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Sperm Cryopreservation of Tetraploid Pacific Oysters Crassostrea gigas
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The goal of this study was to evaluate the effects of cryoprotectants [dimethyl sulfoxide (DMSO), methanol, poly-
ethylene glycol, and propylene glycol], cryoprotectant concentrations (10% and 20%), equilibration time (3, 10,
and 30 min), cooling rate (3°, 5°, 7°, and 10°/min), and straw size (0.25 and 0.5 mL) for sperm cryopreservation of
tetraploid Pacific oysters. There was a significant difference among the four cryoprotectants, with 10% DMSO yield-
ing the highest post-thaw survival and activity index of sperm. A significant relationship was observed between the
cryoprotectant and its concentration. The sperm with equilibration times of 30 min yielded higher post-thaw survival
and activity indices than those with 3 and 10 min equilibration times. The sperm cooled at a rate of 5°/min yielded
the highest post-thaw survival and activity index, and the results were significantly different from those observed for
cooling at 7° and 10°/min. Post-thaw survival and activity indices of sperm using a 0.25-mL straw were significantly
higher than those using a 0.5-mL straw.
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AGA Eofj= v Ao, 2ofo] Jags ffel Tetra-
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(Fig. I)(Table 1).

4% AT 2] AAERE 4E AEF F Caloium-
free Hanks'balanced salt solution (C-F HBSS: 450 mM NaCl,
18 mM KCI, 3 mM MgSO,-7H,0, 1 mM Na,HPO,-7H.0, 1
mM KH,PO,, 14 mM NaHCO, 18 mM glucose)} 1:10 (w/v)
o= F3stel A7 BERE YHEe] 4T HHshHIA A
o A5t
SoH XA

4uij A YAs A EE AR Y AIAE dimethyl sulf-
oxide (DMSO), methanol (MeOH), polyethylene glycol
(PEG, weights of 200), propylene glycol (PG) & 47}A| & A}
St on, FHUAA T T A EES SHEHIAAF
AAAE N )] 10%2F 20% 2 SFATE & A of| ARS-H K=

Table 1. Basic parameters of tetraploid Pacific oyster Crassostrea
gigasused for this experiments

Shell Shell Shell Total Meat
No. length height width weight weight
(mm) (mm) (mm) @) (@)
33.80 54.30 17.55 18.31 297
38.51 72.29 21.88 37.08 6.36
3 3836 81.16 30.82 47.13 8.10

Fig. 1. Testis development of tetraploid Pacific oyster Crassostrea gigas, used in this experiments.
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A2k Sigma-Aldrich Co.2] A& AR5 T

SHARZEA YA 2AE ] Yokl FAL A
3, s 2 oS WP AR 3, 10,30
2 AAskget. oluf FAF Wz = 80T/ B 3T

HYPA 7t ez o] & P72 g 3l FA7]|(Computer Con-
trolled Rate Freezer 14S, SY-LAB, Austria)& ©]-8-5}¢] 47}-4]
O] £ (P7HE) R STk 2— 80T (3,5,7, 10T/&2)—
A ). FoEAAl B F P A 242F 10% DMSO 3 30+
o7 519l on, 0.25 mL strawS AFE5FI LY.

Straw

EARZEA FA straw?] Z71E 2AB}7| ¢151He] 0.25 9 0.5
mL2] 27}4] straw (Cassou, IMV, France) S AR&-35}ict. o uf
SHEAA H BFAILRE 2H27E 10% DMSO 9 60+ & 5}

qon, 5HL R0C7HA] B 3CTE YA &, AA AL
(-1967)2 SAT}

AL EA S A Ao A 24417 HESE] 01, 0] straw
2 7

o] AES

Ak AE H 25482 52 -39 A" 2 uLs
C-F HBSS 40 uLe} Aof B2} 54 Wag Sefoleaets
(Teflon Printed Glass Slide; 21 wells; diameter of each well,
4 mm; Funakoshi Co., Japan)°]] 2 uLE £35}o] #3stgin| 4
(Axio Scope Al, Carl Zeiss, Germany) 2.2 33519t} 5
2 A BE A AT AR Esion, A g
o] 1% olst= 1%= Yt Sleh. A2 25742 &5 A<(Ta-
ble 2)°]l whe} H4E Frof 5}ar, 747te] 254k 5]
H]&-of] whe} Striissmann et al. (1994)2] BH-& W3 slo] A}
G A 4(sperm activity index, SAT)ZE YeF it

SA=EM

BE 4Re 33 wEon sasigon, 2ughe Bat
BEAAR UERoth fo)3Hs SPSS-EAT7] X (version

Table 2. Score for the evaluation of sperm activity index (SAI)

Score Motility characteristics
3 Sperm display forward movement rapidly
2 Sperm display forward movement slowly
1 Sperm display forward movement moderately
0 Immobile sperm

SAI = score x % motile sperm/100.

