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Studies on restoration of the loach Misgurnus anguillicaudatus
from cryopreserved sperm and blastomeres by
androgenesis and germ-line chimera
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Genebanking is of importance for both farmed and wild species as a means to preserve
endangered populations and reconstitute unique genotypes. In fish, a large number of species or
strains are now being endangered, and farmed stocks are derived from few genotypes from wild
populations. Thus, germplasm preservation may represent a useful tool to increase genetic
diversity in broodstock.

Liquid nitrogen cryopreservation is effective for long-term genebanking, but is only
applicable for sperm preservation in most species. Cryopreserved sperm is useful for breeding
programmes and maintenance of genetic diversity, but the reconstitution of already extinct fish
using cryopreserved sperm is very difficult at present because sperm gives rise to inviable haploid
progeny after induced androgenesis. Moreover, maternally inherited genotypes and cytoplasmic
mitochondrial DNA are not preserved by sperm cryopreservation and thus never restored by
androgenesis.

Blastomeres may be also applicable for genebanking because fish genotypes may be
reconstituted by a germ-line chimera. Target genotypes may be reconstituted by this method
because the host should produce donor gametes in the germ-line chimeras. So, cryopreservation of
blastomeres followed by production of germ-line chimeras is considered a useful repository strategy.
Cryopreservation of blastomeres was achieved for a number of teleosts, but the successful
production of germ-line chimeras from c':ryopreserved samples has not been achieved yet.

The loach (Misgurnus anguillicaudatus) is a fresh-water fish widely distributed in Japan,
and the species includes unusual genotypes such as gynogenetically reproducing diploid clones and
some polyploids in nature (Arai, 2001, 2003). These fish are interesting for aquaculture as well as
academic research, what emphasizes genebanking.

Previously, many technologies including induced androgenesis and production of germ-line

chimeras were developed in loach. These procedures may facilitate the restoration of fish genotypes
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from cryopreserved sperm and blastomeres, but there is no protocols for cyopreservation in the
loach. The objective of the present study was to develop practical protocols for cryopreservation of
sperm and blastomeres of the loach, and successful recomstitutution of genotypes through

production of androgenenctes and germ-line chimeras from cryopreserved samples.

Cryopreservation of sperm: In this study, a protocol for sperm cryopreservation of loach was
optimized by evaluating inseminating dose, thawing temperatures (20, 25 and 30°C for 10s),
extenders (loach or cyprinid extenders), internal cryoprotectants (Dimethyl sulfoxide - DMSO,
Dimethylacetamide - DMA, glycerol - Gly, ethylene glycol - EG, and methanol — MeOH at 0, 5, 10
and 15%), external cryoprotectants (bovine serum albumin 1 and 2%; sucrose 0.5 and 1%; glucose
0.5 and 1%; glycine 0.5 and 1%). Samples were cryopreserved by slow cooling (-33.3 + 2.09°C/min)
using the cooling tubes method (Yasui et al, 2008). Post-thaw sperm motility was also optimized by
activating solutions (distilled water, dechlorinated tap water, 25 mM NaCl and 50 mM NaCl), and
finally evaluated by examining the hatchability of the eggs when fertilized with fresh or
cryopreserved sperm. After the evaluation of these parameters, sperm cryopreservation was
optimized using the following procedure: thawing temperature at 25°C for 10 s; loach or cyprinid
extenders; methanol at 10 or 15% as internal cryoprotectants; glycine 0.5% or bovine serum
albumin 1% as external cryoprotectants and 50mM NaCl for sperm activation. Using this
procedure, the fertilizability of the post-thawed sperm was 47% in comparison to the fresh sperm,
at the minimum inseminating dose (687.65 sptz egg''mlL-1). Based on this protocol, sperm from
other loach species Lefua nikkonis, M. mizolepis and Barbatula toni- were cryopreserved
successfully, and the post-thaw motility were 58.33 + 7.6, 63.3 + 5.7 and 60.0 + 5.0, respectively
(Yasui et al, 2008, 2009).

