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BB OB R UE ST FETH 5, JhIL, EEMEOE SR
POEE LR b oBEORI 2 BICE L B OATEOREITES b OThH A,
EEEORFIEL, EROBRE TAEAEREITS BIcE L3 BARGHER L EBET
OESHIEFT HFETH S,

g m—=y Fi, BR U T RETL D bARCEARCEE TS B IR R
BHOTHD, IR, HBERICHT 5 RENETME b BMSRAE S WEHE, %

DML 0 —= e Lo T, B (EEREROE ﬁ)#ﬁumfﬁwﬁﬁ%ﬁﬁéﬁ
XV BAT BB AMTE SREORBICRET B TEMNH B,
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ARBERERE-SWOs o —=

&NTKm\Eﬁ%ﬁﬁﬁﬁﬁ@%w%%ffw%iﬁ T RPREICEET BN
EEXLFHITRoTVIEET. AT EIZTRESSEMERICH BV ILERES
LDES RS TOBHER. TORMEEGLERTE ST L H S, B2 EORBRD
RATOERERBE L CRET 2R L ERSE DI/ BV I BRISZ L b b
Do ER. HRThOOBREBL TETOTEZLITEI LN TEE0RML, ML
T OHE I LA REETE R, LasoTrn—ouFic k. BHROKHE
N CREDIORIETRE L ) EHRICHATE 5 5 51t 3,

HEEERE, BEDIu—r (F0) ORI, TROBICHAT =5 _Fﬁén
B EEETAZ ik, RYL L TOBMEEELETDE kfmtmﬁhﬁé
T3,

3. SCNT O&RANE & BzAE

SCNT &, 7 v —= 2 T S 3 400 U (BRI 0% OTE B e 4L I iERa o fk gl
UEy hah, HILVWESBE L LTOREERT 2 LR TCETHDTRIALES & 1T
2%, L, EERRFTOTRTOAT vy 74 HRTEA L5043 0, HlE
DEER U TRIEFRADO T - 2 EX BUER DD, Z0O7F 082 IEEHICER
WT\E&ImAﬁgﬁﬂ%%iﬁhiikb\ﬁ%ﬂﬂﬁﬁ?&écﬁﬁﬂﬁﬁﬁﬁ
DNA (TRabbr <) EMTeZ R BOELSFHITEESHEEES. DNA
DECZRHER, BIZAF AR EBEENS, 7 u~vFLrDF AV EOEHL. T
RMTERNRTRERTHS, SR, DNA A FAALTRERRZ DGV, (KO Y
TuTT I KiBSD DNA BiA FAETHY . FORICIEEDRIEE I BTt
YA Ly MREETRITNIZR 5720 DNA HBOKREN LT A FARS 5, Bl
%ﬁmw<ommgr%®%ﬁuiﬂ%&&b\hwiotwﬁﬁﬁ%@krééhéT
MR H D (Jablonka 35 X U8 Lamb,. 2002 4E), ’

SCNT DRIIENES &, LIELIIEB LU ROREHEE OIS, HEKEE 22
Bz b7 n— 2 Z B0 TR bR BBER b2 AT RREIIET . £ A REICY
Tur 7 IS AMCA L A RBNREFACERT A L EL bILD,

SCNT P REHEEETHET 2 MM ET 2 VW S OBEA S 32 IC8H3. BB
fIEIZ >V Ty 5 3.1 THUB,
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ARBBEAERE-BDOI n—=V

3.0 BRENE: Je—r0Y T ursiyy

SCNT %170 =B OKOERO Y 70 7T IV 7k, BTN 2R ORF ORI B
fEUTeth, IR O#ITRE T 5 MIC R 5 MBI EMET 5 L\ 5 i 2 5D A
Ty T EBORMEERNR T e A TH S, (Yang b, 20072 4F), BF ) A0 5 B HEEY
I T ORI A EMIEN TRBICEENIC 22, CRLDBEFOE AT A% —
EY/BETELTALNIRETTHY . T TOMBMETRRASNS, 7 OM g
BB EOMER 5T 2RETICRY TS, Lo THRHBROES. EEICRIAT
ZOBEBFORBENRERT AL NTHB, ThbOEETFOFEEMITER, BEE
L& FRICT 5EF 2 EDIMBREOMBEI X v, BERFEROHMTICH HET
%, FEEORF v AT B ERBEFREICER LS RVEE, BEIREo%E
RSN, BRI RICES, T OBAN. REOWHB I UH AR OB
T, 7 R—VERPRYRBLTWSAE—ET 5,

EHBR OB BIZIZ, DNA OF{bE | L= MIDSIMROMBE TR bR D
B CEROETE LTS 7 B F LV OBRBEL 25, ZORLE, SHBIEL
LI N b EZESRICARMIT B FIEREN 55 (Jaenisch 3 L T8 Wilmut, 2001 45), #ERAIZ,
71— RIS AT OB T2EHE DNA A FAEDORERAAF — 2 LIELIERT
(Dean B. 2001 45, Kang 5. 2001a4E, Kang 5. 2001b4E) ., AT RT 258
DE ST, BETFOAFAAED LS L mRNA ORBFANF —CEL, @2 07 a—Ui6
WWBWTHRH LD (Dean B, 2001 4F, Beaujean &, 2004 FF, Wrenzycki 5. 2005 45),
R OBRE TEFCER INERETFOHIZE, HEBERIHET LEZZ a— 2 OB/ERN
TREIZEALTWALORHAZLBRRLNTRBZEHS Li b, 20055), v
D7 a—rDRREOEE, BHEMOEROREEHMORICHRSNE X FAfDdT F—i%
e T &MH D (Hiendleder b, 2004 4F) . SAFFHEOMRENICBAT 2 aTOERZED
AFNACORIE L FES 2 2N b ORERAF VDA F - DEFiT, FEDLNT
WEWEETHD, LeLladd, BiEFREICHEL T, SONT 21To7%#%. R0
B E CICH R CTHBNESE RO T3 I v IRELIWREDOHDZ Z LR T
L2V 2R ORBRTHLHIZSNTNS (Yang b, 2007a F), <V ADFE, BEE
e AFAMDT T A —AOREPL, invitro ICBWT T o— A LE N 7= RO
BB SR DL REMEAIRA L., KPS LR AT IR & OB AR TH D Z L ANH
LANTENTWS (Brambrink 5. 2006 45, Kishigami &, 2006 7)., Zhik, RHifaR%
TR T 2 IR D% ARATIREE A SCNT 24T - 714 O IR i+ icBE S T
B EEFELTWS, —H T, IREOBBRETH L RBIEEMIZO DNA 3, BEIC
AF AL LTV (Yang B, 2007a6F), ZDZ Lid, RBREIT o8B 10,000 FEFO
#9400 BOBGETF R~ VAD 7 o — v ORBORELEREFTEES, ZOREHRI
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ARBBAERE-BWOs n—=2 7

= OWTUE LIEE T 2 EBORE L 2 1) 85, :

SCNT (2 & 2 EOHFICRD b 5T TR LA RN EE % 23 3 I ol
TRV BT DRI D 2 DD XYAUED 5 b 1 S ORFEAICE T 5 EHOREB T
R UADEEERHD Y B ORFFEALD 7 — B LB EE Th S 2 LIRS T
WER (Eggan B, 2000 ), JEHED X BECEET ORBBEHTITIE R bR
FRSNED ZEBALIZEN TS (Senda 5. 2004 4E), T DBE, X Yufa fhBhi
DRIETF DFRBIL, in vivo THEUTIEE T 5 & 7 20— OROTHIOBAEF 0BT
HEND Z L BB OPIIEN TV (Wrenzycki 5. 2002 ), X Rl ROREMALOEE

Eﬁ%‘u'é‘éla{_%@{fjﬂﬁ"/vﬂﬂi ﬁﬁfz@%v./@éié‘if;af%sf Robhd, Ll
RBB, 78—V NTHHORRAZE TS bOE—TRE SN TVAVED, B Ly
o — /kb%néxﬁﬁﬁmﬁf?wmw EER 7 o—ic U TR T A SIS
ThB, SLIT—BIUKEZS L, BT 0 2 D OBRIBFEERC 7 0 — N THRRHIC T
ALy MET DR LA LRV E BB TRERD B, BRIEIFIC L 5 GRS ET
DY AV TRRBOAIEREAL, 70— DIEERER L FE LR,

-%ﬁ@%%@%ﬁt%%bfw<ﬁ¢%®%ﬁﬁ\%@@%ﬁwm&téiﬁﬁiéﬂé
TN ET AN MR SN AEORM L R DIES, 7 u—VRORR 2 K
DFRFA~OEMEIE, RRRAEZRCEGING, EVUL oI 2atEBR 23 ENECS
wrx%ﬁ@%t@i&ﬁﬁa%zahéﬁﬁiﬁﬁﬁﬁiaﬁ%%£#®w<omm\
SCNT (& L S FED AR THHERE S LTS (Hill b, 2000 4E. Heyman 5. 2002 2E. Wilmut
B, 20024, Lee b. 2004 4E), '

MY ABBET L LTALRBBRETF O 7 A1, RERICY 0— VIRE B Ui %I
BoNDBEOEHVECRIZBN T ALLRERBEER STV, R AEE T
.mmmwmgm@&ﬁ%ﬁﬁ%ﬁiéﬁﬁ%@zo@ﬁﬁﬁﬁ%mloma%ﬁénéa
TREDEIIRITHEBTRIYIAENS (Comn b, 2005 ), =T ADY B —L DL
WS OBOR Y ABBETORERREICEN T LSBT USLER A ShiER, B
OB THBD bhed o7 (Inoue b, 2002 4F),

WELEBEDY D7 -2 0 & E S E BN ORI D ABBET O A FALRERS
B LEBER SR B S (Lin b, 2007 £, Long 35 & T Cai. 2007 4. Lucifero b 2007 &),
%@%%m\KNT&ﬁotﬁmﬁﬁﬁﬂ%wM®7n74-»&5@%&%%?%%&
BROMOBEEL 2 BERE 2R LTV 5, FUEOR®IL. CpG 74 > K24 %K% DNA
DEFEEFND Y ) ARARD 2 FAAVDRATIER S DB X - L 8 TX 3 (Kremenskoy & .
2006 4F) ,
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AHBBHERE B0 ra—=1