18.0)5 ©|-&3}%] one or two way ANOVA-test (Duncan's
multiple range test) 2 t-test 2]3]] HA3FATHP<0.05).

2 1
PPN E = PSON =P PN R

3ut] o] 4uA| 2z Aol FEEE G =S 88.8+2.1-
92,6+ 1.2%G1.0.1, AREAR|4(SATE 2.7+0.1-2.8+0.1
2 WA 94 2fo] 5 Ho| A ¢ttH(Table 3).

Az T At sis= 4EE H SAl

o0H

ol

HARZA BPAME FeEAA el W A e
JEE& Y SAIE AR 23, YAl 37 o, e &
FAA A BlEF Y=Ll 1%0]8), SAIE 0.012 e}
WCHTable 4). FFAIZ0] 10 9 302 o, sf&F BE&
< DMSO7} thg FigAAl T fofsHA wkew, Egt
DMSO2F MeOH2] 10%7} 20% .t =34 thFig. 2). %53
SAl= AE&3 FUT P2 eyt

Aol AREEE10% FHEAAIES dd o2 BFAPE siF
T AEE 9 SALY] oS A5 A3t DMSO 3 MeOH
A= 10 9 30:20] 32t F-oJ51A =9kom, PEGS} PG
ofl A= 300] 3 2 102 H T} G081 A] =9kth(Table 4).

Y2AE T2 Ao S MES U SAl

>

SHUAAZ 10% DMSOS, FFHAIZHS 30%, 0.
straws ARESHLS W, W2k ol whE A4 dls s
& % SAI= Fig. 3o et it $25=7F 29 3, 5T/
Auf Y=L 7H7F 17.0+3.1%, 184+ 1.8%= 7, 10T/E2)
11.4+1.9%, 7.6 +0.7%X.CF 9-2|5}7] =Qtt}, T3k SAT %A
&It AR 43S B9t

Straw 37(0] E Fxt2| sise YEE X SA

FAGAAR 10% DMSOE, FBAIL 308, Y24 =e

Table 3. The survival and activity index (SAI) of sperm from 3 tetraploid Pacific oyster Crassostrea gigas before the cryopreservation

Survival SAl
No.1 No.2 No.3 No.1 No.2 No.3
88.8+3.6 91.1£3.9 92.6+2.1 2.7+0.1 2.7+0.1 2.8+0.1
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Fig. 2. Post-thaw survival and activity index (SAI) of sperm suspended in 4 cryoprotectant agents (CPAs) at equilibration time of 10 and 30
min. ET: equilibration time. Different letters indicate significant differences between CPA groups (P<0.05). *Significant difference between
10% and 20% of CPAs (P<0.05).

Table 4. Post-thaw survival and activity index (SAI) of sperm suspended in various cryoprotectant agents (CPAs) of 10% at equilibration
time of 3, 10 and 30 min

DMSO MeOH PEG PG
Equilibration 4 10 30 3 10 30 3 10 30 3 10 30
time (min)
Survival (%) 1:0° 14518 17.7+1.9°  1:0°  7.8:0.6° 61110 1:0° 33:0.7° 12303  1£0°  1:0° 3.1:03°
ASI 0.01:0° 0.0740.01° 0.44£0.03° 0.0140° 0.04+0.01° 0.0640.01° 0.010° 0.02+0° 0.1840.01° 0.0140° 0.0140° 0.0340°

Different letters indicate significant differences between equilibration time of each CPA (P<0.05).
DMSO, dimethyl sulfoxide; MeOH, methanol; PEG, polyethylene glycol; PG, propylene glycol.