Androgenesis using cryopreserved diploid sperm: The aim of this study was to evaluate the
feasibility of cryopreserved diploid sperm as a repository genebank for the loach, along with a
restoration strategy utilizing induced-androgenesis. Firstly, we evaluated three types of media for
egg inactivation: Hank's saline solution + 0.5% bovine serum albumin (BSA), Ringer's solution +
0.5% BSA, and masu salmon seminal plasma. Haploid and diploid sperm were taken from diploid
and tetraploid loaches, respectively, and then cryopreserved using our previous protocol (see above).
Fresh and cryopreserved haploid or diploid sperm were then-used to fertilize intact or UV-irradiated
eggs from wild diploid females. The irradiation media evaluated here successfully maintained the
egg quality over 2 hours, but Hank’s saline showed improved storage ability and was used for
irradiation. Using fresh haploid sperm, the fertilization rate was 63.51 + 10.68%, decreasing to
28.80 + 20.06% when irradiated eggs were employed. These progenies were diploid (2n) and haploid
(1n), respectively, as confirmed by flow cytometry. For fresh diploid sperm, the fertilization rate was
53.20 £ 2.71% for normal eggs and 34.92 + 27.12% for inactivated eggs, with respective ploidy status

of 3n and 2n. When cryopreserved haploid sperm was used to fertilize normal eggs, a fertilization
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rate of 41.83 + 17.88% was recorded, with diploid progeny. The same sperm source resulted in a
fertilization of 28.35 + 15.01% and haploid progeny when inactivated eggs were utilized.
Cryopreserved diploid sperm resulted in triploid progeny and fertilization rate of 21.33 £+ 7.14%
when normal eggs were used. Using the same sperm source, the fertilization rate of UV-irradiated
eggs was only 11.68 * 6.74% and diploid progeny was obtained. In this putative androgenetic

progeny from cryopreserved sperm, all-male inheritance was confirmed by determination of larval

morphology and microsatellite genotyping, demonstrating successful reconstitution of the loach

from cryopreserved diploid sperm (see Yasui et al, 2010).

Cryopreservation of blastomeres and production of germ-line chimera: An efficient procedure for
cryopreservation of loach blastomeres followed by restoration through germ-line chimera formation .
was established in this study. Blastomeres of the loach were cryopreserved in 250 pL straws in
Eagle’s minimum essential medium (MEM) with various concentrations of dimethyl-sulfoxide
(DMSO; 0, 5, 10, 15 and 20%), and the best concentration was combined with glycerol (1, 2 and 4%)
and external cryoprotectants (1 or 2% sucrose; 2, 5 or 10% fetal bovine serum; 1 and 2% bovine
serum albumin). Post-thaw'viabi]ity of the blastomeres was used to optimize cryopreservation
conditions. The best post-thaw results indicated that cryopreservation of " blastomeres was
optimized using 10% DMSO as the cryoprotectant, giving rise to a viability of 65.1 + 0.6%. This
result is lower (P<0.0001) when compared to fresh blastomeres (96.8 + 0.8%). Later, donor
blastomeres were injected with zebrafish GFP-no.éI 3UTR mRNA and biotin dextran prior to
cryopreservation in the optimal freeze medium. Host embryos were injected with zebrafish
DSRed-nos1 3UTR mRNA and reared to the blastula stage. Donor blastomeres were then thawed
at 25°C for 10 s and transplanted to the host embryos either immediately or after incubation for
16h at 20°C. Donor and host primordial germ cells (PGCs) migration were visualized with
fluorescent imaging during the early stages of embryogenesis, and also by histology in 4-day old
embryos. Transplantation of blastomeres immediately after thawing gave lower hatching rates
(~3%) and generated a low percentage of germ-line chimeras (~1.1%). In contrast, incubation of
cryopreserved sample for 16h followed by transplantation of the GFP-positive blastomeres
improved the hatching rate to 90%, and successfully produced presumable germ-line chimeras at a
rate of 16.5%. The improved survival rates and germ-line chimerism may be an effective method for
genebanking and subsequent reconstitution of endangered fish genotypes (see Yasui et al,
accepted).

Conclusion: Protocols for cryopreservation of loach sperm and blastomeres were established in this
study. In addition, the loach was reconstituted by induced androgenesis from cyopreserved diploid
sperm and by a germ-line chimera. Both reconstitution procedures showed improved survival rates.
It was also demonstrated that the new procedure of incubation of post-thaw blastomeres improved

survival and production of germ-line chimeras. Sex ratios and gamete maturation of the
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reconstituted fish are important characteristics to be studied in later experiments. Despite the
potential application for other fish species, several intrinsic characteristics must be examined such
as the possibility of induced spawning, genetic inactivation of the egg, the ability to dechorionation,
resistance to micromanipulation and other traits.
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RIEICIBNT, ZLOFEROBRAAEIh, ALFEEAECL2EHD
BEMZREET LRSI IND, BERREFEEIZSHEEEHETIHDD—
DFEELRD, BEREZEZROT-BFORIEBERTFIIZ DA TRE SN,
BFRHE L EEAEICSHAINTE 2, UL, ABBERECLZBETFMD
OEFEEFE BRI REAEMPE L, T b2 FYTDNAZELRR
EEFEIIRRE - HEETERY, BORRBMEETEINIE, EERFIFA T D
EHZ LT, BREFRZEREL S 2RERAH 208, FIEREBHEFICONT
PRSI Z UL, B LB S ATERYIF A 7 2/EH L7RIhH bR 5
NTW5d, RFFETIE. FPa vEHBHIE T, SIEREEBRTFOFESRE .S
LT B EEBIT, BREAFBTFEZHOVHEERE L EEREFERERA VW
AFERFIF A FERIC L 2B EFEOESGEZBELMC L, LTOFMET %
B BT,

