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Fig. 1 Gonad characterization of hybrid sterile croaker (N. mitsukurii x P. argentata)"

(a) histological analysis of N. mitsukurii testis; (b) histological analysis of N. mitsukurii ovary; (c) histological analysis of hybrid sterile croaker testis-like

gonad. Arrow indicates lobule-like structure of germ-cell-less gonads of hybrid
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fish germ cell transplantation using embryo as recipient
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[EENIER
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fish germ cell transplantation using newly-hatched larvae as recipient
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fish germ cell transplantation using adult as recipient

s S\
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Fig. 2 Illustrations of the germ cell transplantation techniques currently available for the fish using recipients at

varying stages of development'®”
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Tab.1 Studies on germ cell transplantation in fish using embryo as recipient

BN =2
fonere eipent PR SIS BHGR  S%uE
Fp AT 20 i 2 Y Y Bk relatlonshlg O.f donor and transplantation result  reference
species germ cells species fertility recipient

BT fh T A e A bR R AE ) A Pk T RN T [10]
D. rerio D. rerio

A FELJRE T 1 JE 0 A FE A B T (FEH ) JBA AR TN T [41]

D. albolineatus D. rerio

4 TR A= T A bR ANE GEH ) Ja& 1] [N R [41]

C. auratus D. rerio

Je stk JEL R A= T A B T H (FEH ) A PRk T [41]

M. anguillicaudatus D. rerio

[ 4 3 JE AR AR B A A L H H e IEH B3 A A e I [66]

A. japonica D. rerio

JAcHT T A e A &t wE H ] T B2 A A B I [67]

H. husoxA. ruthenus C. auratus

i JE 00 A FE A i A (FEH ) Tl AR TN T [69]

O. latipes O. latipes

e fi X fil sl PER X RS ANEH (A BN BETIZHK [32]

L furcatus I punctatus
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VAT BA T R T £ 2 v ST T DL AR R 32 K Y A BE
AL AR R Y, B A LR 2 B A B R
Ji 1 240 B 3 S B 2 R T PN IR AR B A R Y Je B
A £f1 (Oreochromis niloticus) W ARG 8 N, 5 H AL
G R DL AR AR ) 2Oy SR e
FIH 2 — e i 6 A A T 25 B % I £ pig K 5L rh
A FEANNE . BEJS . 25T DA PR D
A BN B o [FIR, RSB £ s T
TOMEPE R R A AN RS AR, HORL T AR A Tt
RO+ (3R3). 2RI, T LRI ek E

8 mm (23 dpf)

-~

—B- AEE survival rate
—A— &% colonization rate

£K/mm
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(b)

B3 EFRFEEFHAMBRLEREEAEEARBEZENREEMBIER
(@FAF S 0 FIVEAR K, dpfPR7R M JE IR EL, PGC. JR UG AL (o)A R VA K S0 A1 B 0 0 A 40 R D 8 AR 32 U B R R AT 15 3R

Fig. 3 Early gonadal development of N. mitsukurii and the survival and colonization rates of four different recipient stages

(a) early gonadal development of N. mitsukurii, dpf. days post fertilization, PGC. primordial germ cell; (b) survival and colonization rates of four

different recipient stages
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Tab. 2 Studies on germ cell transplantation in fish using newly-hatched larvae as recipient
el 2 Ak feph 520k
donor recipient 1 %%f ) B S
W Fh ESEEn IRt YFh B re; 1ons 11210 transplantation result reference
species germ cells species fertility onlor‘ an
recipient
HIERULEE 0. mykiss JREGAETEANE  WLEE O, mykiss WE N PR AR [4]
IR O. mykiss FIRATEAMM KRG O. masou CIN=} J& " ik R AR [12]
HIENULE 0. mykiss T 240t KK O. masou NE (= AEE) &M AR RI g [13]
BARHMS N mitsukurii IR AN AR BARWIE N mitsukurii VB | ARG [16]
AR U N, mitsukurii bl HAME  Scomber japonicas V& FHE AR A A [17]
HILRMLSE 0. mykiss 5 S5 4 i UL O. mykiss CIN=} Fift Y ik R AR [6]
TL40F  S. quinqueradiata K& T 41 FAEFG N. mitsukurii T H HiE] AN AE 52 A4 g [19]
HILRPE D D, rerio Y SR 4T BEDta D, rerio AHFK) | AT [51]
T4 S. quinqueradiata K& T 41 Ti%kWF S quinqueradiata T H N (3 UNEEAY [20]
RIj&tet T orientalis pystailal HAME  Scomber japonicas V& J& ] WA B ZARETHE  [22]
FLskMi - S. quinqueradiata 5 JEL 41 HAT % Trachurus | H Ja ] [N e [21]
Jjaponicus
PAFIEST  A. baerii GRIEAS AN MEST A ruthenus H ) Z Ak g5 [28]
WEESAEH T maccoyii 5 IR 4 W S lalandi WE AL O PZRAREE 23]
HILRMLGE 0. mykiss Hs R 4 i KRR O.masou  AECGEFEERE)  JBA e fE AR [14]
FAEEUSE N mitsukurii K R 4 AR BARWUE B N mitsukurii AN B (ZHEE) A e AR [18]
thAREY A sinensis B J5 4 it K163 A. dabryanus wE &M RGBT [29]
LLEERTiE T rubripes K R 4 AR BARIEE T niphobles  ANB(Z51K) &M e AR [30]
HILRPED D, rerio ¥ IR 4 BED D, rerio NEEFEER) A Lo T [54]
BAEEAE N mitsukurii H5 R 4 i AT NE R JE ] Lo T [15]
N. mitsukuriixP. argentata
KVGPEEE S salar R 4 WS O. mykiss ANE (SR J& 1] EES i LS [33]
xR3 UBEEAZHRNEEARBESINEENRRRE
Tab.3 Studies on germ cell transplantation in fish using adult as recipient
el RESERELSS
ipi KRR 2ickn -
dumor el et relaﬁ)ﬁi of traflys*?antion A
kb A TE A 0 2 Y Wb Bk P P reference
species erm cells species fertility donor and result
P g P recipient
e B4k I 4 e ¥ B4k HEVEAS & (2 AL ) FhA e T [25]
O. niloticus O. niloticus
[V G R Y 1 LE Rl AN G HEVEA T (259 A 2T JB&A AT [26]
O. bonariensis O. hatcheri
HILRpE D AR P HEVEARE (2 a2t A PR T 1K [62]
D. rerio D. rerio
HILRpE S RS EAN R KL WMEYE T & (1 )5) FlA LA TR [62]
D. rerio D. rerio
PR ORRONRAIE IR T IR A TEIRAE (23 a2 J& PLpAoRs TRGE T [27]
O. bonariensis O. hatcheri
SR E i I 4 e ¥ B4k HEVEARS & (Zi AL ) H ] e T [70]
Rhamdia quelen O. niloticus
HAR st sl A il £ AHERE) Ja& ] AT [71]

