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T iR A B R R A i R R B AR - BB B BT AR Y 2-3 8% R 3-4RIR A I ER SR A
I > A& BERCER IR ZC AN EE RIRH DNA > P FEIE EAH TR R R (terminal restriction
fragment, TRF) Z3H7  F5EREH/R » 4UAM B2 28 3pkimbr = 0 Al 17.03 ~ 17.92 ~ 17.92 %
17.19 kb » SEERHLREE 17.52 £ 0.41 kb 5 [y 65HEIF# R ME A R4 2 bk R 4 ARy 17.79
17.96 ~ 17.86 ~ 17.03 ~ 17.37 17.18 kb » ¥k R 17.53 £ 0.39 kb - FiE MR - &
BUARTE 35 4 BEIFUHRI R R Rk 17.65 ~ 17.31 ~ 17.828 17.13 kb » SEHEJUHRIER 17.48 = 0.31
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('somatic cell nuclear transfer, SCNT ) FYREIHE R (Wilmut ef al., 1997) - 324 - FEFAEE TS
B RS RS T SCNT M DI BB Y - ARG ~ 4 ~ /DNE 1= ~ 58~ B4~ KRB
S~ R~ BR IS 9 (FREE, 2000) BR (Kim e al., 2007) o #E8IEAT2 ER] - AT LABRE KB
BR—HNE R E RS B ERES EEEEE Y SRR EZ S04 FIREE R R
ARV ~ EEEF B AR A i se th R BB /7 (Campbell, 2002; Prather et al., 1999) -

LT R IR RS > (R B A TSR ZIEIN » HREREEEH - DNAFE/L -
FERFHSAEIZUE (imprinting) ~ kiR ERYIEE ~ #1EE (histone) HYEEHTER] ~ epigenetic 7&K
B X-gea gk AR o IR R FEaa R o RS s 2R EIE A EZR] 5]
LA E A F A R B gAY G kL (telomere ) ##%GHRBALR (Faragher and Kipling, 1998) © fj
RN Ytafe R - A/ Y ES DNARYIFHEE (McEachern et al., 2000; Blasco, 2002) - £% »
L BRI T2 B SE o A FEIY R SR A AR o R L DI R AR TE IR
Blan s iEs: (Tetrahymena) BYERRIDNAFS R TTGGGG » 1 AHAYEGRL DNAJFSIE
TTAGGG - Ui bz BEZATAAY 53 24 B T Wi - XA R Ry T Ak 240588 1 (mitotic
clock) (Harley et al., 1990; Kozik et al., 1998) - Giphi BN R EF L ERERITEE ~ IS T B ERIR
FHAY 528 HLAT B EEDRE - Ui R A A R B e R R B MM 2 AR SR OB - B —SESCNT " Bk#i
TR AR BCR AR BT i SR - BRBA B RS AR AR BB YA R SR B S - thEESCNTEIWRYE (L B b
PR R P SC R - 324 > SCNTEIYIRIRR A THE 2L - MBS AR I GRS,
2006) o ARWFFEAESHT SCNTHE BRI R R 4R e R M i S R A A R R BE > DUERES SCNT #AFE S i
b7 B BTN L RIRYBR AR » #5ED bLics s K [F]ie 12 F S IRBYR ek R - T B i
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AGIIPTEEML A (heparin) ZBELE > £61,000 X gife LK HIMER - FFF] A S RIFHDNAFILEH
((Qiagen, GmbH, Germany ) Uf#% FHHRIFS BRAEHL ~ HALELE RALIAIDNA - SCNTRFHCR B
2 PRI 5 25 1 75 R 1 2 L 098 1998458 3 12 FL 1K) 92 1 56188 B R 1T EF A - SRAEY
SRR Ry 38 FI B -

