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Tab. 1 Motility and fertilization rate of fresh sperm and frozen-thawed sperm (n=3, X £s)

Group Activation rate (%) Moving time (min) Life-span (min) Fertilization rate (%)

90.1242.41° 53.86+4.18° 71.1846.64° 89.05+1.99°
DI 83.74+4.64° 49.97+2.58° 64.64£2.59° 82.10+0.96
D2 89.4142.59° 51.2542.65° 68.82+4.39° 87.10+2.26°
D3 85.67+4.09° 47.07+4.69° 62.29+4.56° 85.42+4.36°
D4 83.27+3.43° 47.28+2.55° 59.53+5.26° 84.99+2.12°
D5 80.29+6.79 " 45.14+3.07° 59.16+8.05" 79.94+4.30°
D6 64.17+4.75° 22.37+5.08° 31.62+5.46° 67.73+£7.73°
El 79.32+8.16° 34.76+4.38° 48.36+4.89° 71.36+2.86°
E2 87.35+5.01° 50.66+3.91° 67.98+4.35° 86.42+1.63°
E3 81.43+3.00° 48.14+5.04° 62.45+3.91° 82.96+1.23°
E4 79.88+7.74° 45.53+4.21° 61.71£8.11° 79.90+4.14°
E5 63.89+4.79° 26.36£6.36° 34.71+8.88"° 65.05+2.53°
E6 53.52+4.86° 18.47+5.02° 21.24+5.69° 44.84+6.07°

: D1. 5% DMSO; D2. 10% DMSO; D3. 15% DMSO; D4. 20% DMSO; D5. 25% DMSO; D6. 30% DMSO; El. 5% EG; E2. 10% EG;

E3. 15% EG; E4. 20% EG; E5. 25% EG; E6. 30% EG;

(P<0.05);

Note: Means in the same column with different superscripts are significantly different (P<0.05); the same bellow
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Fig. 1 Correlation of fertilization rate and activation rate of fro-
zen-thawed sperm by DMSO
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Fig. 2 Correlation of fertilization rate and activation rate of fro-
zen-thawed sperm by EG

DMSO EG DMSO
5%—25% EG 5%—20% ,
(P>0.05); DMSO
30% EG 25% 30% ,
(P<0.05)(  3)
B—
;L ODMsO mEG b
= ol
g b
g 3
&4 b
& 3r
Mo, | a a
2 aa ab@ aa af ’_T'_i
l L
iis Wa Ws WS NE W )
1 2 3 4 5 6 7
£H% Group
3 SCGE

Fig. 3 Tail moment of fresh sperm and frozen-thawed sperm by
SCGE

1 . ( ); 2 . 5%DMSO 5%EG; 3 . 10%DMSO
10%EG; 4 . 15%DMSO 15%EG; 5 . 20%DMSO
20%EG; 6 .25%DMSO  25%EG;7 .30%DMSO 30%EG

(P<0.05)
Group 1. fresh sperm; Group 2. 5% DMSO and 5% EG; Group 3.
10% DMSO and 10% EG; Group 4. 15% DMSO and 15% EG;
Group 5. 20% DMSO and 20% EG; Group 6. 25% DMSO and 25%
EG; Group 7. 30% DMSO and 30% EG. Compared with the control
group, different letter in the columniation of the same series means
that there were remarkable difference between them (P<0.05)
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(DNA in Tail), , ( 4a); I ( 2) 2 , 5%—25% DMSO
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Fig. 4 Comet image of fresh and frozen-thawed sperm
a. 0 Grade 0 damage x400; b. 1 Grade [ damage x400; c. 2 Grade Il damage x400; d. 3 Grade [II damage x400;
e. 4 Grade [Vdamage <400

%2 EWEERIFRIE SCGE #illAY DNA #1554 (n=400, X +s)
Tab. 2 Classification of DNA damage detection of comet rate in fresh sperm and frozen-thawed sperm (n=400, X +s)