ERTVD7u—rOEa. BlViAENT IGF2R (Insulin Growth Factor IT Receptor : A >
Ve ) URERERT I REE) BETORERAIDEGEFOREA S~V BT T TR
<HEEETHEB bR (Yang B. 2005 45), SONT Ik U 55 S IR O RSz 0
BTBESNDIRE R AT LD T =V RO o— BB EEIT ST,
FICHTE STV, DNA A FAALDAY — BT 3 2 b OB LT RIS ES kO
B (Fo—=u 7% MEbRV) DIFh, 7o haVcEERFER X UM R 7
FETHBEDLALTHY, FRELTHSBEMEHET 2R EOERES b LT
(Hiendleder &, 2006 4F), - ‘ '

DNA A FALR EDVL ohDEBHEII AB ERER AL 2R Y 2D 0
oV ORIENZBWTRD bl (Ohgane b, 2001 4E), X LIWEEBRR TR, &<
AD Y U= B2 B DNA A F LD R F — iR B 615 LT B (Shiota 38 &
U Yanagimachi, 2002 4F), 2 b OEBOERE L B4 D2 0 — LB TRR B, <7 AT,
71— OEFRBERNO 1,000 BOEEFEIC D& LR 2~5 BOEFIZ A F UL L EBRET
JERBD B TNS, 7/ - DNA DA FAACRENEE LTWABERY . Eide L
B OBM O RER TR T LR I DT I RDF— I RFEL TS, U LR,
FE~ U R EPEREIBERORE~ V2D 7 10— i b5 - RIS OMAT TS
AT, Zho ORFEIIEHOBMOBEITE & HicilRTAWREMEN 5 3 (Senda b,
2007 £, '

7= DAFIAL LT REBOSEMRETPERETARE LTV AR b b b3, 7
FOI = L5 1 EORRITIZ. 7 LD 2 SORZRZERTOAFMEOFTHENRE
E7e (Archer b, 2003a %), MREOT # L O TIL, &/ AOIEEEE X UHkER
Eﬁﬁ®ﬁ%K%%»M®K%®%iﬁ%6:k%ﬁu~VﬁﬁLtgit\&n—:v‘
TIERT ZIZBITD DNA AF MDY — U BRI ATMEERHBZ E 2R L, L
LERL, ZORBROTATOI a— 0 RNRBRERNF (B 2788) T@F T, Bk
REZENMT LR bR fod DNA A F/UED b OEEOAYFEMEEITR
BRATH B,

3.1 RHERRRERAERE
JRERYRT —F1E, 7 —CATOROEEGE ) 0/ 33 w7+ ARICE U5 %RHA
EARENEFEEREIC L > THRELETFIEEINEINENC L - T, RIFTREE RS,

U AEFER LW OBORENRTRT L IAILL B E, 7 uo—=r JRICERMICER
DREB L7235 &5 RBREMETE, 7 r—r X2 n—-r O L5 IER O RS
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ARBBRAERE-—Shorv—=r

EETHILERARVEIC, 70— O5REERICKEWTEESN TV (Tamashiro &,
2000 4F) UM T2 b 0% OBEFRS ) ARICHEET 3 MEERH 2 B0,
TORBITIXI v—V L EOETOMEORFBICHT 2 S8 TR T ANERD 3
(Peaston 33 . U% Whitelaw. 2006 4F), BSEDT — % Tk, AFMCHIERS L OHARI
BOONIZEER, RUKEZ o= CEA LM 19 E# 11 HOTRT_RTE LT
Bl #R L7 (Ortegon B, 2007 4E), : |

SEIERRMTSET RN R ERAEGRE. < OEMENTETISATREY.

EAAICR W TEERRE 2 R LTV AR DS, = & ItHER SR IBE~D R R
VARERLS HMHE TR ENE L TV 341, BItBERE S S EARET OV L
YV T EIIEE LR b DTS OBRBIBH L BRI A TSRS, T0LH A
HRIC X2 F IRV TR b A BRIEMIL, BOETIEESNB LRSS, =
NOORSIBEEOWFL BASNER, 3 B CIEITEMETHS = &85 bk
TV % (Gluckman %, 2007a 4%, Gluckman &, 2007b €E), in vitro TOEROLEMET CiL,

BRETRERIE L LT T AR BND = L bRENTHS (Roemer b, 19974). B
RBTYADETIIRE, RIViAEhT WIRWE RN R RIACEE FIEET S DNA 2
FME EOREM e~ BRAPBROERMARFIZELTE DL 5 o il
EFELTRESNLTVEDERETSRICHIATE S (Wolff . 1998 4F., Cooney b,
20024F), BFETIL, RNA BBENRBEEOREER L 2 0E5 2 L 27 B4 3 3L 5
Do 77 —F OV AORFROFEE, BEEMORY A FOBEREESNEOL, 2
YFARTRARL, BTFAIEY PERERNAIREY . $HMFES =42 RNA ICL D |
Kit @5 T ORBE THHIMT5HEIC XS (Rassoulzadegan 5. 2006 4), A BEOEE
&%ﬁ%®ﬂ%ﬁ%é%¥ﬁwowrﬁ\ﬁ%@ﬁﬁ@%ﬁmmﬁénrw&wn9P~
v ERDETICNT 3 b OBBEEOEEMRIT, T2RERALMC SR TR, 2
B— OBREESR A EDROERTIIEERT 3 L b PRISATEY ., Bz BkicHE
SNTWBHMH 3.

3.1.2. &m%&?u}7®@ﬁ

SCNT [Z L HEEFHF SE S P — @M 0’ & BBED b R ROEFEO D Lo
TR, 78 —VOTRATORERD D, ToATLRENSOT, REKOREBMIZA
B2 HBEERERS DNA THY., MESNE L5 RSSO RETAMA 2 HE L
'r@@éﬁaofuf?ﬁJmm@@a@ﬁféﬁﬁﬁaécame§wmﬁ%@%ﬁﬁ
TR 2. EORY, TrAT B OEEEHHETIBER S5, BEOD LT
HBHT AT —ER, ERMHCIEES YOS E X EATARBNICEE L, WEF2
REACERE OISR LR T 0 A T OE S ORKERET 3885 5. WRIFNO
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ARERAERE-BWOr n—=2 Y

7r—y (TFY— Doly) ) OF uATiL, Fh~yF Sk HRLEI X 2581
CHEARTENWI LB LMo TWA (Shiels B, 19994F), ZhEEHI, 7 m— i)
RELE T ROV TRINCRIIN Tz, L LARLZ0%, KEHORERIE
W, T, TY, PFOI R OTa A TENRAS THL ., EERHv o F S
BRI L HRBHL D bRWEMN, BLEER “I—OHifEE S B= 2 TN
BETHLHESN TS (Lanza 5. 2000 4F, Jiang B, 2004 €F, Betts b, 2005 4E, Jeon
5. 2005 4%, Schaetzlein 38 & Tf Rudolph, 2005 48), BEDT - ix, R ShTH
DA DMHMESF D R —HEEED Yy o — v TETFn A TEOBEIRED - L Th
HILETFRLTND, MEORE S n—rhbB bk 30 HOFOT v 2 TEIL, Et~
v FEEHREEE B2 b7 o (Ortegon 5, 2007 4F),

© 313, KRNI BENOHES RS

BRI 2L 0 —= 3 Z IR ORE TR < | BAMOE» O+ T OFR TR
oD EDTHDHN. FIT in viro DERZHYUEH D ART DBEFICHONIBETH
Do ZAUIL, SCNT 2R TH BV ENSZIEIN L B invivo TELA SRR E EE Lk L
5, UVIRBWTHREESI (Camargo b, 2005 4), ABZEMOETHEH LML
{Gardner 3 & OF Lane,. 2005 45, Wrenzycki ©. 2005 4), Z# b DR SCNT BEED
BOA R VAL B LD THZO0, RERHICBAT ZRIOMPEEREE L SN S invire T
DRBEOBREICLIZ2 LD THIZONIRATH B, i, W BREOERBIRED.,

WS FRED L LW AEMBEMTOT TORKMRETH, BOMICIBEIZET 3
ERETHLIRELREIEDTBIRETH S,

3.2. EBi=mfha

DK SN TEEFIL, EEShES ) ACEERRBRREOEEN RSO R
L. BESEMIZRE LRSS ) AL FIRIZ SONT KL Y RIBREOHEL OB D LB/
FZERTES, SONT RITo B ORAKESL, BHEMOBE CHREZNCEEET
RBOENDLHE, EILHEFMCRFRMHEND (Booth b, 2003 ), RBROKREI =
— A B R 30 MORE e FORAEICIZEE T4 b o7 (Ortegon 5. 2007
F).

< U ADRBAERERIT in vitro TZ B — AR 23 ZF LLRICERT 5 RERMATE

72 % FTHE ﬁ#&é#\hnﬁk%6<EFME®;D%hb%%m%ﬁﬁhié%wr%
) (Balbach b, 2007 ),
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AHEBBRARRE-—#HOrn—=

C 321 I b+=3vFU T DNA O

7a—VRETORBHRZERIE, I b3 U7 DNA KERT3T8EERBS, I ba
Y FUTHERHBOTRIAF—FE LTAVWSIh AN, ROFBISBEL ShE 250
A FEERP7 0 77 AMEMIEIZ VTR, T OMOMIAERE FEERREN DS, &
ﬁiﬁm%ﬁ\ﬁ@i%:VFD7ﬂ§E&%®&LT%%éh\W%ﬁmmwﬁﬁtﬁ
WORBREINBRFETHRESNS, 20X 510, 3 bay R 7 i LSRR 7,
SCNT BfThiicth, IISFEMIEOMIE (REKE) OshbB B hay R 7
DNA % E7z0 N —Mla L Loz MIRBEOME» LELRS (B I ko
FU7 DNA ZFTH T2 2 T&5 (Steinborn 5. 2000 £E), FRAHIRAIZIT, MIEY
Kﬁﬁ#%ﬁ%%wibzwkv7ﬁﬁimfwéo:®#méﬁﬁﬁ%®%ﬁm®ﬁ%
Kﬂ:hi@ﬁ@?é%@@yWﬁ%@ﬂﬁ%féﬁﬁ@%t%%bx%%ﬁ@7ﬁz®
SRAEERRAR O 100,000 8IE 1482 B (Shoubridge 35 X T Wai, 2007 4E), = 4% CIo /M S
NIERSEO Y 01—V RERHTH BIEINE L A SRS iadolo i, REOEHN
PETHY, ZOZLEBELEL RE T LTIV (Hiendleder B, 2005 ), T ko
v FUT OBRFHLERBICBITBEEL, Ly COSISMEEALD I o FU7F
DHEIETEOEET, REORA CREORIFEORKRET L 2083 & L AHA ShT
W35 (McConnell, 2006 4F), |

