex control strategies. (4) It could serve as a novel and efficient method of pro-
ducing fish seeds with increased genetic diversity for use in stock enhancement.
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