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ABSTRACT

The purpose of this study was undertaken to evaluate of cryopreservation efficiency in a 1,3-galactosyltransferase
knock-out(GalT KO) cloned miniature pig sperm. To compare ability of frozen-thawed sperm characteristics, three
different pig strains (GalT KO) cloned miniature pig, PWG miniature pig and Duroc were used. The ejaculated semen
from the three pig species was diluted with same volume extender and added to LEY solution for freezing. The dilu-
ted semen was placed in 0.5 ml straws, and freezing was initiated by exposing the straws to liquid nitrogen (LNy)
vapours for 10 min before placing them into LN; for cryopreservation. After thawing, the sperm ability were assessed
for viability (SYBR-14/PI staining), abnormality (Rose Bengal staining), and acrosome status (intactness, intensity and
capacitation) (chlorotetracycline, CTC staining). The viability of frozen-thawed GalT KO pig sperm had no significant
difference as compared with Duroc and PWG miniature pig sperm. However, The CTC pattern of frozen-thawed GalT
KO cloned miniature pig spermatozoa showed significantly lower rates in F pattern and AR pattern (p<0.05) and
significantly higher rates in B pattern than Duroc and PWG miniature pig (p<0.05). The abnormality of GalT KO
cloned miniature pig sperm was significantly lower as compared to Duroc and PWG miniature pig sperm (p<0.05).
In conclusion, GalT KO cloned miniature pig semen can be cryopreserved successfully and used for artificial
insemination reasonably.
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HAA FHLE WA o] st Polge 5, 1970), 54 &
3 Fo] HA oldgo] & Aoz RuFHJHPotter
S, 1979). 1 912 T4 A F AL FHo= 3}
of As)d thate] Azhet *ﬂi}g} A} whe] &Afo] wAY
(Mazur, 1984)st A2te] - Ur EZH" A "o
EEE]‘jr-l— B 131‘/} ”Lo T2 3l Eriksson
T (20022 FE AAE Ol%ﬂ i T )zl AA
BNE o] &3 Ao} T Ao °i°l Hl fﬂ aAN%g °*2;1
o} B3, LEY 4 ¥ o838 vysHx9} Duroc &
7kl A Eé g7de] ztolg BlaEglS UMEHX]
7P DurocA AN R} AE 301 T A Bl v
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olrt

yolk 20 mlE 2A1%F B9t E3ste] A4d&e (2,000 =g,
5T, 30%) 3t 45qTE ARt 221 T2 A2 1
Z} FA M| 1.5% Orvus Es Paste(OEP ; Nova Chem,,
US.A)% 9% glycerol(Sigma)s #7lste 7dH A5t
Aol AHE3ISITE 2 A OEP9} glycerol®] HF &=
T 27 05%%t 3%3iT.

S SNAAG FLEsORIA 192 AR A
75 AR 400xg 15T, 108)3 F, 14 T2NE
A TR 1A00] HES ST 13 FANe] A
7H Qg 25T & 1 F 93 SAE Fo ¥
Fiel d&& A9 Wol 5T/ 147 308 Bt ¥

AATE WA F 23 FANS 12 AN 125
H71ske] 05 ml straws 11]3}01-"” o A2 strawe
styrofoam boxell BAA U= AAZ: WY 6 cm B
TollA 1087 BR] § HA|F Lol 3A sk @.‘Zﬂé]i%
oA Baslelth

SEYY B9

4% 7} straws water bathS o]-&3}e] 55Tl A
13% B¢t §3l3le] Beltsville Thawing Solution (BTS)
3] A) (2054 mM glucose, 3.358 mM EDTA, 204 mM
sodium citrate, 14.879 mM sodlum bicarbonate, 10.06
mM potassium chloride)?} &3 & 41#-2](400xg, 37
T, 108)3leq AFds ZﬂﬂO}‘ﬁ Al BISE 31K

c}, %fsﬂ% Al dut A 74/\}(1@_7{:35_r 718& al iDJ
A& E %4/\18}915}.