0 I I 11 Y
Group Grade 0 Grade | Grade Il Grade 111 Grade [V Comet rate Damage coeffi-
(%) (%) (%) (%) (%) (%) cient
72.2542.22° 16.25+2.06° 9.25+1.50° 2.25+0.96° 0.00£0.00°  27.50+2.22° 41.50+5.00°
DI 69.00+1.83° 17.25+3.60° 10.5042.52° 3.25+0.96° 0.00£0.00°  31.00+1.83° 48.00+4.83°
D2 66.50+£7.55° 19.50+3.70° 11.00+4.69 ¢ 3.00+1.63° 0.00£0.00*  33.50£7.55° 50.50:£14.84°
D3 64.75£2.22° 19.50+2.89° 11.75£6.40° 4.00+1.83* 0.00£0.00*  35.25+2.22° 55.00+5.66°
D4 58.25+3.50° 20.00+4.08 * 11.75+4.03° 5.00+3.56° 0.00£0.00*  41.75+3.50° 59.00+11.49°
D5 57.75+16.78* 21.2543.40° 16.50+3.03 4.00+1.83° 0.50£1.00*  42.25+16.78* 68.25+33.95"
D6 22.2549.54° 26.00+2.71° 41.75+4.72° 7.75+1.71° 2.00£1.41°  77.75£9.54° 140.75+12.53°
El 65.75+2.06° 21.2548.38° 10.00+4.90° 3.00+£3.46" 0.00£0.00°  34.25+2.06° 50.25+11.67°
E2 64.00+1.41° 20.00+£2.45° 12.25+2.36 ¢ 3.75+2.22° 0.00£0.00*  36.00+1.41° 55.75+4.43°
E3 62.75+3.50° 21.00+3.83° 11.50£4.43° 4.75+2.06° 0.00£0.00*  37.25+3.50° 58.25+5.74°
E4 58.25+2.75° 21.00+3.92° 14.5042.65° 5.50+1.91° 0.75£0.50*  41.75+2.75° 67.00+7.79°
E5 39.7546.29 ° 25.2542.50° 25.5045.92° 7.2542.06 ° 2.25+1.50°  60.25+6.29 " 107.00+13.34 °

E6 20.00+£12.78 ® 26.25+4.79 ° 42.50+4.04 ° 8.50+4.20 ° 2.7541.26°  80.00+12.78° 147.7511.30°
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Fig. 5 Correlation of damage coefficient and DMSO concentra-
tion of fresh sperm and frozen-thawed sperm
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Fig. 6 Correlation of damage coefficient and EG concentration of
fresh sperm and frozen-thawed sperm

3
s Cortland 5%—25%
DMSO  10%—20% EG ,
, DNA ; 30%
DMSO 5% EG 25% EG  30% EG
, 30% DMSO 25% EG
30% EG DNA
el 0.75% NaCl 20% DMSO
R 0.5 mL
, 46d 50.63%;
121 Cortland , 2 mL
15%—20% DMSO 9%  12% EG , 20°C /min

° 7d s

(.2 (Gadus morhua)?* ©l
(25] ’
DMSO EG Horton,
et al.l*% , 10% DMSO
7] (Esox masquinongy)??”]
(Epinephelus  malabaricus)®!
(Oncorhynchus masou) ! 0l (i
, 10% DMSO
10% EG
(Acanthopagrus latus)*” ;8
, 10% DMSO 10% EG
Zilli, et al. (" DNA
SCGE N 10% DMSO
, DNA
Labbe, et al. " DNA
R 10% DMSO s
DNA 5

7% DMSO+10%
(Salmo trutta),

93.5% Martinez-Paramo, et al. [*!!

DNA ,
,  77.6% 0l DNA
, DMSO 5%—20%
; DMSO
25%  30% ,
DNA DMSO
, DNA DMSO EG



1054

34

5%—25% EG
DNA

, DMSO
10%—20% ,
DMSO 25% EG
DNA ,
, DNA

, DMSO EG
5%—25%  10%—20%

20%

>

DMSO EG ,
DMSO EG DNA

SCGE DNA
, Zilli, et al. (1!
2 SCGE DNA s
0.3 mol/L NaOH 1 mmol/L Na,-EDTA(pH>12),
25V, 10min Labbe, et al. ['"
3 SCGE DNA ,
280 mmol/L NaOH 1 mmol/L EDTA(pH>13),
20V, 300 mA,
1l SCGE