N. mitsukurii N. mitsukuriixP. argentata
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b A 5 200 i B A 7 SRR BT 0, L I P el
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2.3 FhAFNFHE EE AR FEE
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HEH o — MM s, Py A 5 A i A2 AR AT LA AR )
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Fig. 4 Schematic diagram of germ cell transplantation using adult fish as a recipient'”"

(a) injection of trypan blue into the adult gonad through urogenital pore; (b) and (c) are the high magnification of the red boxed area shown in (a),

showing the localization of urogenital pore and anus; (d) gonad is dyed blue after successful injection of trypan blue; (¢) gonad of control group
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Fig. 5 Application of germ cell transplantation for the conservation of rare and endangered species

Restoration of the rare and extinct fish could be achieved by transplanting germ cells retrieved from cryopreserved gonad into recipient hatchlings of a

closely related species
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Fig. 6 Intraperitoneal transplantation of donor A. sinensis ovarian cells into A. dabryanus larvae

Dissociated cells from 4. sinensis ovary in the bright field view (a) and labeled with red fluorescent dye, PKH26 (b). Intraperitoneal transplantation of
PKH26-labeled cells into the 7 dph recipient larvae (c¢) with high magnification of the boxed area shown in (d). Bright field views of transplanted (e) and

non-transplanted (f) larvae just after transplantation and fluorescence microcopy of transplanted (g) and non-transplanted (h) larvae just after

transplantation. Arrowhead indicates transplanted donor cells labeled with PKH26
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Fig. 7 Application of germ cell transplantation in fish sex control breeding

(a)donor spermatogonia (XY) developed in female recipient; (b)donor oogonia (XX) developed in male recipient
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Fig. 8 Application of germ cell transplantation in fishery stock enhancement and releasing

ARBEA, AT A L ] Bk 5 A e . (DAL 2R
A BT AR SN I JR AR AR, DUARIE I A A
ET AN A R 2N QEE S KM A E
ST TR AIE 32 7 FU™ A AR R R 1Y
BeF 5 J34h, AL KOHL B B ) RLAd R
WY, iR A B 20 i A 52 A i v G B e
FORGRIHLA] R 5l O 5T A A O e
PESZ AR N S A PR 5% 19 2 T HLE] b 3R )Y
fifp TR A0 R 2 T DR £ 218 A B 240 i RS A B R A S B
Az H T o

SE X

[1]

[2]

Nelson J S, Grande T C, Wilson M V H. Fishes of the
world[M]. New Jersey: John Wiley & Sons, 2016: 1.
International Union for Conservation of Nature. The
IUCNTred list of threatened species, version 2019-
1[R].Gland: International Union for Conservation of
Nature, 2019.

Mazur P, Leibo S P, Seidel G E J. Cryopreservation of
the germplasm of animals used in biological and medical

research: importance, impact, status, and future

http://www.scxuebao.cn

[5]

[6]

directions[J]. Biology of Reproduction, 2008, 78(1): 2-
12.

Takeuchi Y, Yoshizaki G, Takeuchi T. Generation of
live fry from intraperitoneally transplanted primordial
germ cells in rainbow trout[J]. Biology of Reproduction,
2003, 69(4): 1142-1149.

Okutsu T, Suzuki K, Takeuchi Y, et al. Testicular germ
cells can colonize sexually undifferentiated embryonic
gonad and produce functional eggs in fish[J].
Proceedings of the National Academy of Sciencesof the
United States of America, 2006, 103(8): 2725-2729.
Yoshizaki G, Ichikawa M, Hayashi M, et al. Sexual
plasticity of ovarian germ cells in rainbow trout[J].
Development, 2010, 137(8): 1227-1230.

Yoshizaki G, Lee S. Production of live fish derived from
frozen germ cells via germ cell transplantation[J]. Stem
Cell Research, 2018, 29: 103-110.

Tajima A, Naito M, Yasuda Y, et al. Production of germ
line chimera by transfer of primordial germ cells in the
domestic chicken (Gallus domesticus)[J].
Theriogenology, 1993, 40(3): 509-519.

HHE K= %4 E 75 sponsored by China Society of Fisheries


http://dx.doi.org/10.1095/biolreprod.107.064113
http://dx.doi.org/10.1095/biolreprod.103.017624
http://dx.doi.org/10.1073/pnas.0509218103
http://dx.doi.org/10.1073/pnas.0509218103
http://dx.doi.org/10.1242/dev.044982
http://dx.doi.org/10.1016/j.scr.2018.03.015
http://dx.doi.org/10.1016/j.scr.2018.03.015
http://dx.doi.org/10.1016/0093-691X(93)90404-S
http://dx.doi.org/10.1095/biolreprod.107.064113
http://dx.doi.org/10.1095/biolreprod.103.017624
http://dx.doi.org/10.1073/pnas.0509218103
http://dx.doi.org/10.1073/pnas.0509218103
http://dx.doi.org/10.1242/dev.044982
http://dx.doi.org/10.1016/j.scr.2018.03.015
http://dx.doi.org/10.1016/j.scr.2018.03.015
http://dx.doi.org/10.1016/0093-691X(93)90404-S
http://dx.doi.org/10.1095/biolreprod.107.064113
http://dx.doi.org/10.1095/biolreprod.103.017624
http://dx.doi.org/10.1073/pnas.0509218103
http://dx.doi.org/10.1073/pnas.0509218103
http://dx.doi.org/10.1242/dev.044982
http://dx.doi.org/10.1016/j.scr.2018.03.015
http://dx.doi.org/10.1016/j.scr.2018.03.015
http://dx.doi.org/10.1016/0093-691X(93)90404-S
http://dx.doi.org/10.1095/biolreprod.107.064113
http://dx.doi.org/10.1095/biolreprod.103.017624
http://dx.doi.org/10.1073/pnas.0509218103
http://dx.doi.org/10.1073/pnas.0509218103
http://dx.doi.org/10.1242/dev.044982
http://dx.doi.org/10.1016/j.scr.2018.03.015
http://dx.doi.org/10.1016/j.scr.2018.03.015
http://dx.doi.org/10.1016/0093-691X(93)90404-S
http://www.scxuebao.cn

2 H

WX, A AR AR AN RS AR R T S S B v TR S 333

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Brinster R L, Zimmermann J W. Spermatogenesis
following male germ-cell transplantation[J]. Proceedings
of the National Academy of Sciencesof the United States
of America, 1994, 91(24): 11298-11302.

Ciruna B, Weidinger G, Knaut H, et a/. Production of
maternal-zygotic mutant zebrafish by germ-line
replacement[J]. Proceedings of the National Academy of
Sciencesof the United States of America, 2002, 99(23):
14919-14924.