1L Shr R o7

ik £ BT JHHE F Telo TAGGGURRIEE 0 HTEH# (Roche Molecular Biochemicals, Canada )
W% H A EEI TR R B R (Telomere Restriction Fragment, TRF) JH5E o BB ZEIUH
1-2.5 p g A A FEKFHDNAKESER G Mg Hinfl/Rsal (4 U/ g FEKFHDNA) 7£ 37°CAEM 12-16 hrigiE
17 0.7% EHEHHERS (agarose gel) vk » 54k 5 Viem 4 hr ; 2 LB &E ), (denaturation) -~
Hif1 (neutralization ) pEFHER R Hi##7E ( Southern blot) FFF IEEAY/EREN (Roche Diagnostic,
GmbH, Mannheim, Germany ) - [BEENELE 40 ml DIG Easy Hyb (Roche) H13£1742°C 2 hriyFEKE
%2 > FjHibiotinylated Telomere Probe ( Roche Molecular Biochemicals, USA ) #f7 42°C 16 hrf%Es
I o FER % TEFENEAE 50 ml 0.5 X PeifEi# (SSC, 1 X SSC: 0.15 M NaCl, 0.015 M sodium citrate )
FRIEVE 3K » K 15 min o R BRGNS B EER » OARE RN ETX-08 Y8
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¥ EEEEREEE ALAS-3000 (Luminescent Image Analyzer, Fujifilm, Japan) {29355
FAEIGE S - RS G0 - Eimi REHEAX X (0Di X Li) / £ (ODi)
FHEEER KL (TRF) 5 Az ODi AASRERSRIREE » Li QIR — Bk iy h g — 4 8k
WAL R 5 BT R 3-50 kbR IIHE(HE -

& 1 R R Rl EE R IR P B AR

Table 1. The background information of cloned cattle and their age-match control animals

Animal No. Sex Birthday
SCNT Cattle™
Ju-yi#1 Female Feb. 2, 2003
Ju-yi#2 Female Dec. 11, 2003
Ju-yi #3 Female Jan. 16, 2004
Ju-yi#4 Female Jan. 22,2004

Age-match control ®

Control # 1 Female Jan. 16, 2003
Control # 2 Female Jan. 22,2003
Control # 3 Female Mar. 22,2003
Control # 4 Female Feb. 17 2004
Control # 5 Female Feb. 17,2004
Control # 6 Female Feb. 10, 2004

*Blood samples were collected on April 18, 2006 and January 8, 2007.
SCNT, somatic cell nuclear transfer.

1. #5534
BRI TE R BB AL MR & TRFE HIE® » FEF SAS #iEtik i {T Student’s t-test 43
B FESREEE /KUERy P<0.05 -

TR AT AR

AWFE e FEETIE TS E R FTER] SCNT 4: FERY 4T84 SR T 25 Bl E AR Be [E) 1 B S R 2
16 2-3 pREd 3-4 BRIRFEVIRALRIE » DUT ARfe il AR B R A R imh R T - 3B B
BT AR TR AR e 2-3 BR % 3-4 BRIFEREE AN - 40 T IMBRZCHUEL RIRH DNA » FER T/ 5e
Ui b R HIE - RESRERR o ATHE BT 2-3 BRI RL RS 3 A Ry 17.03 ~ 17.92 ~ 17.92 J% 17.19
kb > SRR E Ry 17.52 £ 0.41 kb ([& 1A) ;5 [T 6SH[EIFE e [F) 1% R A= 18 2 Gk = B 43 1)
By 1779 ~ 17.96 ~ 17.86 ~ 17.03 ~ 1737} 17.18 » SEHgik R R 17.53 £ 0.39 kb ([E 1B) - i
B 2R (B 2A) - BRAETE 3 £ 4 gIFEALR &SRy 17.65 ~ 17.31 ~ 17.82 17.13
kb > SEE R R Ry 17.48 & 0.31 kb 5 1fj 6 SE[F e R4 R EH R A A0 b b7 R B 3 Ry 18.76
15.04 ~ 19.47 ~ 17.59 ~ 17.31 ¢ 18.62 kb » ¥k R By 17.80 = 1.57 kb ([& 1C) - FI#& IR
W (8 2A) - FREEHE 38 HilkmE N B a5 2 dh i piiie - HighiRE Ry 17.07
kb CEE 1kl 2) - FI# A4 R R4 B = 52 - ARIFSR R - E ] s HE A e i A T
SCNT A ERYERIZ A Him by R B IR A AR 0L - HER AL 2 AR P AR LA SE AR NER] - o
Ui 7 Y R P15 LA TR > 7oA IR Ry {50 P ol B A% B A e 1 S B e A L B e
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(A) (B)
Cloned Cattle Control Cattle

M1 23 40D M 1 2 3 4 5 6

©)
Cloned Cattle Control Cattle
M1 23 4 D 12 3 4 5 6 M

1 48U R Il B IR E2-35% (AR B) K3-45% (C) HUSRLERE M T » DR BEAZIRABAERTNE - Mo
TR -
Fig. 1. Detection of telomere length in cloned cattle and their age-match counterparts at 2-3 (A and B) and 3-4

(C) year-old, respectively. D: donor fibroblasts, M: molecular weight markers.
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20

Mean TRF Lenght (kb)

Mean TRF Lenght (kb)

2. 8 () HEERIER B4 (C) P ImkIRAE (Mean £ SD) - AR Boyjll Ry i d4-2-35%
3-4fZ SPARRLRE - DRy B RARAE AT -

Fig. 2. Telomere length (Mean £ SD) of cloned cattle (Cl) and their age-match counterparts (C). A and B

showed the telomere length of cloned cattle at 2-3 and 3-4 year-old, respectively. Cl: cloned cattle, C:

normal control cattle, D: donor fibroblasts.