322 VALV MER

%@ﬁﬁw(Eﬁéﬁ%ﬁbr)&Eéhﬁé&nmy®&£mA®ﬁ4va%§%
SCNT B3FF 7 DHBIL, RECIZEALERESRL TV,

'ﬁ&éﬁm;6@%@%$m5w1;ﬁﬁﬁﬁwﬁ:®;5&££ﬂaﬁ%é%miuf-
BY, BEOAROZ L BARBERICLEBRIATTVETHE S, THLOERER
. B4 OFOMIBEOEARI L > THRER CRERRRE L7 5 LEBR, 27
V=V TRHETHY, ERUERORE ST 7T A THRTE LR TE B,

ﬁ%@%ﬁﬁvmwm\E%%é%mrmAﬁité%%%ﬁ@%ﬁ%%ﬁﬁé%@@ﬁ
RELTFORBICRIRT BEM L 2 2F 0 ADBET ORBIRBEIHIT 5 & 0TI
BNZEERLTVS, ThARED LRRER LR 5~F DA OEED R EEm,
&ETﬁﬁﬁ®%EkT%5r%¥UEEVEE@U%%?5EVV®ﬁWﬁ%6«mmm
B, 2001 4F), BIELIRIEART ZIcBWTHERH LA TINE (Van Laere &, 2003 ),
ﬁ&ﬁmgmmﬁﬁﬁm&<mm%%ﬁ&@iﬁ@@%ﬁ%ﬁ&&b%éia%ﬁ@?
DEEHD S5 S (Rassoulzadegan 5. 2007 £E),
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AREBRAERE—BMOs n—=1F

BoYTarI Il EHREO neF r0E L WEHBERSEL SN D,
SCNT i1, HETOS HOBEEMBRIEL LTAVONEZETEEDCERIC L D K&
BERELED FF—0F 7 2B T A, L MERORAZBERSHEZ LiTh3,

"33, EOfhofimE

Ju—= /o7, SFEMEOMIREDOW S o OEMNE N5, IR
ORREDO—HIXEE R TAMICRES N, BETSMREIRMEESh3 Z ich 3,
Tk, BEOREBICAERESIREER A HIREORE R b b TRENR DD,
ISR OMBRECREY B ET AT m Farofizid, Ao OMEED
EIRWL SR LSS HEORE R YRS 5, MIREOEHIIL, [k L IR
L N MEOBMAORREL LTELE bbb B, TN, MIEERELI hay
RY7%EH, FFr—HBoMRE & IISHENICEATILOTHS, T OHRE
B bR AR, M LY v EORE I HES RIE LA MR/ NEE OREETE
FEh{BEhRD B, :

3.4. SCNT O#EHHmE & BERAEIZ OV TORR

RS RN, Fue—ViiEERPRITFL., BEREZ IR BENAHIHEE
HREETAHAAREOFTELRRRA /5.

HEORROIC #1270 — 213, BEIOR Y 70 T S v S BRI TH B T
2T |

7 11— 0 DNA HEFFIE Fr—BoElthH o8, FOMOEERGET AT
BEEtXHD (7. ¥/ L DNA O RAFNALREE) .,

BEDEZA, RONTEAFT—FICLD &, SONT Ik o THR SN HBEHH
CHARAERUVBLIUVTYOET (Fl). i:{ﬁi%'é:}’bé LT AL,

4. EHIOREER X ONERED SONT DR
B DRI 1. SRR, B L OER R DR & OCRER A el

BERSET B, BHIOBILL L, R, BHBIOEMERY KR 2L Th 5, kL
BHR RS THEP, HENETRLRHESN TV EP2ERT DI, 7ue—-rR2
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LREBHERE -0 a—=1

bz m—riEru—rBME OREF— 255K L7, %5@1%@&%@:%&3‘5
e BBIrBES L THET S,

7R—=V TEIRICBR L2 Y A IC0WTH, 7 o—= 2 VB B I s L7 Y
A7 IR DONTEAMT ORISR BRI L O L 7 2 R DI L~z B U 7 iR % B
FECRERIT 2 L REETH S,

7 R—S T O TOXRILEERR T bh 5805 L URE T EL08EI
ESNTVEOT, BB I UGS NS, HEMREEL AT ATOTERRS
L TOWARVAIEESH D, 77—k, FRTHE LEL LN AT B o8micy
RUTBY, TOMEZEOBHNATEIZLY . TOBYL & EHERORA~L Kot
LS BEEMEDP OB TVBZ EFEV, Lichio T, ART TAELEE L Ok
BOMZ D, 7 r— LIEREMOAT 2 — 2 Mok IS SBUETH B,

4.1, B ok

BORR, 2 u—=rr, RER, 7 u—V EE LU OEFICEHT 5 Emps
i@%ﬁ%@ﬁ%@ﬁ%ﬁﬁ%bfﬁ%éﬂén

411, #Hifals X OEREATR O GRS Okt

KNT®7m?iT®EFT—&LTﬁﬁT5%@HE%\%ﬁ@ﬁ@%ﬁ%%éW@ﬁ
MORBREHT BAES LBROEIH LIZEILE & DBEREEEOVTNI D SES,
SRERMRRE W — & i SRR R BRI RS RS T h A LR ORESY., & LIk
BREHIIEAS invivo TEAIENIIFI Lo THR SN S | FHHCHBRB IO/ - 11EE
éﬂt@%?&b%éc:m%wﬁﬁﬁ%hﬁﬁﬁﬂ\ﬁ%ﬁ@%mﬁbfikﬁﬁﬁi
DPYRZEBIDTHO TR, REOHRE TR, HHAREY ORE E0%Ss L 0T
. DBO7 n—rDEEN ST A RBEIRTNE,

ERERHADORTREIL, 70— ~OBLY 27 Ic BB RIST, MlaAN<A 275X
v%&/ALﬁAﬁiht?%»z%9Vﬁ%kﬁﬂ&&@ﬁﬁ@ﬁ%ﬁ@%ﬁi i
fiafeds X UNBREHAEAD & EHEICBTE L2 5 (Philpott, 1993 4F),

BT, IEBEICHED 2N bRITEANEEENA K54 3, BRICHEIBRY 220

ERZEA L LT3, OF (EBEESER. wwwoiein) . IETS (International Embryo
Transfer Society: EIRIEBHEFR. wwwietsorg) 2 bEERE 2B CINEEICET 24
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LEERAERE-—BHoru—=1y

A RT AU ERE L, RSRETETHET 28 (nvivo BEOEREFE LU 0rn
I, EERIEEI RS L URER S SN ZR ST 5D ONMRE T F I LA
SPFR, invivo TEESNIEICERE SNETE b LBRET in vitro FEDIE, 70—
YEB X UREGETFEA LRITER TE 2 00 TRV (Stringfellow 5. 2004 48),

4.1.1.1 EFEEED LRI

EREEOEREOS I3, Ju—=r FEERERARRRI STV A ENOREL Y
TEEWUTHY . TNEKTEFEET, RECEES L ORECEINE LbOTHE,
BHATRBM ORI (SIS I3 OBIL. 7 n— L Reo k5 REwiEl
 HERRTIWEMA S D Z L LEETHS, FRELSL MK LT TR ERER
DETMEERATHEELLNB I LM b, FRERIEE SN A M X o TR
STRtEH H D (Sharp, 1971 4F ; Lilja B, 1997 4E ; Dinglasan 35 X T} Jacobs-Lorena. 2005
£ ; Emne B, 2007 #F).

SCNT 2 &0, @Ml OMRENRERE ZENSGHR~BRT 5 LNTiEE 25, L
LB G, EREDR in vitro RS L UTHBME PR FEAE (intracytoplasmic sperm
injection: ICSD) o, JAIRMAEINEFH B VIR IS LIz B E0ERVEET S, Z0Y
27 RMERRESOBETEICL VERE S (EEREEHBR LT OIE, 2007 ),

4.1.1.2 SRR O PSR

£ & B S BVITRAMED I ERIEE EIRT 2 R L O in vivo TOBRE 1=
S L7 (@R B0 ) R 27 i3, BIE OB invitro THRET BHAICRET A ) A2 LAE
WERTHD, BIMESWBWEsROIFEMAERET 3 2 GMRE A L IXxB
i), 7=t ko TR S, FERNERIMEROAFERDCHEP RIETHER LV
W%»zm&%%%®Uzﬁﬁ%kf6:&ttéo:n&mui7m#fmﬁﬁmﬁﬁ
LTHY (Bielanski. 1997 &), ZOFHOEDOFERITRA IR FSAL L LT
IETS i= & D BF &, O BHRA LTV 3, invito SREOFH & 11872 5 SCNT Hiff ¢
TEAFEET 3—F T, SIEMIRL, AL E T 200 EMRO™ME. B2V
U7 SRR MR B ~ D AHAAE D EHEE A B B S B REED U A 2 13 X
NTWAR, '

SN EERTREM OTIRIER £ OBE 7 0 — i BB RIEFINEEITHAY, 7

L FNRRIEZE IR U HETH Y e — OB EHEBIrEE LV b THhs, L
L2 il U IR s o e lREd s, SFEMREN LA LA I bar NI 7TEEE
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CHBENERE-—BHOsv—=r T

BIRE*RTEEZTOEGR B A,
4.12. REFORE

RERE LTSz r s (BHE%., HES0 F E) IR VRS, S u—RE
UL (65%) LIFBE (58%) BLUATZEE (67%) % & OO ATEEER Ui o
TRREWRNWI LB o7 (Heyman &, 2002 4F ; Lee b, 200445), LaL. 7 o—
RERESOMER24KIC hin o T o ART TIEE b d-s T SRR S ke L.
ETFE LTV IR in vitro TOIREBEEIT LR o RO 3 L0 11T E R (Lee 6.,2004
£F ; Wells, 2005 4£),

SRS 2 MR XU 3 HIic B 2B OERIEA. EER . IBEAR. % opkE
B R OERS L OBRRECRTE 2RSS LU IEELTVS (Wells B, 1999
5 Hill 5. 2000 4F ; Chavatte-Palmer 5. 2002 #E : Batchelder . 2005 ),