Lacerda S M S N, Batlouni S R, Silva S B G, et al. Germ
cells transplantation in fish: the Nile-tilapia model[J].
Animal Reproduction, 2006, 3(2): 146-159.

Takeuchi Y, Yoshizaki G, Takeuchi T. Surrogate
broodstock produces salmonids[J]. Nature, 2004,
430(7000): 629-630.

Okutsu T, Shikina S, Kanno M, et al. Production of trout
offspring from triploid salmon parents[J]. Science, 2007,
317(5844): 1517-1517.

Yoshizaki G, Takashiba K, Shimamori S, et al.
Production of germ cell-deficient salmonids by dead end
gene knockdown, and their use as recipients for germ
cell transplantation[J]. Molecular Reproduction and
Development, 2016, 83(4): 298-311.

Yoshikawa H, Xu D D, Ino Y, ef al. Hybrid sterility in
fish caused by mitotic arrest of primordial germ cells[J].
Genetics, 2018, 209(2): 507-521.

Takeuchi Y, Higuchi K, Yatabe T, ef al. Development of
spermatogonial cell transplantation in Nibe croaker,
Nibea mitsukurii (Perciformes, Sciaenidae)[J]. Biology
of Reproduction, 2009, 81(6): 1055-1063.

Yazawa R, Takeuchi Y, Higuchi K, ef a/. Chub mackerel
gonads support colonization, survival, and proliferation
of intraperitoneally transplanted xenogenic germ cells[J].
Biology of Reproduction, 2010, 82(5): 896-904.
Yoshikawa H, Takeuchi Y, Ino Y, et al. Efficient
production of donor-derived gametes from triploid
recipients following intra-peritoneal germ cell
transplantation into a marine teleost, Nibe croaker
(Nibea mitsukurii)[J]. Aquaculture, 2017, 478: 35-47.
Higuchi K, Takeuchi Y, Miwa M, et al. Colonization,
proliferation, and survival of intraperitoneally
transplanted yellowtail Seriola quinqueradiata
spermatogonia in nibe croaker Nibea mitsukurii

recipient[J]. Fisheries Science, 2011, 77(1): 69-77.

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Morita T, Kumakura N, Morishima K, et al. Production
of donor-derived offspring by allogeneic transplantation
of spermatogonia in the yellowtail (Seriola
quinqueradiata)[J]. Biology of Reproduction, 2012,
86(6): 176.

Morita T, Morishima K, Miwa M, et al. Functional
sperm of the yellowtail (Seriola quinqueradiata) were
produced in the small-bodied surrogate, jack mackerel
(Trachurus japonicus)[J]. Marine Biotechnology, 2015,
17(5): 644-654.

Yazawa R, Takeuchi Y, Morita T, et al. The Pacific
bluefin tuna (Thunnus orientalis) dead end gene is
suitable as a specific molecular marker of type A
spermatogonia[J]. Molecular Reproduction and
Development, 2013, 80(10): 871-880.

Bar I, Smith A, Bubner E, et al. Assessment of
yellowtail kingfish (Seriola lalandi) as a surrogate host
for the production of southern bluefin tuna (Thunnus
maccoyii) seed via spermatogonial germ cell
transplantation[J]. Reproduction, Fertility and
Development, 2016, 28(12): 2051-2064.

Farlora R, Hattori-Ihara S, Takeuchi Y, et al.
Intraperitoneal germ cell transplantation in the Nile
tilapia Oreochromis niloticus[J]. Marine Biotechnology,
2014, 16(3): 309-320.

Lacerda S M S N, Batlouni SR, Costa GM J, et al. A
new and fast technique to generate offspring after germ
cells transplantation in adult fish: the Nile tilapia
(Oreochromis niloticus) model[J]. PLoS One, 2010,
5(5): €10740.

Majhi S K, Hattori R S, Yokota M, et al. Germ cell
transplantation using sexually competent fish: an
approach for rapid propagation of endangered and
valuable germlines[J]. PLoS One, 2009, 4(7): ¢6132.
Majhi S K, Hattori R S, Rahman S M, et al. Surrogate
production of eggs and sperm by intrapapillary
transplantation of germ cells in cytoablated adult fish[J].
PLoS One, 2014, 9(4): €95294.

PSenicka M, Saito T, Linhartova Z, et al. Isolation and
transplantation of sturgeon early-stage germ cells[J].
Theriogenology, 2015, 83(6): 1085-1092.

Ye H, Li CJ, Yue H M, et al. Establishment of
intraperitoneal germ cell transplantation for critically
endangered Chinese sturgeon Acipenser sinensis[J].