146 et A A BT PR B R SR BE A

H 19974 SCNT# B4 B 2% - JE R A (AT S s B 4 E R E
TR B (RIESE > 2006) - BERA SCNTA- 5 Bl E 5 # R4 2 bl 5= B LU A B2 5 19T
LS FE AR —E (Tamada and Kikyo, 2004) - 43RG #E3UimR 2% (Shiels ef al., 1999;
Miyashita et al., 2002; Clark et al., 2003) -~ Bhi%#E (Lanza et al., 2000; Miyashita et al., 2002;
Jeon et al., 2005) BLEGIEH ERE (Betts et al., 2001; Jiang et al., 2004 ) ZE§EH o ARG » A]
REEROLRZ N AYRE R (Morin, 1989) ~ IEFE B IRk PR bz Rk ~ Byt Bl e i iz 72 52

(Betts et al., 2001; Jeon et al., 2005; Lanza et al., 2000; Shiels et al., 1999) -~ ZiEE 7 #1/F i
(Lanza et al., 2000; Tian et al., 2000) ~ 3 HrAOFHARECANIRAEEE RG] (Lanza et al., 2000; Betts et
al., 2001 ) FrEC « BUE Z LR BERZHI I A B0y 4 S A b = B /T AR IR R B (Betts ef al.,
2001) - EEEREFEEFSBE (Lanza er al., 2000) o BEIN A B R i bz 5 B IR E)
PR - AES25AL i iRz FI B BRI T A F 0 (Betts ex al., 2005) -

JFEE PR e B e A A LA Ry SO A A L AR EE RS A IS - A7 S B B B U AR i oy 2 PS5 AR
BLTE R RARAL 5 SREEAZ IR R i BE RO AE R AT 2 L i P R R Ry I« TR e P IR i
M FE I SRR S R BEARRE » 9L SONTRAUA4IR R K - #8SMEREFIEL SCNT RY4-FERE »
Ui Rz R P S Ky 5= (Schaetzlein er al., 2004) > BEURFIRAY AL RALPAEZEMIYIAETT - 6
RF i il iR 7 S R B R BT iz o R (Xu and Yang, 2000 ) o 7 Jf P i e 5 8 e e i
FERI RSN B - P9 EA B R AEREA (Schaetzlein er al., 2004) - [ HEAZHENIEL
EITAREEUE ~ A TEAMNE i R A R Y SR B R 2 T 1 - I RTRE Ry (e A B ) i oz [ AR Y
i [K] (Miyashita et al., 2003) o

Kubota et al. (2004) 1T HAFIFFEAFHEMEER - £ ENEREEARRIIRKIEER
IR RS o EERZHENAS RS SRS BRI S2R - Ik RIS Ry 14.7 £ 0.4 kb F[12.8 £ 0.4 kb - [EHEES
— RS “ A AR 23 B R 15.4 £ 0.5 kb F] 16.1 £ 0.7 kb - B F ZREAE P 4E AY (]
HREH R AAR ML - AIHFOR I A 4R ik f e o HUEGHIIE ~ 28— ACBLEE — AR B4 (il Bk L
S3H13.8 = 0.8 kb ~ 15.3 &= 0.8 kb Ed15.7 & 0.8 kb o 12j5%M) H AFIA-FE AN RGE EMEREEF R > JE
AL OAEERSEEERERMA - A SCNT SR “HHHARFMEL - FRIGET A LR
NEFZE N4 - 2 BN BIE H S IR RS 1ok 70k 25.8 kb ~ 20.9 kb il 22.42 + 0.31
kb o ffi A% 2 B AR WL PSR SRS Bk 43 71 s 20.1 kb B2 22.2 kb - B RmAIER AL
PRAE T ALEN > £ 9 Sl A4 2 Stk R B Ry 20.06 £ 0.45 kb » AT
Uik == B H R 19.97 &= 0.41 kb (Miyashita et al., 2003) -