REBORRESRIL, BFER. BIU BB E OBV REBRROF Bic BT 50
TS TOX5 RREREIMMIEEL, WE, LB, BE, HAeNB I CHARE
o TS (Wakayama 33 X O} Yanagimachi, 1999 4 ; Hill' 5. 2001 4E : Tanaka b. 2001
4F ; De Sousa B, 2002 4E ; Hashizume &. 2002 4 ; Humpherys &, 2002 4F ; Suemizu &,
2003 7). ARSI REICRIZE L, 7 07 n— 0 U Ve BN TR R B 5
TWeZ EBDH o7 (Lee B, 2004 4F ; Batchelder B. 2005 £E ; Constant . 2006 4F),
R OBAOBE - MRS OBRICEN SRR EORER. K4 B SCNT O
IRICB 2 EERMERTFO L2 LTRLNS (Amold B. 2006 ), = DIERED
BERIIERBEOMMEMIOENB N, &Ky P ORBBLOCHAZ LT LLIEITS
bOTRARWY (Hill . 2000 4F ; Hoffert 5, 2005 4F ; Chavatte-Palmer 5+ 2006 45), Jaf
AR EVHERTRETE, RESOBREZENTZ LR EHESERSEE D LRAT
&% (Hill 3 X OF Chavatte-Palmer, 2002 4E),
|
HIRRWZ &iT, HEORT S8 TIX. BIBREMERLE L {adrenocorticotropic
hormone: ACTH) 3 L TR = /L5y — LIz X 1 IR H AR 2 e+ 3 izt
_L"l'o (Liggins 5., 1967 ), R TEARBESN D LIHBREE SIS, LiNoTs
T TR R NERAER CEEORMERICEE Y RIS TSR b3,

| TEOBRFASRRENE Z LRZVE L b REBREEET S = L AR THS el

LARDLY, WEORECOMERIIY L ERRITFDr n—V B REE+5RERT
BNHDERoTWE, 7B 3HETIE, P A ESIBEAT & BN S B4k
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ARBEAERE-8HOIn—=1 7

2000 42T 100% T2 7228, 2005 FiZi% 54%I{EK T U (Panarace &. 2007 45),

EDEORESOZHRTI o —= U VITETANRIIEHF SN THE DAy, B
IREPER. FUVENBT AL EEETALDICHFEYEEBRE S 22BN Y L0
ERBREDLRVA, KE, EEREE (Tenhagen b. 2007 ), I TFERBEZS|
R TREH (Gschwind B, 2003 €) OO HEEYRNLETHIESOSRHETLE
BT 5, "

4.13. Z7u—r (F0) O

7 DRERIZONWT 4 2DRBDREBEHET S ENTES () BEXARERERT
L., SIREEFELTILERDDZ 7 a—r; () BEEZFRL, HEEHHCECLE n—
vy (i) FIHRREER TR LESHARIEELTWSZo—r BT (v) RHEHHK
HERphoaru—,

BERII a— v 0V ORREL BB ICL > TELERRKEECH S (Chavatte-Palmer 5.
2004 £ ; Wells 5. 2004 €F ; Panarace b, 2007 £}, D Z &iX, BEINEHEROITE
Ao EPBBBEAREEZMD B, TNEERE TV IERPLHABTH S (Constant b,
2006 £F),

TYHERELV e YA A (bovine endogenous retovﬁus: BERV) MFHEME(LT 5 ik
ST L ARAETE LV VB LT v— U VI THE Lz (Heyman b, 20072 4F) . BERV
BEFIERE &N, RNA . 7 -2, F—Bip s iR o migh b ik & i

oY

SCNT DAl 52 2282 b N7 a—r OREEME IS 32 FMEST 5
RIREDEL OF—FBSETHD, IHIZ, SONT ICFBEELTWRL &b, B
DOREYRBITR U T, BROBRET A NVA BIZERAFTA VA AR T A JVR)
WL D BENL 7 o —~ERBNEENE A EREETALERDD, DL
iX SCNT IR L TR B9, IESREFIZEASh 50 ART THEZ Y 5,

4131 FIRBLVEEH DL 0 — 2 DREF
BARTHEERE (large offspring syndrome: LOS) MHIEHEHHCOE L LKV VB LV Y Y

mROs B— TRbN, BESFET O, BRI A X, RRREEE (RRA
ERERORNZ Y) . NEOWEIE, ERBZEONS, KA, WLOWS & bR
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ARBBAERE -0 n—=r )

BLUBMORELTIXEIT (Kato b, 19984 ; Galli &, 1999 4F ; Wells 5. 1999 4E :
Young 33 £ UF Fairburn, 2000 4F). Heyman &2 X AHF5ECld, Hi4 i LOS ORGERIL, £
M B —=2 7 TIL133%TH D, ik LT u—=1 7 G 8.6%. IVE 70
BTIL9.5% Th o7 (Heyman b, 2002 4F), MMM 0—=1 7 Tid, LOS BIERILE
A U7 BRI OFBRGEIR & BRI 2 Z L MFEETH Y, 20— FooREE. B/
LA R ThIIL LOS ik 47% E T L+ 23 (Kato 5. 2000 4E),

SCNT it &2 7 m— P b O b LB TR, RIFRIE D 438 4 R IHT Rl £k
D 6% TItd o728, FRIRAT 60 B LLESHSE U7z 7 o — U B IR OIEIRG] o Tk 17% C b o 7=
(Pace ©.,2002 4F), 7 1 — IR EBHE S i 2170 E,E@r?./zn% 106 B EE THA L,

ID5H 82 E:E#;’r 2 BELEAEFE L,

in vitro 33 LUV SCNT OFEA P LB B NIREIR, Mils LT 7 Ols, Akt 5
EERBYL., in vivo THE LT b O & IFEMRER B 5 TN 5 2 (Farin 5. 2006 ),

in vitro CORMBROEREIL LD L ) 1L BT BHEHLINCT B b BES i A
A =AAE, £ O DNA KB L i85 — L DERRCER LT3Y . DNA —iKkERF]
ZUEETICHEE FTRACHELRITLES,

PREREEIT L v HARB X UOHARK T Y UREE LE EEZZ BN Y Ui, Hl
LEFIRBR LD bNS (Loi &, 2006 4F), HIOBMEMIRILT in vitro HEZHE (in vitro
derived fertilized: IVF) JED & D L FAZETh o703, 0%, BEBHICELE 03 EBorsn
=YD 3% 12 FOHCEENEE I R, HBE LT IVE /HBIES bEE 123 S0T
EVOTR, 2035 51 \icEABR bR,

IR VBIREYVRRLNS LOS L RIBHIC, SONT TAE S - KEOT #
TRTFENEFTEREOCRBERSHEML TV 3, SONT TO 23 ORIEFE (143 B4 .,
NI (artificial insemination: AD) 0 112 ORMEFE (1300 1EH) & 8L C. Fig
FHUL YD OTERRTELHAEZITHEM (SONT @ 1.8%40.3 3¢ AL D 07+0.1) LTV
DI EWBGroTe (Bstrada B. 2007 £E),

4.13.2 HIELIBMERFRIE Tor o— Dt
WEIRIc L Dl n—1rFy L OBGET, A 48 FEE B i RIERES & OV e M Bk
B, HBFUULEBUTEAS L, MR EREIL L W TE LS b BHEEN, 7

-V FULVEERT Y YO L E CERES® 2 IHIET UL LD bR A5
BV ERTRENT: (Batchelder 5, 20072 %), F/r2 me—LFH U nBRE L
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ARBEAERE—-8HO I 0=

VRLWBLUBZ AT =S SV IEREF VLB LTE N L b s SR
(Batchelder 5. 2007b &), LLAME, EIACYEIUT 47U ) —FY L)
J:ﬁtiEﬁ%ﬁﬁ]W:&;é@’@%f LLER LIZE 20,

VVEDOWTOLDIHATE, 72—y OFH 30% A8 6 » BaNcET T2 = &2
wESH, TORBEHERRIIERI DY, MERL, BRESEEDS & OTFEESE

(RERGAT) 72 E938F bz (Chavatte-Palmer 5. 2004 4E), Dl L OB OE &I
ECHMSCRTHEML TN, L, L2 7%, EFELEIr—vFYyign, AT
BHObLDEXFIRONRRL oo TWWe, ARG 2, 3 » BIBENIT, SEAFD 7 u—
YFUVRIEFIZEE L. BESICET 2 (Chavatie-Palmer 5. 2004 45 ; Wells 5. 2004
£ ; Heyman b, 2007a4F),

SR VICBESNE 988 MO YLD n— VN D, 133 BAMEL. “05 5 89 &
(67%) DA 3 & B OBEELEIE TERE LR (Wells B. 2003 £ ; Wells 5. 2004 45), [l
FROFT RS Panarace biZ XV @ESh, 3 VETY V% 5Eihbk DREIRRNC Y B
Z LIl ERENSTWS (Panarace B, 2007 ). 72— DI 2%R 5300
b 150 HOMTRE L &b X< AON - REIIIESEOIEIR (37%) . FEREFEE (19%) .
RYIOMEANC X 2R ELIET Q0% BICEHRONE 21%) Thol,

EFSA IZfRft&i, USOFDA X 2V A7 M ROERIZER Sz Viagen 05 —# &
v ME, 2 r—rT FRBLCEOEFIETAT - 2EA TS (FDA, 2006 ),
B R AR SR EN—F T, 77— 713, TEOHE ORI hE, HAEKS
BRIEE B bivk, HAWARECRIT 20RFRN L, REFERICRU TR S
NERBEFEERS L OESHAKER AL X 3RBFOFRSCNT I LA LD L kL
TAHEIEY (p<0.05). £z, SCNTE£HAOFEEHME L OHEZE T RAEVVERA
1z 7= (Bstrada B, 2007 F),

AEHE. VIBIOTZOEEDOATA-FITIE, Jo—-EHBRATHEERERRR
bivehote, SEOEENIIER X UCRNRZ A—F, RERE, £F4a25 v
vAay, RENERIUARAT A—2KBLT, 06 ABOS o1 vy L FROR
BLCHAEBRZERIRALNAY -k, A, 70— ARORE L TRERDER
ZRRT A—F (IR T a7 7 A N) ICER X5 (Laible &, 2007 45 ; Panarace .
2007 &5 ; Walker &, 2007 £ ; Yamaguchi 5. 2007 €& ; Heyman 5. 2007a 4= ; Watanabe 35
XA Nagai, 200845), 14 KLU 27 BRO 7 n—17 ¥ ORFRTR. R, 15, MR
21 L UREHEEICE L CZOEEBSR b 0 idRwn o XS o7 (Archer 5., 2003a
£ Mir b, 20054F), ' - : |
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’ABE’%%FQEE§~§J%®9‘ w—=y

W, BIBEAEN. FERMICERICERENZTALY V—208MEPHER L. LG
FUHHEICEET 2EMEE XTE 77 M —RMERS| X - S5 (Batchelder .