http://www.scxuebao.cn


http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.222459999
http://dx.doi.org/10.1073/pnas.222459999
http://dx.doi.org/10.1038/430629a
http://dx.doi.org/10.1126/science.1145626
http://dx.doi.org/10.1002/mrd.22625
http://dx.doi.org/10.1002/mrd.22625
http://dx.doi.org/10.1534/genetics.118.300777
http://dx.doi.org/10.1095/biolreprod.109.077701
http://dx.doi.org/10.1095/biolreprod.109.077701
http://dx.doi.org/10.1095/biolreprod.109.081281
http://dx.doi.org/10.1016/j.aquaculture.2016.05.011
http://dx.doi.org/10.1007/s12562-010-0314-7
http://dx.doi.org/10.1007/s10126-015-9657-5
http://dx.doi.org/10.1002/mrd.22224
http://dx.doi.org/10.1002/mrd.22224
http://dx.doi.org/10.1071/RD15136
http://dx.doi.org/10.1071/RD15136
http://dx.doi.org/10.1007/s10126-013-9551-y
http://dx.doi.org/10.1371/journal.pone.0010740
http://dx.doi.org/10.1371/journal.pone.0006132
http://dx.doi.org/10.1371/journal.pone.0095294
http://dx.doi.org/10.1016/j.theriogenology.2014.12.010
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.222459999
http://dx.doi.org/10.1073/pnas.222459999
http://dx.doi.org/10.1038/430629a
http://dx.doi.org/10.1126/science.1145626
http://dx.doi.org/10.1002/mrd.22625
http://dx.doi.org/10.1002/mrd.22625
http://dx.doi.org/10.1534/genetics.118.300777
http://dx.doi.org/10.1095/biolreprod.109.077701
http://dx.doi.org/10.1095/biolreprod.109.077701
http://dx.doi.org/10.1095/biolreprod.109.081281
http://dx.doi.org/10.1016/j.aquaculture.2016.05.011
http://dx.doi.org/10.1007/s12562-010-0314-7
http://dx.doi.org/10.1007/s10126-015-9657-5
http://dx.doi.org/10.1002/mrd.22224
http://dx.doi.org/10.1002/mrd.22224
http://dx.doi.org/10.1071/RD15136
http://dx.doi.org/10.1071/RD15136
http://dx.doi.org/10.1007/s10126-013-9551-y
http://dx.doi.org/10.1371/journal.pone.0010740
http://dx.doi.org/10.1371/journal.pone.0006132
http://dx.doi.org/10.1371/journal.pone.0095294
http://dx.doi.org/10.1016/j.theriogenology.2014.12.010
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.222459999
http://dx.doi.org/10.1073/pnas.222459999
http://dx.doi.org/10.1038/430629a
http://dx.doi.org/10.1126/science.1145626
http://dx.doi.org/10.1002/mrd.22625
http://dx.doi.org/10.1002/mrd.22625
http://dx.doi.org/10.1534/genetics.118.300777
http://dx.doi.org/10.1095/biolreprod.109.077701
http://dx.doi.org/10.1095/biolreprod.109.077701
http://dx.doi.org/10.1095/biolreprod.109.081281
http://dx.doi.org/10.1016/j.aquaculture.2016.05.011
http://dx.doi.org/10.1007/s12562-010-0314-7
http://dx.doi.org/10.1007/s10126-015-9657-5
http://dx.doi.org/10.1002/mrd.22224
http://dx.doi.org/10.1002/mrd.22224
http://dx.doi.org/10.1071/RD15136
http://dx.doi.org/10.1071/RD15136
http://dx.doi.org/10.1007/s10126-013-9551-y
http://dx.doi.org/10.1371/journal.pone.0010740
http://dx.doi.org/10.1371/journal.pone.0006132
http://dx.doi.org/10.1371/journal.pone.0095294
http://dx.doi.org/10.1016/j.theriogenology.2014.12.010
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.91.24.11298
http://dx.doi.org/10.1073/pnas.222459999
http://dx.doi.org/10.1073/pnas.222459999
http://dx.doi.org/10.1038/430629a
http://dx.doi.org/10.1126/science.1145626
http://dx.doi.org/10.1002/mrd.22625
http://dx.doi.org/10.1002/mrd.22625
http://dx.doi.org/10.1534/genetics.118.300777
http://dx.doi.org/10.1095/biolreprod.109.077701
http://dx.doi.org/10.1095/biolreprod.109.077701
http://dx.doi.org/10.1095/biolreprod.109.081281
http://dx.doi.org/10.1016/j.aquaculture.2016.05.011
http://dx.doi.org/10.1007/s12562-010-0314-7
http://dx.doi.org/10.1007/s10126-015-9657-5
http://dx.doi.org/10.1002/mrd.22224
http://dx.doi.org/10.1002/mrd.22224
http://dx.doi.org/10.1071/RD15136
http://dx.doi.org/10.1071/RD15136
http://dx.doi.org/10.1007/s10126-013-9551-y
http://dx.doi.org/10.1371/journal.pone.0010740
http://dx.doi.org/10.1371/journal.pone.0006132
http://dx.doi.org/10.1371/journal.pone.0095294
http://dx.doi.org/10.1016/j.theriogenology.2014.12.010
http://www.scxuebao.cn

334 Ko %R 4t
Theriogenology, 2017, 94: 37-47. Identification of germline stem cells in the ovary of the

[30] Hamasaki M, Takeuchi Y, Yazawa R, et al. Production teleost medaka[J]. Science, 2010, 328(5985): 1561-1563.
of tiger puffer Takifugu rubripes offspring from triploid [41]  Saito T, Goto-Kazeto R, Arai K, ef al. Xenogenesis in
grass puffer Takifugu niphoblesparents[J]. Marine teleost fish through generation of germ-line chimeras by
Biotechnology, 2017, 19(6): 579-591. single primordial germ cell transplantation[J]. Biology of

[31]  Perera D A, Alsaqufi A, Shang M, ef al. Xenogenesis- Reproduction, 2008, 78(1): 159-166.
production of channel catfishxblue catfish hybrid [42] Matova N, Cooley L. Comparative aspects of animal
progeny by fertilization of channel catfish eggs with oogenesis[J]. Developmental Biology, 2001, 231(2):
sperm from triploid channel catfish males with 291-320.
transplanted blue catfish germ cells[J]. North American [43]  Golpour A, Siddique M A M, Siqueira-Silva D H, ef al.
Journal of Aquaculture, 2017, 79(1): 61-74. Induced sterility in fish and its potential and challenges

[32] Shang M, Su B F, Perera D A, et al. Testicular germ line for aquaculture and germ cell transplantation technology:
cell identification, isolation, and transplantation in two areview[J]. Biologia, 2016, 71(8): 853-864.

North American catfish species[J]. Fish Physiology and [44] Wong T T, Zohar Y. Production of reproductively sterile
Biochemistry, 2018, 44(2): 717-733. fish: a mini-review of germ cell elimination

[33] Hattori R’ S, Yoshinaga T T, Katayama N, et al. technologies[J]. General and Comparative
Surrogate production of Salmo salar oocytes and sperm Endocrinology, 2015, 221: 3-8.
in triploid Oncorhynchus mykiss by germ cell [45]  Piferrer F, Beaumont A, Falguiére J C, ef al. Polyploid
transplantation technology[J]. Aquaculture, 2019, 506: fish and shellfish: production, biology and applications
238-245. to aquaculture for performance improvement and genetic

[34] Yoshizaki G, Fujinuma K, Iwasaki Y, et al. containment[J]. Aquaculture, 2009, 293(3-4): 125-156.
Spermatogonial transplantation in fish: a novel method [46] Takeuchi Y, Yatabe T, Yoshikawa H, ef al. Production
for the preservation of genetic resources[J]. Comparative of functionally sterile triploid Nibe croaker Nibea
Biochemistry and Physiology-Part D: Genomics and mitsukurii induced by cold-shock treatment with special
Proteomics, 2011, 6(1): 55-61. emphasis on triploid aptitude as surrogate broodstock[J].

[35]  de Siqueira-Silva D H, Saito T, dos Santos-Silva A P, et Aquaculture, 2018, 494: 45-56.
al. Biotechnology applied to fish reproduction: tools for [47] Hamasaki M, Takeuchi Y, Miyaki K, et al. Gonadal
conservation[J]. Fish Physiology and Biochemistry, development and fertility of triploid grass puffer
2018, 44(6): 1469-1485. Takifugu niphoblesinduced by cold shock treatment[J].

[36] Schulz R W, de Franga L R, Lareyre J J, et al. Marine Biotechnology, 2013, 15(2): 133-144.
Spermatogenesis in fish[J]. General and Comparative [48]  Gillet C, Vauchez C, Haffray P. Triploidy induced by
Endocrinology, 2010, 165(3): 390-411. pressure shock in Arctic charr (Salvelinus alpinus):

[377 XuHY,LiMY, GuilF, efal Fish germ cells[J]. growth, survival and maturation until the third year[J].
Science China Life Sciences, 2010, 53(4): 435-446. Aquatic Living Resources, 2001, 14(5): 327-334.