3CAEE ARESES o, straw A7]of w2 G x}2] al5-F A8 W AEAsEe AP 52 dsh-2doke g2 et
28 9 SAI= 025 mLoJA 2+2F 17.0+£3.1%, 043 10.088  (Jamieson, 1991). e} A Eauba| A= S22 0]o] of o},
0.5 mL9] 2.1 +£0.5%, 0.01 £ 0t} 7-2J5HA] =3k th(Fig. 4). Zlg=Ado] ZFatar, Aladake] gk Fabdo] a1, Ajzze] gt
EAJo] A ook st Kuwano and Saga, 2000). 121} 7+ o

n T ARz s A A 9] ol Wt F Sol/dE Kol 7] o

2ol BE oFollA F5H o2 AT 4= Q= A AAI=

4ujA] FZo] AAHE A B 22 o]u] Dong et al. (20053, 2006) obx] uFE A b} ¢lon], B A) AL EAA] AEE K
ol A=t slot, o F 25 e A BE e BT 5o et s lu el BaME o A4 @ ot

Ao L. HERL DE. & e Dong etal. QO06)°T2F (o, 2007), gk S A4l AES] E4E Hepa 3

-1 o=

W TERE SUS PR FATAE 65 BT o sanzi) 44 SHIAA FF D 5ES B AL
A& 5o 245 B 23t sfs & 2540l ot o Zzq3lth SR Al 27 EIAT B ETY O R s
T8 HIA A AT, 2= QM= (Meryman, 1971), £ @170 4= Fa142] DMSO,

SAHLAAE A FEEE A 7P T87 4R Al
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Fig. 3. Post-thaw survival and activity index (SAI) of sperm sus-
pended in 10% DMSO at equilibration time of 30 min using 4
cooling rate. Different letters indicate significant differences be-
tween cooling methods (P<0.05).
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Fig. 4. Post-thaw survival and activity index (SAI) of sperm sus-
pended in 10% DMSO, equilibration time of 30 min in 0.25 mL or
0.5 mL straw. *Significant difference in straw size (P<0.05).

MeOH, PEG, PGE ARg-5to] 4uljA] =22] A4S 5237 2
T}, 10% DMSO7} 7H&F A3kt Ao = vyebdt}. Park et al.
(2013)0]] wh= 28 A o] A A s A HE A DMSO7} 7}
A Akl Eefal | A2 Hustgon, 1 %7} 15, 10, 20%
Som Btk 2 ATolA Holge] REoR 15% ik
£ AR = EsHA, ofnkE 15% DMSO°] A4 5=
O] 7Hs /%= viAIE o= (iok ZLeiuk 28] 2 4uRA] 2=
BAFEAHEA] 20%9] DMSO F=+ Aol /45 vAl=
Ao 7 ko] g9lrt. Dong et al. (2006)2 48 A 2= A==
AREA S 212 BHAL T(4% DMSO+6%
PEG), 315 £:5400] 714 qtout, SalgAAl B A1g
Alofl= 10% DMSO7} 714 ofesirtal Harsto] £ ¢e #
Atk A 2 DMSO ©]9Jo] = MeOHE 4] 42|
A% ARz B AS i B LA o)
Z|2H(Tiersch, 2000), = ol A+ MeOH= Fall R A =2 235
2] oko Ao @w B v} 9tk Smith et al, 2001). 1Lt
Dong et al. (2005b)2- 283 2= A5 2 HEA] SR A|
Z MeOHo |} MeOH+PEGE &§bo] 714 Agksicta Wt
SIS T}, Arctic charr Salvelinus alpinus®] A5 AEEA| &
SPYA| A= 20% glycerolo] 10% DMSOX.t} ythal &re] A
AR RH(Piironen, 1993), th2 A-tollAl= vt o] Axp7t vhet
U Qlth(Richardson et al., 2000). o] X 5o A 24} &
g A A=A e ddo] FF v AR
ol thgt =gto] EaL QIA|uE, o] ofof thgt &gt o]
= GEA A etk

