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Abstract

The species of felid family classified as being threatened or endangered. The conventional
assisted reproduction technique (ART) is inappropriate for producing endangered felid species, due
to the lack of animals for breeding program. Interspecies cloning is a novel technology that may
serve as a valuable model for study in vitro and in vivo development of cloned felid embryos. Two
experiments were carried out in this research. The first experiment aimed to investigate the in vitro
and in vivo development of cloned felid embryos. The results of this experiment indicated that the
manipulation medium had an effect on the developmental rate of cloned domestic cat embryos. The
EHM gave significantly greater blastocyst formation than that of 199H (37.3 vs 21.9%,
respectively). There was no significant difference between the developments to blastocyst stage of
non co-culture (44.4%) and co-culture (38.0%) of the cloned domestic cat embryos with domestic
cat oviductal epithelial cells. Moreover, the non co-culture and co-culture systems could not
support the development of interspecies cloned marbled cat embryo beyond morula stage (28.6 vs
32.6%, respectively). The development to blastocyst stage of intraspecies cloned domestic cat
(39.8%) and bovine (30.9%) embryos was higher than that of interspecies cloned marbled cat with
bovine oocytes (9.2%). The interspecies cloned domestic cat with bovine oocytes arrested
development at morula stage (16.6%). The reconstructed cloned domestic cat embryos were
transferred to recipients and 2 pregnancies were detected (16.7%). The first pregnant recipient
delivered 1 still born kitten by C-section at 69 days of pregnancy. The kitten developed to term but
had abdominal wall defect and evisceration of abdominal organs. Another recipient was naturally
delivered 6 kittens at 56 days of pregnancy but only 2 had fully development. Both cloned kittens
died 24 hours and 5 days post natal, respectively. However, the reconstructed cloned marbled cat
embryos were transferred to recipients and the pregnancy was not detected. The second experiment,
the transcription levels of genes believed to be crucial for reprogramming (Oct4, DNMTI,
DNMT3a, DNMT3b, HATI and HDACI) were investigated in cloned felid species, domestic,
leopard and marbled cats. The results showed that transcription levels of Oct4 and HAT1 were low
at an early development stage and dramatically increased at 8-cell to blastocyst stage in cloned
domestic and leopard cats and IVF derived embryos. In contrast, transcription levels of Oct4 and
HATI in interspecies cloned marbled cat embryos were low throughout the development up to the

morula stage. Moreover, the interspecies cloned marbled cat embryos with low transcription level



of Oct4 and HATI could not develop into blastocyst. The development was arrested at the morula
stage. The transcription levels of HDAC! of cloned felid embryos had altered an expression pattern
compared to IVF derived embryos. The DNMTI transcript levels dramatically decreased
throughout development of felid embryos. Cloned felid embryos showed higher transcript of the
DNMTI gene than IVF derived embryos. For mRNA level of DNMT3a, it was found that IVF
derived embryos rarely had any transcript at 4- to 8-cell stages and increased at morula up to
blastocyst stage whereas the transcription levels decreased in an early development and increased
again at the blastocyst stage of cloned felid embryos. The level of DNMT3b mRNA decreased from
2-cell to morula stages but became remarkably high at blastocyst stage. The results of this study
demonstrated that the manipulation medium during the cloning process involved in the increased
development to blastocyst stage of cloned felid embryos. However, the co-culture system of cloned
felid embryos was not beneficial to the development. The domestic cat and bovine oocytes could
support mitotic cleavage of felid nuclei only in the early stage of development. Then, the results of
the second experiment clearly demonstrated that Oct4 mRNA transcription levels in felid embryos
had some effect on the in vitro development efficiency particularly at the blastocyst stage. The
cloned felid embryos showed aberrant level of genes involved in DNA methylation and histone
hypoacetylation and suggested that incomplete reprogramming of felid donor nuclei occur in
cloned felid embryos. This research indicated that genome reprogramming in the felid species was
abnormal which may not be enough for the establishment of embryonic totipotence. The
improvement of nuclear transfer technique of felid species is needed, especially in the genome
reprogramming to improve the efficiency of cloned felid embryos for the conservation of

endangered felid species.
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number size (bp)
°0)
F-ATCCTGGGGGTTCTATTTGG
Oct4 DQ486513 200 56 =
R- CTGGTTCGCTTTCTCTTTCG
F- GAGGGCTACCTGGCTAAAGTC Suteevun LAYAMUE,
DNMTI  AY173048 88 60
R- CATTCGCTTCCCGACTGAAA 2006
F- CGAGGTGTGTGAGGACTCCAT Suteevun LASAMUE,
DNMT3a AY271299 93 62
R- ACGTCCCCGACGTACATGA 2006
F- AGCATGAGGGCAACATCAAAT Suteevun LLIASADLY,
DNMT3b  AY244713 98 62
R- CACCAATCACCAAGTCAAATG 2006
F- CTTCAGACCTTTTTGATGTGGTTTATT Suteevun LIAZANE,
HAT! BT021536 112 58
R- GCGTAGCTCCATCCTTATTATACTTCTC 2006
F- GCACTGGGCTGGAACATCTC Suteevun LLAS AU,
HDACI  AY504948 98 58
R- GGGATTGACGACGAGTCCTATG 2006
: F-GGACTTCGAGCAAGAGATGG
Bactin -~ NM001101 234 60 -

R-AGCACTGTGTTGGCGTACAG
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2.0 MINAUAUMINARBY
: P v:r ' 9/ o . . o

29.1 finMIWANTE ‘nmmuwm‘lﬁﬂam"lmnmmuuﬂnﬂfm (manipulation medium) Tu
rvn'mni.,,muﬂﬁwﬂﬂﬂuummmu TaonfSoudouszuinaie 2 vila Ao HEPES-buffer
TCM199 ‘mﬂll 10% FBS (199H) 11 Emcare holding medium (EHM, ICPbio) “1!@14'1011’]114?]@‘51
q151aeuAa (fusion) M3LILNAI (cleavage) amzmiagqszﬂsua'lﬂimﬁﬂm@ ﬂzgﬂmﬂﬂmﬂ"lﬂflu

a A w o 1
qsh Tnaudisdataszgauuade
y @ 1 1 ar & A [} o 1
202 AnvmansynuvessAsedseulunasaudiswAuaadioyvieti lvues
- a = w = 1 a o 9
Lty (DOEC) Aesasimsinaay Tavesdiseunnihu uazsuuanieiusou Inauis 7y
¥ v Fd
Yuyathudiu lalanmadudiy Taondaninmesdaseu Iaauiialuie Tyrode’s medium 1
W w1 d. T 4 (] v
+ 03% BSA (Hlunan 48 1 Tua drseudiutisdaluszes 8 wad wwgauwesnidiu 2 nqu Tae
nqu‘n 1 mqﬂmﬂﬂumm Tyrode’s medium II + 10% FBS 39311 DOEC (co- culture) uaNgy
‘VI 2 gﬂmuﬂumm Tyrode’s medmm IT + 10% FBS "ﬂhhlll DOEC (non co-culture) mﬂuummﬁ
ﬁuwﬂﬂmﬂﬂ1‘mimuﬂjmmﬂaum 2 NQu
o ' d s o s o

293 dnwanuduly1dlumsi ldTan e leTanaradudiu dimfunsi
Tnaudiauuathu nazunaaierusou Tasaas i lusuaiaveanuathu (DCOH nie wuay
fiusou (MchH vzgaaad 1 lulduwatin (Do) uazlila (Bo) Wigndivamsiugassy

0o w A = <9y c?l, o A A a o o gt : [
audey nazieudaaadalenszue Wi vimimi lindeuaaduiannszqunsuiad
Ed

dromsiadl nasihwidssseluvasaudimusiiaves la Tanaadudiy sinstuiindasing
wigudn Ia vaziimanSeuifedasimsdouiin msuled mansygizszuaid lnda Tay
nlsomionsznang

- ghgeuuyathu Tnauiisn 19 bt les Tawanadud 5y (DCFHDCo)

- sheeunurmenuseu Taauilen 14 Huuthudluy s Tawaradudsy (MCEDCo)

- froeuuuatihu Inavieii 1414 Tadhs la Tanaadud5y (DCFBo)

- frsounmeiiusou Inauiieii 1914 Tadh laTanaradugsy (MCE+Bo)

- shoouTalaaudian 1914 Tadlu T Tawanadudsu (BerBo)

=2 LY A’: Y 9 @ ar s 9 9 w T o
294 ﬁﬂ‘kﬂﬂ@]'i'lﬂ'liﬁld‘ﬂﬂ\‘]‘Ilﬂdl.l.ll')‘lI'l‘Llﬂ’J'i‘1.!'HENﬂ'lﬂQﬂU'IEJFhﬂﬂ?U?ﬂ'ZIE)?JuLm'HJ']H LR
= ' = w 1 o
LLﬂJ'Jﬁ']ﬂH‘M'E]E]HTﬂﬁ‘L!UQ Tﬂﬂﬂ?ﬂ'ﬂu DCHDCo ﬂ%’ﬂ MCf+DCo 11]'53813 1 ﬁ\‘l 8 1wan %ﬁgﬂé:‘l}TU

thnldfuanthudfy Tasiimsiida nazaeaneterhnfiussydeswd l luveti lives

g/ o o o q’: a CY n’;‘
LUITNUAITU "ﬁﬁ\fl‘i]']ﬂuuﬂ'\ﬂ'l'iﬂuﬁﬂﬂ'ﬁﬂﬂﬁﬂﬂ
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29.5 dnu1nsiaat0anuesB Ui aEReufanIzUIUATT reprogramming  VBIAIBOY
antidanamsyfaulunaeands uazdiseuntiu wna waoiingey Tnauils
Ayl Tananadudiy Taodrdeu (1 drdeu) lussezineg voansIaauIn
(1 |ad 2 10d 4 e 8 [waa uezan uazumid Ind) veaudazyiiadiseu sxgminndia
HRNA HQZATINEOUNISUAAIBONUDIBUAIN (37197 2.1) A0iATE4 Real-time PCR TAtaz

~ iq’: :J e 1 iy o at @ w1 S a
SATITANIMUA 5 91 wagrhmmsuaaseenilaulssufisufudseunuitiuinann

msifauilunasaudy

d
2.10 MINATIZHNNTDA

n:? 9 a d 1 an { @ @ o W aa
ﬂ'li‘ﬂﬂaB\']Lli‘h’ﬂ'ﬁ?ltﬂi'l&’ﬁﬂ'Iﬂ’TliJlLFlﬂ@]'l\‘l‘Vl'Nﬁﬂﬂ (ANOVA) ﬁ5$ﬂﬂuﬂﬁ1ﬂﬁyﬂ1ﬁﬁﬂﬁ

1 P<0.05
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UNN 3

a 4y Y a d
HaNII AN HUVDYAUAZUBIVTIN

d
3.1 M30 3 HENMSETRAIMNETEBY
a a 44 v o Y aa Y
Hoathunnmviuseuiidssedludmdainelulszmeing laidedianuauda Tay
= a2 o d w [} = 1 9) ar W i a
aazdAoansavimsifiudedunnumeiugeumead 2 @ uazmedio 1 & iidein
as a o = w ar s
moluagudaiuasradin saniauassiadu wazaudadidaniion Sandarays
y a wa g i o v o y [=f [ o 1
wzdosluten)iians Tasilededind1imdsninmiz@eatlunm 3-5 Tu seliadgzils
A - 2 gy Frid B A LT
aszee viewrad 1 Tusuma niyesnnaniuiiens vintuihmseunus i lagns
H v 4 o Y A o o LI | A Y o
wlasugionmasus de'ldswanmnaneudssiimanuuguds 3y lulasmuman elaiu

wanauuulumsii Inauiteas Ty

3.2 HON3ENUVENIEN manipulation medium AoSas MRS AulavesiIvoIINTY
Tnauiia

snesed 3.1 wuhsenuuthy Tnaviieiliihe B e lamndwen
deuluszn hanszuaums Tnauiis ﬁa"m1miﬁiauﬁmﬂnaﬁﬁ“qn'jﬁ’aﬁiauﬁi%"lﬂm 199H 0814i]
UITAYNIIEDA (73.3% 111 63.7%) waganuamsnanaaas e BEM funse
%aﬂﬁﬁuﬁqumsm%’tyLﬁfu'Imijﬁ383uamiﬂﬁ}ﬁmmﬁqéauumﬁwﬂﬂnuﬁ'aqqn'h 1161 199H
athailfodidymeada (33.3% 1 18.1%) uded1alsAau Sasinisuiisds dasimaedyg
5202 8 1988 WD uneS i anauavesiaseunu Tnavislussezuad Tnd e f
v 2 viia Tiuand1efi (15198 3.1)

m'sﬁﬂﬂauﬂmmﬁmﬁa:hLi‘lua1uﬁﬁaﬁfugmﬁmmmﬁﬂﬁ’ﬁ’fﬂﬂ LOZEINTONER
MsouluszvznZonthednldfudaiy et lilszgnd 14t udainsegounai Indgapiug
o'l oy IdTinsvinnms Tnauilanthu Taofimsfnuravesaiimsaddunmildly
mM3vh Tnauiia (Skrzyszowaka UAEARLE, 2003; Kitiyanant UAZABIE, 2003; Gomez HATAMY,
2003 Yin HazAMe, 2005 4az2007) ARBAANETIENSY TAaUTlS (Gomez LAZAMY, 2003;
Wen uagnaiz, 2003) iioiudasimansain Tnvesiaseuanthulnauiis udedialsiam
msﬁﬂmwmm1‘3’1&117;“1%’1%5'6\1"l.fu'umuaﬂ@:’auhsz‘w'hanizmumﬁTﬂauﬁaﬁ'ﬂﬂmﬂﬁ
msfinundeu dsmnanssiiuaaifiuinhnildide lduntuuendeulussui

a =

nszuuMs Inauilainadenansaan Tnvesdsouuuatiulnauil awilndnszuaumsi

] 4 ¥
Tnauilaliszgniealusherildunauues zwiterionic  buffer 1oy HEPES (N-2-
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Hydmxyeﬂlylplperazme—N -2-ethanesulfonic acid) “Hdt‘;‘_luﬁ’iii BUNT EJ zwitterionic buffer ‘Ymtlaﬂ.‘]i
auAY pH ‘luuwmhmﬂqmaa Tﬂmzﬂﬂwﬁmuuwmmﬂﬂmmw TCM199 Ham’s F-10 wm

Tyrode ma“lmﬂummﬁmﬁmam‘lﬂuueﬂmﬂuiusvmnmvmumﬁmiﬂaum i

e Shuthedndaillugaamassumsturhndageuln un.,,mﬂﬂi::ﬂammmtnugﬂmu
13 fuauduidanisi Llﬂﬂm\‘luliﬂﬂ'mwmﬂhlﬂlﬁuB’J'IHW"lullﬂdﬂﬂ‘iwﬂﬂﬂﬂlﬂx‘]ﬁﬁ‘lﬂn
arasa lun1sgaeaiuay UM INALIY84A 1881 Lage1s morpholonopropane - sulfonic
acid (MOPS) il inert zwitterions buffer Qm‘hm”lﬂ’s'ﬁywniﬁmhUmuﬂmzﬁu pH Tiina1
NGUE Famsfiiet BEM  HanueuiseseaiunyumsiniayduTavesdaseunuarh
Taauiia mwmﬂummm‘fwwﬁﬂﬁyﬁ pH aeftnninite 1998 SnHamMINAaesiaasld

¥ H e 1 Q' _ =Y
Lﬁu’hﬁ“lmﬁT%’LEM"lml,mﬁmuaﬂg’fw"luwmnmzmumﬂﬂaum INTNAADNIT
= U o

' ¥ o
wiaAu Talunasaudavesdiseuuniulnauils Aninie BHM azgnideniite 19T

LY wa £ v B
then@es lunthuvend lumsnaasaddudalal

P = [ a a @ N 9 n' nl:l 9 :.
M19NN 3.1 !.‘lEEI‘UL‘VlEIUE]GIi'lﬂ’lﬁl,i]‘iﬂlui@l‘ljIﬂﬂiﬂﬂﬂ?ﬂﬂﬂllﬂﬂﬂ]ﬂiﬂﬂuuﬂ mahmm

manipulation 2 PLA*

Source of ~ Manipulation ~ No. (%) of embryos  No. (%) of embryos developed to Mean cell (no. +

embryos**  Medium*** fusion  cleavage 8-cell morula  blastocyst ~ S.E.M.) of blastocyst

88/138"  73/88"  64/88"  32/88°  16/88"
199H 521492
en’' e T GeAn) (D)
DCf+ DCo
84/114°  75/84°  56/84°  42/84°  28/84°
EHM 537.% 76

(73:1) (89.2) (66.7) (50.0) (33.3)

*Data were from four trials
**DCf + DCo = Domestic cat fibroblast reconstructed with domestic cat cocyte
***199F = HEPES-buffer TCM-199 supplemented with 10%FBS, EHM = Emcare holding medium

Values with different superscripts within each column are significantly different (P<0.05)

33 Nnm'zwweamsgﬁ"ﬂao"ﬁéauiwﬁ’uwnn”aﬁwﬁnﬁﬂﬁumﬁm (DOEC) ABdAIING
wianaulnlunasaufrvesdreeumnin wazmnmeiugoulaauils 119t
lalananadaisu

2R3 3.2 wuduwad Il Tusuaavesumiaeiuseuiinnuawisalumsiou

Aany Ta Tananaduuee luuuathu liuanaiessu fuead Il Tusuaiaveauuarnu (75.1% fa
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22.4%) BATINTULIAT azwigTzes 8 [wad Tiuaneafusenadasouia 2 viln (84.9%
1) 89.3% U 60. 5% il 53.3% MUAIAL) dierhdasomuanting uaziamuiiugeuTaauil
sepe § wad 1 1AB93 2 DOEC (co-culture) TnonlSeuiivufudseuililddusuiy
DOEC (non co-culture) WUNBATINSINI Y52 uziega v Tade nazdnnumadimualu
s:;u:1Jn1ﬂTMﬁﬁla~1m'mﬂuummuiﬂaummawmu co-culture TilnndrefuMsIALNLL
non co-culture waziitenl3ouiousudseuaneiuseu Tnauiammuhilisganiiedied
Wudfyneada saanuiiseunmeiiudeu lnnuilmgamangdu Tnfiszozuagar
(319 3.2) snmamsnaaoaaaslfifuimsdeaiiseuuntihunauiwwy coculture
Tiamnsarisativayusarmsniygszezuara lndala afaseunmeiiusou Tnauii
ﬁ‘h’f"lﬂiumﬁmLﬂu‘lm‘lmwmﬁﬁué’%’u‘lﬁmmmm%'t:gfjﬁwzumﬂim%ﬂ"lé’ﬁmﬁwLgﬂqﬁqéau

{ [ o A ' o v 9
Jaufumanweyeh luuuthy

e’f 9 v L1 : w0 a v = 9N v g9/
21NMIANEUIDIAUNBUNTNT wudeeuuyateiueeu Iaauidanld lduuiu
2 9w a = A s 3 Yo 99 9/ a = 1
Lﬁu"lﬂﬂmwmfmnQﬂmqﬂmmﬁgmﬂmmw:na;m ﬂauuﬂmzmﬂﬂ‘lﬂﬂumuwumu WUN
b
s ¥ ar v il ar o a [ 1
510911118 TU 1AUBIINITIAYIAIBDUTINAVIEADIT 1INUTUAR TS ST INITOYIY
ﬁﬁumgumm?msﬁﬂmmﬁaéauiuﬁn@mxfs{’s (Tervit iLAEAME, 1994; Donnay 1997; Lee LI
I a Y 1 o w1 1 o
anly, 1997) ivaaniiey 1Hae95 AR 180U 1988 vero (Menezo LAZANE, 1990; Pegoraro
o = Il T a
uazaMy, 1998) 1¥an buffalo rat liver (Donnay HAZAME, 1997) Lm:wmﬁﬂgmnmszuu
@ d w o 1 = w = a LY | EY)
ﬁnwuqﬂuma‘mmmﬁem1ﬁimJmmmmmﬁuuﬁgummsmﬂmuIﬂmmmaﬂu"lﬂ?l (G oy
4 ol o dy 1 o w1 & A d a1 a =
AN, 2001) VUFAANH IV UALITAIUNUAIDDU ﬂzﬂmmimﬂuﬂizTﬂ*yuﬁﬂmﬁmﬂgmuimm
A2901U (Bavister, 1992) naze1vtlunssiaes nis@sunuudnzuIadon Iiimieuiu
¥ LT
= = @ w d [ L] [~ 1
fdunadeussanieludidad (Joo Lz nalg, 2001) UADENE 1IAMNINHANTNARBIT WUI1NIT
o o 4:? [ @ w1 9 a ' A ag vy o 9 o
1W1%ad DOEC 118895 uAUA90 UL tazuuateiuseu Taauitan 14 lduunuily
9
= w [ [ ) = = o o ar w
h"lmwa1ﬁmm§5n “lmmmnmuﬁuuﬁuummsmumuiﬂ LAZIUIUFAANIHUAVDIAIDDU

|1BJ L a v 1 Yo 1 = ' a a -~ 9
A annads ldannsodielddrgounuiaeriuseulnauilusiggizezvaraladald Taw
o [ [ ' o ] Yy cy

pwzilumazigad DOEC nasnndausnainvieti ldunihuudissgadeslusiieon TeM199

Ao - & 9 Ao o ] ol =

Wi 10% FBS figungil 38°C mulausseimenil 5% CO, in air FuvnaNNAUAINAL
dl' ar ar 4 Q I;‘ L] a s T = J

naeu lva uazwesda swwgnaadeniiie liidessunudiseuunitiu uazuulaiuiusey

A 4 :J 1 a Ao

Tnauilaszoy 8 1ad Turhen Tyrode Agamgil 38.50c meldusseimadil 5% Co,, 5% 0,
90%N, in air Tussnimsivadand 1 ad DOEC ngamsimaen 1na uag yuda 8199zaql

183mi101 nagan1ziiid@ousad DoEC aufudaseu TimuzaudenisnTayau lnvoa

o o o ' & {
00 DOEC %’aﬂﬂ‘}j’i’!ﬂiﬁa DOEC Llnf”li'ﬁﬂﬁﬁ\iﬁ’lﬁﬁl'ﬂu‘ﬂigIﬂcﬂﬁﬂﬂﬂﬁ']ﬂ’lﬂuaﬂﬁmﬂﬁmlﬁ
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H =1 9 = = a 1 9
oriait 3.2 iuisusasimaniydy Taluvaeaufavesdadenuatinu uasiwms

r dyp o
fuseuTnauiei 1y e sumnthudulaTawaadudsy Tuanzi lides uay

d,, ' o 1 o T ¥
mﬂanmmaawﬂ‘nﬂm"lammummu*

No. (%) of embryos No. (%) of embryos Mean cell
f
goaree developed Treatment developed (no.= S.E.M.)
embryos** fused cleaved
to 8-cell morula  blastocyst  of blastocyst
32/54" 24/54°
Non co-culture 519 +7.6
pcf+ DCo 172/208"  146/172° 104/172° (59.3) (44.4)
(82.7) (84.9) (60.5) 24/50° 19/50"
Co-culture 518 +304
(48.0) (38.0)
14/49° 0/49"
, Non co-culture NA
MCf+DCo  178/237° 159/178°  95/178 (28.6)
(75.1) (89.3) (53.3) 15/46° 0/46°
Co-culture NA
(32.6)

*Data were from four trials

#¥*DCF + DCo = Domestic cat fibroblast reconstructed with domestic cat oocyte, MCf+ DCo =
Marbled cat fibroblast reconstructed with domestic cat oocyte

Values with different superscripts within each column are significantly different (P<0.05)

NA is not available.