et YYAA

REE 7AAHSYBR-14/P1 Staining)

*@Z & A= Maxwell® Johnson(1997)2] Live/Dead

™ sperm viability kit (Molecular Probes)Z ©]-&-3%+ ¥4
& 74 Beste] AAIEIATE Live sperm¥ dead spe-
rm Abe]9] DNAS 2ol o] &3k I @4 WHo=w
live sperm Mo % HAHM, dead sperm FH
oz A=) vk A¥ #8100 plef HHell 1 ml
2] HEPES(Sigma)+0.1% BSA®} 5 n19] SYBR-14 working
stock 2 pl SYBR-14+198 ul DMSO)& #718l4 incu-
bator(37°C) AellA 1023F AXA R 108 % 5 pnle
PI(Propidium lodide)E #7}38t¢] incubator(37°C) el A
1027 A £ 33 74004) stellA BFsiivt

7184 7 HRose Bengal Staining)

718& A= 4 5(2002)9] Rose-Bengal &4
F4 - Beste] Qs A 100 plell 1 mlo
ne+5% FBSE H71sto] A4#](400xg 10%)3 5
-G A A3}, salinet5% FBS 200 ul® FH-AJZTh
X}—r-rr"—‘i 100 nul& 51de glass $loll %7 =Edte], A2

oA €138 7AZAIZ] ¥ Rose-Bengal BN 500 nles
‘501534 AAg 5 r| 7 (400uH) 5}"1]7\1 7]6“41}“ #
zrakelct.
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Wang 5(1995)% Abeydeera 5(1997)2] HPiS& 4 -
Hepsto] HAEE AT ARG 100 plel 2
ul®l Hoechst33258& H7ksto] A&olx 3¢3k 4x &
1 ml® 3% polyvinylpyrrolidone (PVP, ICN Biomedi-
cals) S H7MA, ALollA YR 400xg 583t A
TAS AAL F 100 nle] PBSE FHAAT FHE
Aol &% CTC solution{(750 uM chlortetracycline
(Sigma)+5 mM cysteine+130 mM NaCl+20 mM Tris(pH
78l H7AZIAL, AR A 387 AXAAY 1 78
ulel CIC fixative {12.5% (w/v) paraformaldehyde+0.5
M Tris-HCl(pH 74)}& Ad7isted AxE 232710 Al
2 CTC sample % 10 plE slide glassel #5358} 5
1u1¢] DABCOS} E3}ste], H3d 04 400l st A A
A FHE gk CTC |48 HA F T3 A
7b 84 ggon dNE e AT B5 9 HAuks
o] oA ek AxKE), IAF-2T o 12 A
T Z5o] ol HAB), FHIF A9
HANES-o] deft FaHAR)Z #AEHA .

Mo g
24,
52
fo 11
SO

O

rlo

A A7 (Statistical Analysis)

B AgeA fojzl A3 SAS@9.2 package/PCE ©|
&3] 52 A T AAA ] B Folxl HAL Ha
X} 27 (Least Significant Different test ; LSD test)
= ol&shla, HR FIhe) AAAY] FoH apo] B
A2 Duncan®| Multiple Range Testo] <&t f-oJxb
(p<0.05)5 HAsISIk

2

oo 97 44

TARE A A7ke] fAT Holo] RS vl
g 3= Table 164 vhepsich oo} 13] APgake)
8<% Duroco| oF 28 H%r} B o] JAH™, GalT
KO A7} 74 A& ol AAHAT (p<0.05). 18]ar
1 mi% AAe] £& vud 23 94 Foxoz (<
0.05) Duroco] 7P & 75:0.3x10°/mlE Vebtom, &
AHo 2 (p<0.05) 7H¢ A2 HA FL PWG vuH= =
AA7E 1.9:02x10°/mlZ ERTh & AR} 9] A9
Duroco] ©& S|A| Fol Hj3f] frojHoz 7P =4 1}
Ebtom (1531.6560.2x10°%) oF 74 Ao zjolS viehd
o gele] RS wwe AR, GalT KO #H=)¢] 7

Table 1. Characterestic of pig semen
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Fig. 1. Change of frozen-thawed sperm viability by different pig
species. ¥ : Bars with different superscripts within the same re-
ceptor category differ significantly. : Significantly difference bet-
ween fresh and frozen-thawed sperm in same pig species (p<

0.05).