20000 ) TNBEDF—Finb, Iy R —rF 0L 0EGE ERT30IFENTIY
DREEC 2D O EMRATAE—DOREEELNE,

4,133 PHEEREDZ n— DF

RBEMFO Y v — v LRI T CHE ShEtBE AR SR RTEIC BN T, 7 r—)
MR L BB L CRERHICET 2 OB o7, UL, FEHEMRE L O A% D
TUVDERETRIHERRERIT > (Heyman b, 2007b 4E), BEE S A —& Th
. Bld 305 HBFLABR T, IE, FEIHR X OESMIaIAE Chotr, LHH0
FHE R BEEHERIFRCEPoLR, ZOZ LIX3TEO S v —RREHER, 9,
BARZ LVBS Vo) BERRRE R URRERTH 3ER, 2L 7 LD
tw(ﬁﬂ—¢ﬂ2ﬁ%i0%%ﬂzﬁ):&#6%%ﬁ0<oﬁﬁﬁ®%gﬁ&<\%ﬁ
DEFET —Z P b RABRZERIIR LN otz

FURORTFER b, RE~OREIZOWTOREHRIFEIR SN2V b bbb, 7
R ERY CHOMOBEERERME ST, 8~12 BHT. MIELHE LUl
FHRT A—F BN, TRISBARY. 3 I UG O BRI BT 3 8 B
HEIZ bZERN RN (Tian 5, 20054 ; Yonai b, 20054),

15 R @ Friesian RIBEHFED 7 0 — 28N\ T, TORERIT=2—D—5 > REDHE
&h—y@%@tﬁ%ﬁ&ot(Wﬂs&zmMﬁnﬁﬁ%%n;bhnﬁwyu—yv
VICIEROKBIL RN L BRE SN, 7 u—r Y L OEREICTERERATC Lo
'TE%éhk%@&ﬁﬁ&%ﬁm&<\%@%@%E&%ﬁ&ﬁ%ﬁﬁmﬁf%ot
(Enright &, 2002 4F ; Forsberg 5. 2002 4F ; Wells 5. 2004 48 : Shiga . 2005 4= ; Yonai
B, 2005 4F : Tecirlioglu 35 X U Trounson. 2007 45),

mﬁmxﬁﬁﬁwvmﬁwﬁneywﬁﬁfm\ﬁau—y®m¢¢imklﬁﬁﬁéﬁ
LEFUY LD SRV 20D T, TORRDOMES L USERIIES TH5 = & 28
FEmmftir Bl (Shiga 5. 2005 £F),

s a— T F T SNIERFEEIHBOLDL AL Thok (Martin 6. 2004 4

Williams &. 2006 7). FIBE{FOEKE, A% THAELLES, HAKRE, £RMEREL~
NMBLU3EBEILMEEICE LT, @8y HHD/'C‘F!@Z;?‘? LIEZu—rEoTE LT
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ARBERAERE-—SHOrv—=r 7

IEE A EEDDIZRM o7 (Martin B, 2004 4F ; Shibata 5. 2006 #F : Walker 5. 2007
i),

Viagen D7 —4F v Mb, 1 EHOZ 0 — 2 2RWCHBEOSEEN L LTI H 528,
AR JORELERNC 7 o — 7 & O IGFL BB LV bEV 8405, Rk
KEEA RFUF—NITB Ly, 7 R B BB L U bR o, RERER T
AFEROREIRT NABOEBOBBEIRETHY | Zhits o —  mEEERA
CHEMREICE LT LR, BRO X ) I ETES BRI T b b T % (Walker b .
2007 4E),

4134 mFEHELSo— 2 DFE

SCNT HEAKINTHAZDT, FEIN, BRREEFMEITEFELTWAZ L RHES -
NTVIBHOBICIIRY RH 5, LR o T — M S0 25 45

VIBEH F i XA BERFE UNME TV WEM ZEET 3 = £ 3% 3 (Chavatte-Palmer .
2004 4F ; Heyman 5. 2004 £E ; Heyman &, 2007a4F), EWEH B CHRE Sh-EWH AR
FERETEFELELRBEZICVDT, HFAMEF LTH200, &5 WX s
SMDHELR O EHIETT 5 LITHAE, THMEOETELL,

Wells HOBEIZ LD L, BELIL 4B ETOZ 00— UV OEBMELERITRE 8% (1~2
% THE 59 BHA 7 BHASHE 5 2~3 IR T I6 FEF 3 AL ; BL U 3~4 BT 12884 1
BAELD) T, ZOERECERIHGEEEROBERICL 2LHETHD (Wells 5. 2004
F). 4 DDERZBETEERFEO 21 FHO 7 00— REEMS ORI TIL, 1 4
DETH, HEHHAD 4 BE~3 mETEFLE (Heyman b, 2007a 45), FSlo> 1 88X,
2003 EDBEBORICSMERET L.

¥ U ADFHBLUOMBCET DB RR D, 7 - Y ATEEE SN~ T 2
L0 BEHLT 10%FMBPENZ ERRENT (AFSSA, 2005 4E), LLAaRb, 2o
DI L BRTAB IV R b T YRAD I —= VP 2RELELZA, B
ITEY T A — & THIT Uiz & 5 BB (LoET R > (Wakayama H. 2000 ),

4.1.4. EET (F1) OfEE
Sa—P—S5 T, BREMZSBRENEIn—0 930 52 BOEFOS L, 85%N

QMHEBETEFLTBY, TOEFY VBHRY VOF (84%) LiZEAEEDDIL
iRdrode (Wells 5. 2004 ), 7 m—VOEFITBITBZFRCBELTL, ARERBER
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AHGRARAE-—BHOs n—=

BRI LY BRNEVI LRV ERE SN TV, FUEORENRY n—1 D4k
BTORET —F0RNATEY, 20 BOEFRERMGETETINTRBY  IBLALYOT
v ¥ (21 B 20 BB AMEH AT LTV e 2 L ASRS#LE (Heyman b. 20072 &), $7-.
- SOLSBFTRIL BATEESNILZ v - OREF 2 BOETICOVWTED bk 7 —
BT D BOEOMED B bR STV 5 (Watanabe 6 £ U Nagai, 2008 £F). &I

E—lvy s o—r 0o 19 EOMES LT 11 BB TATSRER L USEERE
DT ZMERHY . 7 oY OEFEIOYAFEMICBVTOEE (P=0.009). MR
# (P=0.007) BITHKR (P=0.03) PEDTHIMB, 1 ROERTWE KB L TH, Bf
WZEM, BE, RN, MR X ORI/ T A —F BB THhE - ERRSH
2o ShiZ, BEDEBECHTER N AR LEE TH- = (Ortegon B, 2007 4F),

4.1.5. @J%CD@%l«_ObVC@%%
?uw“/ﬁﬁﬁ%%@ﬁ?é%ﬁ\ﬁmmmHMmA%ﬁﬁféﬁ%kﬁﬁﬂ WEE L

Twé)@%mk£UWlﬂﬂﬁfﬁﬁ%ﬁ%UL&E#@@%&%%%@L&HHf&
BV,

APART —FPrb, FLLTUVRELT, UTORRIELN S,

ABRHZB L T, #mldbl FOEED THS :

TREIRZ v —VEOBBEEZILE Abh3, 20 L, fid ART hbiE

TFRICE ST, R REROTRRICEEL RIS T TRl h 5,

hﬁﬁﬁﬁ;ﬁ%ﬁ@%ﬁ%&BUP#%Mh@ﬁféﬁfﬂﬁﬂEMLf

Vo, TN OEREFPREICREROSERICEE L RITTTEER D 2,

bR U7 e~ R %ﬁér&mT%%w&MMUkibﬁﬁbtﬁﬁﬁ
RRBRB, _<ﬁﬁﬁr&5

zr—r (F0) IZELT. 2 /i/(T@éiabTe%é

7 R—rORTCERS LURREIEEEE LB LD b,

— MOEXDLLLAEREYViEEWT, HMERICREER L UNSIRE T
NEL Rbh3, ‘

—  HRTIu—-rTv0 Ei LOS Y O4eBESMI TR RERER RO
ART LY bEHETRLNE,

— - BREVIVOI - TREMETER L UBBEEABILTWA S L
ETRTHELH S,

30




ARERAERE-—BPH0/n—=2 Y

FEINCAERF Uiy m— i3 A2 RIE, ITEE L UM BEERRBIC X 54|

EDER., TOREHBEELSEETHEZ LRHNB,

= BEECATELL -Vl LTREETH AN, —HIREEREGRE
BLURERSIE (VVICBWTES) 2, —liEThy, TR/
EREEH L L 20 b0 EBPWREEE LR, _

— BB ﬁﬁhﬁﬁ%%zmﬁﬁﬁ?D“/@ET@%JU%% IWE
ahiEs. .