3.4 SnnmaniyAvdsluviasauiiveaidsemnnIiu tesmnmaiussulnauiisililula
hilaTanmadugsy
P A = = ar 1 A dgup 1 a A ar oW A
211015197 3.3 dWenfSeuiisudlseu Taauilen 19 livia@eny wuhdasimsidoy
a o o ¥ a [ 1 ) 1 T d 1 a9 A = '
AnuparadauLLULAR e Iuana 190 uase1e lsnauliTn (Bo) Tiamisideudagand
1 1 H @ o ow aa w 0o w o
Tty (Dco) sensiifoffamaerda (81.7-84.6% M 74.2-76.8% audwn) Tasldiaad
a 1 [ o o
TTsyaaveamntu (Deh wwaefiuseu (Mch uaz Ia B8 fhusaddunin dasins

W9@U098980U DCEDCo tay MCEI DCo (86.5% N1 86.3%) Liuana1991d280u DCEBo

=3 1

g MCF+Bo (90.9% Nl 93.5%) OA3I1NITIRIYFTILEL 8 HARUBIARIOOU DCEDCo LAY

MCE+DCo (67.7% A1 61.1%) diinTee1siiiedvaumieada ilefsuiudlioeu DCHBo Lag

1

MCf+Bo (76.8% il 81.7%) UAZBATINIINIYFILULUOIANVOIAI80U MCHDCo  DCH+Bo

A MCE+Bo litana198u (21.1% 15.3% agll.8% mudiay) uadlelseumieunuaioey



ili7)

pCEDCo LAz Bf+Bo wuhdnnetiidRgmeana (52.1% uaga4.9% aua1AL) L
Sihalsfiam@aeeu DCEDCo tag BEBo (MW 3.1) fidhnimsnigydssuzuma Indagand
ﬁg 1 o o ’ = e (-] Qs
1801 MCE+Bo (1wl 3.2) edaiivivdhAnymeadia (34.4% 29.6% 1az8.6% Aud1Aw) lun
a5 AI801 MCFMCo 1agDCEBo liannsaniapduTatszozumalada diedon
Ll v
Susuwadianuavesiseuszezuaa lada (1wl 3.1) wudwigeu DCADCo fis1au
i o d o <, w v =
aaRanuAgINEIgoU BEBo (530£13.9 150A A1) 127 + 1.8 19a7) 1agA29e1 MCEBo 1l
9
a 1w 4
SUUEAATINUALIIND 16 £ 0.4 10D
Ed Fd
21NHANIINAABIN ADANADINUTIB9IUADUNTIII (Thongphakdee LIAZAME, 2006)
W a A &gy o Yy o A Yo Yoo 2 Y
wudaseuuuaatefiueoy Taauited 14 liunathudlu la Tanaadudsy anzditeiald
e | A o ). o A = 1 9 v [ = &
worenur laiiadwiterhun 19 lumsi Inauiiannaeiuseu uazldnud ld Tadludnwils
{ ' =1 W o d 1 a  w "
madeniitisea a4y s TanaadudSufusaddunuuasyiadu'ld (Dominko
1 a 1 = o 4
GazAaly, 1999) MNHANITNAADINYIN AIDDUTTEZUAA Indiauns MCEBo HT 1WA
Ly y 1 = o
Ranuassnieifiouiy d1deuszozuana ladaues MCFMCo UazDCEBo ANZHITETY
Bundageuszsruad Insauns MCE-Bo 91 blastocyst like embryos itdng19 15Aa1m 1atis1oan

1 w 1

e oep 2l P
g ouTsusUa e Iasaus Ty Inautiand s numsaanvuayseuia 20 waa 818150

£
o 9 ]

fatealdiletherhaldsuuuntudady (vin uazansg, 2005) 3aiianudlu 'l 1dduileri
¥
@180y MCEBo thorn 1iiua a5y 91992 wUN15699 04 uaszdoalinisfnyinaz Ity

MNIANBYNAZIDYA
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a9 3.3 nSeufisusasimsniyau Tnuesdrsounuitihu wasumrneriuseu Iaauiian

1 lanthuuag 1 Tl Tanaradud o

Source of No. (%) of embryos No. (%) of embryos developed to Mean cell (no.& S.E.M.)

embryos** fused cleaved 8-cell morula blastocyst of blastocyst
96/125°  83/96°  65/96°  50/96' 33/96"
o (76.8)  (86.5) 67.7)  (52.1) (34.4) il
95/128°  82/95" 58/95°  21/95° 0/95°
i (742)  (86.3) (611) - 221D o
98/120°  94/98°  76/98"  44/98" 29/98"
£ BL7)  (95.9) (77.6)  (44.9) (29.6) S
99/117°  90/99™°  76/99"  15/99° 0/99"
= (84.6)  (90.9) (76.8) = (152) i
93/113°  87/93"  76/93"  11/93° 8/93"
= (82.3)  (93.5) (81.7)  (11.8) (8.6) i i

"Data were from four trials

**DCf + DCo = Domestic cat fibroblast reconstructed with domestic cat ococyte, MCf + DCo =
Marbled cat fibroblast reconstructed with domestic cat oocyte, Bf +Bo = Bovine fibroblast
reconstructed with bovine oocyte, DCf + Bo = Domestic cat fibroblast reconstructed with bovine
oocyte, MCf + Bo = Marbled cat fibroblast reconstructed with bovine oocyte.

Values with different superscripts within each column are significantly different (P<0.05)

NA is not available.
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-

j 1 o 5 @ o '3 @
MmN 3.1 foouszezuaa Tada uaznmboudloassaauaaneiuiuIuadveIiIo oY

Wty (n-v) saz In (A-9) Tnauiis

£

NN 3.2 Blastocyst-like embryo (n) tazmudoud oasiSoaauieriusunusad (v) voq

o 1 ) ¥ ﬂ' d L) s
mvouuuIneiueeu Inauian 1419 Tndlu o Tanaradudsy
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3 % HosweamnihuiFunaanngnéhedindadasemumaninu uazuuae
3.5 GAMIAINDIVOT " w

Supenlnauile
= 9 @ v v el 2 g wy o ¥ o
wae1ndredInAIBB UL I pazuyratenusou Inautan 14 lanuahuily
'1qs'iwwmﬂ°"ﬁn€¢’§’u $1U2u 247 uaz 461 @wou mwuddy TiruuuatmdTusm 24 A2
(mﬂm 3.4) TaguuTuaI3 12 mu.sﬂfumnntnﬂHwnmamaauummuiﬂaum (1d0 21 &
AoU/AI) HAZLUITNUA2TUBA 12 mmQﬂmm«hnmamaauummﬂﬂuamaTﬂaum (nav

38 faDBW/AITD) W‘u11ummumﬁm"lﬂsnﬂ'rstnﬂvl"mmﬂammmmTﬂaum Faeadniay

"
=

2 @2 (16.7%) un’.lmuﬁa%'uﬁmsﬂ‘lﬂi’nmsﬂnﬂﬂaﬂﬁiﬂmﬁmﬂﬂ‘wmim‘nm 64 Ju lagnuun

9/
Qs w o

fhuTnavdawadsiuou 1 dufain LwiQﬂllﬁ?ﬁ\‘lﬂfh’!!.ﬁﬂ%’?ﬁlﬂ»‘]Llﬁiﬂéiuﬁﬂﬂﬂlﬂﬂmjﬂ‘ﬁ1]
a - ar ] =) ar 1 9t 1
foanniinnuAalnd Aeiiarzmisniiiestaliain uazwueduizarslugeneey
[ q’; ' o ' w 4 ar d 1
mouenimenanua a1a lsiaumui edsznsuenduniimswannasuauyysel dauud
DRy e o Yo = 9/ A u’: ar | 3: w
Thusasusiiaes 18R wiiagnuathulaauiinisnus 6 & imsdsiie s6 fu lasns
= 1 a 3 o ow a L4
aaoanEssuand nugauathulnauiisimua feferzaeuen uaznelulndauysal
{1 a i v o it ar u’u’;‘ Qy LY a
uaimawannfiszozuanaisiu 'y wugaunitimsWannasauyseinadu 3 @2 uazseaiin
o o w = ~ ar P 1 7 = :’ o
waanaoaifies 2 A1 Tasgauundan 1,4 uaz 6 Hmadanni iauysel Taviidhwilnusnanen
g v o o o Py S daan 3 oa w
(i 30, 10 unz 21 03y M1y dsgauudtiu InauilsidedimiulioJoniouen wazmoly
= o i 1 [ i 1 [ 1 A w 1
Unficanysel (i 3.1 uaze) udiinsWanniuandreiull daugnuuathuInauiedii 2,
=% r o o = :r r a o o w a A
3wz 5 Imswannfauysel himiausafadiu 60, 60 waz 70 numudAy Taviifvegn
o o ' qg i = { 1 o { 1 T - 3
AT 3 uaz 5 windu fiseadaa (nwi 3.19) udiluiiudeaisngauudu Inauiiang 2
ar " Aa L] £ A L7 l:i a Aa ar nI; 1
# fivaia lunadenn Tasgauuatihu Taauiledai 3 i@ediandennanoa 24 §21ue daugn
9/ I A o d_ a Yy A A aa @ w o 9
wnthy Taauiiadan 5 Toimsfieadoguuss vazdediavdeninanea 5 W Tuneasanuay
9 o a 4 9 @ 1 a v a ] u’f o 1
wathufsuiignirerdindledaseuuuimoiuseulnauils hinumsasios  Tai il
ausaiimsAnsaTIm s TaanIa uazwgAns TUYOIgNUNINIETLTBUNIAAIANITATS
Tnauilednaiiald
sk ol o e o= o
1NAT9 Shin wagAme (2002) TwruaNnudrilunmsldduiagauualaauiienn
da o as a Y a o’ o 1 o
maafyde o umsymiinlhindnsmaasialand e ldanuaulalumsiaumaii
= ! ¢ @ w ' w
Tnavilaluuus tietlse Towinednmsunnd masf vie aseyfnduunhlndgaiug
I K. of n’: 9/ @ o A 9 =1
(Gomez ungaaiz, 2006) MANAMIANEINLN BATINITAMNBIVBIAITY (16.7%) T Indifes
e ‘:i U = Y1 o al 1 i as o o {
AUemEanaey dedhiwaudeeuithedhn dnuutuaasues it 21

! o

il v o & 1 ar aked v ¥ a 1 P o a
AI0OU/MITY mﬂllﬂﬂﬁ’lqﬂUﬂNi1HQ1uﬂﬂuﬂﬁ1ﬁﬁ53u'ﬂ VIUIUAIDDUNAVIZAUAIVTIUNIG

L2
[

Y as Y @ o o o o o ] [
ﬁlﬂﬁl’]ﬂiﬂﬂ‘uulﬂu’]uﬂﬂiﬂuﬂ?ﬂ%‘l.['igﬂ”ﬂNﬂﬁ']l'ﬁ‘iﬂuﬂ'ﬁﬁ\'lﬁﬂ\‘iﬂ’ﬁﬁ‘i)']u']ull']ﬂﬂ'}l'l 30 A/



21

¥ ] s E 4 ‘dv
ﬁ’q%’ui‘fu‘lﬂ SANI5LLMTNUUITNUAIS VAN B (56 LAz 69 Tu) SRy uazlndimoetud
muﬁsw»ﬂu“l”i (1N1ANI1 65 M) (Shin LAZANE,2002; Gomez UATAMEL, 2004; Yin UASANE,

b ¥ v o ).
5005, 2007) danihmiinusanasavesgruuniiuInautsiifiannmanaassil (10-70 n3u)
A@1nTINTTIBNUNINBY (84-124 AFV; Gomez UAZANE, 2004; Yin LATALE, 2007) uaotls
5 1 9 ;.ly = a o d A a 1 9
goqu snmsansineunihilldnuanuiadndvesgndadaszqauuilaauiic 1@ 1wy ung
' o A Ao v 3 ¥ 9 A a lll o A 5
aneanouimua 1fudialusznindeiios ansaudiidanns hisuysel niennsauad
= 5 a W o
(Au¥an 1WuAY (Gomez uAzAMY, 2004; Yin UAZAME, 2005) ms Inauilsdadaszgauualy
@ @ A g @ o A [ ' & & & i o o oA
flagtiudaiinwauanudusei iieannnilwenaivedis gantalutundiagnae ms
. a1 A o w [ ll ] vl v T 9
reprogramming U84waas 19 it hlvasus v la lawaaduvesld Tavmsnszqu
=1 4 a ] 1 o
Zonszua WimSeasadl ieliifanszuauns dedifferentiation 11 faufihesnnnuilu

¥
Suitadedapiiuedaiidoyasgioouas himwsaszyldmidadniudedrdavesma

4 4
Tnautialuuwinszgauud mnﬁaﬁﬂamfmwzmu'muwwmnm'gmumm”lnmmmmwm
o 9 a1 =) n A J ] =] A A W T o ar T =1
waanniodndlseuuulaeiusou Inauile uded1a lsfan Wuniwedunilededanainil
Snswadeanudusalums Inautiamn (Yin uazasiz, 2007) naanudusalumsidsuiagn
ANy & ) & A

wathu Tnautansed aelddluswauusnveslszimalng mmﬁmanumﬂmTﬂaumﬁ
anpaveiiguan luudauss nandedialunmaeun smwammwm%au WTUINITIVTIY
'lﬁtnmi'lumﬂm1n§ﬂu§mﬁﬁ1 oyd Sl lunsiannuasmsannlusudely soudalu
omnnszamsmihaudi g lumseyinidafihmonasegaidorduunilndgey

W Iadniafuiy

=y

annnstnerhnlifuuathudasy A10 Tao () uaz @) iy

& LS|
AN 3.3 gauutiu Tnaudieis
) a = 4 aa g a Ao aaa
anunthu Tnauilshnaeauazde®ia uaz () gauwathu Tnauilawas nddiFin

AVIUAITY



MmIiN

Y w = 1 A s U o o
‘ﬁ 3.4 mié’ﬁﬂdmmmuumﬁm ua:umﬂwwuaﬂuiﬂauuﬂﬁﬂmmwmms11

22

Source of embg'yos* Recipient

No. of transferred embryos

Delivery  No. of kittens

(cell stage)
Al 22 (1-, 2-cell) NO -
A2 15 (4-, 8-cell) YES 1
A3 14 (1-, 2-, 8-cell) NO =
A4 17 (1-, 2-, 8-cell) NO =
AS 14 (1-, 2-, 8-cell) NO %
A6 33 (2-, 4-, 8-cell) NO -
DCf+DCo
A7 22 (1-, 2-, 4-, 8-cell) NO =
AR 20 (1-cell) NO =
A9 19 (1-cell) NO 2
AlO 20 (1-, 2-, 4-, 8-cell) YES 6
All 28 (1-cell) NO =
Al2 23 (1-, 2-, 4-, 8-cell) NO &
M1 21 (1-, 2-cell) NO B
M2 37 (1-cell) NO -
M3 36 (1-, 2-cell) NO 2
M4 60 (1-cell) NO =
M5 47 (1-, 2-cell) NO -
M6 35 (1-, 2-cell) NO =
MCf+DCo
M7 35 (1-, 2-, B-cell) NO -
M8 35 (1-, 2-, 8-cell) NO -
M9 43 (1-, 2-cell) NO -
M10 33 (1-, 2-cell) NO =
M11 39 (1-, 2-cell) NO .
M12 40 (1-, 2-cell) NO =

*DCf + DCo = Domestic cat fibroblast reconstructed with domestic cat oocyte, MCf+ DCo =

Marbled cat fibroblast reconstructed with domestic cat oocyte
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Abstract. The present study examined transcription levels of the Oct4, DNMT1, DNMT3a, DNMT3b, HATI and HDACI
genes in cloned felid embryos developing from single one-cell to blastocyst stages. TVE, cloned domestic and leopard cat
embryos had low Oct4 and HATI levels during the early stages, but transcript expression increased at the eight-cell and
blastocyst stages. In contrast, expression in the cloned marble cat embryos was low at all stages. Transcription patterns of
HDACI were altered in cloned embryos compared with IVF embryos. Transcription levels of DNMT1 decreased markedly
throughout development of both IVF and cloned embryos. In IVF embryos, DNMT3a transcripts rarely appeared in the
four- to eight-cell stages, but levels increased in the morula to blastocyst stages. In contrast, in cloned embryos, DNMT3a
transcript levels were high at the one- to two-cell stages, decreased during subsequent cell division and then increased
again at the blastocyst stage. The IVF and cloned embryos showed similar DNMT3b transcription patterns, starting with
low levels at the two-cell to morula stages and reaching a maximum at the blastocyst stage. These results suggest that the
low level of Oct4 transcripts may be responsible, in part, for the failure of blastocyst production in the cloned marbled
cat. However, higher transcription of the DNA methylation genes and lower transcription of the histone acetylation genes
were observed in cloned compared with IVF embryos, suggesting that the felids’ donor nucleus could not completely

reprogramme the nuclear genome and so the re-establishment of embryonic totipotency was not achieved.

Additional keyword: nuclear transfer.

Introduction

The successful birth of Dolly the cloned sheep astonished
scientists (Wilmut e al. 1997). It demonstrated that nuclear
Programming is a process that can turn differentiated somatic
nuclei back to a totipotent stage. Animal cloning has now been
performed in many different animal species. The successful pro-
duction of a gaur (Lanza et al. 2000) and mouflon (Loi et al.
2001) demonstrated that interspecies cloning may help in main-
laining the genetic diversity ofa population. Interspecies cloning
Inyolves the transfer of a cell nucleus of one species into an enu-
cleated oocyte of another species. Interspecies cloning could
b? an alternative method of producing cloned embryos, espe-
cially for species in which oocytes are difficult to obtain. Using
Interspecies cloning has been reported to result in blastocyst
formation (Kitiyanant et al. 2001; Chen et al. 2002; Gémez
€t al. 2003; Lorthongpanich et al. 2004; Sansinena e! al. 2005;
Thongphakdee et al. 2006; Yin et al. 2006) and the production

©CSIRO 2010

of offspring (Gémez et al. 2004, 2008; Oh et al. 2008) and so
may be a powerful technique for the preservation of endangered
animals.

However, until now the rate of successful production of
cloned animals from somatic cells of several mammalian species
has been quite low. Less than 1% of embryos develop into live
offspring (Han et al. 2003). After cloning, donor nuclei require
epigenetic reprogramming to a totipotent stage (Humpherys
et al. 2002) and they must undergo several changes to establish
an embryonic gene expression profile for proper development.
Abnormal gene expression is frequently observed in cloned
embryos, which probably explains the abnormal development
and early fetal loss (Daniels et al. 2000; Rideout et al. 2001;
Boiani et al. 2002), Nuclear reprogramming is brought about
by epigenetic mechanisms (e.g. DNA methylation and histone
acetylation) that control gene expression, specifically transcrip-
tion. Epigenetic mechanisms are not dependent on changes in the

10.1071/RD09108 1031-3613/10/040613
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_ sequence (Sm_-ani 2001). In mammals, DNA metby—
involves the addition of a methyl group to the cytosnlnc
Jation within the cytosine-phosphorous—guanine (CpG) din-
' DNA methyltransferases (DNMTs), which plays a
Md:muolling the imprinted gene expression and X chro-
Bl in silencing (Bestor 2000). Recent findings indicate that
w DNA methylation occurs in bovine and sheep cloned
aberrant getal.2001; Beaujean et al. 2004). Histone mod-
embryos also play certain key roles in the regulation of the gene
i ion through modulation of the chromatin structulre by
' transferases (HATs). This causes the acetylation
’%{?ﬂlﬁon of the positive charges on the N-terminus of
i‘dW, leading to chromatin decondensation and activation
1“ gene transcription. Conversely, histones can be deacetylated
by histone deacetylases (HDACs), which cause chromatin con-
i {on and gene repression (Bird 2002). Hyperacetylation in
tle embryos has been observed (Santos et al. 2003;
.wtc:: al. 2005). Both HDAC1 and HATI genes have been
' during the in vitro production of bovine embryos at
the eight-cell stage, with highest expression seen at the blasto-
cyst stage (McGraw et al. 2003). In addition, octamer-binding
yanscription factor (Oct) 4, a transcription factor essential for
Jantation development, has been reported to play an
essential role in the establishment and maintenance of pluri-
potentcell (Nichols et al. 1998). The aberrant expression of Oct4
in cloned embryos suggests that this crucial development gene
is not appropriately reprogrammed in these embryos and that
it may serve as a marker of nuclear reprogramming (Mitalipov
et al. 2003).

In the felid family, 36 of 37 species are classified as threat-
ened or endangered. In Thailand, the leopard cat (Prionailurus
bengalensis) and marbled cat (Pardofelis marmorata) are wild-
cats that are considered at risk of extinction. How many cats
remain in the wild is not known. There have been several reports
deseribing research focused on the interspecies cloning of endan-
gered felids (Gémez et al. 2003, 2004, 2008; Lorthongpanich
et al. 2004; Thongphakdee et al. 2006; Yin et al. 2006). How-
:h:;elid cloning is difficult and, so far, low numbers of live

offspring have been reported (Shin et al. 2002; Gomez

et al. 2004, 2008; Yin et al. 2005, 2007, 20084, 2008b). This
k{" efficiency may be directly related to abnormal reprogram-
ming of the donor nuclei after transplantation into enucleated
focytes. The transcription level of genes involved in nuclear
mﬂmﬂzning in felid embryos at different embryonic stages
5 unknown. The present study is the first to analyse the
'm'“mpﬁon of specific genes involved in some of the epige-
ielicevents that take place during nuclear reprogramming in IVF
e ¢ cat (Felis catus) embryos and cloned domestic, leopard
 Yengalensis) and marbled (P marmorata) cat embryos. The
esults Provide an initial understanding of the molecular mech-
;’molc\{cd in egigenetic reprogramming events that occur

ndangered felid embryos.

To “ﬂdtfl'Stand the nuclear reprogramming of felid embryos,
DNMT3 ption patterns of the Oct4, HATI, HDACI, DNMT]I,
c tf‘ and DNMT3b genes were investigated in IVF and
i 1 elid embryos that received nuclei from either domes-
of';gﬁard or marbled cat fibroblast cells. Transcription levels

gene at different preimplantation embryonic stages

%
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(one-, two-, four- and eight-cell, morula and blastocyst) were
determined.

Materials and methods

All animal experiments were approved by and performed accord-
ing to the guidelines of the Ethics Committee of the Laboratory
Animal Care of Suranaree University of Technology. All chem-
icals used in the present study were purchased from Sigma
(St Louis, MO, USA), unless stated otherwise.

Oocyte preparation

Healthy mature female domestic cats (n=68) were super-
stimulated with a single injection of 200IU, i.m., equine
chorionic gonadotropin (eCG; Intervet, Boxmeer, The Nether-
lands). Cats were ovariectomised 5 days after treatment. To
collect cumulus—oocyte complexes (COCs), the ovaries were
repeatedly sliced with a 21-guage needle in modified Dul-
becco’s phosphate-buffered saline (mDPBS) supplemented with
0.1% polyvinylpolypyrrolidone (PVP). The COCs collected
(n = 1290) were cultured in vitro for further maturation using
the method described by Pope (2004). Briefly, after collection
the COCs were cultured in IVM medium at 38.0°C in an atmo-
sphere of 5% COg, 5% Oz and 90% N for 24 h. The VM
medium consisted of TCM199 supplemented with 0.36 mM
sodium pyruvate, 2.2 mM calcium lactate, 2mM L-glutamine,
1.13mM cystein, 0.3% fatty acid-free bovine serum albumin
(BSA), 0.5IUmL™! eCG and 1TUmL™! human chorionic
gonadotropin (hCG; Intervet).

Donor cell preparation

Fibroblast cells were generated from the ear skin of a single
domestic cat, the abdominal skin of a single leopard cat after
anaesthesia and the ear skin of a single marbled cat within 24 h
after natural death. The tissues were cut into small pieces, then
placed in 60-mm culture dishes (Nunc, Roskilde, Denmark) and
covered with glass coverslips. The tissues were cultured in alpha-
modified minimum essential medium (¢MEM) supplemented
with 10% fetal bovine serum (FBS; Gibco-BRL, Grand Island,
NY, USA)at 37°C in an atmosphere of 5% COa. After 8-10 days
of culture, the monolayers with fibroblast-like cell morphology
were passaged one to two times to increase cell numbers. The
fibroblast cells were frozen at —70°C in uMEM+-10% FBS sup-
plemented with 10% (v/v) dimethylsulfoxide (DMSO) for 24 h
before storage in liquid nitrogen for further use as donor cells.

Passage 3 cells were used for nuclear transfer. Prior to the
nuclear transfer, the frozen fibroblasts were thawed and cultured
in aMEM+10% FBS at 37°C in an atmosphere of 5% CO. for
2-3 days. No serum starvation was performed and, at subcon-
fluence, the fibroblasts were trypsinised to separate them into
single cells before use as donor cells.

