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Germ cell transplantation in fish: A novel approach for conservation

of genetic resources

Goro YOSHIZAKI

Abstract To date, we do not have any cryopreservation method for fish eggs and embryos.
Therefore, there is no available system to preserve fish genetic resources other than raising live
individuals in captivity. To overcome this obstacle, we recently established a system to cryopreserve
trout spermatogonia using slow—freezing method. In order to convert isolated spermatogonia into
functional gametes, we established a novel spermatogonial transplantation method. Spermatogonia
from male trout were transplanted into the peritoneal cavity of newly hatched sterile triploid salmon.
The transplanted trout spermatogonia migrated towards the recipient salmon genital ridges, and were
subsequently incorporated into them. In male recipients, transplanted spermatogonia underwent
spermatogenesis. Further, in female recipients, transplanted spermatogonia underwent oogenesis.
At 2 years after transplantation, sterile salmon recipients only produced donor—derived trout sperm
and eggs. By artificial insemination with the sperm and eggs obtained from the triploid salmon
recipients, only the donor—derived trout offspring was successfully produced. Thus, the transplanted
trout germ cells proliferated and matured normally in a xenogeneic microenvironment. Combined
with cryopreservation of spermatogonia, the xeno—transplantation technique would make it possible

to preserve fish genetic resources and to revive extinct species using closely related species as a

surrogate when necessary.
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Fig.1. Production of trout—derived sperm from salmon recipient receiving trout primordial germ cells. Normal
offspring were obtained by insemination of normal trout eggs with milt obtained from recipient salmon.

hatchlings
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Fig.2. Germ cell transplantation into a peritoneal cavity of newly hatched embryo.
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Fig.3. Production of trout offspring from triploid salmon parents receiving trout spermatogonia. Triploid
salmon recovered fertility by transplantation of diploid trout spermatogonia and produced either eggs or
sperm.
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Fig.4. Strategy to regenerate extinct species by cryopreservation of spermatogonia and
their transplantation.



104

eREIRY 7 - T REREICR TS A

PALED I, SR ARR RS | itk oM fd O AR,
EWVD 2ODERFREFMASIEDL LT, HHEMELL
BUEMIRD DISRERY 2N & AT 5 2 E A FRRIC 72 o
Too FEMIIEME T 208, BRI HEE S -8B,
B 1XR° GFP W5+ CHOCERML U 72 R A e 2 F25RIc
WD Z ERREIZR->TEY, Lo J5iks FEERIC
HOIRfE IR~ LS9 5 2 L NATREIC 2R > 7, G
fal 7y & OFEREM 22 IR D A FE I R CTHID TOBITH
V. 5% ZOIFENREMO R DI o~ ZFHD
A TERORFICERT 52 LR s NG, EHx
DITBEIC K EWEE KRG/ & T A ZRRFEDOHET,
T A Z RN D Redfish lake TREEINT D _X=H 7 4EH D
Reryaevzs MEIELTWD, ZOX=Y O
PG IIART 117> 5% 1500km, 5 & 2000m OALEIZH D |
NP IFFEIFIZW 2D ETOR, Btz s - TIE
WICRWIFEEZ W ET 2 0B8R’ H D, ZOR=YrE
X, 22> TIETMIOFER (Redfish) 1272 213 ER&EIZ
W E LTy, ITEE O EE RSN S L. 2006
R 32,2007 R 1F 4 RO | L 2iEsE S Tuniguy,
BEIZ 20 & OER O A% IR 2 IR IR 2N TIRAF L T
BY | RERGTD - Z OEMBHER L S a ik, A
OB E NS Z & THR M HEMEEIE S5
TENREBEZLNTWD, FiH D WITERZ eI e
LT 7edicid, EEAZ ZFETHILTLED
BT, 720 b 432 SRR R ST B IS TR AT
faz T2 2 ENEETHD, FHLIE, RS
DY« < ZH) Redfish  lake D_X=H 4> D X 5T
RHIRWEOIZY, BV HITKFEMEo 7 v
THEATO, T A RIEERNTHERFT 5. Wb
DLV -~ ASHOIE IR N 7 B LB
ZTW5,