— &uu/@iﬁﬁwm\ﬁﬁﬁm%gmﬂah&we

- &%abf ETOEDBRFMELD TEDZ I/ u— gAYV

; Lo T, FMITHd 5 SOCNT OHEE N 28BS\ TR

m# &ﬁﬁ%(%é Eblz, EEBOHMITSLBRERIY
BIEV,

HEEBVICEESNEZEYTHLRONE X5, 7 o -V EHoR T RER
L UORBIIRETARALD LSIRBUER POMoERICER T :E X515,
BEARUNADOKMER 2 o—= v ZOERIZ EORERR LT 5 MIERE
DEZARATHS,

B (F1) IZELT, BawiillFolEY THE

AFAEF = N5 BB ENEZOEOEERFBIIL LI, RL R
by,

42, BoEuksalE

HGEOBMICEEEE T 5 BHOEELIMT I ENT 7, FE LIEENT—
FRREL SNB, B n—= F RS LI TH DT, ThbDF—F ik
FERLLTRTATHD, LEF>TIKRONIAFHET —F 0 bEFEFREZHTZ
LRFEECRETH S, BEOEMIEL, S0k e 2iEERSh
T =R R T B LREINTNEE ZARKEL, TENLD, L0 HE
L2 iHETh 5,

yae—m e OESIZEILT. AT (5 K —) 8. FHESM (RED) . 7 n—1 (FO)
BIUZ o—rOEF (F1) BETRELATIUTRL2ZN, ‘
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42.1. TR ES OEAE

7 A—= 2 Z R B R & T SRR R AT E S DR AL RS B R X 7
VY, ' o '

42.2. REROFEA

FHIRT R LU HREEORBERICB W CBATFRIET 57217 TR <, SONT iHIES &
CHIR~ERERIFS D, BE~OBUSEI SNZERCH S, “hbOERREr
VIBLUE YYD/ - COMETEETHY  EUUREREY 0—17 2 OIHRE
THHESH T3,

BUOBRNL, BEILBATICRET 2 HETOROREN HEED] BRE LS U X
7 RS HECEZBIRE S 3 2 B2V EA T OFRHICERT 2B D U 27 281,
RS SENIITONR NI EioboRNE, b LSEERAHE SR Y kit
. BER L UHEOBOMBEL V) ATREMShE o b L5 5, HEEK LT
HECIBM R b VAR R B BAND 5,

7 B UEETAIR S v— R ET A RERCR b B R AR S R A 1k
EVﬂwwﬁﬁﬁﬂwm%5yﬂﬁE@$mnt@ﬁbfwék%éﬁ%ﬁﬁé&mmm
5. 2002 %), PSP60 LD LRI, RERCHVThTIERES0 B E &5 Mk
HESn, BIBRRTCEZERE, S, MR OMEITT 5 LR TR, LER-T,
FROBEBEREL LML SPS60 ZRET B LItk oT, HE S0 BEHH AW ITFED
JMABEETIRBRTLTML, v o RBERIC U CRIARST 72175 = L RTEE L oo
7= (Heyman 5, 2002 4F ; Chavatte-Palmer . 2006 4E),

4.2.3, ﬁuayoﬁ&
KNTﬁE&%@#LTMé:&%\7ﬂ—y®%k&7472?—9E%BLTﬁﬁT
-59?*$m?n~7&\7n—yﬁﬁﬁwﬁﬁﬁﬁm\Alﬁﬁ%5MMM%%%iﬁ
%%Eﬁ?émwmmm&ﬁﬁ%ﬁéﬂtﬁ%k%%&?é:&?ﬁ%éhfwéo

4231, HEEDS o—niEh

%&®§Em%\EE#%KW%@%@%&%%T:&@&%ﬁ\W&ﬁ%i%iﬁ%ﬁ
Vit@%tyVﬁ%ﬁ¢%ﬁ%@Dfm?hﬂﬁﬁﬁﬁé(Mmma\mME;Mmm
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ABGERERS B0 s a—= s

3 X8 Diesch, 2006 £, BARZSAFMEESEM L, BOBBERBE--RIT, 7
7 VBRI BEHERAREMEN. MAETEFTL, A0WmE. REORVERE, @
DIRfIRE 2 EORHEREHIZ L2 ERERITRZ LD 5,

|ETHE, ECEBLURBAFOV A RAEHMTEYVRBIVY YO s a—izBnT
EREBRONEH, 7EZBICVYXFORERS 0 — 2 CIIR BN EARTRERTVY
%o LOS O v — AT ZH AR BN 2, 72BN L2 bR s ERb 5, 7
r— AR LT, SRl HEERAEORIZZ F ORI AR T RIE - o R
THEELZBND, 70—V TFUVRBEOT YL LS LTy R EBENISEOTE
LrJUIZET B DIWRFRIAS A3 (Chavatte-Palmer 358 X TF Guillomot, 2007 4E ; Batchelder
B, 2007b ), MRIZE CHETIIA TRV O T Batchelder b OFER TIIARIRMBEE LN
B, ASWIZETEHEP G, 20— rF 7 TRHAER 2 LF Y — VBEERIEN T &
53737z (Chavatte-Palmer B, 2002 45 ; Matsuzaki 33 X TF Shiga, 2002 4F ; Batchelder 5.
2007b 4E),

RRPILIROIMBICEB LR LA e X TER &b, P gERIEERIT5 L
BEEBRKETDE VI Z EIIRLICTHESILT WS, LichioT, THEHRRDRE
R bR A B S IR B EE T ARERRV B X bR, TRELICS
T AERRM L RORBICARTHENREEEL LT EWGho TS (Smythe b,
1994 ££ ; Grunau 5. 1994a 4 ; Grunau 5., 1994b 4% ; Lloyd-Thomas 33 & UF Fitzgerald, 1996
4E ; Braastad B, 1998 ), 7 B —= 1 7 CHIREMETLORERIT FE L, LiMoT
JERDA R LR, BRAHED D VMg RN oW SRR LT,

p - IRREHT BHIT . BEIHLRET OB E - I0E 2 b NGB R ICEE T 5 4
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SUMMARY

In 2007 the European Food Safety Authority (EFSA) was asked by the European Commission
to provide a scientific opinion on the food safety, animal health, animal welfare and
environmental implications of animal clones, obtained through somatic cell nucleus transfer
(SCNT) technique, of their progeny and of the products obtained from those animals. In view
of the multidisciplinary nature of this subject this task was assigned to the EFSA Scientific
Committee. The ethical aspects of cloning are outside the remit of EFSA and the European
Commission has asked the European Group on Ethics in Science and New Technologies to

‘provide an opinion on the ethical aspects of cloning.

In SCNT the nucleus of a differentiated somatic cell (a non germ-line cell) is transferred by cell
fusion or direct injection into an oocyte that has had its nucleus removed. The reconstructed
embryo is artificially activated to start its development and is implanted into a surrogate dam
where it continues to develop and is delivered in successful cases as a healthy newborn,
Cloning differs from other modes of reproduction because it is asexual i.e., it does not require
the union of an egg and sperm to produce a new individual. SCNT allows the reproduction of
animals with a known phenotype from a single animal. Cloning has its use in animal breeding
programs where it allows the introduction of proven desirable characteristics (such as disease
resistance) and the propagation of animals regardless of their fertility.

Successful SCNT requires that the nuclear activities of a differentiated donor somatic cell are

reset to a totipotent embryonic state and that the new embryo is then able to complete
embryonic and foetal development. This process, called “reprogramming” changes the
biochemical signals that control gene expression. Unlike the case for sexual reproduction, in
which the fertilized egg is totipotent (capable of becoming all cells in the resulting organism),

! The animal species covered in this opinion are cattle and pigs

© European Food Safety Authority, 2007
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in SCNT, the activated embryo containing a differentiated somatic cell first must be “reset” to
totipotency, and then follow the same path as a fertilized embryo. Failure of the epigenetic .
reprogramming, which may occur to varying degrees, is the source of potential adverse health
effects which may affect clones and may result in developmental abnormalities. The normal
health status of clones is the main indicator of the functioning of epigenetic reprogramming.

Cloning by SCNT has been applied to several animal species but, given the available data, it
was only possible to make a scientific assessment for cattle and pigs.

This opinion considers health aspects in relation to the surrogate dams, to clones and clone
progeny. For surrogate dams, an increased proportion of pregnancy failure has been observed
in cattle and pigs and increased frequencies of hydrops and dystocia have been observed
especially in cattle. This and the increased size of the offspring (large offspring syndrome)
make Caesarean sections more frequent in cattle carrying a clone than with conventional
pregnancies. These effects have also been observed in surrogate dams carrying pregnancies
induced by assisted reproductive technologies not involving SCNT, albeit at a lower frequency
and often with less severity. Mortality and morbidity rates in clones are higher than in sexually
reproduced animals but most clones that survive the perinatal period are normal and healthy as
determined by physiological measurements as well as by behaviour and clinical examinations.
There is no evidence indicating adverse outcomes for the sexually reproduced progeny of cattle
or sheep clones. However, it should be noted that neither clones nor their progeny have yet
been studied for their full natural life.

The current welfare assessment is largely based on data related to the physical health of the
animals and is only qualitative in nature. The welfare of both the surrogate dam and the clone
can be affected due to the adverse health outcomes observed.

For the evaluation of the safety of bovine milk and meat from cattle and pigs derived from
clones or their progeny, the following aspects were considered: compositional and nutritional
data, probability of novel constituents to be present, health status of the animal, available data
on toxicity and allergenicity and microbiological aspects. Relevant studies have been
conducted on the composition of meat (cows and pigs) and milk (cows) from healthy clones
and from clone progeny. No difference exceeding the normal variability have been observed in
the composition and nutritional value of meat and milk between healthy clones or the progeny
of clones and their conventional counterpart. Provided that unhealthy clones would be detected
at veterinary inspections and quality controls and thus be prevented from entry into the food
chain, the currently available data indicate that food products from clones of cattle and pigs and
their progeny are as safe as food products of livestock derived by conventional breeding.

Based on current knowledge there is no expectation that clones or their progeny would pose
any new or additional environmental risks compared with conventionally bred animals. As with
other assisted reproduction technologies, cloning could, by extensive or inappropriate use,
unintentionally affect the genetic diversity by increasing the proportion of a specific genotype
within a given population.

Key words: Animal Cloning, Animal Health, Animal Welfare, ART, Assisted Reproduction
Technology, Bovine, Cattle, Clone, Clones, Environmental Impact, Epigenetic
Reprogramming, Food Product, Food Safety, Genetic Diversity, Livestock,
Offspring, Pig, Progeny, Risk Assessment, SCNT, Somatic Cell Nucleus
Transfer, Swine.
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION

According to experts, animal cloning carried out thorough somatic cell nucleus transfer
(SCNT) is on the verge of widespread commercial use and expected to spread within the global
food chain before 2010. Food (e.g. meat and milk) derived, in particular from traditionally
produced offspring of clones might therefore be available to consumers in the future.

In the USA, the Food and Drug Administration (FDA) published on 28 December 2006 its
comprehensive draft risk assessment, risk management proposal and guidance for industry on
animal cloning. The FDA draft risk assessment concluded that edible products from clones and
their offspring are as safe as their conventional counterparts. The above mentioned
developments will be facilitated if the FDA, as expected, will issue the final version of the Risk
Assessment and lift the voluntary moratorium on food from clones and their progeny. ‘

SCNT allows the productidn of genetic replicas (clones) of adult animals. The EU is already
faced with embryos (offspring of a clone) and soon with semen (sperm) from clones offered in
a global market for animal germ line products. T

Community Interest

The European Commission (DG SANCO) is currently reflecting on the development of its
policy in this area, in the framework of legislation on novel foods, zootechnics, animal health .
and welfare.

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION

The European Commission requests the EFSA to advise on food safety, animal health, animal
welfare and environmental implications of live animal clones, obtained through SCNT
technique, their offspring and of the products obtained from those animals.