Nuclear transfer and activation

Cumulus cells were removed from the COCs after 24 h culture
by gentle pipetting in 0.2% hyarulonidase. The MII oocytes
(n=630) were placed into Emcare holding medium (ICP
Bio, Auckland, New Zealand) supplemented with 5 pgmL ™!
cytochalasin B. The zona pellucida above the first polar body
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using & sharp cutting micropipette, then the first polar
body and metaphase plate were removed together with a small
jume of the surrounding cytoplasm. Successful enucleation
YO rmed by 20 pgmL ™ Hoechst 33342 staining of the
wmd cytoplasm observed under ultraviolet light using a flu-
nt microscope. A single domestic, leopard or marbled

cat fibroblast was inserted into the perivitelline space of the
enucleated oocyte. For fusion, the cytoplast-cell couplets were
,quilibrated in fusion medium containing 0.3 M mannitol and
0.1 mM magnesium chloride. The resulting couplet was then
inoad between both tips of the fusion electrode. Cell fusion was
induced with double direct current (DC) pulses of 30 V for 30 ps
Jelivered by an electrofusion machine (Voltrain EP-1; Cryologic,
Mulgrave, Vic., Australia). After 45 min, the fused oocytes were
evaluated visually by confirming the presence (non-fused) or
shsence (fused) of the donor cell in the perivitelline space.
The fused oocytes were activated with 7% ethanol for 5 min,
followed by incubation in Emcare holding medium supple-
mented with ll'.)u.grrlL_l cyclohexymide and 1.25 pgmL~!
cytocha]asinl") at 38°C in an atmosphere of 5% CO2, 5% O3 and

90% Ny for 5h.

was cut

In vitro fertilisation

Testes were collected from adult male cats following castration
and were kept in mDPBS and maintained at room tempera-
ture before collection of the spermatozoa. The epididymides
were removed from the testes and repeatedly sliced with a 21-
gauge needle to release the spermatozoa into a 90-mm Petri
dish containing mDPBS. The released spermatozoa were cen-
trifuged at 600g for 7 min. After removal of the supernatant,
sperm preparation was performed as described previously (Pope
2004). Briefly, the sperm pellet was overlaid with 1 mL Tyrode’s
medium containing 0.6 mgmL~' BSA and supplemented with
15mM NaHCO3, 0.36 mM sodium pyruvate, 2.2 mM calcium
lactate and 2 mM L-glutamine (IVF medium). The spermatozoa
were allowed to swim up for 30 min at 38°C in an atmosphere
of 5% CO,. The swim-up layer was carefully recovered and
small aliquots were used to determine sperm concentration and
percentage motility. For IVF, COCs (24 h after VM) were coin-
cubated at 38°C in an atmosphere 0f 5% CO; with 4 x 10° motile
spermatozoa mL ™! in 50-pL droplets of IVF medium.

Invitro embryo culture

The reconstructed embryos and 20 h post-insemination oocytes
Wwere cultured as described previously (Pope 2004). Briefly,
embryos were cultured in Tyrode’s medium supplemented
Wwith 1% MEM non-essential amino acids, 0.3 mgmL~' BSA,
0.36mM sodium pyruvate, 2.2 mM calcium lactate and 2mM
L-glutamine (Ty I-medium) at 38°C in 5% COj, 5% O3 and
90% N, for 2 days. Eight-cell stage embryos were then selected
I’-Ed cultured in Ty I-medium without BSA supplemented with
2% MEM essential amino acids and 10% FBS (Ty Il-medium)
4 38°C in an atmosphere of 5% CO2, 5% O and 90% N for
6 days. Half the medium was changed and embryo development
Was assessed daily. For quantification of gene transcripts, dif-
£Tent types of embryos at various developmental stages were
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washed three times in RNase-free water and collected individu-
ally into a 2-.L drop of RNase-free water, followed immediately
by mRNA extraction.

Embryo staining and cell count

The zonae pellucidae of Day 8 blastocyst stage embryos were
removed by exposure to 0.5% protease for 3-5min, followed
by washing in mDPBS+PVP. The zona-free embryos were
incubated for 45min in 100pL of a 1:2 dilution of rabbit
anti-domestic cat fibroblast cell antibodies generated in our lab-
oratory using a protocol described previously (Iwasaki et al.
1990). Excess antibodies were washed out several times with
mDPBS+PVP before embryos were incubated for 45 min in
100 L of a 1 : 10 dilution of guinea-pig complement containing
100 pgmL~! propidium iodide (PT) and 10 pgmL~" Hoechst
33258. Embryos were mounted on glass slides and covered with
glycerol. The mounted embryos were then examined under a
fluorescence microscope to determine the number of trophec-
toderm (TE) cells (coloured red by the PI) and inner cell mass
(ICM) cells (coloured blue by the Hoechst 33258).

Messenger RNA extraction and cDNA synthesis

The mRNA was extracted from individual cloned and IVF
embryos at the one-cell (12 h), two-cell (24 h), four-cell (36 h),
eight-cell (48 h), morula (120 h) and blastocyst (192 h) stages
and from domestic cat oocytes at the MII phase (24 h after IVM).
Oligo(dT)5 nucleotides attached to magnetic beads (Dynabeads
mRNA purification kit; Invitrogen Dynal AS, Oslo, Norway)
were used to isolate the polyA RNA according to the manu-
facturer’s instructions. Briefly, an embryo was resuspended in
100 pL lysis/binding buffer (100 mM Tris-HCI, 500 mM LiCl,
10 mM EDTA, 1% lithium dodecyl sulphate (LiDS) and 5 mM
dithiothreitol (DTT)) and vortexed at room temperature for
5min. Prewashed Dynabeads oligo(dT)25 (20 wL) were then
mixed with the lysate and annealed by rotating for 5min at
room temperature. The Dynal MPC magnetic particle concentra-
tor was used to remove the supernatant. The hybridised mRNA
and oligo(dT)s magnetic beads were washed twice with 100 L
washing buffer A (10 mM Tris-HCI, 0.15M LiCl, 1 mM EDTA
and 1% LiDS) and twice with 100 pL washing buffer B (10 mM
Tris-HCI, 0.15M LiCl, 1 mM EDTA). To denature and remove
the secondary structures, the mRNA bound to magnetic beads
was resuspended with 10 L L RNase-free water and heated at
65°C for 5min, then quenched rapidly on ice for 3 min. First-
strand cDNA synthesis was performed at 55°C for 1 h in a final
volume of 20 jLL consisting of 1 x first-stand buffer, 5 mM DTT,
0.5 mM of'each ANTP, 40 U RNasin ribonuclease inhibitor (Invit-
rogen) and 200 U Superscript IIT RNase H-RT (Invitrogen). The
reactions were terminated by incubation at 70°C for 15 min. The
final volume was increased to 30 |LL with water and all cDNA
samples were stored at —20°C until further use.

Real-time polymerase chain reaction quantification

Four replicates of ¢cDNA obtained from single MII oocytes
and from embryos at each stage of preimplantation develop-
ment (IVF and cloned) were quantified by real-time polymerase
chain reaction (PCR). The primers for the g-actin and Oct4
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Table 1. Primer sequences for real-time polymerase chain reaction
/Imfsi;—n;_ Primer sequences (5-3") Product size (bp) Anncaling Reference
Gen® temperature (°C)
DQ486513 Forward: ATCCTGGGGGTTCTATTTGG 200 56 Present study
ot Reverse: CTGGTTCGCTTTCTCTTTCG
" AY173048 Forward: GAGGGCTACCTGGCTAAAGTC 88 60 Suteevun ef al. (2006)
pNMT Reverse: CATTCGCTTCCCGACTGAAA
AY271299 Forward: CGAGGTGTGTGAGGACTCCAT 93 62 Suteevun et al. (2006)
N Reverse: ACGTCCCCGACGTACATGA
pAMTIb AY244713 Forward: AGCATGAGGGCAACATCAAAT 98 62 Suteevun et al. (2006)
Reverse: CACCAATCACCAAGTCAAATG
71 BT021536 Forward; CTTCAGACCTTTTTGATGTGGTTTATT 112 58 Suteevun et al. (2006)
4 Reverse: GCGTAGCTCCATCCTTATTATACTTCTC
HDAC! AY504948 Forward: GCACTGGGCTGGAACATCTC 98 58 Suteevun et al. (2006)
i Reverse: GGGATTGACGACGAGTCCTATG
| pdctin NM_001101 Forward: GGACTTCGAGCAAGAGATGG 234 60 Present study
| Reverse: AGCACTGTGTTGGCGTACAG
.—-_-_-__-__

, were designed from conserved sequences of human genes
\obtained from GenBank. The primer sequences for DNMTI,
DNMT3a, DNMT3b, HATI and HDACI were as described pre-
viously (Suteevun et al. 2006). All primer sequences are listed
in Table 1. Real-time PCR was performed using a LightCycler
apparatus (Roche Diagnostics, Laval, Quebec, Canada) with
SYBR green incorporation. The reaction was performed in cap-
\llaries in a final volume of 20 p.L. Each capillary contained 3 pL
¢DNA from either a single oocyte or a cloned or IVF embryo
from each stage of preimplantation development. The reaction
mixture consisted of 5 uM of each of the sequence-specific
primers, 1.25 mM MgCl» and 2 uL SYBR green mix contain-
ing ANTPs (FastStart DNA mater SYBR green I; LightCycler).
The reaction conditions were template denaturation at 95°C for
10min, followed by 45 cycles of 95°C denaturation for 10s,
annealing (temperatures given in Table 1) for 10 s and extension
a1 72°C for 15s. At the end of the PCR, a melting curve anal-
y8is was performed for each sample to verify that only a single
specific product was generated. The melting cycle consisted of
95°C for 35, 65°C for 55 and a step cycle starting at 65°C and
inereasing to 95°C in increments of 0.2°C.

To compare the relative level of gene expression in the
tloned and TVF embryos, real-time data were analysed using
hm_mparative cycle threshold (Ct) method (42 Cr; Livak and
Schmitigen 2001). This method calculates the quantity of the
slarting material (DNA or cDNA) and the fold change relative
Yacalibrator sample, with the change given by 2~24CT, where:

AA
Cr= (Cr target : sample — Cr refcrencc:samp!e)

= (Cr target : calibrator — CT reference : calibrator)

The CT represents the PCR cycle at which an increase in the
- Scence signal above baseline is detected. In our experi-
IS, there were six genes of interest (Oct4, DNMT1, DNM13a,
'etrcnjb’ HATI and HDACI), with B-actin was used as the
o Ce gene. The ‘sample’ consisted of ¢cDNA derived from
DNA ;’1' TVF embryos, whereas the ‘calibrator’ consists of
erived from MII oocytes. Values of 1/CT were used

to examine the temporal pattern of gene expression throughout
preimplantation development.

Statistical analysis

Rates of fusion, embryo cleavage and development, as well as
cell number, for the different embryo types were analysed by
ANOVA using SAS version 9.0 (SAS Inc., Cary, NC, USA). To
evaluate the significance of differences in the relative transcrip-
tion levels of each gene, two-way ANOVA was used with embryo
type and development stage as the main effects and embryos
type x development stage as the interaction term. Relative tran-
scription levels in the cloned and IVF embryos were logig
(X + 1) transformed and the least squares method in the gen-
eralised linear model (GLM) was used for multiple comparisons
within developmental stages between each embryo type. Rela-
tive quantification of target gene expression levels is presented
as the fold difference. Data are presented as the mean £ s.e.m.,
with P < 0.05 considered significant.

Results
Development of reconstructed embryos

The development rates of IVF and cloned felid embryos are given
in Table 2. There were no significant differences (P > 0.05) in
the fusion rate of domestic, leopard and marbled cat fibroblasts
with enucleated domestic cat oocytes. The cleavage rate of IVF
embryos was significantly lower (P < 0.05) than that of cloned
embryos. Development to the eight-cell stage of cloned leopard
cat embryos was significantly higher (P < 0.05) than that of the
IVF and cloned marbled cat embryos, but there were no signifi-
cant differences (P > 0.05) compared with cloned domestic cat
embryos. Development to the morula stage of cloned domes-
tic cat embryos was significantly higher (P < 0.05) than that of
IVF, cloned leopard and marbled cat embryos. The percentage
of cloned domestic embryos that developed to the blastocyst
stage was significantly higher in cloned domestic cat embryos
(P < 0.05) than that of IVF and cloned leopard cat embryos.
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le 2. Preimplantation development of IVF and cloned felid species embryos after reconstruction with domestic cat cytoplasts

incd from four trials and observations of the development at 48 h (cleavage and eight-cell), 120 h (morula) and 192 h (blastocyst) after IVF or
cleavage rate of TVF embryos was calculated as a proportion of all cocytes coincubated with spermatozoa, whereas that of cloned embryos
rtion of fused embryos. The rates of development to the eight-cell, morula and blastocyst stages of IVF embryos were calculated as a
ion of all oocytes coincubated with spermatozoa, whereas that of cloned embryos was calculated as a proportion of fused embryos. Where appropriate,
+ 5.e.n. Within a column, values with different superscript letters differ significantly (P < 0.05). N/A, not available; ICM, inner

data ar¢ cell mass; TE, trophectoderm

Type of embryo No. (%) oocytes or embryos No. (%) embryos developing to: No. cells in the blastocyst (n = 10)
Total Fused Cleaved Eight-cell stage Morula Blastocyst ICM TE % ICM

.—-——""_'—.—_—_

IVE 193 N/A 134 (69.4)° 113 (58.5)° 53(27.5° 37(19.1)° 15934125  462.1425.5°  34.5°

Cloned domestic cat 164  122(74.4) 108 (88.5)° 83 (68.0)"® 68 (557 43(35.2)" 12624600  425.1+14.9"  24.0°

Cloned leopard cat 195  146(74.9)  137(93.8)* 119 (81.5)* 44(30.1)°  31(21.2°  121.6£7.0° 338.44269°  359°

Cloned marbled cat 160 117(73.1) 101 (86.3) 68 (58.1)° 28 (23.9) 0° N/A N/A N/A

————-—_-__.—_

However, no blastocyst formation was observed in cloned mar-
bled cat embryos. All cloned marbled cat embryos were arrested
at the morula stage. The number of TE cells in cloned leop-
ard cat blastocysts was significantly lower (P < 0.05) than that
in IVF and cloned domestic cat embryos. The number of ICM
cells in IVF blastocysts was significantly higher (P < 0.05) than
that in cloned domestic and leopard cat blastocysts and the per-
centage of ICM cells in cloned domestic cat blastocysts was
significantly lower (P < 0.05) than that in IVF and clone leopard

cat blastocysts (Fig. 1).

Transcription nuclear reprogramming genes
in preimplantation felid embryos

The relative transcription level of the pluripotent gene Oct4
exhibited a similar pattern in both IVF and cloned embryos.
Low levels (0.2—1.9-fold; P > 0.05) of this gene were observed
at the one- to eight-cell stages in IVF, cloned domestic and
leopard cat embryos, with transcription increasing from the
morula stage (P > 0.05) and being highest at the blastocyst stage
(18.4-22.6-fold; P < 0.05). In cloned marbled cat embryos, Oct4
transcription levels were low (P > 0.05) throughout preimplan-
tation development. Cloned marbled cat embryos did not develop
to the blastocyst stage; thus, the level of Oct4 transcription was
not determined at that stage (Fig. 2).

Transcription levels of the histone modification genes HAT1
and HDAC] are shown in Fig. 2. Transcription of the HATI
gene was low at the one-cell stage of IVF and cloned felid
embryos (0.2-0.3-fold; P > 0.05) and remained low (0-1.1-
fold; P > 0.05) until the eight-cell stage (0.4—1.9-fold; P > 0.05).
HMcr, in IVF embryos, increase were observed in HAT! tran-
Scription from the eight-cell stage, reaching maximum levels at
the blastocyst stage (6.0-fold; P > 0.05). In contrast, in eight-cell
embryos of the cloned marbled cat, high transcription levels of
HATI were observed (2.5-fold; P > 0.05) that decreased at the
Morula stage (0.3-fold; P > 0.05). Cloned domestic and leop-
ard cat embryos had lower HAT! transcription (P > 0.05) at
the eight-cell to blastocyst stages compared with levels in IVF
embryos. There were no significant differences in transcription
levels of HDACT at the one-cell stage between IVF and cloned
felid embryos (P > 0.05). At the two-cell stage, IVF embryos

exhibited significantly lower transcription of HDACI (0.3-fold)
compared with cloned felid embryos (2.2-3.9-fold; P < 0.05).
Thereafter, highest transcription levels were observed at the four-
cell stage of cloned leopard cat embryos (4.4-fold; P < 0.05)
compared with levels in IVF, cloned domestic and marbled cat
embryos (0.1-, 0.2- and 0.6-fold, respectively). Transcription
levels of HDACI were similar between the TVF and cloned felid
embryos at the eight-cell stage. At the morula stage, cloned
domestic and marbled cat embryos showed significantly lower
transcription of HDAC! (P < 0.05) than did IVF and cloned
leopard cat embryos. In addition, HDAC transcription levels in
IVF and cloned leopard cat blastocysts were significantly higher
(2.7- and 2.8-fold, respectively; P < 0.05) than those in cloned
domestic cat blastocysts (0.8-fold).

Figure 3 shows the relative transcription level of the main-
tenance DNA methylation gene DNMTI, which was similar at
the one-cell stage in IVF and cloned felid embryos. After the
first cleavage, IVF embryos tended to have lower transcription
of DNMTI (0.4-fold) than cloned felid embryos (0.4-0.8-fold,;
P >0.05). DNMTI transcription seemed to decrease after the
two-cell stage in all four embryo types, especially at the morula
stage in cloned marbled cat, in which almost no transcription
of DNMTI was detected. The morulae and blastocysts of the
cloned domestic cat tended to have higher DNMT transcription
than IVF and cloned leopard cat embryos (P > 0.05). In con-
trast, the transcription of the de novo DNA methylation genes
DNMT3a and DNMT3b was relatively higher (Fig. 3). There
was no significant difference in the transcription of DNMT3a at
the one- and two-cell stages between the IVF and cloned felid
embryos (P > 0.05). No DNMT3a transcripts were detected in
IVF embryos at the four-cell stage. In addition, at eight-cell
stage of both IVF and cloned domestic cat embryos, significantly
lower transcription of DNMT3a was evident (0.01- and 0.02-fold,
respectively; P <0.05) compared with that in cloned leopard
and marbled cat embryos (0.4- and 0.7-fold, respectively). At
the morula stage, cloned marbled cat embryos had significantly
lower transcript levels of DNMT3a (0.01-fold) compared with
cloned domestic and leopard cats (0.3-fold; P < 0.05), DNMT3a
transcription was highest in IVF embryos (3.8-fold; P < 0.05)
compared that in other cloned felid embryos. Similarly, tran-
scription of DNMT3a in TVF blastocysts tended to be higher
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fig.1. (a,c,e) Morphology and (b, d, /) differential staining of blastocysts derived from IVF (a, b), cloned domestic cat (c, o) and cloned leopard cat (e, /)
% Day 8 of i vitro culture. Blue and red indicate inner cell mass and trophectoderm cells, respectively.

"ﬁﬂtha.t in cloned domestic and leopard cats (Fig. 3; P > 0.05). lower transcription levels of DNMT3b (0.01-fold) than cloned
“Scription of DNMT3b at the one-cell stage of IVF and felid embryos (0.4-0.6-fold; P < 0.05). In IVF embryos, tran-
felid embryos did not differ significantly (P > 0.05). scription of DNMT3b was not detected at the four-cell to morula

the first cleavage, IVF embryos exhibited significantly = stages. However, DNMT3b transcripts were detected at the
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Comparison of the relative expression of pluripotent and histone acetylation genes

between IVF (black bars), cloned domestic cat (white bars), cloned leopard cat (grey bars) and
cloned marbled cat (hatched bars) embryos at different stages of development (n =4). The fold
change indicates the difference between the embryos and the calibrator, where gene transcrip-
tion levels of mature oocytes were used as the calibrator. Bars with different superscripts differ
significantly (P < 0.05). N/A, not available.
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cat (hatched bars) embryos at different stages of development (r =4), The fold change indicates the
difference between the embryos and the calibrator, where gene transcription levels of mature oocytes
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available.
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stage of cloned marbled cats (0.04-fold; P > 0.05). At
to eight-cell stages of cloned domestic and leopard
bryos, 10 DNMT3b was detected. In contrast, the morula
i fclor,\ed domestic and leopard cat embryos showed low
gt - tion levels of DNMT3b, but this did not reach statis-
tical significance compared with TVF and cloned marbled cat
s in which the transcript was not detected. However, a
i jevel of the DNMT3b transcript was found in blastocysts of
[VF and cloned domestic and leopard cats.

he four

Dbcussiﬂn
The results of the present stusiy show that the development rate
and cell number of cloned felid embr_yos generated from dom{_as-
fic, Jeopard and marbled cat somatic cells rcconstructed.wﬂh
domestic cat cytoplasts are comparable to those of domgstlc cat
embryos derived by IVF. In the present study, the fusion and
cleavage rates of cloned felid embryos were similar to those
d in earlier studies (Skrzyszowska et gl. 2002; Gomez
of al. 2003; Kitiyanant et al. 2003). However, the develop-
ment rates of cloned domestic cats and leopard cat embryos
and the cell number of felid embryos in the present study were
higher than those reported previously (Skrzyszowska et al. 2002;
Gomez et al. 2003; Kitiyanant et al. 2003; Yin et al. 2005,
2006). The possible reasons for the higher embryo develop-
ment rate and cell number may be include differences in the
type of donor cells used, the nuclear transfer procedures, modi-
fications to the Tyrode’s medium and the irn vifro culture system
used. However, no blastocyst formation was observed in cloned
marbled cat. All cloned marbled cat embryos were arrested at
the morula stage, which is similar to the situation reported in
earlier studies (Thongphakdee et al. 2006). Comparisons of the
invitro development between IVF and cloned felid embryos have
not been reported previously. However, the mean proportion of
IVF embryo development to the blastocyst stage in the present
study was lower than that reported by Gémez et al. (2003).
Although it is difficult to compare different studies, the differ-
ence in the frequency of development to the blastocyst stage
may be attributed to the different genetic backgrounds of the
donor cats (spermatozoa and oocytes). In the present study, the
in vifro development of cloned felid embryos was compared
with that of IVF-derived domestic cats, used as a control to
enable comparisons of development rate and cell number, indi-
cating successful reprogramming in cloned embryos. The results
demonstrate that development to the blastocyst stage was simi-
lar for IVF and leopard cat cloned embryos, but was lower for
IVF compared with domestic cat cloned embryos. The number
0f ICM cells was higher in domestic cat IVF embryos than in
tloned felid embryos, whereas the number of TE cells in IVF
embryos was similar to that in domestic cat cloned embryos,
but higher than in leopard cat cloned embryos. This may indi-
tate the successful reprogramming of the differentiated nuclei
of somatic cell and that domestic cat oocytes could support early
development and thus be used as recipient cytoplasts in which
1o produce interspecies cloned embryos for the conservation of
er_ld“ngered felid species. However, cloned marbled cat embryos
d.ld not develop to the blastocyst stage and a possible explana-
fion for this failure may be the poor development competence

Reproduction, Fertility and Development 621

of these embryos caused by incomplete reprogramming of the
donor nuclei.

Thus, analysing gene expression during cloned felids
embryogenesis is a valuable tool with which to investigate the
interaction between donor nuclei and the recipient cytoplast, as
well as the molecular mechanisms underlying nuclear repro-
gramming. This is the first study to investigate the transcription
levels of specific genes involved in nuclear reprogramming in
felid embryos.

Quantitative analysis of gene expression often uses house-
keeping penes as an endogenous control against which the
transcription level of target genes can be normalised. In the
present study, we used f-actin was used as a reference gene,
as in earlier reports (Steuerwald et al. 2000; Li et al. 2005;
Boonkusol et al. 2006). Transcription S-actin was shown to be
constant during all development stages in felid embryos (data
not shown); as the number of cells from the oocyte to blasto-
cyst stage increased by 300-500 cells, the transcription level of
B-actin did not increase proportionally. This is true even after
the timing of the maternal-zygotic transition (MZT). Once the
embryonic genome is activated, the transcript level would reflect
the number of cells, whereas before the MZT, the maternal RNA
pools are the only source of transcripts. Thus, levels of the house-
keeping mRNA should be higher in the oocyte and then gradually
decline as embryonic development progresses towards the MZT
(McGraw et al. 2003).

The Oct4 gene has been suggested to play an important role
in controlling the development of pluripotency events during
embryogenesis (Bortvin ef al. 2003). Our results indicate that
Oct4 transcription levels were low from the one-cell stage, but
higher at the morula and blastocyst stages in IVF and cloned
domestic and leopard cats. However, Oct4 transcription levels in
cloned marbled cat embryos were low at the one-cell to morula
stages and these cloned embryos did not develop to the blastocyst
stage. This observation is consistent with the report of Kurosaka
et al. (2004), who found that, during embryogenesis develop-
ment, levels of the Oct4 transcript in bovine and mouse embryos
were low at early development stages, followed by increases in
transcription at the morula and blastocyst stages. However, a
lack of Oct4 transcription found after interspecies cloning of
mice led to a failure of further development (Park ef al. 2004)..
In the present study, cloned felid embryos showed low transcrip-
tion levels of Oct4 mRNA compared with IVF-derived embryos
at every stage of development. Abnormalities in the expression
of Oct4 and Oct4-related genes have been observed in cloned
mouse embryos (Humpherys et al. 2002; Bortvin et al. 2003).
In addition, Gémez et al. (2008) found that cloned sand cat
embryos were aborted and this may be associated with abnor-
mal Oct4 expression. However, previous studies have suggested
that a lack of Oct4 expression influences low blastocyst devel-
opment in cloned embryos: it was suggested that the aberrant
pluripotency marker gene was not appropriately reprogrammed
(Mitalipov et al. 2003; Lorthongpanich et al. 2008). Thus, Oct4
expression may serve as a marker of nuclear reprogramming
(Mitalipov et al. 2003; Lorthongpanich et al. 2008).