AR TAH BRAEE SAFA A7 A RFESt=T
I a5, 544 HAstsfjof gtk dnbd o g A HP gt
& o1F, SHAARl FHIAA F57, = w2t Eekxl
TH(Christensen and Tiersch, 1996; Billard and Zhang, 2001;
Sansone et al., 2002). 2 159 4= 10% DMSOE 53|
A2 GBS v, HaAlTro)] 334 A% SER AEg 2
SAIZ} Z¥ZF 1% ©]8}, 0.01 o] 8} ulf-9- ek vhd 302 of
o= A= I SAIZ} 2H2} 17.7%, 0.44 2 7V =9F O 1}, Park
etal. (2013)2 267 ol A= B AlZto] 3+ wf 10% DMSO
of| Al AEE0] 60%014, SAI= 201402 Halsto] & A
O] 4uf A o= thE S Bt 48 A 9] HAHE A EEA] A
7 B AIZro] 28 A et 71 o= 4ujA] HAFO] Ajazate] 2
A 2ef FAS SRR A7 JEShe AlRto] B 42857
el Ao g A AA R 46 A AAFe] HA|, AR,
n|EZEg|of, ael= 28) 419 A Kt} §-2l617 22 2(Dong
etal., 2005¢), o]= o] 7 3 2 7hs/dS s

Ao sAREA A WS = Sl AA e SHetE

Ak ofuyet SlA Al FHAIE, Wzrdwol whet 2-9-Fok
(Babiak et al., 1999). =9] Az AHES 9ot W=
1C/mint-8 A A AR vh2 W2hsh= ZA7ER] FH 9fsHA 1
%8} QItH(Hughes, 1973; Hwang and Chen, 1973; Dong et

lo e
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al,, 2006). & Aol M= YA4EES £ 3,5,7, 10C 2 A4
shg.om, STAA 71 ST AEE W SAIZHEgEoU 3T

L Role Kol HolA ggron, WAL ES} MESE 4
L& HolA= A 0 2 YETE Dong et al. (2006) % A] 41f
A Frz o] AT A HEA] A S Es £ STR Bagt
HE glom, 2 Aot AX|5k3iTt.

TAEY] A AREA AR E = Thegt 2719 straw
F+= cryovial (2 HEE 7)) 11 4o whe} th=2 A ARS-E
=, gt o= tf-8F 871 T2 dRoNA FHAYA A
£ &1 (Richardson et al., 2000; Cabrita et al., 2001), 0.25 mL
straw®} -2 287 §7]= FAFo] ARHAQl ool =
ARE-HtHHuang et al., 2004). A5 AEEA] strawe] S5
o] A5 fFF &5d0] wrhe At FA7HE0(On-
chorhynchus mykiss) (0.5 mL vs. 1.8 mL vs. 5.0 mL straw)
(Cabrita et al., 2001), yellowtail flounder Pleuronectes ferru-
gineus (0.25 mL vs. 1.7 mL straws) (Richardson et al., 1999),
A 7| (Ictalurus punctatus) (0.25 mL vs. 0.5 mL straws)
(Christensen and Tiersch, 1997). & ¢45Lo| A 0.25 mL straw
£ ARE8HE o a5 AEE0] 0.5 mL strawkith 8H =
=T o| A 28 strawoll A B U2 AP o= A
& 287 straw= -89 strawth g=Fo tjeh A
H]&o] © ol W7t k= sflEAlel @ Aol dUskar w=
7] "o ch(Pickett and Berndtson, 1974). L2{1} Dong et al.
(2006)2 48 A| Fz2o] YA AREA] 0.25 9 0.5 mL straw
AREA] 85 S - F Aol F-oIjE Ako 7} Ylekar shef 2 Aot
L g2 412 B9y, o) straw 27]of gk &1} ofaf
T SAlEAAL WA, sied ol e ek 4 S-S
ofu| gt}

o] o] AE S HH, A 2 RS A EEA] A
SAUAA 2 e 10% DMSOo| v, FEA|7He 3042,
7k Bk 50, straw 27]%= 0.25 mL2 vrebdo e
Jajo] BE5 AEL W SAIE 27 18.4% W 0.46.°.2 2u)
Al = A sl w52t Blasl & o 4u] = WS Ao = H]
WE U}, o] 2IRt o] = 4l A Z= A E 26 A Hek 1 =27
7t A B2 4ujA] HAo A = S A HEA] SHEAA A F7E
golx] ool FalE ol 7] Wil Aoz 2w, 3
ofof thgt AAn|F 2] o] AT A o7 HAlth O = 4uf
A A Sl EF AEE D S FIA7I7] fleiAl= o
&t FAIAAE Hdem 11 5k, BFARL 94 U &l
Srof tfet AE7EH Wol o] Roj Aok e Ao ' Abm T

o
=)

]

ox [

of

Al AL

B G FYSA IS A EUPAIMTA)
714 7 THAI(RP-2014-AQ-114)2] Au] 2 o] oJa) 4
B,

ol
of
1=
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