Tian e al. (2000) JEM] 134F % FLREA- I ECABAER R B N FrAH e fCR P AL - AE S 10 BEAR ST
4 T ORI IR KT ~ ABHTAE AR SR E B IR A IR R 43 il ks 15.87 £ 0.40
kb~ 15.38 &= 0.62 kb J 14.73 &= 0.49 kb > iz [bRIU M 2 8 > (HIG LR 12.43 £ 0.49
kb By o HURENE 13 BRFLARY ST EE AR R E - (HRERE R % itk TS TF
I > ERe i AL e AR AY SR E (- TR A AR R A S SR SR B G R AR AT R - JE F R s it
KA AE B BT - IR kb B R AR B B A S R RAUAS IR (Lanza er al., 2000) o FLAE 53 HT#E
Rz AR BRT B AR SR I S i R B R O 2 A A R - B A R 5 B 2 R BT
SCNT ( Tian et al., 2000) > B 2R EHIEE 2T FEZ/LHIA#EIT SCNT (Lanza ef al., 2000 ) J7F
BATR o ZALRVELZHINE » SEF TR R REE SR B E - i REEEGE BB nim R fa i it
Al Ry =B (Tian er al., 2000) -

Lanza et al. (2000) S A SdrA4-aufiisimhs - 2218 RIE S A EAE 0L - EF By its
RN A= 2 Y 18 B4 B[R] SR R A 4R LU AR RIHEEINE (Betts er al., 2001) BLREIEHR (Lanza
et al., 2000) HYAES o 5-10 H e B4 1 M BR 2 b g [A] % B AR B AR - Ry (Betts er al.,
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2001) - Miyashita et al. (2002) JEH] 4%EA[FIHERZIIE A B AR RE R DL R 2 R
A o F R B L JUL P e BSR RAE A f  A 7 i B BUF TR - Jeon et al. (2005) JEFIHNEH
10p&R R IR Ry 18.5 0.5 kblYy H2RpGEBHEMHETT SCNT - TR EHERFF 7THE <k
20.5 = 0.5 kb - BRE(1.SERIFAYV-EI5KL Ry 18.0 &= 0.5 kb - SJBL{AL . 105RRE P E S A
fffE 2 5 -

PR R B2 BT Lo A AR A UIRR 1% - 35 Fh PR 2 B ) S R e T S R B P g iR e
& o R T B YIRIR SR R T AR L BEIIAE SCNT REESHET T IR [M = I IEM (Betts et
al., 2001; Morin, 1989) -« AWFFeiER - FHEEF B Al & T H BIRR 2 S R 7 5 » Bl b
MEES A SCRRZ DFFEAEL - AHFSERERARE] SCNTEMf A AER B - HERPRIRE R B i AH B BL K mT
DIMEAIA AT AR L - BESRRIAE R — E AR B/ YE - MG R Ry B FH e i B S A M I SOy
Rz S SR R BB & -

L
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Telomere length analysis of cloned Holstein cattle
produced by somatic cell nuclear transfer
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Abstract

The purpose of this study was to determine the telomere length of somatic cell nuclear transfer (SCNT)
cloned calves and their age-match normal counterparts. Genomic DNA samples were purified from whole
blood of cloned animals and their control counterparts for terminal restriction fragment (TRF) analyses. The
results showed that the telomere lengths of four cloned calves at 2-3 years of age weres 17.03, 17.92, 17.92
and 17.19 kb (mean TRF length =17.52 £ 0.41 kb ), respectively. The telomere lengths of six age-match
individual at the same age were 17.79, 17.96, 17.86, 17.03, 17.37 and 7.18 kb (mean TRF length = 17.53
+ 0.39 kb), respectively. The telomere lengths of four cloned calves at 3-4 year of age were 17.65, 17.31,
17.82 and 17.13 kb (mean TRF length =17.48 = 0.31 kb ). The telomere lengths of six age-match individual
at the same age were 18.76, 15.04, 19.47, 17.59, 17.31 and 18.62 kb (mean TRF length = 17.80 & 1.57 kb),
respectively. There was no significant difference in TRF between cloned and normal age-match animals.
Our results suggest that the genomes of cloned embryos were successfully reprogrammed after cloning and

therefore the telomere length could be restored to the level as their normal counterparts animals.

Key words: Somatic cell nuclear transfer (SCNT), Cloning, Telomere length, Cattle.
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