BhYIc

AR LI EE, £330 - ~ 2 E Mk
IR SN HMTCH H23, BE, ZNElEH~S
LIS LRFFTh D, WERDTFHERITT 7R
e T 5 LN TH Dm0, Mldk~A o
nA Yl v a AETBTE 20058 Ih T
WS, EE D ORFE Y v — FIXBEIC 2 O R RE % iRk
L. RHED I i CHEPEf DA HEf A~ & RS RN & Al
TRETHDZ L AR LTS, ZD X ) Riiliiig
PEfa RS CEX T, Zu~2udk s IcHANER
TEIBICEZKRI7 7], A M A= ANNLER AT
OFEMaZ ., ~H 0 X ) 7/ MEFEICBET 5 2

==
=

i ]

LT, Ju~wraDiEFEERET L N EEOE
PEL FREIC 2D Z LI SN D,

51 AXHER

Chao N. H., and Liao I. C., 2001: Cryopreservation
of finfish and shellfish gametes and embryos.
Aquaculture, 197, 161-189.

wOoE e e R, EAEMREE R 45, 2690-2698
(2000)

Kusuda S., 2004: Current status and perspective of
cryopreservation of sperm and blastomeres in fish.
Fish Genetics and Breeding Science, 34, 1-25.

Manning M. J. and Nakanishi T., 1996: The specific
immune system: cellular defences, in “The fish
immune system” (ed. by Iwama G and Nakanishi T.),
Academic Press, New York, pp.159-205.

Okutsu T., Suzuki K., Takeuchi Y., Takeuchi T., and
Yoshizaki G., 2006a Testicular germ cells can
colonize sexually undifferentiated embryonic gonad
and produce functional eggs in fish. Proc. Natl. Acad.
Sci. U.S.A., 103, 2725-2729.

Okutsu T., Yano A., Nagasawa K., Shikina S., Kobayashi
T., Takeuchi Y., and Yoshizaki G.., 2006b:
Manipulation of fish germ cell: Visualization,
cryopreservation and transplantation. J. Reprod.
Dev., 52, 685—693.

Okutsu T., Shikina S., Kanno M., Takeuchi Y., and
Yoshizaki G.., 2007: Production of trout offspring
from triploid salmon parents. Science, 317, 1517.

Takeuchi Y., Yoshizaki G., Kobayashi T., and Takeuchi
T., 2002: Mass isolation of primordial germ cells
from transgenic rainbow trout carrying the green
fluorescent protein gene driven by the vasa gene
promoter. Biol. Reprod., 67, 1087-1092.

Takeuchi Y., Yoshizaki G., and Takeuchi T., 2003:
Generation of live fry from intraperitoneally
transplanted primordial germ cells in rainbow trout.
Biol. Reprod., 69, 1142-1149.

Takeuchi Y., Yoshizaki G., and Takeuchi T., 2004:
Surrogate broodstock produces salmonids. Nature,
430, 629-630.

HRA T BERETRS, 2002: MO/ n—=7 .
WEPE & AW, 139, 120-125.

Yoshizaki G., Takeuchi Y., Kobayashi T., lhara S.,
and Takeuchi T. 2002: Primordial germ cells: The
blueprint for a piscine life. Fish Physiol. Biochem.,
26, 3-12.



A TEAR B A A O T B AR 7 B DR IR AF

Yoshizaki G., Takeuchi Y., Kobayashi T., and Takeuchi
T., 2003: Primordial germ cells: A novel tool for fish
bioengineering. Fish Physiol. Biochem., 28, 453-457.

Yoshizaki G., Takeuchi Y., Sakatani S., and Takeuchi
T., 2000: Germ—cell specific expression of green
fluorescent protein n transgenic rainbow trout under
control of the rainbow trout vasa—like gene promoter.
Int. J. Dev. Biol., 44, 323-326.

105