24min
DNA ,
300 mmol/L CH;COONa 100 mmol/L
15V 130 mA,
(7 SCGE
DNA , 1
s 14V 110 mA
s 0.3 mol/L NaOH
(pH=13), 12V 100 mA

Tris (pH=10.0),

60min

1 mmol/L Na,-EDTA

25min,

[11 Xiao Z Z, Chen X F, Ding F H, et al. An efficient methodol-
ogy of sperm cryopreservation of large Yellow croaker
(Pseudosciaena crocea) [J]. Marine Science, 2007, 31(4):
1—4 [ , , ;.

,2007, 31(4): 1—4]

[2] Lin D J, You Y L. Physiological characteristics and
cryopreservation of Pseudosiaena crocea (Richardson)
sperms [J]. Journal of Tropical Oceanography, 2002, 21(4):
69—75 [ , .

. ,2002, 21(4): 69—75]

[3] LiC, Li J, Xue Q Z. Cryopreservation of spermatoza of
Black Porgy [J]. Marine Science, 2001, 25(11): 1—4 [ ,
2001, 25(11): 1—4]

[4] Hong W S, Zhang Q Y, Zhou D C. Short-term
cryopreservation of spermatozoa of Sparus macrocephalus

s

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

and Boleophthalmus pectinirostris [J]. Marine Sciences,
1997, 7: 6—8 [ , , .
, 1997, 7: 6—8]
Jiang S G, Su T F, Yu D H, et al. The biological
characteristics of Bostrichthys sinensis spermatozoa and its
cryopreservation [J]. Journal of Fisheries of China, 2000,
24(2): 119—122 [ , , ,

, 2000,
24(2): 119—122]
Hong W S, Zhang Q Y, Xu S F, et al. Physiological
characteristics  and of Lateolabrax
japonicus sperms [J]. Acta Oceanologica Sinica, 1996, 18(2):
97—104 [ s s ,

cryopreservation

, 1996, 18(2):
97—104]
Chereguini O, Cal R M, Dreanno C, et al. Short-term storage
cryopreservation of turbot (Scophthalmus maximus) sperm
[J]. Aquar Living Resour, 1997, 10: 251—255
Gwo J C, M T, et al
Cryopreservation of Atlantic croaker spermatozoa [J].
Aquaculture, 1991, 94: 355—375
Ye T, Zhu J Q, Yang W X, et al. Cryopreservation of Sparus

Strawn K, Longnecker

macrocephalus Spermatoza and DNA Damage Detection of
Frozen-thawed Sperm with SCGE [J]. Zoological Research,
2009, 30(2): 151—157 [ , s
DNA
, 2009, 30(2): 151—157]
Labbe C, Martoriati A, Devaux A, et al. Effect of sperm

s

SCGE

cryopreservation on sperm DNA stability and progeny de-
velopment in rainbow trout [J]. Molecular Reproduction and
Development, 2001, 60: 397—404

Zilli L, Schiavone R, Zonno V, et al. Evaluation of DNA
damage in Dicentrarchus labrax sperm following cryopre-
servation [J]. Cryobiology, 2003, 47: 227—235

Liu Q H. Study on spermatozoa cryopreservation and cryo-
damage in red seabream (Pagrosomus major) [D]. Thesis for
Master of Science. Ocean University of China, Qingdao.
2005 [ (Pagrosomus major)

2005]

Qu Y J, Li J E, Jiang S G. Effects of preservation and
activation on biological property of Pagrosomus major
(Temminck et Schlegel) spermatozoa [J]. Tropic Oceanology,
1998, 17(3): 65—74 [ s , .
, 1998, 17(3):
65—74]

Hong W S, Zhang Q Y, Wu D X. Cryopreservation of red sea
bream Pagrosomus major spermatozoa and testes [J].
Journal of Xiamen Uriiversity, 1996, 35(5): 790—794 [

, 1996, 35(5): 790—794]

Ding F H. Cryopreservation of red sea bream (Pagrosomus



DNA 1055

[16]

[17]

[18]

[19]