DNA methylation represents a major epigenetic modifica-
tion of the genome. In the present study, the transcription of
DNMT's was analysed and aberrant expression was found. In the
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marbled cat embryo, no DNMTs transcriptional_ activity
doned ted at the morula stage, which may have contributed to
"Mefopment failure. At the morula and blastocyst stages of
'M:()mcstic and leopard cat embryos, higher transcription
“;‘}Hﬁ was observed. These embryos showed a lower tran-
“P ion of de novo DNMT genes compared with IVF embryos.
povine, somatic nuclei are resistant to the erasure of
methylation in early embryogenesis and cloned bovine
have a tendency to preserve the DNA methylation pat-
inherited from donor cells (Bourc’his ef al. 2001; Dean
2001). Re-establishment of DNA methylation was also
'ﬁglly deregulated by precocious de novo methylation in
p embryos (Dean et al. 2001). Because the donor nucleus
from a somatic cell, it is likely that the misexpression
\ improper reprogramming or the improper regulation
:fg:{)oNM'l;‘ ﬁl:nction, ca.u.sing abnormal patterns of genomic
Jation and the inability of cloned embryos to properly
fecapitulate embryonic transcription. This abnormal methyla-
{jon fransition in cloned embryos could be due to the specific
features of the somatic chromatin structure and/or defective
wgulation of the DNMTs. Kang et al. (2001) also demon-
{ated that the methylation pattern observed in cloned bovine
kmbryos differs markedly from that exhibited in both in vitro-
ind in vivo-produced control embryos. They also found that the
PNA methylation level in clones can be higher or lower than in
tontrol embryos depending on the donor cell type, targeted DNA
ences, embryonic stages examined and detection methods
ﬁ In addition, abnormalities in DNA methylation levels are
fuite variable among individual clones (Kang er al. 2001). It
s clear that embryos produced by cloning exhibit a state of
lypermethylation, because this phenomenon has been found in
both cattle and mice (Bourc’his et al. 2001; Dean et al. 2001,
Kang et al. 2001). Many studies have reported that the aberrant
levels of DNMTs mRNA in cloned embryos may contribute to
lhe abnormalities seen in embryos and fetal development (Dean
#al. 2001; Young and Beaujean 2004; Yang et al. 2007). In
particular, Cho er al. (2007) found that hypermethylation in the
placenta of a cloned cat may be responsible for the low success
fale in cloned felid species.
Changes in histone acetylation are also an important aspect of
firomatin remodelling in cloning. The present study is the first
stigation of the transcription of HAT! and HDACI, which
fie involved in histone acetylation, in IVF and cloned embryos
ifelid species. In bovine oocytes, early embryos express several
s and HDACs, with some variability in transcription levels
¥pending on the development stage (McGraw et al. 2003). In
fouse oocytes, histone H3 and H4 are globally deacetylated at
'-"'ml lysines at MII of the second meiosis, which was repro-
““dinsomatic nuclei transferred into the same stage of oocyte
MMmetal. 2003). This genome-wide decrease in histone acetyla-
may contribute to the erasure of the previous gene expression
Milems specific for the differentiation of the donor cell. In the
Tesent study, 74Tl mRNA transcription was low in cloned felid
AV Sat_thc eight-cell to blastocyst stages compared with that
k ~derived embryos and mRNA levels of HDAC! were aber-
lat early development stages (i.c. the one- to four-cell stages).
o former observation in inconsistent with the findings of
etal.(2006), who measured the transcription of histone

S. Imsoonthornruksa ef al.

acetylation in cloned buffalo embryos and found that hyper-
acetylation occurred in these embryos. Previous studies have
demonstrated that the HDAC inhibitor trichostatin A (TSA) can
improve the development and global histone acetylation patterns
for nuclear reprogramming (Kishigami et al. 2006; Rybouchkin
et al. 2006; Shi et al. 2008). Therefore, in-depth investigation
of the effect of TSA treatment on the nuclear reprogramming
will further clarify our findings in cloned felid species. To date
there have been several studies that have focused on the acetyla-
tion of histone in cloned embryos that have reported inconsistent
findings (Santos et al. 2003; Enright ef al. 2005; Suteevun et al.
2006). Our results indicate variable levels of HDACs and HATs
throughout embryonic development and may indicate those that
are involved in somatic reprogramming.

Overall, the development of cloned marbled cat embryos was
arrested at the morula stage and no blastocyst formation was
observed. The transcription levels of Oct4, DNMT1, DNMT3a,
DNMT3b, HAT!I and HDAC! were found to be aberrant in cloned
marbled cat embryos, which may have led to the incomplete
reprogramming of marbled cat nuclei in the domestic cat cyto-
plast and finally failure of further development. The cloned
domestic and leopard cats, after their reconstruction with domes-
tic cat cytoplasts, were able to develop to the blastocyst stage and
their development rates and cell numbers were similar to those
in TVF-derived embryos. The cloned domestic and leopard cat
embryos had a normal development rate and demonstrated tran-
scription patterns of the pluripotent genes similar to those seen in
IVF embryos; however, the cloned embryos had a higher levels
of DNA passive methylation and de novo methylation and lower
levels of histone acetylation transcripts. These studies provide a
new understanding of the transcription pattern of specific genes
that are crucial for the nuclear reprogramming of cloned felid
embryos. Further investigations of abnormal nuclear and epige-
netic reprogramming are needed to determine whether nuclear
transfer can lead to development failure, implantation failure,
fetal abnormality and poor postnatal health.
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Oct4 Expression in Cloned Embryo of Endangered Feline Family
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Abstract

In this work, the expression profile of Octd mRNA at 1-, 2-, 4-, 8-cells, morula and
blastocyst stages of individual cloned domestic cat embryos were compared with the profiles of
leopard and marbled cat embryos which have been cloned using domestic cat oocytes as recipient
cytoplasm. The profile of Oct4 mRNA was analyzed by quantitative real time PCR. The IVF-
derived domestic cat embryos were used as control group. In every stage of development, IVF-
derived domestic cat and cloned leopard cat embryos showed similar expression profiles of Oct4.
The expression level of Oct4 increased during development and was highest at blastocyst stage.
The result also showed that cloned domestic cat and marbled cat embryos had altered expression
patterns comparing to the IVF-derived embryos. The level of Oct4 was reduced in cloned domestic
cat blastocyst and reduced in cloned marbled cat morulae. These results demonstrated that the
expression patterns of Oct4 in cloned felid embryos might have some effects on the in vitro
developmental efficiency particularly at blastocyst stage. From the result we can concluded that
the differences expression pattern of Oct4 during embryo development could characterized the
developmental efficiency of cloned felid embryo.
Keywords: Oct4, cloning, endangered species, gene expression
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Introduction

The survival of most species in the felid family was considered to be under threatened or
endangered. In fact, 36 of 37 species of this family are risk of extinction (convention on
international trade in endangered species, CITES). In Thailand, marbled cat (Pardofelis
marmorata) and leopard cat (Prionailurus bengalensis) are the wild cat that also in the high risk of
extinction categories. The real population has not yet been reported but they are both considered to
pe endangered. Somatic cell nuclear transfer (SCNT) can be used for conserve and increase
qumber of endangered species. Current evidence suggests that reprogramming of somatic cell
nuclei in cat embryos produced by nuclear transfer is incomplete. To date there are several reports
describing the application of nuclear transfer techniques in cats (Gomez et al., 2003; Kitiyanant et
al,, 2003; Wen et al., 2003), and several groups have successfully cloned kittens (Shin et al., 2002;
Gomez et al., 2004; Yin et al., 2005). The Oct4 (Pou5f1) gene encodes POU-domain DNA-binding -
protein and is expressed in pluripotent embryonic cells and germ cells. Most POU proteins are
expressed during embryogenesis, suggesting that they may play a crucial role in development and
cell differentiation (Pesce and Scholer, 2001). Our previous studies have showed that domestic cat
oocytes were able to be used as recipient cytoplasm for leopard cat and marbled cat cloning with
some limitation. The previous results showed that leopard cat cloned embryos could develop to
blastocyst stage while marbled cat cloned embryos could not develop beyond morula stage. The
expression level of Oct4 has been suggested as one of many important factors that necessary for
survival and development of the embryo.

We examined Oct4 transcript distribution in clone domestic cat pre-implantation stage
embryos comparing with leopard and marbled cat of the same stage of development. The
expression level of Oct4 mRNA was analyzed by quantitative real time PCR. The IVF-derived
domestic cat embryos were used as control.

Materials and methods -

Ovary recovery and in vitro maturation

Healthy mature female cats were selected for superovulation by injected 200 IU equine
chorionic gonadotropin (eCG) five days apart. The superovulated cats were anesthetized. Then,
ovaries were removed from the reproductive trace. The ovaries were sliced with a 26 gauge needle
0 release cumulus oocyte complexes (COCs). The collected oocytes were matured in TCM 199
supplemented with 0.36 mM Na Pyruvate, 2.2 mM Ca Lactate, 2mM L-glutamine, 1.13 mM
Cystein, 0.3% Bovine Serum Albumin, BSA-fatty acid free. 0.5 iu/ml eCG, 1 iu/ml Human
Chlorionic Gonadotropin, hCG for 24 h under 5% CO,, 5% O; and 90% N, in air.

Preparation of donor cell
Fibroblast cells were generated form ear or abdominal skin of domestic, leopard and

marbled cat after anesthesia or within 24 hours of natural death. Tissues were cut into small pieces
then placed into culture dishes and cover with glass slide. Then alpha-Modified Minimum
Essential Medium (eMEM) supplemented with 10% Fetal bovine serum (FBS) culture medium
was added and cultured at 37°C under 5% CO; in air. After 8-10 days of culture, monolayer was
Outgrown with fibroblastic like morphology. The fibroblasts were passaged for 1 to 2 times to
increase cell number. The fibroblast cells were frozen in culture medium supplemented with 10%
(viv) dimethyl sulfoxide and stored in liquid nitrogen for further used as donor cells.

_ The fibroblasts cell were thawed and culture at 37°C under 5% CO; in air for 2 to 3 days
Prior to nuclear transfer. At subconfluence the fibroblasts were trypsinized using trypsin / EDTA
10 separate into single cell and used as donor cells.
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Nuclear transfer
Oocytes with extruded a first polar body (MII oocyte) were selected for nuclear transfer,

The MII oocytes were placed into 5 pg/ml cytochalasin B. The nucleus was removed (enucleated)
by using sharp micropipette to cut the zona pellucida above the first polar body, then squeezed out
the first polar body and metaphase plate in a small volume of surrounding cytoplasm. A single
domestic cat, leopard cat or marbled cat fibroblast was inserted into the perivitelline space of the
enucleated oocyte. For fusion, the cytoplasm/cell couplet were equilibrated in 0.3 M Mannita]
containing 0.1 mM MgCl,.6H,0 and transferred to fusion chamber. Cell fusion was induced with
double DC pulse of 30 V for 30 psec delivered by electro fusion machine (Voltrain EP-1,
Cryologic). The fused oocytes were visually evaluated by confirming the presence or absence of
donor cell in the perivitelline space 45 min after fusion. Fused couplets were activated with 7%
ethanol for 5 minutes followed by incubation in Emcare holding medium supplemented with 10
pg/ml cyclohexymide and 1.25 pg/ml cytochalasin D for 5 h at 38°C under 5% CO,, 5% O, and
90% Nz in air.

In vitro fertilization (IVF)

The epididymides were separated, removed from testes and sliced repeatedly to release
spermatozoa. The released sperm were centrifugation at 2,100 rpm for 7 min. After supernatant
removal, the sperm pellet were overlaid with 1 ml of Tyrode’s medium containing 0.6 mg/ml BSA
(IVF medium). Then the sperm were allowed to swim up for 30 min at 38°C under 5% CO, in air.
The swim up layer was carefully recovered and small aliquots were used to evaluate sperm
concentration and sperm percentage motility. For IVF, oocytes were co-incubated in 5% CO, in air
at 38°C with 4x10° motile sperm/ml in 50 pl droplets of IVF medium.

In vitro embryos culture

The reconstructed embryos and 20 h post insemination oocytes were cultured in Tyrode’s
medium supplemented with 1% MEM non-essential amino acids, 0.3 mg/ml BSA, 0.36 mM Na
Pyruvate, 2.2 mM Ca Lactate and 2mM L-glutamine (Ty I-medium) at 38°C in an atmosphere of
3% CO,, 5% O, and 90% N for 2 days. The 8-cell stage embryos were selected and cultured in Ty
I- medium without BSA but supplemented with 2% MEM essential amino acid and 10% FBS (Ty
lI- medium) at 38°C in an atmosphere of 5% CO,, 5% O,, 90% N, for 5 days. Half of the medium
were changed daily. The zygote, 2-cell, 4-cell, 8-cell, morula, blastocyst stage and MII oocyte
were collected for gene expression analysis at approximately 12, 24, 36, 48, 120, 192 h after
culture and 24 h after in vitro maturation, respectively.

mRNA isolation and cDNA synthesis

The oligo (dT).s nucleotide attached to magnetic beads were used (Dynabeads mRNA
purification kit, Dynal) following the manufacturer’s instructions to purify poly A RNA. Briefly,
an embryo was resuspended in 100 pl lysis/binding buffer and vortexed at room temperature for 5
min. Then, 20 pl pre-washed Dynabeads oligo (dT),s was mixed with the lysate and annealed by
rotation for 5 min at room temperature. The Dynal MPC magnetic particle concentrator was used
10 help removed the supernatant. The hybridized mRNA and oligo (dT),s magnetic beads were
Washed twice with 100 ul washing buffer A and wash twice with 100 11 washing buffer B. To
denature and remove secondary structures, the mRNA bound to magnetic beads were resuspended
With 10 1] RNase—free water. Then, heat at 65°C for 5 min and quenched rapidly on ice for 3 min.
The first stand synthesis of cDNA was performed at 55°C for I h in a final volume of 20 ul consist
olf Ix first stand buffer, 5 mM dithiothreitol (DTT), 0.5 mM of each dNTP, 40U RNasin
nibonuclease inhibitor (Invitrogen) and 200U Superscript III RNase H-RT (Invitrogen). Reactions
Wfre terminated by incubation at 70°C for 15 min. The final volume was increased to 30 pl with
distilled water and all cDNA samples were stored at -20°C until further use. '

¢

Real-time PCR analysis of gene expression

. The quantification of all gene transcripts was done by real-time PCR. The primer for B-
Actin(Forward;5’-GGACTTCGAGCAAGAGATGG-3’, Reverse;5 -AGCACTGTGTTGGCGTAC
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3) and Octd4 (Forward; 5’ATCCTGGGGGTTCTATTTGG-3’,Reverse; 5’-CTGGTTCGC
CTCTTTCG-3") genes were design from conserved sequences of human, bovine and mouse
ound in GenBarik. The reaction was performed in capillaries with the final volume of 20 pl with 3
| of <DNA corresponding to a single oocyte, cloned or IVF embryo in each stage of pre-
’-:mplantation development and a reaction mixture consisting of 5 pM cach of sequence-specific
mer, 1.25 mM MgCl, and 2 pl of the SYBR green mix containing dNTPs (FastStart DNA mater
EYBR green I, LightCycler). To compare the relative level of gene expression in cloned and IVF
4mbryOS; real-time data were analyzed by using the comparative CT method, AACT.

Spatistic analysis

Statistically significant difference in relative expression level of target genes between
sach development stage were calculated by two ways ANOVA, proportional data were logip (X+1)
yansformed before analysis. Relative quantification of target genes expression level is presented as
fold-difference. Data are presented as mean = SEM. P value of less than 0.05 was considered

significant.

Results and discussion

Expression of Oct4 mRNA were low at the zygote to 8-cell stage embryos of IVF, cloned
domestic and leopard cats and increased at the morula and blastocyst stages. The morula stage
embryos derived from IVF showed significantly higher Oct4 transcript (6.4-fold; P<0.05) than
cloned domestic (1.5-fold) and leopard cats (3.2-fold). Surprisingly, no significant differences in
gnscript level at blastocyst stage of cloned domestic and leopard cats. Morula stage cloned
marbled cat showed significantly lower expression (0.2-fold; P<0.05) than morula stage IVF,
cloned domestic and leopard cats. Unfortunately, the cloned marbled cat could not develop further,
fhus the expression level of Oct4 transcript was not determined in the blastocyst stage.
Lorthongpanich et al. (2004) have demonstrated that the domestic cat oocyte could support the
cloned leopard cat to the blastocyst stage. In contract, the cloned marbled cat could not
development to the balstocyst stage (Thongphakdee et al., 2006).

Fold change of Cctd
30.0 - (meantSEM) @ IvF ) Domestic cat [ Leopard cat [ Marbled cat

25.0
20.0 :l-‘
15.0
10.0

5.0

0.0
Zypote 2l 4ol B—ccll Momda Blastocyst

Development stage

Fig. 1 Comparison of the relative expression levels of mRNA for the Oct4 gene between
IVF (black bars), cloned domestic cat (white bars), cloned leopard cat (gray bars)
and cloned marbled cat (diagonal bars) embryos at different stages of embryo
development. N/A is not available.

. The problem of cloned marbled cat development was hypothesized that it was due to
ficomplete nuclear reprogramming, the process of reversing a differentiated somatic nucleus to a
::“POtent embryonic stage after SCNT. This experiment was indicated that the clone domestic and
cl°F‘aIC! cat embryos have similar pattern of Oct4 expression with the IVF embryos. However, the

oned marbled cat shown very low expression level of Oct4 at morula stage. The Oct4 expression
Play an essential role in control of development pluripotency, develop to the blastocyst stage.
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Therefore, the lack of Oct4 expression in the cloned marbled cat in morula stage may play an
essential role in the lack of development due to the lack of pluripotent embryonic cells (Bortvin et
al., 2003). Oct4 expression is considered to be a key marker for the identification of pluripotent
cells in the mouse and potentially, in other mammalian species, because orthologues of Oct4 with
high homology of protein sequence, genomic organization and chromosomal localization of the
POU gene are highly conserved in several mammalian species (Eijk et al., 1999). Finally, lack of
Oct4 expression associated with low blastocyst development in SCNT embryos suggests that this
crucial developmental gene is not appropriately reprogrammed and that it may serve as a marker
for nuclear reprogramming (Mitalipov et al., 2003).

Conclusion

The differences expression pattern of Octd during embryo development could
characterize the developmental efficiency of cloned felid embryo. The observed lack or abnormal
expression of Oct4 in marbled cat SCNT embryos suggests inadequate nuclear reprogramming and
success in SCNT.
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Abstract 7'

Aberrant gene expression in cloned embryos duet o abnormal epigenetic modifications of the
donor nuclei after transfer into enucleated oocytes was hypothesized to be crucial to the re-
establishment of embryonic totipotency. In the this study, we focused on the expression profile of
Oct4, DNMT1, DNMT3a, DNMT3b, HAT1 and HDACI mRNA at -, 2-, 4-, 8-cells, morula and
blastocyst stageso f'individual cloned domestic leopard and marbled cat embryos which have been
cloned using domestic cat oocytes as recipient cytoplasm. The results showed low levels of Oct4 and
HAT1 at early development stage and dramatic increased at 8-cell to blastocyst stages in cloned
domestic .and leopard cats and IVF derived embryos. However, the cloned marbled cat showed low
Oct4 and HATI transcript levels throughout development until morula stage and no blastocyst
formation was observed in these embryos. The transcription level of HDAC1 of cloned felids embryos
had altered expression pattern compared to IVF derived embryos. The DNMT1 transcript levels were
dramatic decreased throughout development of felids embryos. Cloned felids embryos showed higher
transcript of DNMT1 than IVF derived embryos. The DNMT3a mRNA level of IVF derived embryos
started very low at 2- to 4-cell stage embryos and dramatic increase at morula and blastocysts tages. In
contrast, DNMT3a transcript level of cloned felids embryos showed dramatic decrease in early
development stage and increase at blastocyst stage. The level of DNMT3b mRNA started to decrease
until no transcript can be detected at 2-cell to morula stages and the high transcript at blastocyst stage.
These studiesi ndicated that the genome reprogramming in the felids species are not enough for the
nuclear transfer technique. Improvement the cloning technique is needed for the production efﬁc:ency
of cloned embryos for the conservation of endangered felid species.

Keywords: nuclear transfer, reprogramming, gene expression
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L Introduction conserve and increase number of the

In Thailand, marbled cat (Pardofelis endangered species. Current evidence suggests
Mmarmorata) and leopard cat (Prionailurus that reprogramming of somatic cell nuclei in
bengalensis) are the wild cat that are in the cat embryos produced by nuclear transfer is
high risk of extinction categories. The real incomplete. To date there are several reports
Population has not yet been reported but they describing the application of nuclear transfer
are both considered to be endangered. Somatic techniques inc ats [1, 2a nd 3], and several
cell nuclear transfer (SCNT) can be used for groups have successfully produced cloned
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kittens [4, 5 and 6]. Abnormal of nuclear and -

epigenetic reprogramming are usually founded
in cloned embryos including felids species.
However, genome reprogramming is still a
mystery. This study wast he first investigation
on the transcription levels of Oct4, DNMTI,
DNMT3a, DNMT3b, HAT1 and HDACI
genes that believed to be crucial for nuclear
reprogramming in cloned felids species.

2. Materials and methods
2.1 Ovary recovery and in vitro maturation
Healthy mature female cats were
selected fors uperovulation by injected 200 [U
equine chorionic gonadotropin (eCG) five days
apart. The superovulated cats were
anesthetized and the ovaries were removed
from the reproductive tract. The ovaries were
sliced with a 26 gauge needle to release
cumulus oocyte complexes (COCs). The
collected COCs were matured in TCM 199
supplemented with 0.36 mM Na Pyruvate, 2.2
mM Ca Lactate, 2mM L-glutamine, 1.13 mM
Cystein, 0.3% bovine serum albumin (BSA-
fatty acid free), 0.5 iw/ml eCG, 1 iw/ml human
chlorionic gonadotropin (hCG ) at 38°C for 24
h under 5% CQ,, 5% O, and 90% N, in air.

2.2 Prepﬁration of donor cells

Fibroblast cells were generated form
ear or abdominal skin. Tissues were cut into
small pieces then placed into culture dishes and
cover withg lass slide. Then alpha-Modified
Minimum Essential Medium (aMEM)
supplemented with 10% fetal bovine serum
(FBS) was added and cultured at 37°C under
5% CO, in air. After 8-10 days ofc ulture, the
fibroblasts outgrown from skin were treated
with Trypsi’ EDTA and culture in 25 cm’
culture flask. The fibroblasts were passaged for
1 to 2 times to increase cell number. The
fibroblast cells were frozen in culture medium
supplemented with 10% (v/v) dimethyl
Sulfoxide and stored in liquid nitrogen. The
fibroblasts cells were thawed and cultured at
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37°C under 5% CO, in air for 2 to 3 days prior
to nuclear transfer. At subconfluence the
fibroblasts were trypsinized using
Trypsin/EDTA to separate into single cell and
used as donor cells.