INTERPRETATION ON TERMS OF REFERENCE

In reply to the request from the European Commission, EFSA, having considered data
availability of different species, decided to restrict its opinion to animal health and animal
welfare of cattle and pig clones and their offspring, the food safety of products derived from

those animals, and the possible implications of SCNT for the environment and genetic
diversity.
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ASSESSMENT

1. Introduction to the opinion

This opinion is based upon published peer reviewed scientific papers, data and other
information deemed reliable. EFSA Jaunched through its Advisory Forum and on its website a
request for scientific contributions on this. subject from third parties; a list of all documents
made available to EFSA can be found at the end of the opinion,

Cloning has been applied to several animal species, but only in the case of cattle and pigs were
there sufficient data to make possible a scientific- assessment for this opinion. Where
appropriate, reference is made also to data concerning othier species.

The first farm animal clone was born in 1984, based on the use of embryonic cells as nucleus
source for the cloning procedure. In 1995, the lambs “Megan” and “Morag” were born, for
which embryo-derived cells had been cultured in vitro for several weeks and then used for
cloning. The major breakthrough came with the birth of the lamb “Dolly” in 1996, using adult
somatic cell nucleus transfer (SCNT) in the cloning procedure (Wilmut ef al., 1997).

Broadly speaking, cloning can be regarded as an assisted reproductive technology (ART) in the
sense that it is a method used to achieve pregnancy by artificial means. However, in the context
of this opinion, SCNT is not included in the current use of the term ART, as it is unique due to
its asexual nature and permits the production of animals from a single animal with a known
phenotype. The present opinion takes into account observations on clones in the context of
animals produced by ART (such as in vitro fertilization, embryo transfer and embryo splitting)
and natural mating as appropriate. It is also acknowledged that current ARTs are widely used in
the zootechnical practice without any underlying formal risk assessment. For example, large
offspring syndrome, often thought to be a cloning-related phenomenon, was first described in
pregnancies derived from the transfer of in vitro fertilized embryos in cattle and sheep (Farin
and Farin, 1995; Walker, 1996; Kruip and den Daas, 1997; Sinclair et al., 1999).

In deciding whether significant differences are incurred by SCNT, the choice of appropriate
comparators has to be considered as well as the origin of the somatic cells and oocytes used for
cloning, since they may have been selected for characteristics whose expression does not
reflect those commonly found in a conventional population. For example, an elite animal would
have characteristics that might be found at the top of the range compared with the average
values of that species or breed line. This therefore might complicate a direct comparison with
the normal range. :

1.1. Matters not addressed in the opinion .

Approaches to cloning other than SCNT, such as embryonic cell nucleus transfer (ECNT) using
early embryonic cells (blastomeres) have been carried out, but in comparison with SCNT,
relatively few animals have been described in the literature (Yang et al., 20075). ECNT as well
as genetically modified animals ({‘DNA animals) that have been propagated by the use of
SCNT are not assessed in the present opinion, nor are the effects of ARTs (e.g. in vitro
fertilization, embryo transfer and embryo splitting).

1.2,  Terms used in the opinion

Some relevant terms relevant are defined below. A glossary of other terms is found at the end
of the opinion.
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- Cloning

Cloning, as assessed in this opinion, is defined as the technique of somatic cell nucleus transfer
(SCNT). The word clone is derived from the Greek words clonos, “twig” and clonizo “to cut
twigs”. Cloning is a process by which animals are reproduced asexually. In the cloning of
animals with SCNT, the haploid genetic material of an unfertilized ovum (oocyte) is replaced
by the diploid genetic material of a somatic cell derived from foetal or adult tissue. In contrast,
genetic modification (which is not assessed in this opinion) alters the characteristics of animals
by directly changing the genetic DNA sequence.

- Clone

A clone is the animal born as a result of asexual reproduction of animals using SCNT; in the
present opinion clones are also referred to as F0.

- Progeny (offspring) of clone

Clone progeny refers to offspring born by sexual reproduction, where at least one of the

ancestors was a clone (F0); in the present opinion clone progeny is also referred to as F1.

2.  Animal breeding and reproductive techniques

Assisted reproductive technologies (ARTs) have greatly improved genetic selection during past
decades. These technologies include: artificial insemination from selected sires with its
possible extension to sexed semen, oocyte collection from selected dams, embryo selection and
transfer from selected genitors, in vitro fertilisation, and the'long term storage of gametes and
embryos. -

The genetic diversity of animal species or breeds may, in principle, be managed through the
selection of genitors, by generating intra- and inter-hybrids or by generating genetically
modified animals. The advantage of conventional genetic selection is that it creates new
genotypes at each generation through the process of meiotic recombination (sexual
reproduction) and the segregation of recombined chromosomes into individual gametes. In
contrast to sexual reproduction, SCNT, by by-passing the sexual reproduction, will reproduce a
particular desired phenotype (such as disease resistance, improved welfare, production or food
product quality) with a higher likelihood than sexual reproduction.

2.1.  Introduction to Somatic Cell Nucleus Transfer (SCNT)

In SCNT, the nucleus of a differentiated somatic cell (a non-germline cell) is transferred, by
cell fusion or direct injection, into an cocyte that has had its nucleus removed. In practice, in
livestock cloning the whole somatic cell (including the nucleus) is usually transferred. The
reconstructed embryo is artificially activated to start its development before implantation into a
surrogate dam where it continues to develop and is delivered, in successful cases, as a healthy
newbomn clone (F0) (see Figure 1).

Biologically, most steps in the procedure present their own challenges. Examples include how
to select and prepare the somatic cell to be used as the nucleus donor; how to prepare the
oocyte used as the nucleus recipient; how to combine these two cells, i.e. the fusion process;
and how to initiate embryo development after fusion.

Technical improvements over time are gradually increasing the proportion of clones born (e. g.
better in vitro culture conditions) and technical immovations in the handling of embryos allow
better control of nucleus transfer procedures.
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T
Removal of

nucleus and polar Cultured somatic cells (often fibroblast)
body from oocyte

Clone offspring (F1)

Figure 1. Main steps of somatic cell nucleus transfer (SCNT). (A) nucleus cell source; (B)
the nucleus and the polar body are removed from cocyte by aspiration giving an emucleated cocyte (C); (D)
culture of somatic cells from the nucleus donor; (E) injection of a somatic cell between the zona pellucida and the
membrane of the enucleated oocyte; (F) intermediate association of enucleated oocyte and somatic cell followed
by introduction of the somatic cell nucleus (and cytoplasm) into the oocyte cytoplasm by electrofusion of the
oocyte and cell membranes; (G) embryo clone formed by an cocyte cytoplasm and a somatic cell nucleus
containing two copies of chromosomes; (H) embryo transfer into a surrogate dam generating clone (F0) with coat
colour similar to that of the nucleus source (A); (I) clone offspring (F1) generated by the sexual reproduction of
the clone (FO) with a normal partner, the colour coat of these animals is different ﬁ-om that of the clone and
different froni each other.

2.2.  Cloned species and cloning efficiency

Since the birth of the sheep “Dolly” in 1996, SCNT has been applied to livestock and to several
other species. Cattle, which are reported to be the animals most frequently used for SCNT,
were first cloned in 1998 (Cibelli et al., 1998; Yang et al., 2005), goats in 1998 (Keefer et al.,

12002), pigs in 2000 (Onishi ez al., 2000), rabbits in 2001 (Chesne et a/,, 2002) and horses in

2003 (Galli et al., 2003).
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In livestock species, healthy progeny (F1) have been obtained after the sexual reproduction of a
clone. Furthermore, for research purposes, clones have also been produced by using cells taken

‘from clones (i.e. repetitive-cloning) (Cho et al., 2007).

The overall success rate of the cloning procedure is still low and differs greatly between
species. The overall success rate, expressed as the percentage of viable offspring born from
transferred embryo clones, ranges approximately from 0.5 to 5 %, depending on the species.

Walker ef al. described a method for porcine cloning where the overall cloning efficiency was
improved from less than 1% to 5 % and a later study reported an efficiency of up to 17 % (10
live births out of 58 embryos transferred) (Walker ez al., 2002); (Du et al., 2007).

Panarace et al. report the efficiency of cloning cattle in three countries, Brazil, Argentina and
the USA, over five years (Panarace ez al., 2007). From the 3374 embryo clones transferred into
surrogate dams, 317 (9 %) live calves were born, 24 hours after birth 278 of these clones (8 %)
were alive and 225 (7 %) were alive at 150 days or more after birth. The higher overall success
rates in cattle are largely due to the extensive knowledge of the female (and male) reproductive
physiology in that species because of the importance of reproductive management in breeding

- schemes and in the economy of milk production.

However, within a given species, success rates can vary extensively reflecting a lack of full
understanding of the role of various factors involved in the cloning process, such as somatic
cell and oocyte selection, cell cycle stage, culture conditions, etc. For unknown reasons, about
one third of the donor cell lines Jead to a success rate, expressed as the percentage of live
calves obtained from initiated pregnancy, as high as 40 % while one quarter of donor cell lines
totally failed (Panarace et al., 2007). These differences in the birth rate of live calves occur
even when donor cell line cultures, with no evidence of abnormal chromosomal constitution,
are run simultaneously within the same experimental programme. Unexpectedly, the different
cell lines gave the same high number of blastocysts i vitro after nucleus transfer, irrespective
of the subsequent success rate of development. This variable efficiency could not be attributed

to chromosomal abnormalities in the cell lines resulting in the failure to develop to tefm
(Renard et al., 2007). ‘

'23.  Number of clones and data on life span

There is no world-wide register of clones and therefore the number of living clones is difficult
to estimate but EFSA has attempted to collect such information. In the EU there are about 100
cattle clones and fewer pig clones. The estimated number in the USA is about 570 cattle and 10
pig clones. There are also clones produced elsewhere e.g. Argentina, Australia, China, Japan
and New Zealand, and EFSA estimates that the total number of clones alive world-wide in
2007 is less than 4000 cattle and 1500 pigs. The relatively small number is a reflection of e.g-,
technical difficulties and the regulatory status, and it can be expected that the number would
increase as the efficiency is improved and if cloning is approved for commercial food purposes
somewhere in the world. Semen from clones is already available on the market in the USA.
However, even if the number of FO clones remains small, there is potential in the future for a

number of F1 and subsequent generation animals that could be produced from F0 clones and
enter the food chain. -

Similarly, the numbe;r of clones reported as reared and living for a considerable time is limited.
Only a few reports on cattle clones to date refer to animals of 6-7 years of age (Chavatte-
Palmer er al., 2004; Heyman et al., 2004; Panarace ef al., 2007) and no data on the full natural
life span of livestock clones are available yet. '
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24. Possible use of cloning

Genetic selection is a method to improve animal production. It is based on the controlled
reproduction of animals followed by the identification of individuals with desirable traits, such
as high productivity, disease resistance etc. Genetic selection relies on the natural genetic

variation and gene redistribution which occurs during sexual reproduction in conventional
breeding.