% 7}1%4 %2 Durocel] H]8] At Az} = 2 &
A; ol WA ow oF 3 2 9 9l HEe] xpolr}
Yebsdth Bl A717F vl PWG U siA]<F v
3 Ao M= Az FE7F PWG 7Y ] (1.940.2x10°
ml)o] ®&] FdHeZ (p<0.05) FA(4.0+1.1x10%/ml) }
ek o), A F gak 2o A9 PWG P A7}
o] 127482 ml, & QA 7} 231.0:15.1x10° 2.5 A
defo] 653+19.1 ml, & AR 7 169.7428.3x10°91 GalT
KO siA el uls) frolaes (p<0.05) EA Yehsth

32-8o # M4

TA-G3 F HA Fol GE AELY 205 4G
A3 Fig. 19 YeRh 24300 olgd AL
Fig. 1942} o] 80% olde] AEES Bl AN A
TS Ao o] g30al, Mg e ELS BT A
3}, Age] o] 8H MG N 7] {-o]H Q] (p<0.05) 2ol
7§tk 54 F8 & ATEC] FH R (p<0.05)
7P & FL2 PWG HUHIA 2 63.6:24%% 01, 7HE
e FO 55312.6%% Duroc 209131, GalT KO A
v 61.122.0%°] BEES HSth

52 AT Az HA JuHE E4357] A8 chlor-
tetracycline $1413 5%+ HA=e| patterns #41¢ 23
+ Fig. 2, 3 2 4904 Yepllon, 1 A3 3585

0,

Jojutx) ok A} el 2xe Al F patterns &
A Al A A T3] w24 (p<0.05) ZolE e
Wom, Duroc 0] 365+12%% 7 =91 GalT KO
A7} 20.6414%% 7FF W= F pattern &< UERIT
w3l BE s FolM FZ2 5 F pattern -&0] fFo]H 2

Semen characterestic

e votame ) St o e
PWG miniature pig 12748.2° 1.940.2° 231.0415.1°
GalT KO pig 65.3+19.1° 40£1.1° 169.7428.3°
Duroc 213.2:8.8° 7.5+0.3° 1,531.6460.2°

* Mean = SEM. n= PWG and GalT KO pig: 7 Replicate ; Duroc: 53 replicate p<0.05.
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Fig. 2. Change of F pattern rate in sperm acrosome frozen-thaw-
ed in different pig species. *™* : Bars with different superscripts
within the same receptor category differ significantly. * : Signifi-
cantly difference between fresh and frozen-thawed sperm in same
pig species (p<0.05).
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Fig. 3. Change of B pattern rate in sperm acrosome frozen-th-
awed in different pig species. *» *¥ : Bars with different su-
perscripts within the same receptor category differ significantly. *
: Significantly difference between fresh and frozen-thawed sperm
in same pig species (p<0.05).
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Fig. 4. Change of AR pattern rate in sperm acrosome frozen-
thawed in different pig species. > *¥ : Bars with different su-
perscripts within the same receptor category differ significantly.
: Significantly difference between fresh and frozen-thawed sperm
in same pig species (p<0.05).

E (p0.05) A UEbth 74 o) 3 %% = A4
9ol vto @ =2k AHEIQ) B pattern® - GalT KO
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o] frejH o= (p<0.05) F7IBIF oY, GalT KO #HAE

£

R=4
[¢]
100
9C
80
R 70
2 o0
&
E 50 Ofresh
2 40 W Frozen-thawed
o
< 30 -
20 a vy a
M Cm
o . :
Duroc GalT KO PWG
Pig type

Fig. 5. Change of frozen-thawed sperm abnormality in different
pig species. *® *7 : Bars with different superscripts within the
same receptor category differ significantly. * : Significantly differ-
ence between fresh and frozen-thawed sperm in same pig species

(p<0.05).