2.3 Nuclear transfer

Oocytes with the first polar baody
extruded (MII oocyte) were selected for
nuclear transfer. The MII oocytes were placed
into 5 pg/ml cytochalasin B. The nucleus was
removed (enucleated) by using sharp
micropipettet o cut the zona pellucida above
the first polar body, then squeezed out the first
polar body and metaphase plate in a small
volume of surrounding cytoplasm. A single
domestic cat, leopard cat or marbled cat
fibroblast was inserted into the perivitelline
space of the enucleated oocyte. For fusion, the
cytoplasm/cell couplets were equilibrated in
03 M Mannital containing 0.1 mM
MgCl,.6H;0 and placed between both tips of
fusion electrode. Cell fusion was induced with
double DC pulse of 30 V for 30 psec delivered
by electro fusion machine (Voltrain EP-1,
Cryologic). The fused -oocytcs were visually
evaluated by confirming the presence or
absence of donor cell in the perivitelline space
45 min after fusion. ‘Fused couplets were
activated with 7% ethanol for 5 minutes
followed by incubation in Emcare holding
10 pg/ml
cyclohexymide and 1.25 pg/ml cytochalasin D
for 5 h at 38°C under 5% CO,, 5% O, and 90%
N, in air,

medium  supplemented  with

2.4 In vitro fertilization (IVF)

The epididymides were separated from
testes and repeatedly sliced in a 90 mm petri
dish containing modified Dulbecco’s
phosphate  buffer saline to release
spermatozoa. The released sperm were

centrifuge at 2,100 rpm for 7 min. After

' supernatant removal, the sperm pellets were
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overlaid with 1 ml of Tyrode’s medium
containing 0.6 mg/ml BSA (IVF medium).
Then the sperm were allowed to swim up for
30 min at 38°C under 5% CO, in air.T he swim
up layer was carefully recovered and small
aliquots were used to evaluate sperm
concentration and motility. For IVF, oocytes
were co-incubated with 4x10° motile sperm/ml
in 50 pl droplets of IVF medium under 5%
CO, in air at 38°C for 20 h.

2.5 In vitro embryos culture

The reconstructed embryos and 20 h
post insemination oocytes were cultured in
Tyrode’s medium supplemented with 1%
MEM non-essential amino acids, 0.3 mg/ml
BSA, 036 mM Na Pyruvate, 22 mM Ca
Lactate and 2mM L-glutamine (Ty I-medium)
at 38°C in an atmosphere of 5% CO,, 5% O,
and 90% N, for 2 days. The 8-cell stage
embryos were selected and cultured in Ty I-
medium without BSA but supplemented with
2% MEM essential amino acid and 10% FBS
(Ty 1I- medium) at 38°C in an atmosphere of
5% CO,, 5% O,, 90% N, for 5 days. Half of
the medium were changed daily. The 1-cell, 2-
cell, 4-cell, 8-cell, morula, blastocyst stage and
MII oocyte were collected forg eme expression
analysis at approximately 12, 24, 36, 48, 120,
192 ha fter culture and 24 h after in virro
maturation, respectively.

2.6 mRNA isolation and cDNA synthesis

The oligo (dT),s nucleotide attached to
magnetic beads were used (Dynabeads mRNA
purification  kit, Dynal) following the
manufacturer’s instructions to purify polyA
RNA. Then, to denature and remove secondary
structures, the mRNA bound to magnetic beads
were resuspended with 10 pl RNase—free
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water. Then, heat at 65°C for 5 min and
quenched rapidly on ice for 3 min. The first

" stand synthesis of cDNA was performed at

55°C for 1 hin a final volume of 20 pl consist
of 1x first stand buffer, 5 mM dithiothreitol
(DTT), 0.5 mM of each dNTP, 40U RNasin
ribonuclease inhibitor (Invitrogen) and 200U
Superscript III RNase H-RT (Invitrogen).
Reactions were terminated by incubation at
70°C for 15 min. The final volume was
increased to 30 pl with distilled water and all
cDNA samples were stored at -20°C until
further use.

2.7 -Realtime PCR analysis of gene
expression

The quantification of all gene
transcripts (Table 1) was done by real-time
PCR.T he reaction was performed in capillaries
with the final volume of 20 pl with 3 pl of
cDNA corresponding to a single oacyte, cloned
or IVF embryo in each stage of pre-

_implantation development and a reaction

mixture consisting of5 M each ofs equence-
specific primer, 1.25 mM MgCl, and 2 pl of
the SYBR green mix containing dNTPs
(FastStart DNA mater SYBR green |,
LightCycler). To compare the relative level of
gene expression in cloned and TVF embryos,
real-time data were analyzed by using the
comparative CT method, AACT.
2.8 Statistic analysis ’
Statistically significant difference in
relative expression level of target genes
between each development stage were
calculated by two ways ANOVA, proportional
data were logy, (X+1) transformed before
analysis. P value of lesst han 0.05 was
considered significant.
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Tablel. Primer sequences used for Real-time PCR

o Accession T P"roduct Annealing
number size (bp)  temperature (°C)
Ot QMBI TTOGOTTTOTCTTOE i o
pom  wnmos BresSctoiecmemere
DT AT TOCCCGACOTACATOA - .
o vy e pESDGCIOMOTTIMT
BATL BTONSE S raGeTcCATCCTTATTATACTICTC 112 :
HDACL  AYSUME e OATTGACGACGAGTCCTATG . 58
Aiaein NMOO01101 Forward-GGACTTCGAGCAAGAGATGG 234 60

Reverse-AGCACTGTGTTGGCGTACAG

3. Results and discussions

Expression of Oct4 mRNA were low at the
1-cell to 8-cell stage embryos of IVF, cloned
domestic and leopard cats and increased in the
morula and blastocyst stage. At morula stage,
the [VF derived embryo showed significantly
higher Oct4 transcript than cloned domestic
cat and cloned leopard cat. Surprisingly, no
significant differences transcript level at
blastocyst stage embryos in cloned domestic
and leopard cats were found. For cloned
marbled cat embryos, the mRNA level of Oct4
showed low expression throughout pre-
implantation ~ development and had
significantly lower transcript at morula stage
when compare to the other embryos.
Unfortunately, the cloned marbled cat embryos
could not develop to blastocyst stage, thus the
expression level of those was not determined.
The Oct4 gene was suggested to play
important rolei n controlling development of
pluripotency events during embryogenesis [7].
This observation was consistent with the report
of Kurosaka et al. [8], who found that during
embryogenesis development the distribution of
Oct4 transcript in bovine and mouse embryos
was low at early development stage and this
was followed by increase of transcript at
morula and blastocyst stage. However, the lack
of Oct4 mRNA founded int he interspecies
cloning of mouse embryos that lead to failure
of further development [9] and also in cloned
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marbled cat that low level of Oct4 transcript
were seen throughout the developmental stage
and may lead to arrest develop to blastocyst
stage, suggestsi nsufficient reprogramming of
donor nuclei.

The relative expression of DNMTI

« was similari n 1-cell of all four type embryos.

After the first cleavage, the cloned leopard and
marbled cat embryos showed higher
expression of DNMTI when compare to IVF
embryos but did not show any different
expression when compare to cloned domestic
cat embryos. DNMTI expression seems to
decrease after the 2-cell stage embryos,
especially, the morulae of cloned marbled cat
almost no transcript ofD NMT1 was detected.
The higher expression of DNMTI1 was
observed in cloned domestic cat morulae and
blastocyst. In contrast, the de novo DNA
methylation gene, DNMT3a and DNMT3b
showed relatively higher expression level.
DNMT3a showed no significant difference
transcription level at 1-cell to 2-cell stage
betweenl VFa nd cloned felid embryos. No
transcription of DNMT3a was detected in
embryo at 4-cell stage embryos derived from
IVE. In addition, the 8-cell stage embryos of
IVF and cloned domestic cat showed
significantly lower expression of DNMT3a
than cloned leopard and marbled cat embryos.
The morula stage of cloned marbled cat had
significantly lower expression of DNMT3a
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compared to the cloned domestic and leopard

cat and surprisingly, the embryos derived from

IVF had significantly highest expression when
compare to other cloned felid embryos.
Similarly, level expression of DNMT3a in the
[VF blastocyst was significantly higher from
cloned domestic and leopard cat blastocysts.
The DNMT3b expression level inl -cell of
JVF and cloned felid embryos showed to
appeared at similar level and the difference
was not statistically significant. After the first
cleavage, the embryos derived from IVF have
significantly lower expression of DNMT3b
comparedt o the cloned felide mbryos. The
expression level of DNMT3b mRNA was not
detected at 4-cell until morula stage in the
derived embryos from IVF. However, in the 4-
cell stage of cloned marbled cat was showed
low expression level of DNMT3b was
detected. Int he 4- to 8-cell stage of clone
domestic and leopard cats no DNMT3b was
detected. In contrast, the morula stage of
cloned domestic and leopard cat embryos
showed low expression level ofD NMT3b but
no significant dilference from those I'VF and
cloned marbled cat (not detected). However,
the level of DNMT3b mRNA high expression
was found in the blastocyst of derived
embryos from IVF and cloned domestic and
leopard cats. The abnormality of the DNA
methylation level is also substantially variable
among individual clones [10]. It is clear that
embryos produced by cloning exhibit a state of
hypermethylation and this phenomenon has
been found in both cattle and mice [10, 11 and
12] and there have been many studies reported
the aberrant of levels for the DNMTs mRNA
in cloned embryos [11, 13 and 14].

The result demonstrated that HAT1
MRNA transcript was low in cloned felids
embryos at 8-cell to blastocyst stage compare
to IVF derived embryos and the level of
HDAC1 - mRNA was aberrant at early
development stage, 1-cell to 4-cell stage. This
study suggests that hypoacetylation found in
cloned felids embryos which was inconsistent
with the study of Suteevun et al. [14], who
Measured the transcription of histone
acetylation in cloned buffalo embryos. They
found that hyperacetylation occurred in these
embryos. To date therea re few studies that
have focused on the acetylation of histone in
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cloned embryos and also have found
aberrancies [14, 15, and 16]. These results

indicate variable levels of histone deacetylases

and histone acetyltransferases throughout
embryonic development and may indicate the
ones that are involved in somatic
reprogramming.

4. Conclusions

The transcription level of pluripotent,
DNA methylation and histone acetylation
genes were found to be aberrant in the cloned
marbled cat embryos which may lead to the
failure of future development and incomplete
reprogramming of marbled cat nuclei in the
domestic cat cytoplast. However, the cloned
domestic and leopard cat after reconstructed
with domestic cat cytoplast also showed
aberrant DNA methylation and
hypoacetylation. These data provide new
understanding to the transcription pattern of
specific genes that are crucial for nuclear
reprogramming of cloned felid embryos.
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ABSTRACT .

The purpose of this study was to produce cloned cat by somatic cell nuclear transfer using
ear fibroblasts as donor cell. Cats oocytes were enucleated by micromanipulator and then inserted a
single donor _ceH into perivitelline space of each oocyte. The inserted oocytes were then fusad with
electricity. The fusion rate of donor cell and recipient cytoplast was 71.6%. The cleavage rate and in
vitro development of reconstructed embryos comparing to embryos derived from pathenogenetic
activation were not significantly different. Howecer, the development to blastocyst stege of
feconstructed embryos was significantly higher than that of ;jarthenegenetic embryos (39.2% and
- 28.6%, respectively, P<0.05). The total of 286 reconstructed embryos were transferred to 17
'ecipients and 2 pregnancies were detected (11.7%). The first pregnant recipient delivered 1 stillborn
kitten by C-section at 64 days of pregnancy. The kitten was fully developed but had abdominal wall
defect and evisceration of abdominal organs. Another recipient was naturally delivered 6 kittens at 56
days of pregnancy but only 2 had fully development Both cloned kittens died 24 h and 5 days post

. Natg, « fespectively.
. Key Words: domestic cat, cloning
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gonadotrqphln (eCG, Folligon, Intervet) 1310 200 1U. q'muu 5 dumnafiusal Tneiehaneinunag
AYSIPE R Lmvmw‘lmw‘lriﬁ‘lﬂmmmawmmuwmm 21G memnh@ﬂnmnm‘lm 74T Realy
mm'l.mmmmmamﬂmmaumﬂ mineral oil Tnendesludndoy 10 luso i Wanmqu 38°C, 5%
CO 5% 0, 90% N, ww 24 Falug mml,ﬂm‘l‘ﬂﬂ?.,n@umﬂmm TCM 199 Aifndag 0.36mM Na
Pyruvate, 2.2rﬁM Ca-Lactate, 2.0mM L-Glutamine, 1 13mM Cystein, 0.3% BSA (fatty acid free), 0.5
iu./ml eCG, 1 iu./ml human chlorionic gonadotrophin (hCG, Chlorulon Intervet) Hﬁ«ﬂﬂlﬁﬂﬂ’ﬁﬂm 24
'm'l:muﬂ'l mmﬂﬂﬂmﬂﬂmuﬂﬂ@ﬂﬂmﬂ 0. T%Hyaluromdase LL@Q%MLMHHW first polar body HIA
mmaaﬂaﬂnma micromanipulator mﬂ'lmnﬂm@ﬂmmumnﬂu 'lumm'ﬁ 5 Hg/ml cytochalasin B
(CB, Sigma, C-6762) mmﬁ‘mmaﬂ@uuﬂmmmsmﬁmﬂﬁ'aﬂﬁqmnwﬁwdquﬁmwanms’f@uﬁm 5 mg/ml

Hoechst 33342 LLa:ﬁm@ma'lﬁnﬁ‘faaf?ﬂwﬁﬁﬁﬁﬁumﬂgﬂma‘ﬂ TUs



v P
SREREL \@ 87

ﬁ‘v-‘;m:‘l‘zjﬁﬁaﬁamﬁﬂﬂﬂﬂnﬁwL?‘G]mﬁﬁrm%m*ﬁﬁﬁﬁmmu o wag seld 1w ludian

it agnA 141037 o el U ELHL

= Y =] o
AT AALTARALLLLILAE VEAULTAR

perivitteline space i tafias 1 1o tnlds coyrinalanesieaasdinanen fusion slectrode Yt
0.34 manitol fiEndas 0.1mM MgCl, lW“ﬂL‘ﬂ’anL‘Hﬂ@L‘]J"!ﬁ’)ilﬂ‘dﬂ‘]i!ﬂT“’LL?lL Wi g4 eias Electro Call
Fusion (Voltrain EP-1, Cryologic, Australia) WQWMLLT&H“HW 30 volt WU 30 fisec w2 %mmumnu
umf-nnuwﬂlﬂﬂmﬂumm Emcare holding 5 e uassinld 1 fqiuﬁmqqmaﬁ'auﬁmdnﬂ\'.’L'ﬁLLm
GAAFLLLL ARLAWIE cadd dananfulunrziudag 7% ethanol Funan 5 uni LLé’qﬁﬂﬂLgﬂﬂuﬁﬂm
381 10 Lg/ml cycloheximide wAz 1.25 [Lg/mi cytochalasin D CHx+CD) TufmaziResfiguumgf 38°C,

5% CO, 5% D,, 90% N, 1{uinan 5 Falug

n15¥n Parthenogenetic Activation (PA)
1473 first polar body snnsEFuAaE 7% ethanol fua 5 ui il @ luineniid

co+CHX ufeufigningil 38°C, 5% CO, 5% Oy 90% N, Duiaan 5 9l

n5La asshaaulaauilslunaanun’

ﬁﬂ‘Hﬁmumm?:ﬁum@ﬂﬂuﬁﬁm Tyrode's medium (Pope et &, 1999) fvANFIE 0.3% BSA
ludndnu 10 - 20 10/100 QI Tanug 38°C relELTTEANIARE 38°C, 5% CO, 5% Oy 90% N, flu

nan 2 Su LinAnRenFnaauIses 8 Lmﬂﬂmmm'l.umm Tyrode's medium fATn9iAY 10% FCS uny

BsA fuiam 5 Fu Tnawaeuiiemn 2 M LazriuinmanaiRuiareiaey

msmummn’mﬂuﬁm«nmummw waznganaenAEau

Wt tweLla ane 10-12 wau wnduaaiu mummmnﬂuﬁmﬁqam'r?a'mafaﬂuu eCG
WFunas 200 iu wiauiuunasalild ANt 5 Fu Ae@naeiliy hCG innn 200 i AauinAnaauuNl
ﬁ'm‘tﬁﬂuﬁﬂﬂs’hﬂdﬂﬂ'l.uﬂum?umwmmnmm hcG Tuluan 48 #lug nragahnsinga 119e188Y
LmemImu Atropine-Xylazine-Ketamine ST TIRT Tty e g T wastinpnitlndeaind VRTTRLGIE
nmmu‘lﬂﬂum sufly 1-8 (IAR ‘lﬂmﬂuuwm Emcare holding 6 A% LHUFsqANBaY Tuviagiheadan
(Intratubal Transfer Catheter, COOK) naumﬂﬂ'mmﬂ'\mhnz«ifﬂmmumnumsril’"fl.ﬂ'luﬁﬂﬁﬂ«ﬁﬂnmﬁa%’u
LL’ﬁQ%JLlﬂ"ﬂﬁﬁ’]’é’auﬁ'ﬁﬂﬁ’ﬂ’ﬂ?ﬂﬂi‘ﬁﬂﬁ'ul‘llﬁm &apnu 14-33 FEau wiahadanmgau 30 Suin1IATIR

nasarasdagnsAanHuniinyie dnufunisaaniman

NMgATUAMAMEDR .
'hm"ummamﬁ'i’ﬁmﬁmm:ﬁﬁqmmLuJ?ﬂmummﬁﬁ (ANOVA) FeegudadnAmnadna

=L

P<0.05
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Table 1 In vifro development of clonad demestic cat and parthenogantic activation (PA,) embryos

v Fused Cleavags ac Morula Blastocyat
Expariment
(%) (%) (%) (%) (%)
Cloned 53/81 51/58 41/58 32/51 20/51°
domestic cat (71.6) (87.9) (70.1) (62.7) (39.2)
PA 70176 63/76 47170 20/70°
(92.1) (82.8) (67.1) (28.6)

Values with different superscripts within each column are significantly different (P<0.05)

99N Table 1 wqummnmmm“lvl'ﬂummﬁmn‘luu 184 Lammu“lﬂL‘i}ﬂummnuhiﬂwmm@qh
wiariufiiiariegesnuds 1 fenmnsdanfin ity 71 6% uaz m'amammmﬂmmLnuimmmﬂﬂu
ummu‘wmmmnm?m'ﬂﬂﬂummmauﬁuﬁa@iauﬁtﬁmmnma‘m parthenogenetic activation U918 R
nauLie wasannezsudaaannal farliunnsnatu 87.9% fU 92,19 AWNAIAL) Taudddnmnag
niviagsser 8 wad  wazuagdn e gauunaindaauiiasaaondy Lﬁ’aﬂ'@uﬁﬁmmnmﬁﬁw
parthenogenetic activation (70.1% ffu 82.8% uay 62.79% fiu 67.1% PNAIAL) udrnTildlifaoy
uAnsiwuat il dAtun1eata (P>o. 08) Arsmnasgreasuanalnia saamsauunulAauia
'39.2%) umﬂqnmmq@aummmﬁnnmrm parthenogentic activation (28.6%) et AN 19a it
(P<0.05)

ummnmmdqnmaﬂuummuimmuuowmmmnmaa’“lwim‘ua’m@\ﬂuu M 286 Fhdau
'Lwnuummmmmu 1767 (a@g 17 FINERL/FITL) mmLtmmiuw‘lmmm?mﬂdmﬁ'z@‘@uumﬁm
Thauils Aafasdnuoy 2 A7 (11.7%) wsa s i staanaanlne A dniin1ss e 64 &y o
il 26 wqmmau 25491@@3mmeu‘Eﬂﬂuquwrﬁummu 1 fifiAnn u,m@nummammmmmaﬂuwm
1RUNATY mmmnummwﬁlﬂnm Aeflnazaianditastlnliain LLQ”WU@’JHGWH’]H‘LWI{@\MEQ‘BEE
ANELENIMET YA At lsinmnuda mm.,mﬂuﬂnﬂuqumswmmﬂmﬁuum davusamafusa
LN ‘[é‘lﬁﬁﬂlﬁﬂ@ﬂLtm'l?mﬂuuamuum 6 f1 fin1ssaras 56 fu TnensARaAmMETININR 0y Fufi 21
TU2AN 2549 WU’]’]ﬂﬂLLH"JNMNﬂ Nﬂ’)ﬂ%ﬂ’]ﬁm’ﬂﬂ Lm"mﬂluﬂnmﬂumm WA TR sz
unnsaruly wmmLmrmummmmmnﬂummmau 3 6n Lm.,?ﬂmmqwmmaﬂmmm 2 69 Tﬂﬂﬂnum
M7 1, 4 ups 6 ummmu’m‘lmumm Tmﬂumuunumﬂﬂﬂmﬂu 30, 10 uaz 21 nfu MINAAL ‘Nﬂﬂ
LLmﬁLﬁﬂmmuuumﬂmau@n wazmetutnfanyanl (Fig. 1A-8)- LLmumTwmmmLmnmmu’lﬂ daugn
Wsa7 2, 3 uass umiwmmmumm umuunmmnmﬂu 60, 60 uaz 70 niumndain Taeflieagn
W 3 uaz 5 winfu frendin (Fig. 1C) LtﬁiaﬂuwdmﬁammfjquLLmﬁy’q 2 M definluatsann

sic o i i . i
lnegnuniail 3 @efinudannasen 24 4l A1gnundafl 5 Semsfeadtguun wasduian

WAIRINARDA 5 1
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Figure 1 The cloned domestic kittens that died (A and B) and the recipient and both alive

kittens (C)

anmsh Shin et al. (2002) :mmmmmzﬁwﬁﬂunwﬂﬁﬁwLﬁmqnum‘iﬂ@uﬁemnmﬁﬁmﬁﬂ
*Imﬂum?qnLﬁn'lﬁﬂ'n‘f“mmmﬂmrﬁl“aianﬁha'l,ﬁ'm’mﬁulﬂlunw?ﬁnmmﬁﬁ'ﬂmﬂuﬁﬂuLLm iedaslomd
pdnunsumd naedn vte nseyinfusatIndgudiug (Gomez et al., 2006) 410 NANNIANEINUTY
§RIINTLETeg T suanalntarsanimangsi (39.2%) ﬁ@hf;_gmdﬂﬁLﬂﬁﬁﬁmmmﬁ@u (28%; Gomez
et al., 2006) WAERTInATETaasesady (11.7%) HAnlnAlRuaiiu sresna UL R R (56 UaT 69
M) fvaduniuasing Aoaruiiastineauld (uannda 65 ) (Shin et al.,2002; Yin et al., 2005, 2007)
ﬁquﬁfmﬂfﬂmnﬂﬂ@m‘nfﬂ@qnumiﬂﬂuﬁaﬁLﬁhmnmmfumﬂmﬁ (10-70 nf) FAsndfiisenundey

(84-124 n3W; Yin et al., 2007)
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g lifinm Lﬂuﬁﬁﬂﬁurjwﬂwé’ﬂﬁqnﬁﬂﬁ%w"ﬁwapiﬂmmmmlumﬂﬂﬂumum (Yin et al., 2007) 27N
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and ICM ratio (21.1% and 22.6%), respectively (ANOVA). These results suggest that somatic cells derived from bovine frazen testicles can be ussd
for nuclear transfer. Further studies are needed to examine whether viable cells can be obtained from other frozen Organs or tissues.

This study was partially supported by a grant from the Wakayama Prefecture Collaboration of Regional Entities for the Advancement of Technological
Excellence, JST.

45 EFFECT OF OSMOLARITY IN CULTURE MEDIUM ON THE PRE-IMPLANTATION
DEVELOPMENT OF PORCINE NT AND IVF EMBRYOS

'I.S. Hwang™®, H. J Moon®, J. H. Shim®, M. R. Park*, D. H. Kim*, B. C. Yang®, Y. G. Ko™, B. §. Yaﬁgﬂ,
‘ H. T Cheong®, and G. S. Im*

ANational Livestock Research Institute, RDA, Suwon, 441-706, Korea,
BKangwon National University, Chuncheon, 200-701, Korea

Invitro production of the pig embryo is very important as an initial step to improve its application in biotechnology. The in vitro production system for
pig embryos, however, has been plagued by the high incidence of polyspermy and poor embryo quality. The present study was conducted to examine
' the relationship between apoptosis and osmolarity of culture medium in pre-implantation development of porcine NT and IVF embryos. Oocytes
were aspirated from ovaries collected from a local abattoir, and then matured in TCM-199 for 4044 h. Fresh semen was diluted and equilibrated
at 16°C. The final concentration of motile spermatozoa was adjusted to 5 x 10% cells/mL in fertilization medium. Fetal fibroblasts were prepared
from a 35-day-old porcine fetus for use as donor cells. The NT and IVF embryos were cultured in PZM-3 supplemented with 0.05 M sucrose or
a final concentration of 138 mM NaCl (280~320 mOsmol) for the first 2 days, and then cultured in PZM-3 (250-270 mOsmol) for the remaining
days. For the control, NT and IVF embryos were cultured in PZM-3 for whole culture period, After 6 days of culture, the developmental ability of
embryos, total cell numbers, ratio of ICM/TE, and apoptosis of cells in blastocysts were examined. The developmental rate to the blastocyst stage
of NT embryos was significantly higher (P < 0.05) in the sucrose and NaCl groups than in the control [14.7% (21/153) and 21.7% (34/154) vs.
11.5% (18/152), respectively]. Also, the developmental rate to the blastocyst stage after IVF was slightly higher in embryos cultured in the medium
supplemented with NaCl than in the control group (21.8% (49/235) and 26.4% (61/237) vs. 18.9% (44/247)]. For apoptosis, both NT and IVF
blastocysts produced in the sucrose and NaCl groups showed slightly lower frequency of apoptosis compared to that of the control (2.2% and 2.8%
vs. 3.1% for NT; 0.9% and 0.7% vs. 1.1% for IVF). These studies suggest that the high osmolarity in the early embryo culture stage could enhance
the in vitro development of both porcine NT and IVF embryos to the blastocyst stage and could reduce the apoptosis of cells.