[38] Nobrega R H, Batlouni S R, Franga L R. An overview of [49] Hamaguchi S, Sakaizumi M. Sexually differentiated
functional and stereological evaluation of mechanisms of sterility in interspecific hybrids between
spermatogenesis and germ cell transplantation in fish[J]. Oryzias latipes and O.curvinotus[J]. Journal of
Fish Physiology and Biochemistry, 2009, 35(1): 197- Experimental Zoology, 1992, 263(3): 323-329.

206. [50] Shimada A, Takeda H. Production of a maternal-zygotic

[39] dos Santos NassifLacerda S M, Costa G M J, de Franga medaka mutant using hybrid sterility[J]. Development,
L R. Biology and identity of fish spermatogonial stem Growth & Differentiation, 2008, 50(6): 421-426.
cell[J]. General and Comparative Endocrinology, 2014, [511 Wong T T, Saito T, Crodian J, et al. Zebrafish germline
207: 56-65. chimeras produced by transplantation of ovarian germ

[40] Nakamura S, Kobayashi K, Nishimura T, et al. cells into sterile host larvae[J]. Biology of Reproduction,

http://www.scxuebao.cn

o E K= % 2 J»  sponsored by China Society of Fisheries


http://dx.doi.org/10.1016/j.theriogenology.2017.02.009
http://dx.doi.org/10.1007/s10126-017-9777-1
http://dx.doi.org/10.1007/s10126-017-9777-1
http://dx.doi.org/10.1080/15222055.2016.1221008
http://dx.doi.org/10.1080/15222055.2016.1221008
http://dx.doi.org/10.1007/s10695-018-0467-3
http://dx.doi.org/10.1007/s10695-018-0467-3
http://dx.doi.org/10.1016/j.aquaculture.2019.03.037
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1007/s10695-018-0506-0
http://dx.doi.org/10.1016/j.ygcen.2009.02.013
http://dx.doi.org/10.1016/j.ygcen.2009.02.013
http://dx.doi.org/10.1007/s11427-010-0058-8
http://dx.doi.org/10.1007/s10695-008-9252-z
http://dx.doi.org/10.1016/j.ygcen.2014.06.018
http://dx.doi.org/10.1126/science.1185473
http://dx.doi.org/10.1095/biolreprod.107.060038
http://dx.doi.org/10.1095/biolreprod.107.060038
http://dx.doi.org/10.1006/dbio.2000.0120
http://dx.doi.org/10.1016/j.ygcen.2014.12.012
http://dx.doi.org/10.1016/j.ygcen.2014.12.012
http://dx.doi.org/10.1016/j.aquaculture.2009.04.036
http://dx.doi.org/10.1016/j.aquaculture.2016.05.030
http://dx.doi.org/10.1007/s10126-012-9470-3
http://dx.doi.org/10.1016/S0990-7440(01)01129-9
http://dx.doi.org/10.1002/jez.1402630312
http://dx.doi.org/10.1002/jez.1402630312
http://dx.doi.org/10.1095/biolreprod.110.088427
http://dx.doi.org/10.1016/j.theriogenology.2017.02.009
http://dx.doi.org/10.1007/s10126-017-9777-1
http://dx.doi.org/10.1007/s10126-017-9777-1
http://dx.doi.org/10.1080/15222055.2016.1221008
http://dx.doi.org/10.1080/15222055.2016.1221008
http://dx.doi.org/10.1007/s10695-018-0467-3
http://dx.doi.org/10.1007/s10695-018-0467-3
http://dx.doi.org/10.1016/j.aquaculture.2019.03.037
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1007/s10695-018-0506-0
http://dx.doi.org/10.1016/j.ygcen.2009.02.013
http://dx.doi.org/10.1016/j.ygcen.2009.02.013
http://dx.doi.org/10.1007/s11427-010-0058-8
http://dx.doi.org/10.1007/s10695-008-9252-z
http://dx.doi.org/10.1016/j.ygcen.2014.06.018
http://dx.doi.org/10.1126/science.1185473
http://dx.doi.org/10.1095/biolreprod.107.060038
http://dx.doi.org/10.1095/biolreprod.107.060038
http://dx.doi.org/10.1006/dbio.2000.0120
http://dx.doi.org/10.1016/j.ygcen.2014.12.012
http://dx.doi.org/10.1016/j.ygcen.2014.12.012
http://dx.doi.org/10.1016/j.aquaculture.2009.04.036
http://dx.doi.org/10.1016/j.aquaculture.2016.05.030
http://dx.doi.org/10.1007/s10126-012-9470-3
http://dx.doi.org/10.1016/S0990-7440(01)01129-9
http://dx.doi.org/10.1002/jez.1402630312
http://dx.doi.org/10.1002/jez.1402630312
http://dx.doi.org/10.1095/biolreprod.110.088427
http://dx.doi.org/10.1016/j.theriogenology.2017.02.009
http://dx.doi.org/10.1007/s10126-017-9777-1
http://dx.doi.org/10.1007/s10126-017-9777-1
http://dx.doi.org/10.1080/15222055.2016.1221008
http://dx.doi.org/10.1080/15222055.2016.1221008
http://dx.doi.org/10.1007/s10695-018-0467-3
http://dx.doi.org/10.1007/s10695-018-0467-3
http://dx.doi.org/10.1016/j.aquaculture.2019.03.037
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1007/s10695-018-0506-0
http://dx.doi.org/10.1016/j.ygcen.2009.02.013
http://dx.doi.org/10.1016/j.ygcen.2009.02.013
http://dx.doi.org/10.1007/s11427-010-0058-8
http://dx.doi.org/10.1007/s10695-008-9252-z
http://dx.doi.org/10.1016/j.ygcen.2014.06.018
http://dx.doi.org/10.1126/science.1185473
http://dx.doi.org/10.1095/biolreprod.107.060038
http://dx.doi.org/10.1095/biolreprod.107.060038
http://dx.doi.org/10.1006/dbio.2000.0120
http://dx.doi.org/10.1016/j.ygcen.2014.12.012
http://dx.doi.org/10.1016/j.ygcen.2014.12.012
http://dx.doi.org/10.1016/j.aquaculture.2009.04.036
http://dx.doi.org/10.1016/j.aquaculture.2016.05.030
http://dx.doi.org/10.1007/s10126-012-9470-3
http://dx.doi.org/10.1016/S0990-7440(01)01129-9
http://dx.doi.org/10.1002/jez.1402630312
http://dx.doi.org/10.1002/jez.1402630312
http://dx.doi.org/10.1095/biolreprod.110.088427
http://dx.doi.org/10.1016/j.theriogenology.2017.02.009
http://dx.doi.org/10.1007/s10126-017-9777-1
http://dx.doi.org/10.1007/s10126-017-9777-1
http://dx.doi.org/10.1080/15222055.2016.1221008
http://dx.doi.org/10.1080/15222055.2016.1221008
http://dx.doi.org/10.1007/s10695-018-0467-3
http://dx.doi.org/10.1007/s10695-018-0467-3
http://dx.doi.org/10.1016/j.aquaculture.2019.03.037
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1016/j.cbd.2010.05.003
http://dx.doi.org/10.1007/s10695-018-0506-0
http://dx.doi.org/10.1016/j.ygcen.2009.02.013
http://dx.doi.org/10.1016/j.ygcen.2009.02.013
http://dx.doi.org/10.1007/s11427-010-0058-8
http://dx.doi.org/10.1007/s10695-008-9252-z
http://dx.doi.org/10.1016/j.ygcen.2014.06.018
http://dx.doi.org/10.1126/science.1185473
http://dx.doi.org/10.1095/biolreprod.107.060038
http://dx.doi.org/10.1095/biolreprod.107.060038
http://dx.doi.org/10.1006/dbio.2000.0120
http://dx.doi.org/10.1016/j.ygcen.2014.12.012
http://dx.doi.org/10.1016/j.ygcen.2014.12.012
http://dx.doi.org/10.1016/j.aquaculture.2009.04.036
http://dx.doi.org/10.1016/j.aquaculture.2016.05.030
http://dx.doi.org/10.1007/s10126-012-9470-3
http://dx.doi.org/10.1016/S0990-7440(01)01129-9
http://dx.doi.org/10.1002/jez.1402630312
http://dx.doi.org/10.1002/jez.1402630312
http://dx.doi.org/10.1095/biolreprod.110.088427
http://www.scxuebao.cn