[20]

[21]

(22]

(23]

major)’s sperm and embyo [D]. Thesis for Master of Science,
Institute of Oceanology. the Chinese Academy of Sciences,
Qingdao. 2004 [
. s .2004]
Li C, Li J, Xue Q Z. Cryopreservation of spermatozoa of red
sea bream [J]. Marine Sciences, 2001, 25(12): 6—8 [ ,
2001, 25(12): 6—8]
Xu X C, Ding F H, Li J. Cryopreservation caused sperm and
damage in red sea bream Pagrosomus major and its detection
[J]. Oceanologia Et Limnologia Sinica, 2005, 36(3):
221—225 [ , s .
(Pagrosomus major)
, 2005, 36(3): 221—225]
Ostling O, Johanson K J. Microelectrophoretic study of

DNA

radiation induced DNA damages in individual mammalian
cells [J]. Biochem Biophys Res Commun, 1984, 123(1):
291—298

Xue LY, Li L, Nie S P. Studies on DNA damage of the blood
in Carassius auratus induced by phenol
hydroquinone [J]. Acta Hydrobiologica Sinica, 2006, 30(2):

cells and

341—343 [ , ,
DNA , 2006, 30(2):
341—343]

Jiang Z L, Li Q W, Li W Y, et al. Effect of low density
lipoprotein on DNA integrity of freezing—thawing boar
sperm by neutral comet assay [J]. Animal Reproduction
Science, 2007, 99: 401—407
Stowinska M, Karol H, Ciereszko A. Comet assay of fresh
and cryopreserved bull spermatozoa [J]. Cryobiology, 2008,
56: 100—102
Chen T F, Wu D Y. Detection of DNA damage of silkworm
cryopreservation sperm using single cell gel electrophoresis
[J]. Canye Kexue, 2005, 31(3): 366—369 [ S
DNA

, 2005, 31(3): 366—369]

Chen D H, Li Y D, Jia L Z, et al. Cryopreservation of

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

eriocheir sinensis sperms(in vitro) with different cryoprotec-
tive solutions and prefreezing time [J]. Acta Hydrobiologica
Sinica, 2008, 32(4): 579—585 [ , , ,

. , 2008, 32(4): 579—585]
Mounib M S, Hwang P C, Idler D R. Cryogenic preservation
of Atlantic cod Gadus morhua sperm [J]. Journal of
the Fisheries Research Board of Canada, 1968, 25:
2623—2632
Lahnsteiner F, Berger B, Weismann T, et al. Changes in
morphology, physiology, metabolism, and fertilization ca-
pacity of rainbow trout semen following cryopreservation [J].
The Progressive Fish Cuhurist, 1996, 58: 149—159
Hoton H F, Ott A G. Cryopreservation of Fish spermatozoa
and Ova [J]. Journal of the Fisheries Research Board of
Canada, 1976, 33: 995—1000
Ciereszko A, Dabrowski K, Lin F, et al. Effects of extenders
and time of storage before freezing on motility and fertiliza-
tion of cryopreserved muskellunge spermatozoa [J]. Trans-
actions of the American Fisheries Society, 1999, 128:
542—548
Chao N H, Tsai H P, Liao I C. Short- and Long-term Cryo-
preservation of Sperm and Sperm Suspension of the Grouper,
Epinephelus malabaricus (Bloch and Schneider) [J]. Asian
Fisheries Science, 1992, 5: 103—116
Gwo J C, Ohta H, Okuzawa K, et al. Cryopreservation of
sperm from the endangered Formosan landlocked salmon
(Oncorhynchus masou formosanus) [J]. Theriogenology,
1999, 51: 569—582
Gwo J C. Cryopreservation of yellowfin seabream (Acan-
thopagrus latus) spermatozoa (Teleost, Perciformes, Spari-
dae) [J]. Theriogenology, 1994, 41: 989—1004
Martinez-Paramo S, Pérez-Cerezales S, Gomez-Romano F,
et al. Cryobanking as tool for conservation of biodiversity:
Effect of brown trout sperm cryopreservation on the
male genetic potential [J]. Theriogenology, 2009, 71:
594—604