-

46 EFFECT OF MANIPULATION MEDIUM ON THE DEVELOPMENT
OF RECONSTRUCTED DOMESTIC CAT EMBRYOS

S. Imsoonthornruksa, C. Lorthongpanich, K. Srirattana, N. Sripunya, C. Laowtammathron,
M. Ketudat-Cairns, and R. Parnpai

Embryo Technology and Stem Cell Research Center, Suranaree University of Technology, Nakhon Ratchasima, Thailand 30000

Domestic cat can serve as a valuable model for assisted reproductive techniques studies of endangered felid species. Therefore, this study was
tonducted to examine the effect of different manipulation medium on in vitro development of reconstructed domestic cat oocytes. The oocytes were
fecovered by slicing the ovaries of the cats that had been superstimulated with 200 IU eCG (Intervet, Boxmeer, The Netherlands). The procedures for
SCNT were described previously (Lorthongpanich et al. 2004 Reprod. Fertil. Dev. 16, 149 abst). The manipulation medium for SCNT procedures
Was evaluated between HEPES-buffered TCM-199 (Sigma-Aldrich Corp., St Louis, MO, USA) + 10% FBS (199H) and Emcare embryo holding
SGl.ution (ICPbio, Ltd., Auckland, New Zealand) (Emeare) during the denuding, enucleation, injection, activation, and holding steps. Parthenogenetic
&ctivation (PA) embryos were used as a control for both media. There was no significant difference in fusion rate when either 199H (63%) or Emcare
(76%) was used, The cleavage, 8-cell, and morulae development rates of SCNT and PA were not significantly different when using either 199H
or Emcare (Table 1). However, the blastocyst formation rates of SCNT and PA in Emcare (44% anc 29%, respectively) were significantly greater
than lthosc: of 199H (14% and 18%, respectively; P < 0.05). These results indicated that the manipulation medium is important for SCNT blastocyst
“velopment,

Table 1. In vitro development of cloned domestic cat and parthenogenetic activation of embryos from
different manipulation media

Manipulation ~ Experiment ~ Fused (%)  Cleaved (%) 8-cell (%) Morula(%) Blastocyst (%)

medium

199H SCNT 60/95 (63) 51/60 (8S) 33/60 (55)  24/51 (47) 7/51 (14)*
PA - 61/69 (88) 48/69 (70)  35/61 (57) 11/61 (18)*

Emcare SCNT 70/92 (76) 59/70 (84) 50/70 (71) 40/59 (68) 26/59 (44)b
PA - 70/76 (92) 63/76 (83)  47/70(67) 20/70 (29)°

2bValues with different superscripts are significantly different (P < 0.05; ANOVA),
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EXPRESSION PROFILE OF OCT4 IN PRE-IMPLANTATION EMBRYO
OF CLONED ENDANGERED FELID SPECIES

Sumeth IMSOONTHORNRUKSA', Chanchao LORTHONGPANICH',
Anawat SANGMALEE', Kanokwan SRIRATTANA!, Nucharin SRIPUNYA'
Kwanrudee KEAWMUNGKUN', Wanwisa PHEWSOI', Chuti ;
LAOWTAMMATHRON', Wanchai TUNWATTANA’?, Wachiravit SOMSA’,
Wichit KONGKHAM®, Mariena KETUDAT-CAIRNS',

and Rangsun PARNPAI"
!Embryo Technology and Stem Cell Research Center, School of Biotechnology, Suranaree
University of Technology, Nakhon Ratchasima 30000, Thailand ? Khao Kaew Open Zoo,
Chonburi 20110, Thailand. 3 Nakhon Ratchasima Zoo, Nakhon Ratchasima 30000, Thailand
E-mail: rangsun@g.sut.ac.th

Leopard and marbled cat are members of the felid family and considered to have high
risk of extinction. Our previous studies have showed that domestic cat oocytes Were able to be
used as recipient cytoplasm for Jeopard cat and marbled cat cloning. The previous results showed
that leopard cat cloned embryos could develop to blastocyst stage while marbled cat cloned
embryos could not develop beyond morula stage. The expression level of Oct-4 has been
suggested as one of many important factors that necessary for survival and development of the
embryo. Therefore, the aim of this study was to examine the expression profile of Oct-4 mRNA
at 1-, 2-, 4-, 8-cells, morula and blastocyst stages of individual cloned domestic cat embryos
comparing with the profiles of leopard and marbled cat embryos which have been cloned using
domestic cat oocytes as recipient cytoplasm. The profile of Oct-4 mRNA was analyzed by
quantitative real time PCR. The IVF-derived domestic cat embryos were used as control group.
In every stage of development, IVF-derived domestic cat and cloned leopard cat embryos
showed similar expression profiles of Oct-4. The expression level of Oct-4 increased during
development and was highest at blastocyst stage. The result also showed that cloned domestic cat
and marbled cat embryos had altered expression patterns comparing to the [VF-derived embryos.
The level of Oct-4 was reduced in cloned domestic cat blastocyst and reduced in cloned marbled
cat morulae. These results demonstrated that the expression pafiems of Oct-4 in cloned felid
embryos might have some effects on the in vitro developmental efficiency particularly at
blastocyst stage. From the result we can concluded that the differences expression pattern of Oct-
4 during embryo development could characterized the developmental efficiency of cloned felid
embryo.

This study was supported by Suranaree University of Technology and Thailand Research Found
(TRF-Master Research Window II Grant).
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DEDIFFERENTIATION OF MARBLED CAT (Pardofelis
marmorata) NUCLEI AFTER RECONSTRUCTED WITH
ENUCLEATED DOMESTIC CAT AND BOVINE OOCYTES

Sumeth IMSOONTHORNRUKSA', Chanchao LORTHONGPANICH', Kanokwap
SRIRATTANA', Nucharin SRIPUNYA, Chuti LAOWTAMMATHRON', Wanchaj
TUNWATTANA’, Wachiravit SOMSA®, Wichit KONGKHAM?, Kavee
KRETAPOL’, Mariena KETUDAT-CAIRNS', and Rangsun PARNPAT"

4 Embryo Technology and Stem Cell Research Center, Nakhon Ratchasima 30000, Thailand. 2
Khao Kaew Open Zoo, Chonburi 2011 0, Thailand. ® Nakhon Ratchasima Zoo, Nakhon
Ratchasima 30000, Thailand.

*E-mail: rangsun@sut.ac.th

Marbled cat is a member of the felid family and considered to be risk of extinction.
Somatic cell nuclear transfer (SCNT) has potential to conserve endangered species. This study
was carried out to investigate the possibility of using domestic cat and bovine oocytes ag
recipient cytoplasts marbled cat cloning for marbled cat cloning. The developmental capacity of
both recipient cytoplast was also compared. A small piece of marbled cat (MCC), domestic cat
(DCC; control) and bovine (BC; control) ear skin were biopsied and cultured in vitro. Fibroblasts
from the three cell sources were used as donor nuclei. The sources of recipient cytoplasts were
domestic cat (DCO) and bovine (BO) oocytes. The SCNT procedures of DCC and BC have been
performed as previously report (Lorthongpanich C et al. Reprod. Fertil. Dev. 2004. 16: 149 and
Laowtammathron C et al. Theriogenology 2005. 64: 1185-1196) The cloned MCC-DCO and
DCC-DCO embryos were culture in vitro using DCO’s culture system and MCC-BO and BC-BO
embryos were cultured in BO’s culture system, respectively. The MCC-BO blastocysts were
stained with 10 pg/ml Hoechst 33342 and the cell nuclei were counted.

Tablel. In vitro development of cloned marbled cat and bovine embryos after reconstructed with
domestic cat and bovine cytoplasts.

o — Fused Cleaved 8-Cell Mor BL
(%) (%) (%) (%) (%)

BEC.DCD 78/98° 69/78° 50/78°  27/69°  21/69°
(80) (88) (64) (39) (30)

MCC- DCO 76/101*  65/76° 39/76°  16/65°  0/65"
(75) (86) (51) (25) (0)

MCC-BO 78/98° 73/78* 64/78°  10/73%  7/73b*
(80) (94) (82) (14) (10

BC-BO 95/120°  79/81* 66/81°  36/79*  25/79°
(19 (98) (81) (46) (32)

*®Values with different superscripts indicated the significantly different; P<0.05 (ANOVA)

* Early blastocyst like embryo

' The result found that MCC fibroblasts could fused with DCO (75%; 76/101) and BO
(80%; 78/98) with no significant different. The cleavage and 8-cell stage rates of MCC-DCO
were not significantly different from DCC-DCO but significantly different when compared with
MCC-BO and BC-BO, respectively. After staining the MCC-BO blastocysts have about 8 to 16
nuclei. Therefore, we called blastocyst like embryos. These results demonstrated that the early
development of cloned marbled cat was influenced by recipient cytoplasts, while the
development to blastocyst was donor nucleus specific. The domestic cat and bovine cytoplasts
could supported mitotic cleavage of marbled cat nuclei up to morula stage, but were not able to
support the development up to blastocyst stage.



38

[ < ]
HA. A3, INTIIA WIaWe
d‘i ar d ]
1. ¥@ (mm"lwﬂ) U FIFTTIA WIane
(7MY1D9NDY) Mr. Rangsun Parnpai

o 1 @ i <
dundailagiiu danemdnsiasd

2. munwneiinsilszainnlszevu 52 2094 00002 42 3

i
Tala ¥

3. miwauileginade’ld
e aandvma Tuladdanm dnindsmaTuladmsinuas
wnIneaoma lu ladgsus
111 D.UM1INITE 9.55UT3 D483 2.UATIIHTU 30000
N3. 044-224234 TN363. 044-224154

Nogthu: 51/31 vy 6 a.gsus pudled 1.uAT1FIN

4. sz iamsanmn

4.1. YSyanas mMv139 Faane iaw 2523
A UMINGIABYIN sz Ing

4.2. 5N Tn i dadrane Tiaw 2525
aonifu umInedunsaseaas Uszinst Tne

Thesis title: Plasma progesterone and oestrone sulphate during early pregnancy
in swamp buffalo.
4.3. 1/Sqyayuen @1u1311 Animal Reproduction 11191 2541
#0111U Kyoto University Usznet difu (8sunusyuadgiv)
Thesis title: Study on the establishment of bovine embryonic stem cells.
44. Anousuman Embryo transfer and in vitro fertilization in farm animals.
{é’f‘wnu British Council
017U Cambridge University, UK. 531319 WRATN10W 2527 - AUAWUT 2528,

4.5. 9U1FNAUIANIFIFN: International Embryo Transfer Society (IETS)



39

5. sz iAmamans:
s v aw Aav a -3 o
-9 Fumaw 2525 — 31 emnu 2543 1in33e Iassmsateinnnans Ine-nusesuaud
AMEFALANEFENS YRINTANMIINGTEY AFUNKA
=3 as o o et a a =
- 1 ngeamen 2543-Tegtiu ewisdilszirevima Tulatinmdnindnma luladmsinuas

wyanendema TuTabgsuns 2.uaswdin

o -
6. MUTINANNA NIV IR
a w1 A ¥ a1 = 7Y
6.1 m3lnauiladaseuln nsziie gns uwd lasldaaaiamoiluranauuny
9 @ A
6.2 mitherhnaleouln nszile iy
6.3 milfauslunasaudala nazile
6.4 Embryonic stem cells

6.5 Cryopreservation of gametes and embryos

7. HR I

7.1. Al sszAuunnna

Liang Y.Y., Ye, D.N., Laowtammathron, C., Phermthai, T., Nagai, T, and Parnpai, R.
2009. Effects of chemical activation treatment on development of swamp buffalo (Bubalus

bubalis) oocytes matured in vitro and fertilized by intracytoplasmic sperm injection.

Reprod. Domestic Anim. DOI: 10.1111/5.1439-0531.2010.01636.x

Imsoonthornruksa, S., Lorthongpanich, C., Sangmalee, A., Srirattana, K., Laowtammathron, C.,
Tunwattana, W., Somsa, W., Ketudat-Cairns, M., and Parnpai, R. 2010. Abnormalities in
the transcription of reprogramming genes related to global epigenetic events of cloned
endangered felid embryos. Reprod. Fertil. Dev. 22: 613-624.

Tanthanuch, W., Thumanu, K., Lorthongpanich, C., Parmpai, R. and Heraud, P. 2010.
Neural differentiation of mouse embryonic stem cells studied by FT-IR spectroscopy.
J. Mol. Struct. 967: 189-195.

Laowtammathron, C., Cheng, E.C., Cheng, P.H, Snyder, B.R., Yang, S.H., Johnson, Z.,
Lorthongpanich, C., Kuo, H.C., Parnpai, R. and Chan, A.W.S. 2010. Monkey Hybrid

Stem Cells Develop Cellular Features of Huntington’s Disease. BMC Cell Biology 11: 12.



40

Sripunya, N., Somfai, T., Inaba, Y., Nagai, T., Imai, K. and Parnpai, R. 2010. A comparison of
Cryotop and Solid Surface Vitrification methods for the cryopreservation of in vitro
matured bovine oocytes. J. Reprod. Dev. 56: 176-181.

Srirattana, K., Lorthongpanich, C., Laowtammathron, C., Imsoonthornruksa S., Ketudat-Cairns,
M., Phermthai, T., Nagai, T. and Parnpai, R. 2010. Effect of donor cell types on
developmental potential of cattle (Bos taurus) and swamp buffalo (Bubalus bubalis) cloned
embryos. J. Reprod. Dev. 56: 49-54.

Thumanu, K., Tanthanuch, W., Lorthongpanich, C., Heraud, P. and Parnpai. R. 2009. FTIR
microspectroscopic imaging as a new tool to distinguish chemical composition of mouse
blastocyst. J. Mol. Struct. 933:104-111.

Suteevun-Phermthai, T., Cﬁrchoe, C.L., Evans, A.C., Boland, E., Rizos, D., Fair, T., Duffy, P.,
Sung, L.Y., Du, F., Chaubal, S., Xu, J., Wechayant, T., Yang, X., Lonergan, P., Parnpai,
R., and Tian, X. 2009. Allelic switching of the imprinted /GF2R gene in cloned bovine
fetuses and calves. Anim. Reprod. Science. 116: 19-27.

Lorthongpanich, C., Yang, S.H., Piotrowska-Nitsche, K., Parnpai, R. and Chan, A.W.S. 2008.
Development of single blastomere derived mouse embryos, outgrowths and embryonic
stem cells. Reproduction 135: 805-813.

Lorthongpanich, C., Yang, S.H., Piotrowska-Nitsche, K., Parnpai, R. and Chan, A.W.S. 2008.
Chemical enhancement in embryo development and stem cell derivation from single
blastomeres Cloning Stem Cells 10: 503-512.

Lorthongpanich, C., Laowtammathron, C., Chan, A.W.S., Ketudat-Cairns, M. and Parnpai, R.
2008. Development of interspecies cloned monkey embryo reconstructed with bovine
enucleated oocyte. J. Reprod. Dev. 54: 306-313.

Parnpai, R. 2007. Production of cloned embryos in buffalo. Ital. J. Anim. Sci. 6. Suppl. 2: 102-
106.

Chan, A.W.S., Lorthongpanich, C., Yang, S.H., Piotrowska-Nitche, K. and Parnpai, R. 2007.
Competence of early embryonic blastomeres for establishment of embryonic stem cell
line. Ferti. Steril. 88: S396-5396.

Muenthaisong, S., Laowtammathron, C., Ketudat-Cairns, M., Parnpai, R. and Hochi, S. 2007.

Quality analysis of buffalo blastocysts derived from oocytes vitrified before or after

enucleation and reconstructed with somatic cell nuclei. Theriogenology 67: 893-900.



41

Suteevun, T., Smith, S.L., Muenthaisong, S., Yang, X., Parnpai, R. and Tian, X.C. 2006.
Anomalous mRNA levels of chromatin remodeling genes in swamp buffalo (Bubalus
bubalis) cloned embryos. Theriogenology 65: 1704-1715.

Suteevun, T., Parnpai, R., Smith, S.L., Chang, C.C., Muenthaisong, S. and Tian, X.C. 2006.
Epigenetic characteristics of cloned and in vitro-fertilized swamp buffalo (Bubalus bubalis)
embryos. J. Anim. Sci. 84: 2065-2071.

Laowtammathron, C., Lorthongpanich, C., Ketudat-Cairns, C., Hochi, C., and Parnpai, R. 2005.
Factors affecting cryosurvival of nuclear-transferred bovine and swamp buffalo blastocysts:
effects of hatching stage, linoleic acid—albumin in IVC medium and Ficoll supplementation

to vitrification solution. Theriogenology 64: 1185-1196.

7.2 dinaueranulumailszaaunnma

Srirattana, K., Ketudat-Cairns, M., Phermthai, T., Takeda, K., Nagai T. and Parnpai, R. 2009.
Somatic cell nuclear transfer in swamp buffalo. Proceeding of Buffalo Propagation
Conference, 17 December, 2009, Tainan, Taiwan, RPC.

Srirattana, K., Takeda, K., Matsukawa, K., Tasai, M., Akagi, S., Nirasawa, K., Nagai, T., Y.,
Kanai, Ketudat-Cairns, M. and Parnpai, R. 2009. Quantitative analysis of mitochondrial
DNA in swamp buffalo (Bubalus bubalis) interspecies cloned embryos. Proceeding of the
6" Annual Conference of Asian Reproductive Biotechnology Society conference, 16-20
November, 2009, Siem Reap City, Cambodia. P.57.

Parnpai, R. 2009. Progress of inter-species somatic cell nuclear transfer in bovidae and felidae
family. Proceeding The 7" Asian Symposium on Animal Biotechnology. Chungbuk
National University, Korea, 19 June, 2009.

Suksawaeng, S. Danna, Y. and Parnpai, R. 2009. Heart chicken may able to maintain and induce
mice embryonic stem cells to form hepatic plate-like structure. Proceeding of the 4" World
Congress on Regenerative Medicine, 12-14 March 2009, Bangkok, Thailand. p.174.

Srirattana K., Laowtammathron C., Devahudi R., Imsoonthornruksa S., Sangmalee A., Tunwattana
W., Lorthongpanich C., Sripunya N., Keawmungkun K., Phewsoi W., Ketudat-Cairns M.,
and Parnpai R. 2009. Effect of Trichostatin A on developmental potential of inter-species

cloned gaur (Bos gaurus) embryos. Proceeding of the Annual Conference of International



42

Embryo Transfer Society, 3-6 January, 2009, San Diego, USA, Published in Reprod. Fert.
Dev. 21: 126.

Liang Y. Y., Ye D. N., Laowtammathron C., Phermthai T., and Parnpai R. 2009. In vitro
production of swamp buffalo embryos by intracytoplasmic sperm injection: effect of
chemical activation treatments. Proceeding of the Annual Conference of International
Embryo Transfer Society, 3-6 January, 2009, San Diego, USA, Published in Reprod. Fert.
Dev. 21: 230.

Imsoonthornruksa, S., Lorthongpanich, C., Sangmalee, A., Srirattana, K., Sripunya, N.,
Keawmungkun, K., Wanwisa, P., Laowtammathron, C., Tunwattana, W., Somsa, W.,
Kongkham, W., Ketudat-Cairns, M., and Parnpai, R. 2007. Expression profile of Oct4 in
pre-implantation embryo of cloned endangered felid species. Proceeding of the 4th Asian
Reproductive Biotechnology Conference, 24-26 November, 2007. National University of
Singapore, Singapore: p. &9.

Laowtammathron, C., Srirattana, K., Lorthongpanich, C., Imsoonthornruksa, S., Sripunya, N.,
Phewsoi, W., Keawmungkun, K., Davahudee, R., Sangmalee, A., Thongprapai, T.,
Chaimongkol, C., Ketudat-Cairns, M., and Parnpai, R. 2007. Effect of activation
treatments on development of bovine embryos after intracytoplasmic sperm injection
(ICSI). Proceeding of the 4" Asian Reproductive Biotechnology Conference, 24-26
November, 2007. National University of Singapore, Singapore: p. 137.

Lorthongpanich, C., Yang, S.H., Piotrowska-Niches, K., Parnpai, R. and Chan, A.-W.S. 2007.
Embryonic stem cell establishment from mouse single blastomere. Proceeding of the 4"
Asian Reproductive Biotechnology Conference, 24-26 November, 2007. National
University of Singapore, Singapore: p. 112.

Parnpai, R. 2007. The progress of interspecies SCNT: Bovidae and felidae cases. Proceeding of
the 4th Asian Reproductive Biotechnology Conference, 24-26 November, 2007. National
University of Singapore, Singapore: p. 46.

Sangmalee, A., Srirattana, K., Sripunya, N., Phewsoi, W., Keawmungkun, K., Imsoonthornruksa
S., Lorthongpanich, C., Laowtammathron, Ketudat-Cairns, M. and Parnpai, R. 2007.
Birth of cloned goat : a preliminary study for conservation of endangered mountain goat.
Proceeding of the 4th Asian Reproductive Biotechnology Conference, 24-26 November,

2007. National University of Singapore, Singapore: p. 80.



43

Srirattana, K., Imsoonthornruksa S., Tunwattana, W., Lorthongpanich, C., Laowtammathron, C.,
Sripunya, Keawmungkun, K., Wanwisa, P., Ketudat-Cairns, M. and Parnpai, R. 2007.
Telomerase activity of in inter-species somatic cell nuclear transfer gaur embryos.
Proceeding of the 4th Asian Reproductive Biotechnology Conference, 24-26 November,
2007. National University of Singapore, Singapore: p. 130.

Imsoonthornruksa S., Lorthongpanich, C., Srirattana, K., Sripunya, N., Laowtammathron, C.,
Ketudat Cairms, M. and Parnpai, R. 2007. Effect of manipulation medium on the
development of reconstructed domestic cat embryos. Proceeding of the Annual Conference
of the International Embryo Transfer Society, 6-10 January 2007, Kyoto, Japan, Published
in Reprod. Fertil. Dev. 19: 141.

Lorthongpanich, C., Srirattana, K., Imsoonthornruksa S., Sripunya, N., Laowtammathron, C.,
Kumpong, O., Ketudat-Cairns, M., and Parnpai, R. 2007. Expression and distribution of
Oct-4 in interspecies-cloned long-tailed monkey (Macaca fascicularis) embryos.
Proceeding of the Annual Conference of the International Embryo Transfer Society, 6-10
January 2007, Kyoto, Japan, Published in Reprod. Fertil. Dev. 19: 149.

Parnpai, R., Lorthongpanich, C., Laowtammathron, C., Imsoonthomruksa S., Muenthaisong, S.,
and Ketudat Cairns, M. 2006. Recent status of somatic cell nuclear transfer for
conservation of endangered species. Proceeding of the 3 Asian Reproductive
Biotechnology Conference, 29 November — 3 December 2006, Hanoi, Vietnam, p. 44-47.

Lorthongpanich, C., Srirattana, K., Imsoonthornruksa S., Sripunya, N., Laowtammathron, C.,
Somsa, W., Kongsila, A., Kretapol, K., Ketudat-Cairns, M. and Parnpai, R. 2006.
Development of interspecies cloned long tailed monkey (Macaca fascicularis) embryos
after reconstructed with bovine enucleated oocytes and culturing in different condition.
Proceeding of the 3" Asian Reproductive Biotechnology Conference, 29 November — 3
December 2006, Hanoi, Vietnam, p. 125-126.

Srirattana, K., Lorthongpanich, C., Imsoonthornruksa S., Sripunya, N.,  Tangthai, C.,
Laowtammathron, C., Ketudat-Cairns, M. and Parnpai, R. 2006. Cffect of donor cell types
on development of cloned swamp buffalo (Bubalus bubalis) and bovine (Bos taurus)
embryos. Proceeding of the 3 Asian Reproductive Biotechnology Conference, 29

November — 3 December 2006, Hanoi, Vietnam, p. 134-135.