23 WORR, SE 0SS A0 AR A Y I R N T R 335
2011, 84(6): 1190-1197. cell transplantation in zebrafish[J]. PLoS One, 2010,

[52] Piva L H, de Siqueira-Silva D H, Goes C A G, et al. 5(9): e12808.

Triploid or hybrid tetra: which is the ideal sterile host for [63] de Siqueira-Silva D H, dos Santos Silva A P, Ninhaus-
surrogate technology?[J]. Theriogenology, 2018, 108: Silveira A, et al. The effects of temperature and busulfan
239-244. (Myleran) on the yellowtail tetra Astyanax altiparanae

[53] Weidinger G, Stebler J, Slanchev K, et al. dead end, a (Pisces, Characiformes) spermatogenesis[J].
novel vertebrate germ plasm component, is required for Theriogenology, 2015, 84(6): 1033-1042.
zebrafish primordial germ cell migration and survival[J]. [64] Majhi S K, Rasal A R, Kushwaha B, et al. Heat and
Current Biology, 2003, 13(16): 1429-1434. chemical treatments in adult Cyprinus carpio (Pisces

[54] LiQ, Fujii W, Naito K, ef al. Application of dead end- cypriniformes) rapidly produce sterile gonads[J]. Animal
knockout zebrafish as recipients of germ cell Reproduction Science, 2017, 183: 77-85.
transplantation[J]. Molecular Reproduction and [65]  Saito T, Goto-Kazeto R, Fujimoto T, ef al. Inter-species
Development, 2017, 84(10): 1100-1111. transplantation and migration of primordial germ cells in

[55] Kurokawa H, Saito D, Nakamura S, et al. Germ cells are cyprinid fish[J]. The International Journal of
essential for sexual dimorphism in the medaka gonad[J]. Developmental Biology, 2010, 54(10): 1481-1486.
Proceedings of the National Academy of Sciencesof the [66] Saito T, Goto-Kazeto R, Kawakami Y, et al. The
United States of America, 2007, 104(43): 16958-16963. mechanism for primordial germ-cell migration is

[56] Fujimoto T, Nishimura T, Goto-Kazeto R, et al. Sexual conserved between Japanese eel and zebrafish[J]. PLoS
dimorphism of gonadal structure and gene expression in One, 2011, 6(9): €24460.
germ cell-deficient loach, a teleost fish[J]. Proceedings [67] Saito T, PSenicka M, Goto R, et al. The origin and
of the National Academy of Sciencesof the United States migration of primordial germ cells in sturgeons[J]. PLoS
of America, 2010, 107(40): 17211-17216. One, 2014, 9(2): e86861.

[57] Goto R, Saito T, Takeda T, et al. Germ cells are not the [68] Lacerda S M S N, Costa G M J, Campos-Junior P H A,
primary factor for sexual fate determination in et al. Germ cell transplantation as a potential
goldfish[J]. Developmental Biology, 2012, 370(1): 98- biotechnological approach to fish reproduction[J]. Fish
109. Physiology and Biochemistry, 2013, 39(1): 3-11.

[58] LiMH, Yang H H, Zhao J, et al. Efficient and heritable [69] LiMY,HongN, XuHY, efal. Germline replacement
gene targeting in tilapia by CRISPR/Cas9[J]. Genetics, by blastula cell transplantation in the fish medaka[J].
2014, 197(2): 591-599. Scientific Reports, 2016, 6: 29658.

[59] Liu W, LiS Z, Li Z, et al. Complete depletion of [70] Silva M A, Costa G M J, Lacerda S M S N, et al.
primordial germ cells in an all-female fish leads to sex- Successful xenogeneic germ cell transplantation from
biased gene expression alteration and sterile all-male Jundia catfish (Rhamdia quelen) into adult Nile tilapia
occurrence[J]. BMC Genomics, 2015, 16(1): 971. (Oreochromis niloticus) testes[J]. General and

[60] Wargelius A, Leininger S, Skaftnesmo K O, et al. Dnd Comparative Endocrinology, 2016, 230-231: 48-56.
knockout ablates germ cells and demonstrates germ cell [71]  Xu D D, Yoshino T, Konishi J, et al. Germ cell-less
independent sex differentiation in Atlantic salmon[J]. hybrid fish: ideal recipient for spermatogonial
Scientific reports, 2016, 6(1): 21284. transplantation for the rapid production of donor-derived

[61] Ito L S, Takahashi C, Yamashita M, et al. Warm water sperm[J]. Biology of Reproduction, 2019, 101(2): 492-
induces apoptosis, gonadal degeneration, and germ cell 500.
loss in subadult pejerrey Odontesthes bonariensis [72] Kobayashi T, Takeuchi Y, Yoshizaki G, et al.
(Pisces, Atheriniformes)[J]. Physiological and Cryopreservation of trout primordial germ cells[J]. Fish
Biochemical Zoology, 2008, 81(6): 762-774. Physiology and Biochemistry, 2003, 28(1-4): 479-480.