T2 ztolg YERA vt 23y A Yol &
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SPF ¥7% W Aol 238 A= 014‘13‘: PWG

A5 Mtype«] U]QEHx] oS n)mE
gozH 7‘1]?«] #}o] ¢} Table 101%19} o] A
25 g Aelg Bole wA) F9] HluEdE

3 GalT KO =9 sZ24xRE ggJ zto] ¢4 LEY %
9o} GalT KO =% é%"g T4 BEde Age

mmmzﬁ$ﬁﬁﬁ
1o

etz A&
Table 194 Ve S0] Duroc«]

Ak Ao Aol H2 A

AN A A A=)

O

s

1=



GalT KO #7] xje] $dREg & 389

X 83 FHAF ol Ao R =) b}E}M# Fo5Es g8 sk, S A8 HA vhe-S opy)
v U=} 2]¢) PWG 29} GalT KO H2= AFY WL A7) 28-S Bt Gillan 5(1997)9] oJabd A4 A=)
PWGZh E9tor), AR SEROIA Gall KO 4 ul o Bla) 54 ) 382 713 449 3% B pattern=}
HAZE mol HEH<l % AAFe] Zpoli= BolA| ket AR patterno] Z7hsttial Baskeich B o folA = B
th AN o] 8 F 8 oA AAe] o gale pattern® AR pattern®] TV}l S dERIOH,
S P

Q
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ol HE A verew, HAe] 9hd3] S4Ee] £

of FAALE BES F gy, we jHe 2
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sok e ol A 37k e Ecks AL 3 o
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Ry LA T !

oj&d 4 Stk I¥ rjo) el GalT KO 24 ©us] TEo] AdE AR pattern H| &S F9F 02 (p<0.05)
Ae 7Ho R 79 Druoc EolE 11R]A] 2319 o1, 71 A UEbdTh ol 52 34 <ol GalT KO
A7) o R Hl5g PWG UMHJXWH T84 9 fre A BAZE e =HA] Foll vls] HA o wpE W)
ARl (p<0.05) A}olE Holx] gk Ao X el dee WFE @ drhE A S
U] Fre] Ax} o) &g ss 7%&13}3 e gAkel 71ddl= 0431 72 7F olom, Egk Babsk o
At Qlof] ofate] MAIRETE dWbHo R QlF £ o]&H =

Ao T4 Al 7P TQ3 BAHLS %%HEEH =} BNe FeEetAow v GapE ve "9 de
AEE Hoshs Aotk a8y X9 49, WEAo) golo] AeHETt FAXNSE VPR A BHo
ool T4 g3 & AE8o] W Holth Az Ha)e] Ao wfg FREA| = FAINE 71?‘%%01 20% ol 7
A9 ﬂbﬁ gAt Ay Aute] Eolg A Aujdol oy T FHl&o] AT (Pursel 5, 1972). ¥ A A3l
A SIHLin 5, 1993). AA Y¥gAe Ao ZgHel A& GalT KO A MEHXH 71@Eo] FoHoR
12 4] 7] of ./]b‘]— 2 ®igl| I,ﬂ_—g—-s}%tﬂ, H|Z ol 9} (p<0.05) 7 FH& 65+0.8%% F4 A Fol WE /Y&
A Y Ad dAE Yy 2xd FEIAgy, Lx o] frojHel Wsk= YehiA| %}}}ﬁ}
o] Aste dAlA AR HatE W J3FS n Xy, o aRgE 2 A5 B3 dojF GalT KO 54| vy
ZHES] e Wap|E dAse Aos dvyelx HA o] &S Fes] nH A *}%011 w2 A
THreview Holt, 2000) 2Y~H 2 QX2 HEe ol QR A W o A 7}; Z9] Druocol]= WA 23]
zkZA 7] Aol 9).o™(Darin-Bennett?} White, 1977) UP AE YRS PWGEE] F24<1 2ol ¢l
%“‘“HH ifiﬂ*EﬂiO Wzt A ekl x| Al B o} GalT KO 54| vjys#] G ddrEsie] Qg
HE3HE A A T THreview Holt 2000). 53] A G=} Aol ol o}oﬂ# A 18] xqgg Zo]ako 100 ml AA} =
= UE Oﬂ vls] dgAehy o144 H|go] =& Ao =E 2x10 /mli e Al oF 85“%’44 ARl AFTA