Imsoonthornruksa S., Lorthongpanich, C., Srirattana, K., Sripunya, N., Laowtammathron, C.,
Tanwatana, W., Somsa, W., Kongkham, W., Kretapol, K., Ketudat-Cairns, M. and
Parnpai, R. 2006. Differentiation of marbled cat (Pardofelis marmorata) nuclei after
reconstructed with enucleated domestic cat and bovine oocytes. Proceeding of the 3" Asian
Reproductive Biotechnology Conference, 29 November — 3 December 2006, Hanoi,
Vietnam, p. 140.

Parnpai, R., Muenthaisong, S., Suteevun, T., Na-Chiangmai, A., Laowtammathron, C.,
Lorthongpanich, C., Sanghuayphrai, N. and Ketudat Cairns, M. 2006. Production of
swamp buffalo emryos: Comparison of in vitro fertilization and somatic cell nuclear
transfer techniques. Proceeding of the 5" Asian Buffalo Congress, Naning, China, 18-22
April, 2006, p. 616-620.

Curchoe, C., Suteevun, T., Yang, X., Parnpai, R. and Tian, X.C. 2005. Analysis of the expression
pattern of the imprinted /GF2R gene in cloned cattle. Proceeding of the 2" Asian
Reproductive Biotechnology, 2-7 November, 2005, Bangkok, Thailand. p 159.

Lorthongpanich, C., Laowtammathron C., Monson R.L., M. Wiltbank., Sangsitavong S., Rarnpai
R. and Rutledge, J.J. 2005. Kinetic changes of in vitro produced bovine sexed pre-
implantation embryos. 2005. Proceeding of the 2" Asian Reproductive Biotechnology,
Bangkok, Thailand, 3-4 November, 2005, p.157.

Sang-ngam, C., Imsoonthornruksa S., Tangthai C., Srirattana, K., Tunwattana, W., Muenthaisong,
S., Laowtammathron C., Lorthongpanich, C., Ketudart-cairn, M. and Parnpai, R. 2005.
Interspecies nuclear transfer using female and male gaur (Bos gaurus) skin fibroblasts
reconstructed with enucleated bovine oocytes. Proceeding of the 2" Asian Reproductive
Biotechnology, 2-7 November, 2005, Bangkok, Thailand. p 170.

Suteevun, T., Smith, S.I.., Muenthaisong, S., Yang, X., Parnpai, R. and Tian, X.C. 2005.
Expression of chromatin remodeling genes in cloned and IVF swamp buffalo embryos.
Proceeding of the 2" Asian Reproductive Biotechnology, 2-7 November, 2005, Bangkok,
Thailand. p 97-99.

Laowtammathron, C., Imsoonthornraksa, S., Mueanthaisong, S., Lorthongpanich, C., Vetchayun,
T., Sang-ngam, C., Tangthai, C., Ketudat-Cairns, M. and Parnpai. R. 2005. Effect of two
concentrations of cryoprotectant in vitrification solution on post-warmed survival of

cloned bovine blastocysts vitrified by micro-drop technique. Proceeding of the b



45

International Congress on Biotechnology in Animal Reproduction. Chiangmai, Thailand,
4-6 August 2005, p. 135-140.

Muenthaisong, S., Laowtammathron, C., Lorthongpanich, Imsoonthomsuksa, S., Tangthai, C.,
Sang-ngam, C., Hochi, S., Ketudat-Cairns, M., and Parnpai, R. 2005. Developmental
potential of parthenogenetic activat_ion of swamp buffalo embryos between fresh and
vitrified oocytes. Proceeding of the 12" International Congress on Biotechnology in
Animal Reproduction. Chiangmai, Thailand, 4-6 August 2005, p. 93-97.

Parnpai, R. 2005. Somatic cell nuclear transfer of cattle and buffalo in Thailand. Proceeding of the
12" International Congress on Biotechnology in Animal Reproduction. Chiangmai,
Thailand, 4-6 August 2005, p. 4-16.

Laowtammathron, C., Terao, T., Lorthongpanich, C., Muenthaisong, S., Vetchayan, T., Hochi, S.,
and Parnpai, R. 2004. Effect of hatching status on vitrification of cloned bovine
blastocysts. Proceeding of Annual Meeting of the International Embryo Transfer Society
Conference, Portland, USA, 10-14 January, 2004. Published in Reprod. Fert. Dev. 16: 174.

Laowtammathron, C., Terao, T., Lorthongpanich, C., Muenthaisong, S., Vetchayan, T., Hochi, S.
and Parnpai. R. 2004. The effect of ficoll in vitrification solution and hatching status of
cloned bovine blastocysts on the survival rate after vitrification by using cryotop.
Proceeding of the 1" Asian Reproductive Biotechnology Conference. Ho Chi Minh City,
Vietnam. 12-14 April, 2004, p. 67.

Lorthongpanich, C., Laowtammathron, C., Muenthaisong, S., Vetchayan, T.,Wongviriya, W,
Ketudat-Cairns, M., Likitdecharote, B. and Parnpai, R. 2004. Cloning of leopard cat
embryos using enucleated domestic cat oocytes as recipient cytoplast. Proceeding of the 7
Asian Reproductive Biotechnology Conference. Ho Chi Minh City, Vietnam. 12-14 April
2004. p. 61.

Lorthongpanich, C., Laowtammathron, C., Muenthaisong, S., Vetchayan, T., Ketudat-Cairns, M.,
Likitdecharote, B. and Parnpai, R. 2004. In vitro development of enucleated domestic cat
oocytes reconstructed with skin fibroblasts of domestic and leopard cats. Proceeding of
Annual Meeting of the International Embryo Transfer Society Conference, Portland, USA,
10-14 January, 2004. Published in Reprod .Fert. Dev. 16: 149,

Parnpai, R., Laowtammathron, C., Terao,T., Lorthongpanich, C., Muenthaisong, S., Vetchayan,

T., and Hochi, S. 2004. Development into blastocysts of swamp buffalo oocytes after



46

vitrification and nuclear transfer. Proceeding of Annual Meeting of the International
Embryo Transfer Society Conference. Portland, USA, 10-14 January, 2004, Published in
Reprod. Fert. Dev. 16: 180-181.

Laowtammathron, C., Lorthongpanich, C., Muenthaisong, S., Vetchayan, T., Somwan, S.,
Muankatoke, P., Patitung, S. and Parnpai, R. 2003. Production of dairy and beef cattle by
cloning technology. Proceeding of the 1 0" Tri-University International Joint Seminar and
Symposium. Mie University, Mie, Japan, 21 October 2003. p. 389-393.

Laowtammathron, C., Terao, T., Lorthongpanich, C., Muenthaisong, S., Vetchayan, T., Hochi S.
and Parnpai. R. 2003. Effect of Ficoll in vitrification solution on the post-warmed
development of vitrified cloned bovine hatching blastocysts. Proceeding of Stem Cell and
Somatic Cell Cloning Research. Present status and future trends. Chulalongkorn
University, Bangkok, Thailand, 3 December 2003. p. 48-51.

Lorthongpanich, C., Laowtammathron, C., Terao, T. Muenthaisong, S., Vetchayan, T., Hochi, S.,
and Parnpai, R. 2003. Developmental potential of cloned swamp buffalo embryo
reconstructed with vitrified matured oocytes. Proceeding of Stem Cell and Somatic Cell
Cloning Research. Present status and future trends. Chulalongkorn University, Bangkok,
Thailand, 3 December 2003. p. 43-47.

Parnpai, R. 2003. Mammalian somatic cell cloning status in Thailand. Proceeding of Stem Cell
and Somatic Cell Cloning Research. Present Status and Future Trends. Chulalongkomn
University, Bangkok, Thailand, 3 December 2003, p. 18-26.

Parnpai, R. and Tasripoo, K. 2003. Effects of different activation protocols on the development
of cloned swamp buffalo embryos derived from granulosa cells. Proceeding of Annual
Meeting of the International Embryo Transfer Society Conference. Auckland, New
Zealand, 11-15 January, 2003, Published in Theriogenology 59: 279.

Parnpai, R., Tasripoo, K. and Kamonpatana, M. 2002. Comparison of cloning efficiency in bovine
and swamp buffalo embryo using fetal fibroblasts ear fibroblasts and granulosa cells.
Proceeding of Annual Meeting of the International Embryo Transfer Society Conference.
Foz Do Iguassu, Brazil, 12-15 January, 2002,, Published in Theriogenology 57: 443.

Parnpai, R., Tasripoo, K. and Kamonpatana, M. 2001. Developmental potential of vitrified cloned

swamp buffalo morulae derived from granulosa cells. Proceeding of Annual Meeting of the



47

International Embryo Transfer Society Conference, Omaha, USA, 13-16 January, 2001,
Published in Theriogenology 55: 284.

Parnpai, R., Tasripoo, K. and Kamonpatana, M. 1999. Development of cloned swamp buffalo
embryos derived from fetal fibroblasts: comparison in vitro cultured with or without

buffalo and cattle epithelial cells. Buffalo J. 15 (3): 371-384.

7.3 fnilunsnsszauni
w d Y 9 a o s d v a W Al d A @ o A
Funsih doneamnilyd uaz Feassn wianwe. 2546. M3 laauilsdualydiiiesyintuagiy
o LY.L @
SudatlndgayWug. Lab. Today. 2: 33-37.
(%] ¢ o w 1 o o
Saersse wiavha. 2530. oaa agiiu uaz ewanvesmisierndasou. namsdaumng 16:

258-269.

~ ar de

Fassn wavhe  assnwy lann uddssw nuaiaue  M5s Iihge A eEdnaTaue
sy dunsled sivde gassaiine Usenns Jaluas woal agiu oy auaian
fupTzaa. 2530. Msderhadaseu (B.T.) Tuilszmelne. umunwas 15: 271-280.

Yaas3n wavhe waz fundidh deneamilvd. 2545, wwamemslaauiufiooyinduagii

o @ o 9 w d e oIy M
tudailndgaiug. 1sarsdadifudedIne. 10: 82-85.

7.4 inauelumailszyuszavna
w = aw w o d [¥) d
wiynd udayenm Mg el Ay daiainaey uag Faassa wame. 2553, HaV03
o 1 a a aa =3 ' [y
Iﬂ'iﬂllﬂﬂlﬂﬂﬁﬂﬁ]ﬂ'lil‘i]ﬁﬁgmﬂiﬂ‘ﬂﬂﬂﬂ'ﬂﬁﬂLﬂﬁﬁju']ﬂLﬂﬂﬂ'IUUi’Jﬂ'i'I\‘iﬂ']Elﬂluﬂ'i$ﬁﬂ‘ﬂ'ﬁﬂ:
= Ay a & o o =t s
NITANEUUDIAU. ﬂ'lﬁ'l]i&"_ﬂb’il?%’?ﬂ?ﬂﬂyﬁi TN 11 152911 2553 amsnyasmans
NWT?WEJ?EJWEI‘UBHUH'H. ‘Hﬁ"l 309-313.
a d A @ a o o ) o @ = 17
ywesuns asilygn maswn Jaan b uled diafos nuntssa #ifaun v3gya iy
o d T a a 9t a = o (B
U 3333 WIAaWI8. 2553, ﬂﬂiWﬂTiL%iﬂJWiﬂﬁJﬂQﬁu'ﬁiuﬁﬂﬂﬂlkﬂ?ﬂ]ﬂﬂi“{lﬂﬂuiﬂ
[ 1 d g a 4 % il . { o

NEI9INUBLAIAIIT Cryotop 1Az Solid Surface Vitrification. (FouAun151/52 90NN
a a @ Ls a’y { s
’J‘H?ﬂ?ﬁ&fﬁ'??Wﬂ?ﬁﬁf!ﬂyﬁiﬂ?ﬁ'ﬁiﬂfi\?ﬁ 48 ﬂ’?‘i{?ﬂﬁ??!JWWﬂﬂTﬁ'ﬁ{ NTINNA, ?’Tﬁ’] 103-
108.

s

= d a 9) ~ w a d s d
HUATY HINIDY  AUNITIU ATTAUT YFITUNT ﬁi‘ﬂﬂ]ﬂ]’] AIUIUT ﬂiyiy'lul’) WA 33q39A

[ ) o

ar = a1 A = § =3
Wi, 2553. 9AT1N1T0IYURIAIBNF T Ideinms Inauiedwyila, (Fouaunis



48

a a as o 3 { as L4
32 gunNTVING YMIINGBUNHATAIAATATIN 48 AIVITAWNWNEAITAT. NTUNNC,
i1 238-245.
MUY MADe uaz Feasn wawe. 2553. dasimsegseaves ldgnnaziieldnnriums
vitrification A287F Microdrop Lag Cryotop LAZMIDIYAL INUDIAIDOUNEHAINT
A w = 9 =2 = a = = s o
faadegidn lulaIa wanady. Feudumsdsequndnmsumanendanyasmans
; { J { s o
AZaT 48 1aN7A 3 FNFAWANGAIAAT. NFUNKA, U111 95-102.
W 2 @ a 1 a o a o = o
AUAITTAL ATTALT T DUGUNTSAYT AR 1MAI5TINES Sun i deneeniiyd yrasuns

=)

[ d a as = e L4 Qs  w
Ailayen Tudend Adades aingd udyag gNFINT M1MA Uy 1A Tud

w o

aoa a a d o
UAAUE YT INYG AU UITU NANA-AITUT Lo %J\‘ii’fﬁﬁ w'lﬂ‘wl'lﬂ. 2552, WU

e

Trichostatin A ADBATINTAI AL TnueA80U In Inauiliuazdroeunsyinglaay
2 a g =3 a a Y « a'y { 1 {
Hauata. FeuAuN 175 YUNNIVINITYDIUHIINGIRUINYATAIGATATIN 47 1aUTN

2 @FRT. NFUNNA, Wi 10-16.

]
a [

=y 1 [ w P=1 ar d Y g9 a d
WA LAIDITHTT NUNITIW ﬁ?ﬁﬂu"l DUIY HEINIA PIUT DUGUNTINET IUNTI ONDIWIUVY

d. I3 =a s

= o v oA o a 9 ar
HFVIUNT ﬂ'?‘ﬂigﬁyﬂ IUINIY WITIDY VIUA AN NTIUN mamﬁ 5ITNYN

o q q

v w a @ LAy [ d
ﬂﬂﬂﬂﬁzklw T‘Uﬂ‘ﬁﬂ TYUIAD WITUN Lﬂﬂﬂﬂ-ﬂﬁlﬁuﬁ LR I3TIIA 'N'lilwl'lﬂ. 2552. Qﬂiﬂ

A a g/ w 1 [~ aga U A o
Taauilanaanni1saerInA18eU L9 IasIT vitrification UULNEA. (58UANNIT
=) =Y ar o u‘? { [ { L e
YsggunNININITYRIUHIINGAUNHATAIAATATIN 47 (AN 2 1YITAT. NFUNNC,

W11 99-105.

= ar = a ') w d 9 9/ =Y o
MYIUNIN (MDET  BUNY UENND FIUT DUGUNTTNYY TUNTIN AONBINHBE AUNITTN
- o =Y d = w A o a (7] s = g) = 1
AT Tau yyasuns el Ju3and AraTes vingha udIeaY ¥R IMAIBTINES
= Y 3 4 Y] d
AU 18 WITUT INATA-AITUT Uaz Seassa wiawie. 2552, Wavedn1s ldaisadl
ﬂﬁzﬁffumsuﬁqﬁasﬁiamﬁﬁmuwmﬁaéauﬂsgﬁamtma”ams ICSL g?a»uﬁymﬂlszzm
a = a o u’y { ] { o
NMNTVINITYOIUHIINGIBUNHATIIAASATIN 47 DU 3 DIV ITAUNNEFIANT,
AJUNN, MT11 78-86.

o a

ar a [ a d 4 s a o
BUAY Llﬁﬂ?d"lﬁ T ‘qu'um‘iﬂm %Uﬂﬂgﬁ ADNDINWIUHY AUNITINU ﬂ?‘iﬂm HUITUNT

e

@ oA o =

eiitleyan Fuded Aades wiyed udean ¥R mdsssuss gnidad mama
311 INgRA-MTUT naz Faassa wiavhe. 2552, narauradduIuuaosE AN
uazaninvesdaseuTalnauis. (Foudunisyszyuniairinisves
uniinensunyasmansasani 47 @it 3 aradaummemans AJUNWA, Ml 87-

94.



49

a ar a o a d w as = T
s dUAUNISIET SunSId deneamiiud oudy LA A NUAITIM ATTALN YA IMATTTTUTDS
a o o 4 (%) d i o 9) s
131 ngia-msud nay Yaassa wiawie. 2551, MsuaasesnvesiuiinuIteeny
o 1 v o v o =
AT¥1IUMT nuclear reprogramming lu@IseudAInTzgauu Inagaug lnauil,
A o a ar = ala " ?
Feudumsmsyszyninmaseavunnydanauma lu lagyinmuvaszmeIne.
UMENIAN, M1 292-297.
Qs s o a d s d
AQYIUI TITUY 251AT01 Aaeenyy Tuniisr  demeemiiyd  uay Swassa wawe. 2551.
= [ 4 = Yy do as .
NTANEIAI00UTZIZUAIA InGFUDINYLIAAI87T synchrotron infrared
§ o
microspectroscopic mappings 0$ focal plane array imaging. J?mmymsmsﬂiszm
JnmsseauunnmaaIauma lu lagdnmuvalsamea lne. umensay, v 131,
v W @ ¢ v a o ¢ o = = o Jeiq ¥
g3de Saugy Feassn wiaviw uaz 15U ngiia-asud. 2551 msalSeuien Insiesnly
§ o a as =

Tumsasnasumauedln. Goudun1sn15Use yuIMINITTEAUUININIATYIAY
ma Tu TagFanmuvilsamea Ine. uvnensany, v 184,

= 4

a [V 2 [ a 1 as o
VIYEGA LN AUNITIU ﬁ?smm WND DUGUNTINYT YA IMAIBITNTT %Hﬂﬁl‘i’h

g9} =

4 a od @ a d a o = e d a
ApNDINTUTY UUITUNT ﬁ‘jﬂﬂélfg'] AUV N?ﬂ%ﬂﬂ DU LEIUA NTIUN NN A

as

a s (%) 1 w o w
1 Fuen 3w ingia-miud uaz Feassd wiavie. 2551, mseyind Inwugu

oo

o o a ] =3 a a o Ll
ﬁ’]WuUTﬂﬂﬂ’]'i‘n’lIﬂﬂuuﬂ. !?ﬂ\ﬂﬁﬂﬂ'lfﬂjgﬁgl'ﬂﬂ?ﬂ??l'?ﬂ']??fﬂ\? UNINBUNHATHITAT

3
ar ar o 9/

ATIN 46. TV, NFUNNA, Y11 25-30.

b,

=

yrasund fsdayan nunassa A3Sau 4R maisssuss Sudmd Aades gniiad v
oudy uerand v ingd udayanu s sugunsine Sundid deneanilad wsun
gie-msud  ude duaug sssuyy noadseln Teade Fouana uaz Saassa
wiavhe, 2551, ManAansziia Inauiis Tasmaiians Tnauiisdweiia, Soudunis
Uszquma3inisves uniinerdunyasmans asei 46 g NFUNNA, U1
78-84.

uiand Aades ywesuns esilemn aundssa A3 saun oudy umand aiynd udduean

Qs BugunsSnm R masssuss  sundid deneewilyd  qniiand mnyd
w131 ngia-miud uae Yaerssd wavhe, 2551, gaunsiannmsTaauiiineld
wrad I Tusuaaainlupihuaaddunuy. FoudunisUsequniednnisves
unnedunyasmans aiii 46, andad. agamwa, wih 1924,

ouy urand quus duqunsinm sundid denesmnilyd nunassa aiiau yweSund
3 Tya Sudand Avades vinnd udayana 4f marmssuss gniiad maya

a w s o @ ¢ 2 a o
U171 Lﬂ@‘ﬂﬂ-ﬂ"ﬁuﬁ HEae 330338 W'I’(?W'I"IEI. 2551, Qﬂlm‘]ﬁ’luiﬂﬁuuﬁmﬂ‘ﬁ'}ﬂﬂ?ﬁ‘ﬂ"l



50

theshnilndoaveusadseme. Foudunisdssquneinnsves uminerds
inymsmans nsafi 46, arndad. agamma, nh 85-90.

s Bugunsine Sundid1 Aenoawiiiad oudy ueand aunassa ofF Saun yreTund
rilan vinga udnpeaa Judad iades ¢f masssuss Tude dufeug 155308

aa o a Y ar d
TAHE YA NDIAT WITU Lﬂﬂﬂﬁl—ﬂﬁuﬁua?; AW IIN W'lﬁ'ﬂ"lﬂ. 2551 MIUTAIDDNUDY

w o A o

=1 a0 a w o o = a
8U Oct4 “lumﬂauiﬂaumﬁmngauu'ﬂﬂaqmwu'ﬁ. JSBGJﬁﬁJﬂ'Iiﬂia‘f‘fyﬂ’JWTﬂ?iﬁ@m

q

sans asafi 4 YDULAY, N1 344-348.

4R MA5IINET NN T ASSANT Sundidh Aenesmiiad qus Bugquns s ysasuns
3fyan Sudad Arades aSuynd udnpqa qniiad mama oudy uaeund
555Uy nelsyln Tyade Fousaa urur ngiia-msud uay Yaassa wiane.
2551. Nammm‘sﬂﬁzﬁ'umsm?ﬂgtﬁuimmﬁud@uTﬂﬁwﬁmiﬂﬂfﬁ%gﬂé. (Soudunis
Us:zfyﬁ'ir?ﬂ?itfmmﬁmfﬂ%ﬁ 4 UBUUAY, M1 349-352.

@ d v o o d ) a 0 = a o “ s d
VUNTLT ADNDIWTUBY LLWIVI VU1 ﬂ'lISﬁ‘L!'] LWUIT’IEﬂﬂ']-H‘]ﬁ‘H LLFJH'I"VI‘H P A IIT@IIN

Ada "W o ‘Y o

Wiane. 2551. f’l'l'.iTIﬂ'ﬂﬂ‘lJff'li!ﬂﬂJ‘i’lﬂJNﬁﬁf]ﬂﬁ‘i’lﬂ'J']ﬂJﬁ']Lg‘i]ﬂl?]ﬁﬂ'liﬂﬁm"‘lfﬁflﬂuﬂﬂﬁﬂ

F 4
¢ a o

a1 da 1 1 @l § =3 = [
W'Jﬂﬂui)'lﬂl"liﬁ'ﬂﬂ?ﬂﬂuﬂﬂuﬁ$ﬂ$dﬂﬂ'}]. l?ﬂx’i’!ﬂﬂﬂ?jﬂﬁb’ﬁyl!?“.b"m?b'ﬁﬂ?f‘ﬂﬁﬂ3' FINN 4

YOULAY, Y111 340-343.

v oa Y g =i 9

o = = ar a o o a
BUIY LTINIA DUNITIM ATIAU HYITUNT Fﬁ'ﬂﬂ]ﬂ]’] AUITY WITIDY VIYOA LNIYIND

o oo o q

a o =

= m ) ¢ gl 9) ] = ar o o
T BUGUNTTNYY TUNTI AONBIMNTYS 4R 1MAITITUTT WI5UT INANA-A1S U
a d o o ‘ o > =<f
waz Saarssa wiavhe. 2551, anuduis lumai Iaautamzuazaudiu 'l 18 luns
oq ¥ i 2 ] o - o g B
Uszgndlylunmseysniidean. (Fewdumsseyuimmsdnlmans asan 4
YOULAL, M1 332-335.

o a

= ar = [0 w oo v w a o a
AUNITIU ATIAUT PINT DUFUNTINYT IUTY AUIAIUS ‘ﬂu‘ﬂﬂ%‘l %ﬂﬂ@ﬂWTu‘h’fJ Uha

a = v

v a I'd @ a ¢ a =Y w
IMANTITUET Y¥oTuNT ilyan ¥ignn udaequ uddd Aaaios 13 NANA-
o 4 Qr d ] Y o a '
MIud uag Faassn wave. 2551, MIwIy@n lauaznvnssuveaeu lydim lawe
@ = a 9 v @ A =1 a as 4 J af
aludieunsens lnautisdwaioius. FOUANMTY 52 YUITIMTANIAITAT A5IN
4 U9UUAY, YT 336-339.
= 1 ar o = o c; a [N
%A IMAIFTTUFT  SUNTID aeneawilvd FIUT OUFUNITIYY  OUTY LA AUNITTAL
= ar = g @ e d o 9) @ = 9
ATTau yyasuns astlygn 3l dAddes wdwgd UNEA  TITUYY
n) W = W o 4 [y} d
noailszln Tyady donena  wisumaia-msud  uaz Feossd wianhe. 2550.