[62] Nobrega R H, Greebe C D, van de Kant H, et al. [73] Kobayashi T, Takeuchi Y, Takeuchi T, ef al. Generation

Spermatogonial stem cell niche and spermatogonial stem

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

of viable fish from cryopreserved primordial germ

http://www.scxuebao.cn


http://dx.doi.org/10.1016/j.theriogenology.2017.12.013
http://dx.doi.org/10.1016/S0960-9822(03)00537-2
http://dx.doi.org/10.1002/mrd.22870
http://dx.doi.org/10.1002/mrd.22870
http://dx.doi.org/10.1073/pnas.0609932104
http://dx.doi.org/10.1073/pnas.0609932104
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1016/j.ydbio.2012.07.010
http://dx.doi.org/10.1534/genetics.114.163667
http://dx.doi.org/10.1186/s12864-015-2130-z
http://dx.doi.org/10.1038/srep21284
http://dx.doi.org/10.1086/590219
http://dx.doi.org/10.1086/590219
http://dx.doi.org/10.1371/journal.pone.0012808
http://dx.doi.org/10.1016/j.theriogenology.2015.06.004
http://dx.doi.org/10.1016/j.anireprosci.2017.05.015
http://dx.doi.org/10.1016/j.anireprosci.2017.05.015
http://dx.doi.org/10.1371/journal.pone.0024460
http://dx.doi.org/10.1371/journal.pone.0024460
http://dx.doi.org/10.1371/journal.pone.0086861
http://dx.doi.org/10.1371/journal.pone.0086861
http://dx.doi.org/10.1007/s10695-012-9606-4
http://dx.doi.org/10.1007/s10695-012-9606-4
http://dx.doi.org/10.1038/srep29658
http://dx.doi.org/10.1016/j.ygcen.2016.03.012
http://dx.doi.org/10.1016/j.ygcen.2016.03.012
http://dx.doi.org/10.1093/biolre/ioz045
http://dx.doi.org/10.1023/B:FISH.0000030634.37486.fa
http://dx.doi.org/10.1023/B:FISH.0000030634.37486.fa
http://dx.doi.org/10.1016/j.theriogenology.2017.12.013
http://dx.doi.org/10.1016/S0960-9822(03)00537-2
http://dx.doi.org/10.1002/mrd.22870
http://dx.doi.org/10.1002/mrd.22870
http://dx.doi.org/10.1073/pnas.0609932104
http://dx.doi.org/10.1073/pnas.0609932104
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1016/j.ydbio.2012.07.010
http://dx.doi.org/10.1534/genetics.114.163667
http://dx.doi.org/10.1186/s12864-015-2130-z
http://dx.doi.org/10.1038/srep21284
http://dx.doi.org/10.1086/590219
http://dx.doi.org/10.1086/590219
http://dx.doi.org/10.1371/journal.pone.0012808
http://dx.doi.org/10.1016/j.theriogenology.2015.06.004
http://dx.doi.org/10.1016/j.anireprosci.2017.05.015
http://dx.doi.org/10.1016/j.anireprosci.2017.05.015
http://dx.doi.org/10.1371/journal.pone.0024460
http://dx.doi.org/10.1371/journal.pone.0024460
http://dx.doi.org/10.1371/journal.pone.0086861
http://dx.doi.org/10.1371/journal.pone.0086861
http://dx.doi.org/10.1007/s10695-012-9606-4
http://dx.doi.org/10.1007/s10695-012-9606-4
http://dx.doi.org/10.1038/srep29658
http://dx.doi.org/10.1016/j.ygcen.2016.03.012
http://dx.doi.org/10.1016/j.ygcen.2016.03.012
http://dx.doi.org/10.1093/biolre/ioz045
http://dx.doi.org/10.1023/B:FISH.0000030634.37486.fa
http://dx.doi.org/10.1023/B:FISH.0000030634.37486.fa
http://dx.doi.org/10.1016/j.theriogenology.2017.12.013
http://dx.doi.org/10.1016/S0960-9822(03)00537-2
http://dx.doi.org/10.1002/mrd.22870
http://dx.doi.org/10.1002/mrd.22870
http://dx.doi.org/10.1073/pnas.0609932104
http://dx.doi.org/10.1073/pnas.0609932104
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1016/j.ydbio.2012.07.010
http://dx.doi.org/10.1534/genetics.114.163667
http://dx.doi.org/10.1186/s12864-015-2130-z
http://dx.doi.org/10.1038/srep21284
http://dx.doi.org/10.1086/590219
http://dx.doi.org/10.1086/590219
http://dx.doi.org/10.1371/journal.pone.0012808
http://dx.doi.org/10.1016/j.theriogenology.2015.06.004
http://dx.doi.org/10.1016/j.anireprosci.2017.05.015
http://dx.doi.org/10.1016/j.anireprosci.2017.05.015
http://dx.doi.org/10.1371/journal.pone.0024460
http://dx.doi.org/10.1371/journal.pone.0024460
http://dx.doi.org/10.1371/journal.pone.0086861
http://dx.doi.org/10.1371/journal.pone.0086861
http://dx.doi.org/10.1007/s10695-012-9606-4
http://dx.doi.org/10.1007/s10695-012-9606-4
http://dx.doi.org/10.1038/srep29658
http://dx.doi.org/10.1016/j.ygcen.2016.03.012
http://dx.doi.org/10.1016/j.ygcen.2016.03.012
http://dx.doi.org/10.1093/biolre/ioz045
http://dx.doi.org/10.1023/B:FISH.0000030634.37486.fa
http://dx.doi.org/10.1023/B:FISH.0000030634.37486.fa
http://dx.doi.org/10.1016/j.theriogenology.2017.12.013
http://dx.doi.org/10.1016/S0960-9822(03)00537-2
http://dx.doi.org/10.1002/mrd.22870
http://dx.doi.org/10.1002/mrd.22870
http://dx.doi.org/10.1073/pnas.0609932104
http://dx.doi.org/10.1073/pnas.0609932104
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1073/pnas.1007032107
http://dx.doi.org/10.1016/j.ydbio.2012.07.010
http://dx.doi.org/10.1534/genetics.114.163667
http://dx.doi.org/10.1186/s12864-015-2130-z
http://dx.doi.org/10.1038/srep21284
http://dx.doi.org/10.1086/590219
http://dx.doi.org/10.1086/590219
http://dx.doi.org/10.1371/journal.pone.0012808
http://dx.doi.org/10.1016/j.theriogenology.2015.06.004
http://dx.doi.org/10.1016/j.anireprosci.2017.05.015
http://dx.doi.org/10.1016/j.anireprosci.2017.05.015
http://dx.doi.org/10.1371/journal.pone.0024460
http://dx.doi.org/10.1371/journal.pone.0024460
http://dx.doi.org/10.1371/journal.pone.0086861
http://dx.doi.org/10.1371/journal.pone.0086861
http://dx.doi.org/10.1007/s10695-012-9606-4
http://dx.doi.org/10.1007/s10695-012-9606-4
http://dx.doi.org/10.1038/srep29658
http://dx.doi.org/10.1016/j.ygcen.2016.03.012
http://dx.doi.org/10.1016/j.ygcen.2016.03.012
http://dx.doi.org/10.1093/biolre/ioz045
http://dx.doi.org/10.1023/B:FISH.0000030634.37486.fa
http://dx.doi.org/10.1023/B:FISH.0000030634.37486.fa
http://www.scxuebao.cn

336

Ko AR

44 %

[74]

[75]

[76]

[77]

(78]

cells[J]. Molecular Reproduction and Development,
2007, 74(2): 207-213.