= ol?ﬁﬁ UTHPark# Lynch, 1992). Loomis®} Graham o] 7¥sEtn, TARE A 17H4 5 ml straw©ll E°]7}=
008y 2 Azle] Y AUMY AupAT} sE|Ro)E o MApe] 7t oF 33x10° 0.2 74] g wf oF 51470¢] 5 ml

Aol7t Z7be) ARlel e FANEG] GE viar  srawS A 5 otk B g9 F A QRS
© BIEIGlth 2 Ao HE GalT KO E4 ulys)x|, T sHEE 588 ¥49 A9 AEEAAE Duroc
PWG YA 18]3 Duroc £ AAE 54 g4 & %—ED} L, A SEI ARl dE Ve
Aol Qake v WE Ay, Hx] 2o W AEFo] 99 A e w40 e &4do] PWG HY X9} Duroc
A Zpol7h AEIOon, PWG WUH A7) 63.6:24%% & FARC v Uebkth e, NgEd s 54 A

7V¢ A YERTE (Fig. 1) ol#E Az vy} ol a}e 7188 F7he floH, 10% olshe] W 7
Duroc £H.t} *ﬁzz‘eiro} O k= o] 5 (006)9] Boael  FEE uERd Fo® Hol LEY 2 WHoR ¢

A5t} 3L GalT KO HAE 61,142, o%g PWG 1| GalT KO %7 MEHX] ge] FHRE a8 Erial

Usl<¢} Duroc 2] Abold] =g om, Ao daEth ey 1] $3 A FE F gy el

90%= B}Oi o UH Duroc -goﬂ }BH -;T_/] qui(p<0,1) = X]'O] Eﬁxl ’J‘Oﬂ [q_e a} /q 11‘4 X]'o]7}' 3)\ Z\Qi —_Hi

S AEES Ve CTC BAS E3 HAAaas 2 o} ko m o] AolA EHXH T3 NAPEe] w2 A

g A AT GalT KO 24 nUsje ooz g T2 Wy /A Ak dasita sk

(p<0.05) 71 w2 65108%% JERAT o] e A}

= S dATeAe B %OH L R A a8 IS P B el

Zezb 2ol Mg Atolr} 93, I QI3 FANE A ZArtel 2

W7 229 Aelsk BaeH, oz g Aauh A7

o] =l 50117\1 7Hxﬂ7]- zfolE Hel o= Ho=z FHe o]

EHX] *Oﬂ/HL A ZFeI Y Fol] wpE 24%}” X]ﬂjr*t]  A7E Fset ol Al F2l Duroc AN}

#fo]= 2gh Fig. 13} Fig. 4019} & Axje] &g X*EE A T4 FERSEHR FY T B 9l

AAEAN ALY z2po]E2 Hel Ao dudn) A gHle] B3E F AddiEta FEAYEET 5T
e 2 BE A Al Aae dddete) &40 HARE Y T

Z el Alzete] AFAgo] Frtel MEuto] WAL 7P

AL o9} Ze AlLe] WAL HAlo] olake fkA]

A w3l F AEEY FHE& BadA DrkNeild 5, olaF

2003). 4% 5T HA wg-L HFapdalke] 4o gl

o] Fa%t g 58S QEOPi &<t A2t

Al = E
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