(1) FYavORFERBRECHFERFELLTE. FYavAbLIWE=Z
A BAEA OFHRIK, MREEEE (WE) MEA & LT HD2 0N 15% A F )
—/V, MRARIEZ R R (A TEAIE LT 0.5% 27V vrHB0id 1 %FmiET
NT X BSA) ZRAWTHERERERE TS Z &, MEEH% 25°C10 B &
THZ L, BH¥KEE LT 50mMNaCl 2HW0WA L, —33.3+£2.00°C/ 5 DBH]
WELTHIEBHERINE, ZORGETHREZEREAVWTERERELLE D
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5. BB TR LT 47% DOZAERNER TE (& 687. 65 ¥+/I0/ml) 7=,
o, AFREFZIVMO R avHIS FPaw, 77 FPa v OBFE
TERFENRFRRCho T, ’

(2) HERBEDEDOIIDRERE LT, OHank’ s + 0.5%BSA, @V %
#+0.5%BSA, @Y7 T AMFERFTLIL 25, Wb 2 BRI EIVE %
REFELED, OBFERThok, £ T, OKIZIIEZ AN, BARBHZITV
S D BRI RIEA AL 2R AT, £ LT, EQLEIF, UVREINC, $EED
HWVEI T EOLEEE, BRHRTEBTEHEEL. £EC2RORBEREEZ AT,
ERICHAWIIE R FIIS AR TR LY, TEEE IR A AR
V87, RIFITHEEASL VEE L, BE AR “AARBOINC B RTGEE
(REEHRH, HRER) O fEHET 2 2%, SBEKRHEIRZ X VERR
LEebDTCHD, 7a—HF A AN —b=A0aVTF T4 be—X—B0GH
X0 AR - R RAE AR T L B OS2 DI T AERT RS, U
VEBHEIDOZREN O IR A RN, A6 - EREREEEETF L ELR
SRDZRED BIX=BETFRE, UVEBHNINOZREN O IXBEERE _EEREL
TeZ LM LT, $hbh, BRERFEEBFER VW ABBEERAEICE
D, EFEEZETIEERY a VOBRBEESER TEX D LR ENTE,

(3) AEFERIIF AT 24 LEEFIZET T, F¥a v OMlE (BIER) Ok
REFEOI-DDFEEFERET Lz, ZOREFR. glycerol, BSA, 4R MBESED
AR I E R AR A 2 — 8 3, 10%DMSO Z MRS @R ORI & LT,
FIER%E 250 u 0 X b u—H D MEM I AN ER T T 2 &8N EER
65.1% (EFEFIBRATFR 96.8%) ORFLREEE 2T, N F—oRIZET S
7 4 v a® GFP-nosl 3° UTRmRNA & biotin dextran 2B L. F0OH,
HHERIE LT, AR A FOFRIZIX DSRed—nosl 3 UTR mRNA Z MRS L. #X%0
BWIZ XD AR FEE, N —HEOHRFEATEME (PGCs) #XKBIFRB L Lz,
25°C10 RERERIEREZAEHR L, ZOEXK D DHWVIL 20°CT 16 BERIREEHR, FAX b
FRICHEHE LTz, BOLEARBEMESEEE L ARFABIEN D, B L7 PGCs Tk 2

N OATEREEBRICBE, BETAZ LB L, FOBBORKE, BEER
OB (BILE~3% ; £RRFIX A FERE~1. 1%) ITHT, HEROBE
W2k, XVEV0%DFMLERL 16. 5% DAEFERIIF A FERBRELNE =
EOHBA LT, T2 5, HREEERD BB PCCs DR - BB OBHEIZL Y,
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FREEE IC L DU EOBTRBRIL. REZII LD LT 5 KEHHDOREEIRD
REFLERICHFET S, EREYMERBIOKETEF LEERRR LM TE,
FEE—-FIX, BEEIEL KERSE) OFMLERESNIERODD LD
EHE L,
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