LY s
Uszdansnmmslgauuazsasimsiaunlunasaudivesdiseu Taunlaslminge



3l

V 1 @ g <1 a a as
Tauuugudsainela 5 @2, (Feuaunsdigyun1IINITYEINHIINGIAY
nf - a o
INYATAIANT ASIT 45. AVIEAT. DFUNNA, Wi 245-250.
A ar = ' 7] d =Y =
QT BUGUNTINYT YA IMAIFITUDT Sunsidn deovoamiiiwd  AUAITIA ATSAUN
= a w T w a s o o ar d
yrosuns failyan eudy HENINR 39 TUAyRy 3NTUIAGIA-TUE Lo 59
T as g 9 W L 1 o o LI~ 1 9
savhe. 2550. sasMsaanerasnsiedhndlseu lausmiiuusudsudiedin
[V | 3 " o q &
Taense n3amsandveunuy 3 dussunowh lldwdhn. Feudumsyszyunn
=Y a as o a’!’d’ a o
SUINITYBIUNTINGBUNATAIAAT AT 45. A1NFAT. AFUNN , T 260-265
a ] ar o a a w w =
%A IMONTITUTI Jumsid deveamiiisd  quus duqunssne  AundTI ATTANT Ay
Qs 'd = Y] 4 [ g 1 a a0
Fadrinaad wiur naia-msud uas  Sassd wavhe. 2549, mInAndIBeY
n:; = =) U as = = a:’ d’
usne Ianauslunaeanin. msseyudunn/Syguenmgawinien asan 47.
1 9
W, Hi 7.

=

= s ar o a o o = o
T BUFUNTINY Funsidh doveamiiled AumssaAITaul ywesuns Aillyan e
1 a ) o o [ d a a
MAIBITUET WNTU NANA-AITUE LaE 3985350 WIaWE. 2549. ANTWAVDIVUIANT
Vo = ar g N = st
Hnvontinilaen @edATINITIOAFIANAIVINLLLUIIUY vitrification VYDIAIDDULL
] £ r
fhuTaauiie. msdlszyuduunny/Fyguennigouiinn aseil 47. v, nil 59.
' 24 i & P P % o a ¢ -
AUMSIN ATSAUT  TUNSIA1 deneewitiad g dugunIinE  ywaTund eatwan
a ] = ) d 4 (¥ d
BUYYN uAdIng 4R IMAIEITNET MTU INAiR-ASUd uay Seassn wanes. 2549,
o 1 as a = ar 1 o A
HAYBUTATAULVUADBATINITI A Tnvesdl8ounsziloldan laauile. Ny
L '
sgquduannlTyyuanmigoundmn asai 47. s, vih 47-48.
o W w d a 1 s d Y 9 s d = A =
5AvYe YEUA YA IMAITITUTT  TUNTIVT AONDINIUYED FIAT v lsae Yewe msaud
a @ o o =Y = o a wa an o =
yisuuRgNa A1sud A iunssInn auwey 1hads aunia ATgaudsey 50
a o o r d v a a A A a o
MduSe uag Saassn wiavhe, 2548. MawiyAn Inveagn la laauilsinaaannwsan
] Y] 4 o w § =
IdTusvanaluyvesvio TaWufusividu, (Foufumsdseyuirinis
) Qs o aj’ { @ o
UMTINBUNYATAIAAT ATIN 43. T1YIFAD. NTUNNA, Wi 67-72.
= 4 = [ ) d 9o = o =, [ @ o e
qins1 wilsas 4@ MaI1mIINEs TUNTI AoNDINIGITY T DUGUNITAYT FudnT
@ ar Y] o = w o aaa =
WESIN FUWYN 1ad Ine 53vd nrdua 115U 1heiia mMsud a0 Ja¥ uas
) d - a W 1 @
Faasan wiavhe. 2548, misTaudulnvesdlseunszilellan Parthenogenetic
. . P a L~ ac — =
activation 910 1o 18 laaauay To 1o leiuaude Taeds Vitrification. 1ona151/5enaunis
a/ a o 4 ] [ ] a o
duuu1IuITEveIAN19158 UNd uazANuTIvded um s Ingue Iy Ty

nFevhseauAnyINATI XTI, st 2548, wih 37-39.



A2

a
=

qias nilulsae o masssuss  Sundid devesmiiivd  quus dugumsinn Foind
werea aunyn uaaIne Aagan marle 53uFo nadud asgns leane indun ingiia
msud 5% To% uag Yeassa wane. 2548, mswsaui Ingssozuaid Indavaedn
sounsziioldnTnauiieninnisldleTe luviusudedauds vivification. Foufuns
UsgguInmsumInedunynsmans asafi 43 anvidad, agunwa, nih 59-66.

o s s

v = qd = 4 = 1
LD BUGUNIINB PYANTD UHEINY IUPY AUIBIUS YIAI ﬁﬁu‘l‘ﬁﬁﬂ YA IMATIIUTI

a o o w i g

Sundidh donasniiad 15w navin mTud uaz Yeassa wavhe. 2548 MIlaTey

vosiseunseialnauialneldle Tndiula Tanaadudsy. Soudumsiszyy
Swmsuninedanyasmans asai 43, andad AFUNNA, 11 73-77,

Sundith doneamiiad o mdrsssuss fagurmaile gias vitlsas s3vde nwdud
§17 163 wae Sassa wiarhe. 2547. MsWsygIsvzuad laTavedAIseua Iy
Tnauiiandeoinnisusud i 1ao3s Viification.  1Foudunisilszyuinms
unInendunynsmans asai 42. amndas AFUNNA, N1 83-87.

Sundidh doneamiilud 4R mdsssuss qans1 niulsas sude nudud Jasz 2ediTes
WS inaiin-n1fud Sos Adaaa Tl uas Saassd wiarhe. 2547. M Inauils
Sruailid Taold lwntwiulaTanaradudSunazwad W Tusuaraaindanii
warhusradduuy, Seufumnlszgdnmsuninedunyasmani asaii 42.
aFAWNNG, ATUNWA, N1 351-355.

IR ma153ITs Haqut wmaTe sunsid) denesmiiiad  qias wilulsas s¥udo nudud
F11% 185 uay Seassn wiaviie. 2547. WY Hatching stage voasseuTaTnauiia
ADOATINITIBANAIVIN Vitrification. Foudunisdseyuiring
umimndanyasmans asan 42 adad AFAUNNA, 711 88-93.

Saassn wiarhe A (masIsuEs Tundiin denesilyd g witwloers 53y nuiud
o dunnu mdu diunszInn auned 1hdds q5en fvduSe uag aulid Asgay
wisng. 2547. msldina TuTad Tnawilondn Tnidfouas Tmuniuf. Foudunisssqu
SwmsumInends inyas mans. asai 42, erndas. ngamme, wih 94-98.

Faarsad wavhe sivdo nedud ¥R wmdrsssuss funsidr deneaniivd qian wiiu o
Tower mseud n3u1ngin miud  wmau WunszTn auwed Bhdds auiid &5
AuATHT g301 ReduSe. 2547, nwﬁsan?ﬂJLauTmmaqgnTﬂTﬂauﬁﬂﬁwﬁmmﬂwaﬁ“lwh
sumaluyvesvie Inwugus i, undndenaanisenisduuuuios nguanise

- = =t ~ o
MAGANANYIUAST1YT T 2547, Ml 29.



53

qian nilsos R marsssuss  Sundidr Remesmiind  quus duqunsinun Fedns
uaay sy unadng  vagumale s3de nwdud asgns lwdiae nFun
ngiia miud  uoz Seassa wavhe. 2547. manSyiRulagizezuma Tadaues
Founsziioldn InauiieninmsldTeTe laviusussdru37 Vitification. yndnge
waanITemsduseanguaite lumianufinyuas i 1 2547, wih 26,
funfidr fonosmiivd of marsssuss qine nilwlsae Syse 209350y uay Yeasss
wiavhe. 2546. n1s Tnauiied180UINIANY (Felis bengalensis) Tuariin Tasld luian
thu Felis  cams) il Tanaadudsu. eamsvseneunisduuuinns
ﬁugmaﬂs’ﬂ%ﬁ' 13 Wugmansiumsiannidedu. fuayTan, wih 112-115,
Funsid denesmiilyd 4R ma153TNss a1 vilulsae uaz Yeassd wavhe. 2546, 3
naaeumnszua ihimingaudmiumsh Inauiiafseunn Taoldaad W Tusuas
vinluygthusadduin, SeudunsdseguinmsumSnendanyasmans aiai 41 a1

Inemans agunna, i 84-88.

a 1 ar o a o = 4 @ w o =

YA MAIBITNET SUNT deneswiivd gins vilulsae oivde nvdud @iou dunu
a a o aw v d v =
mau GiunsgInn auney 1hads waz Siassa wame. 2546, MINARBUNITHAR

g w oA = a o a e
Inuanaz Taileniuga lnoma Tulad Tnauila. enmssznaunmisdunuiainiseved

o« ' ] aa = = = =
ABNDTY una uazANNTWTeA N TIe lumAgauAny uass1vE Useditl 2546

M1 54-55.

= o ar A

8. Marweum3-nilade

o d v ! e = o a

390990 Wiawe. 2530. Massmsan luiendilule. wdlissa nuaans (Ussaning,

= a E) 9/ o 1 = o o a o

misugauslunaeaudauazmsdresindisen. Tssfivdymasnsaliumineds,
ATUNNA, U111 41-77.

(¥ d v = ) @ adlny 11w

WATIA WAWE uag asunsy lana. 2530. matansierhndasoululalaeds lisda.
uissal uaRaIe (Ussanins), msUfauslumaeauduasnsérodhnseeu Tsq

RuiymasnsalumInends, ngunwa, ni 133-158.

o n'{cy

Saassa mavhe assman Tana udiissa nuaane  fiss fithyge AR addnaSane
Ussqu Bumslod sdvdo qassadine sznins Saluas wodl fagdy uay au
a¥ad duaszga. 2530. waduiamsthedndaseu Tnuuganaulussmelng. udiassa
nuaaue (Ussansms), nsUgausluvasauduazniséiosindieey Tsafuw

PNaNsaiNnINede, namwd, nih 273-288.



54

Laarssh wame 2549, maluladmsInauiialn. na1ssiaenIs 304 553 Animal Cloning
Technology 10 304 554 Selected Research in Animal Cloning Technology. 389 ni.
Parnpai, R., Minami, N. and Yamada, M. 1998. Current status of research for the establishment of
bovine embryonic stem (ES) cells. In: Miyamoto, H. and Manabe, N. (eds.), Reproductive
Biology Update: Novel Tools for Assessment of Environmental Toxicity. Nakanishi

Printing, Kyoto, pp. 383-388.

9. 51970 1A%y
= e ) @ 0 o o 9 a
9.1. MawanuITemstherdhadiseu Inunsntlszaunadusa lagnuda Tauunau

s

adwsnvoalszmaInadetuil 8 fueeu 2520 i lanAseiignendeliiiu 1 lu 10
AURUYBIPNAINTAUNIINGIAY

9.2. S19°5aNANUITER (BudL 1 euidad) Tumaiaueranuitedes  “anudiull
1#luniswaa TavugaasomaluTad Tnauialasldmad W Tusvaaiumaddunnns Tu
m‘sﬂszﬁqumﬁmmmnﬁﬂmﬁ’mﬂymmﬁm{ﬂé’ua‘ﬁ" 38 .71 2543

93. T1efawnauided muineenand lumsiruerauisedes “mInadeus
aszua WihiimnzaudmsumsihInauisdasouu laldhaad I Tusuaaninluyiy
mranauuuy” lumsdszgumadnmsuninndonuasanens a%a7h 41 W91, 2546

= 9

v o aw = ] w = o3
9.4, T193mindvdaay srnauiauma Tuladiinmuvadszmelne 1a5mBgilug

U
[

as o GV 2 i W i %
ﬂ’li An1e18 11 Tuz 1AL 1399 “Somatic cell cloning in bovine using ear fibroblast as donor cells”

Tunmsdszguilsziilvesainnuil we. 2547

0.5. 19fanaudsed GEudu 1 mndad)  lumsiauenasniiedes s ld
mﬂT‘uTaﬁiﬂauﬂ"qNﬁwimfﬂuﬂﬂﬂunﬁufﬁ” lumsilszgumadmamsunmineidy
nuasenaes At 42 WA 2547

96. sfayaansmeinmsAdeanudmudumsise dseiidl 2548 aan
unIneduma luladgsuia

9.7. eTaununmuALAY canInerenans Usesid 2550 nniniemeziug

0.8 319%ann3TeR (Sudy 1 ndad) Tumsiduenanuiseises “nseysndln
g Tasmsh Tnauie lumsdssgumadnmsuninedunuaseians a7t 46
W.f1. 2551

10. MSAGNTUAT



55

10.1. $3e358 wiawe IAuFws quendid 8195 dunsdu eanInd wdlssw Ay

= _

s o [ =Y [ =1 wa P
U ATHUIAY  UAIUNYT WU ‘ﬂﬂﬂﬂﬂ? UTUUA FUI LAUNWTUIY “Q‘ljﬂiﬂlﬂ’l‘i_lﬂiiﬂ’li

A ) a: o oM o A o A = Yo o awa A A
wasunfiuguvedlulnslafei” dudwedloiui 11 Tgueu 2547 185uanFiiAE oA Y
LWE8U 2550

ar o " an o way a 4 a ar
10.2. Feer33f wiawie IABINT quantid 0195 dunsiu gauind udssa audu

@ A A ey

= ar = =) a a 1 w o
MHoRY  uaunys weudegll doeds’ Tould ol @uwsusy of mdrssTuss Tuns
Yy o a d av A w o 2 4 ¢y A o A o oA
(A1 ABNOINUYE IFw ASqInY “nTeudeumyanaln Ilihnszusase Budveiieiun 11

U 2547



56

AeLAs. M3 1aain My

A = Y d o
. %o (Ine)  weres. wSur ingiia msud

(ﬁ’\‘lﬂE]‘H) Assistant Professor Dr. Mariena Ketudat Caims
2. s¥esgsrdninddeuraana Eil) 38-40-0999
1ins1l5281915wHauN 3 1014 01120 08 7

o [ = [] o
3. dwmisdlegiu  Aeenansinsd

v
= a

4. AMUNAAAD avna Tu Taganm dninmea Tuladinuas

unangaema lu Tadgsuns

il 111 aunuminendo Suneips sanSaunssiadan 30000
Tnsfmi.044-224-355

NS5 044-224-150

E-mail: ketudat@ccs.sut.ac.th

ar= =
5. szidmsanun

W.f. 2531 Ineenaastina (373ne1)
w1 I aee vl
W.A. 2538 Ph.D. (Biological chemistry)

University of California, San Diego, USA

6. e Inmsnianugnney/auloniey

Molecular Biology, Molecular Genetics, Recombinant Protein production

o’ 9 s = aw 5
i ‘LI§$ﬁﬂﬂ15mﬂlﬂﬂ’3"ﬂFNﬂ‘lJﬂ’IﬂJTH'l'i\'ﬂu'Ji]EJ‘ﬂ\‘m181HL1ﬁ$ﬂ1ﬂUﬁ]ﬂﬂi$Lﬂﬂ Iﬂﬂixu
o aw 1 9 o @ o o aw T aoar
aamumwlumsimaitsiuuddnnemsunuauise famdh Insansive viedswise
1 awv o
11‘luﬁlﬁ$‘i’l’€llﬁuﬂﬂﬁ?ﬂﬂ L‘IJ‘L!(gIJ‘Ll

71 ffmnemsumuauite: -

s

72 i lazamaiow:
7.2.1 Production of Tilapia Transglutaminase, Wt Insams

7.2.2 Expression of 3-glucosidase from Thai Plants in Pichia pastoris, Wanthlasans



37

'
w o

=Y (=1
73 AN uaTauda:

7.3.1 Functional Analysis of the Maize bZIP Protein Opaque-2, éi'?lll?ﬁl‘tl NIH, USA

Y d
LUANTTD 1994

7.3.2 Purification of the Enzyme Taq DNA Polymerase Hamih 1nsams NSTDA &2

(@50 1998

7.3.3 Tilapia Sex Chromosome Identification Using DN A Probe, Wavth Insams

NSTDA Laua5a 2000

7.3.4 Clonal Selection of Sweet Bamboo for Commercial and Industrial Uses, é"i LT

y d
LaEI 2002

7.3.5 Molecular identification of Dendrocalamus asper from SUT farm, Wanih

Tas9ms NRCT udue5s 2003

7.3.6 Genetic, Mophology and Behavior Characterization in Thai Native Fowl, H1 h

Tns9n15 CP 2004

NANUANUWLEIEILUN S

Singhapol, C. and Ketudat-Cairns, M. (2003) Microsarellite Polymorphism in Thai Native
Fowl (Gallus gallus domesticus) Proceeding of the 10" Tri-University
International Joint Seminar & Symposium 2003, Role of Asia in the World, Oct.
18-21 Mie Univ., Tsu, Mie, Japan

Chumnarnsilpa, S., Boonkerd, N. and Ketudat-Cairns, M. (2003) (in preparation) Growth
Kinetics of Saccharomyces cerevisiae K1-V1116 and Killer toxin production in
Winemaking

Srilunchang, K. and Ketudat-Cairns, M. (2003) (in preparation) Genetic relationship and
molecular marker identification of Dendrocalamus asper in Thailand

Charoenrat, T. and Ketudat-Cairns (2003) Influence of pH on Recombinant B-glucosidase
Production by Pichia pastoris Poster presentation BioThailand 2003 Technology

for Life 17-20 July, Pattaya, Thailand



58

Loonchanta, A. and Ketudat-Cairns (2003) Primer Design for Amplification of
Transglutaminase Gene from Nile Tilapia (Oreochromis niloticus) Poster
presentation BioThailand 2003 Technology for Life 17-20 July, Pattaya, Thailand

Singhapol, C. and Ketudat-Cairns, M. (2003) Microsarellite Polymorphism in Thai Native
Fowl (Gallus gallus domesticus).. Poster presentation BioThailand 2003
Technology for Life 17-20 July, Pattaya, Thailand

Loonchanta, A., Chumnarnsilpa S., and Ketudat-Cairns, M. (2002) Comparison of
recombinant B-glucosidase production by Pichia pastoris in stirred and air-lift
bioreactor. Proceeding the 14" annual meeting of Thai Society for Biotechnology
13-15 Nov. Khonkan Thailand (Oral presentation)

Srilunchang, K. and Ketudat-Cairns, M. (2002) The study of genetic relationship and
molecular marker identification of SUT Dendrocalamus asper Proceeding the 14"
annual meeting of Thai Society for Biotechnology 13-15 Nov. Khonkan Thailand
(poster presentation)

Manatrinon S., Na Lampang P., Likitdecharote B., Phalaraksh K., Ketudat-Cairns M. and
Duangjinda M. The Association of the Bovine Lymphocyte Antigen DRB3.2
(BoLA-DRB3.2) Alleles with Occurrence of Clinical Mastitis in Dairy Cattle
Proceeding the 14" annual meeting of Thai Society for Biotechnology 13-15 Nov.
Khonkan Thailand (Oral presentation)

Chumnarnsilpa, S., Ketudat-Cairns, M. and Boonkerd, N. (2001) Growth kinetic of
Saccharomyces cerevisiae K1-V1116 and killer toxin production in wine making
Poster presentation, Biothailand, , 7-10 Nov, Queen Sirikit National Convention
Center, Banglok, Thailand

Srilunchang, K. and Ketudat-Cairns, M. (2001) The study of genetic relationship and
molecular marker identification of SUT Dendrocalamus asper Poster
presentation, Biothailand, 7-10 Nov, Queen Sirikit National Convention Center,
Bangkok, Thailand

Srilunchang, K., Khumlert, R. and Ketudat-Cairns, M. (2001) The study of genetic
relationship and molecular marker identification of SUT Dendrocalamus asper.

Poster presentation, Second Graduate conference, Mahidol University, Bangkok



59

Kanchanatawee, S., Wanapu, C. and Ketudat-Cairns, M. (2000) Biotechnology Graduate
Education in Thailand. Thai J. of Biot 2 (1): 55-62

Ngamjun, P., Teaumroong, N., Boonkerd, N., and Ketudat-Cairns, M. (2000). Tilapia sex
chromosome identification DNA probe. First National Symposium on Grad-Research
Chiang Mai University 10-11 June 2000, P206-211.

Carlini, L.E., M. Ketudat, R.L. Parsons, S. Prabhakar, R. J. Schmidt and M. J. Guiltinan (1999)
The maize bZIP protein orthologue of EmBP-1: Activation
of gene expression in yeast from an O2 box and localization of a bipartite
nuclear localization signal (NLS). Plant Molec. Biol.41: 339-349. (M. Ketudat and L.
Carlini are Co-first authors)

Ngamjan, P., Boonanantanasarn, S. and Ketudat-Cairns, M. (1999) Tilapia Sex Chromosome
Identification using DNA Probe. Poster presentation, The 5" Asia-Pacific
Biochemical Engineering Conference, Phuket, Thailand

Ketudat-Cairns, M. (1998) Biotechnology and Daily Life. Suranaree J. Sci Technol 5:208-211

Manakasem Y., Sornsuk P., and Kctudat-Cairns M. (1998) A survey of the Status and
Problems of the Vegetable and Fruit Production and Post-Harvest Handling System in
Nakhon Ratchasima Province. Suranaree J. Sci Technol 5:95-100

Ketudat-Cairns, M. Boonanantanasarn, S. and Ngamjan, P. (1998) Paper presentation The
Development of Tilapia Sex chromosome Identification System, Biotech forum,
Biotechnology for Aquaculture National Science and Technology Development

Agency, Bangkok Thailand.

Ketudat-Cairns, M. (1998) Biotechnology and Daily Life. Suranaree J. Sci Technol 5:208-
211

Manakasem Y., Sornsuk P., and Ketudat-Cairns M. (1998) A survey of the Status and
Problems of the Vegetable and Fruit Production and Post-Harvest Handling

System in Nakhon Ratchasima Province. Suranaree J. Sci Technol 5:95-100

Schmidt, R. J., Pysh, L. D., Ketudat, M., Parsons, R. L., and Hoschek, G. (1994) bZIP
Proteins Regulating Gene Expression in Maize Endosperm. In Molecular Genetic
Analysis  of Plant Metabolism and Development (G. Coruzzi and P.

Puigdomenech, eds.) NATO ASI Proceedings



60

Schmidt, R. J., Ketudat, M., Aukerman, M. J., and Hoschek, G. (1992) Opaque-2 is a
Transcriptional Activator that Recognizes a Specific Target Site in 22-kD Zein

Genes. Plant Cell 4:701-709
74  NUIPNAMRIN:
7.4.1 Production of Tilapia Transglutaminase, Wimt Ingans

7.4.2  Expression of beta-glucosidase from Thai Plants in Pichia pastoris, Wanih

Tasans



61

wgFAING 813y naraana
A =5 a
1. %o (M¥'lne) : W, oudy e

(mmﬁ'\iﬂqy) : Mr. Anawat Sangmalee
2. muviinetiasyseiiaailseanau 3 2502 00123 59 1

o 1 Y w =2 = = A
3. dwwmusilagiiu sinfAnelSymuen mvndnma TuTagganw

umaneduma lu Tadgsuia

1 d' H:{Q 1 E
4. viwanognaade 1a
& o da o o 0 Y o -
M guedduma Tu Tagareounazivaadusudia
111 ur1Ineduma Tuladgsuns a.q5103 94009 2.4AT31% 11 30000
Tnsfinil 044-224 154 Tnsans 044-223 285

fogtiu: 250/1 ny 6 majthugsaiaduaud a.asus o.dos v.uATTIHEL 30000

E-mail: anawat.vet@gmail.com

sy =
5. U5z 9An3fnYT

5.1 15ygna3 enunden daaumnesnans Ui 2548

as = Y] o
ADIUU UM TINYIRUNHATATNT ‘]J'i%mﬁul'ﬂﬁl

5.2 Asgmetionstindiafou vangas Tsauazmsdamsgunmlunsulauy ey 2549

a = @ o
TOIUU UH1INODUNHATAITRAT ‘ljﬁﬁlfﬂﬁhltﬂﬂ

6. TUTINNLANNT I QALAY

el 9 w = aw 3
7 ﬂﬁ%ﬁﬂﬂ’liﬂlﬂlﬂﬂ?ﬂ@\?ﬂ'ﬂﬂ?ﬁﬂi'ﬂ"I'5Q']‘LI’Jﬁ]ﬂ‘ﬂ\'iﬂ'lﬂiullﬁ$ﬂ1ﬁuﬂﬂﬂi$£°ﬂﬁ :

as £

7.1 v 1Asansaee - 1l -

s

7.2 320735

£.