Lee S, Iwasaki Y, Shikina S, et al. Generation of
functional eggs and sperm from cryopreserved whole
testes[J]. Proceedings of the National Academy of
Sciencesof the United States of America, 2013, 110(5):
1640-1645.

Lee S, Iwasaki Y, Yoshizaki G. Long-term(5 years)
cryopreserved spermatogonia have high capacity to
generate functional gametes via interspecies
transplantation in salmonids[J]. Cryobiology, 2016,
73(2): 286-290.

Lee S, Katayama N, Yoshizaki G. Generation of juvenile
rainbow trout derived from cryopreserved whole ovaries
by intraperitoneal transplantation of ovarian germ
cells[J]. Biochemical and Biophysical Research
Communications, 2016, 478(3): 1478-1483.

Lee S, Seki S, Katayama N, et al. Production of viable
trout offspring derived from frozen whole fish[J].
Scientific Reports, 2015, 5: 16045.

Yoshikawa H, Ino Y, Shigenaga K, et al. Production of

http://www.scxuebao.cn

[79]

[80]

[81]

(82]

tiger puffer Takifugu rubripes from cryopreserved
testicular germ cells using surrogate broodstock
technology[J]. Aquaculture, 2018, 493: 302-313.

Wei Q W, Ke F E, Zhang J M, et al. Biology, fisheries,
and conservation of sturgeons and paddlefish in
China[J]. Environmental Biology of Fishes, 1997, 48(1-
4): 241-255.

Zhuang P, Ke F E, Wei Q W, ef al. Biology and life
history of Dabry’s sturgeon, Acipenser dabryanus, in the
Yangtze River[J]. Environmental Biology of Fishes,
1997, 48(1-4): 257-264.

Okutsu T, Shikina S, Sakamoto T, et al. Successful
production of functional Y eggs derived from
spermatogonia transplanted into female recipients and
subsequent production of YY supermales in rainbow
trout, Oncorhynchus mykiss[J]. Aquaculture, 2015, 446:
298-302.

Sato M, Morita T, Katayama N, et al. Production of
genetically diversified fish seeds using spermatogonial

transplantation[J]. Aquaculture, 2014, 422-423: 218-224.

o E K= % 2 J»  sponsored by China Society of Fisheries


http://dx.doi.org/10.1002/mrd.20577
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1016/j.cryobiol.2016.08.001
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1038/srep16045
http://dx.doi.org/10.1016/j.aquaculture.2018.05.016
http://dx.doi.org/10.1016/j.aquaculture.2015.05.020
http://dx.doi.org/10.1016/j.aquaculture.2013.12.016
http://dx.doi.org/10.1002/mrd.20577
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1016/j.cryobiol.2016.08.001
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1038/srep16045
http://dx.doi.org/10.1002/mrd.20577
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1016/j.cryobiol.2016.08.001
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1038/srep16045
http://dx.doi.org/10.1016/j.aquaculture.2018.05.016
http://dx.doi.org/10.1016/j.aquaculture.2015.05.020
http://dx.doi.org/10.1016/j.aquaculture.2013.12.016
http://dx.doi.org/10.1016/j.aquaculture.2018.05.016
http://dx.doi.org/10.1016/j.aquaculture.2015.05.020
http://dx.doi.org/10.1016/j.aquaculture.2013.12.016
http://dx.doi.org/10.1002/mrd.20577
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1016/j.cryobiol.2016.08.001
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1038/srep16045
http://dx.doi.org/10.1016/j.aquaculture.2018.05.016
http://dx.doi.org/10.1016/j.aquaculture.2015.05.020
http://dx.doi.org/10.1016/j.aquaculture.2013.12.016
http://dx.doi.org/10.1002/mrd.20577
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1016/j.cryobiol.2016.08.001
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1038/srep16045
http://dx.doi.org/10.1002/mrd.20577
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1073/pnas.1218468110
http://dx.doi.org/10.1016/j.cryobiol.2016.08.001
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1016/j.bbrc.2016.08.156
http://dx.doi.org/10.1038/srep16045
http://dx.doi.org/10.1016/j.aquaculture.2018.05.016
http://dx.doi.org/10.1016/j.aquaculture.2015.05.020
http://dx.doi.org/10.1016/j.aquaculture.2013.12.016
http://dx.doi.org/10.1016/j.aquaculture.2018.05.016
http://dx.doi.org/10.1016/j.aquaculture.2015.05.020
http://dx.doi.org/10.1016/j.aquaculture.2013.12.016
http://www.scxuebao.cn

24 WX, A AR AR AN RS AR R T S S B v TR S 337

Progress and application prospect of germ cell transplantation technique in fish

YE Huan', WEIQiwei', XU Dongdong’, YUE Huamei', TAKEUCHI Yutaka’,
RUANRui', DUHao', LI Chuangju'
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3. College of Science and Engineering, Kanazawa University, Kanazawa 927-0552, Japan)

Abstract: Germ cell transplantation is a technique that donor germ cells successfully colonized into genital ridges
of recipient, proliferate, differentiate and finally develop into functional donor gametes after they are transplanted
into the body cavity of allogeneic or xenogeneic recipients. It is a powerful assisted reproductive technique for the
conservation and propagation of the rare and endangered animals; meanwhile, it also provides an effective assay
system for the functional analysis of germline stem cell. Germ cell transplantation in fish was first successfully
performed in the model fish, zebrafish (Danio rerio); during the past decade, a series of breakthroughs have been
achieved for this technique. Firstly, three types of fish germ cell transplantation have been established to produce
donor-derived gametes by transplanting germ cells into recipients at diverse developmental stages, such as the
blastula-stage embryos, newly hatched larvae, and adult fish. Secondly, the discovery of spermatogonia and
oogonia stem cells has expanded the choice of donor germ cells. Thirdly, the method for selection and preparation
of recipient has been improved. This technique has powerful applications in shortening the time of fish sexual
maturity, sex control breeding and conservation of the rare and endangered fish, which has been studied and
applied in a variety of teleost, including freshwater and marine fish. In this review, we systematically summarized
the progress of germ cell transplantation in fish, pointed out the key points for the implementation of this
technique, and discussed its promising application.
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