Cloning provides a way in which selected characteristics can be propagated into production
herds more rapidly. For example, if an animal with a genetic resistance to a disease has been
identified, that animal could be expanded by cloning into several genitors which could then be -

used to introduce the disease resistance trait via sexual reproduction into the production (or
subsequent breeding) herd.

- SCNT may also prolong the reproductive life of sires or dams that have already produced high

value offspring and are aged beyond their ability to produce gametes effectively or for those
whose lives or fertility were shortened by design, accident or misadventure. Cloning may also
help to reduce the difference that exists regarding the availability of gametes between male and
female genitors. Naturally, females can provide at most a few hundred oocytes whereas males,
through their semen can generate thousands of offspring. Cloning, therefore, makes possible a
more intensive use of specific female genotypes within a breeding scheme.

The Scientific Committee noted that the primary use of clones (F0) currently is to produce elite
animals to be used in breeding and not to produce animals as food.

3. Epigenetic and genetic aspects of SCNT

Successful SCNT requires that the nuclear activities of the differentiated somatié cell used in

- cloning are reset to those of an undifferentiated embryonic cell and that the new embryo is able

to complete foetal development. The somatic cell nucleus has to change its gene expression
pattern in relation to changes in its microenvironment in order to be able to replicate all steps of
normal development. This process, which is by essence epigenetic, leaves the primary DNA
sequence unchanged and is reversible. Epigenetic modifications include biochemically-
mediated conformational changes of the proteins surrounding the DNA (i.e. chromatin) and
also biochemical modifications of the DNA,. particularly methylation. Modifications of
chromatin proteins are a reversible and dynamic process. In contrast DNA methylation can be
much more stable. Somatic cell reprogramming consists to a large extent of DNA
demethylation followed by a specific re-methylation of those DNA regions which must remain
silent in a given cell type. Epigenetic mechanisms affect the expression of some genes and such
modifications may be transmitted to daughter cells (Jablonka and Lamb, 2002).

The low success rates of SCNT and the underlying physiological abnormalities, frequently
observed in clones during embryonic and foetal development and also soon after their birth,
appear to be caused mainly by epigenetic dysregulation occurring during inappropriate
reprogramming of the genome. '

Some considerations about the possibility that SCNT induces genetic alterations are given in
3.2, whereas the epigenetic aspects are discussed in Section 3.1.

3.1.  Epigenetic aspects: Reprogramming in clones

Reprogramming of nuclear activities after SCNT is a time dependent process which involves
two main steps: the de-differentiation of the somatic cell nucleus to a totipotent embryonic
state, followed by the re-differentiation of embryonic cells to different cell types during later
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development (Yang et al., 2007a). Only a relatively small proportion of the total genome is
active in a somatic cell at any one time. Many of these genes are known as housekeeping genes
and are expressed in all cell types; others corresponds to the genes that grant specific functions
to each cell type. In a somatic cell, therefore, most of the genes available for transcription are
actually silent. The reactivation of these genes occurs normally in part during gametogenesis,
with the cytoplasm of the oocytes containing the factors allowing reactivation. When genes
required for a developmental step are not properly activated, the development of the embryo or
fetus is interrupted, usually with fatal consequences. Tt is this phenomenon that is consistent
with the considerable loss of embryo clones at early development and shortly after birth.

The de-differentiation of the somatic nucleus requires changes of the DNA and the chromatin
which are essentially dependent on components found in the cytoplasm of the recipient oocyte.
These changes may partially mimic those taking place after fertilization (Jaenisch and Wilmut,
2001). Consequently the clone embryos often show aberrant patterns of global DNA
methylation at the zygotic stages (Dean et al., 2001; Kang ef al., 2001a; Kang et al,, 2001b). A
high degree of variability in the epigenetic changes is also observed among individual embryo
clones with regard to methylation levels and mRNA expression patterns of genes (Dean ef al.,
2001; Beaujean ef al., 2004; Wrenzycki ef al., 2005). Some genes aberrantly expressed in
blastocyst stage are also found aberrantly expressed in the organs of clones that died shortly
after birth (Li et al., 2005). Methylation errors evidenced early in the preimplantation period of
embryonic development can persist in bovine clone foetuses (Hiendleder et al., 2004). The

extent to which these aberrant methylation patterns are linked to the methylation status of the

somatic cell nucleus before its transfer into the oocyte cytoplasm remains largely
undetermined. However, several studies in cattle reveal that significant and relatively normal
nuclear reprogramming, in terms of gene expression, can occur by the blastocyst stage after
SCNT (Yang et al., 2007a). In the mouse, the pluripotent cells derived in vitro from the inner
cell mass of cloned blastocysts have been found to be indistinguishable from those obtajned
from in vivo fertilised embryos, both for their transcriptional activities and their methylation
profile (Brambrink et al., 2006; Kishigami ef al., 2006). This suggests that the epigenetic status
of embryonic cells forming the inner cell mass is relatively well restored after SCNT at the
blastocyst stage. On the other hand, the DNA of trophectoderm cells, that are the precursors of
the placenta, is excessively methylated (Yang et al., 2007a). This may explain why about 400
genes out of: 10,000 examined showed abnormal expression in the placenta of mouse clones
and why this organ is often altered in clones.

Not all epigenetic alterations observed in early SCNT embryos result in abnormalities. For
example, studies of the inactivation of one of the two X chromosomes in female embryos show
that the pattern of inactivation in mouse blastocyst clones is apparently normal (Eggan et al.,
2000), but that the expression of X-linked genes in the placenta can be deregulated, particularly
in mid-to-late gestation (Senda et al., 2004). In cattle, the expression of X-chromosome related
genes has been found to be delayed at early preimplantation stages in embryos of clones
compared with in vivo derived embryos (Wrenzycki et al., 2002). Hypomethylation of the
genes involved in the X-chromosome inactivation process has been observed in various organs
of stillborn calves. However, as no disturbance of sex development has been reported in clones,
the implications for healthy clones of the hypomethylation of the X-chromosome observed in
dead clones are unclear. More generally, it must be considered that the two copies of a gene
have little chance to be simultaneously, epigenetically silenced in a clone. The silencing of
specific genes by epigenetic mechanisms or the inactivation of a pathway may be compatible
with a normal life of the clones. ‘ '
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Re-differentiation of the cloned embryo into different somatic cell lineages is initiated after the
blastocyst stage when the extra-embryonic lineages, which will contribute to the foetal part of
the placenta, differentiate from those embryonic lineages where the patterning events leading to
the definition of the first developmental axis become established. In different domestic species
including sheep and cattle, several histological and molecular abnormalities thought to be
major causes of foetal death have also been identified in the placenta of SCNT embryos (Hill ef
al., 2000; Heyman et al., 2002; Wilmut e al., 2002; Lee et al., 2004).

A class of genes known as imprinted genes has apparently an important role in the high foetal
mortality observed after the transfer of embryo clones into surrogate dams. Imprinted genes are
expressed from only one of the two alleles of a gene in a parent-of-origin dependent manner,
Many of them are imprinted specifically in the placenta (Coan et al., 2005). In mouse clones an

- abnormally low expression of several imprinted genes is frequently detected in the placenta but

not in foetal tissues (Inoue et al., 2002).

A number of reports have analysed the methylation status of imprinted genes in various tissues
of aborted foetal cattle clones (Liu et al., 2007; Long and Cai, 2007; Lucifero et al., 2007). The
results suggest a direct link between aberrant methylation profiles and the compromised
development after SCNT. A similar conclusion can be drawn from a genome-wide methylation
analysis of repeated DNA sequences containing CpG islands (Kremenskoy ef al., 2006).

Also in cattle clones abnormal allelic expression patterns of the imprinted JGF2R (Insulin
Growth Factor Il Receptor) gene have been observed in the placenta but not in calves (Yang et
al., 2005). The extent to which abnormal methylation patterns, induced by SCNT and observed
in a specific tissue during foetal development, will persist in adult heaithy clones remains to be

. determined. These changes in DNA methylation patterns, which have also been observed in in

vitro fertilisation and embryo culture (without cloning) and in a protocol- and tissue-specific

manner, result in a foetal overgrowth correlated with endocrine changes (Hiendleder et al.,
2006).

Several epigenetic changes such as DNA methylation have been observed among different
successful mouse clones that look normal in their appearance (Ohgane ef af., 2001). A more
extensive study concluded that each mouse clone has a different DNA methylation pattern
(Shiota and Yanagimachi, 2002). The degree of these variations also differs among individual
clones. An average of two to five aberrantly methylated loci per 1,000 loci in each tissue of a.
clone has been observed in mice. The mouse data indicate that animals are obviously not
perfect copies of the original animals as far as the methylation status of their genomic DNA is
concerned. However, these abnormalities can disappear with the advancement of animals'
aging, as shown recently from the analysis of kidney cells from new born and adult mouse
clones in mid-age or senescence (Senda et al., 2007).

Although global analysis of the methylated status of clones is lacking in domestic species, one
study in swine clones included evaluation of methylation in two different regions of the
genome (Archer ef al., 2003a). Compared with control pigs, clones demonstrated differences in
the methylation status in both transcribed and untranscribed regions of the genome, indicating -
that the cloning process may alter the pattern of DNA methylation in swine. However, because
all of the clones in this study were healthy at the time of study (27 weeks of age) and had no
apparent developmental defects, the biological relevance of these differences in DNA
methylation is unclear.
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3.1.1. Tralisgenerational epigenetic inheritance

Limited data are available on whether epigenetic dysregulations occurring . during the
reprogramming of nuclear activities in clones can be transmitted to their sexually reproduced
offspring. Several reports in the mouse indicate that, after cloning, epigenetic abnormalities
such as those resulting in an obese phenotype are corrected in the germ cells of clones such that
the offspring of clone x clone crosses do not exhibit the obese phenotype (Tamashiro et al.,
2000). Many genes with epi-alleles may exist in the genome but their detection requires a
visible effect on the phenotype in both the clone and its progeny (Peaston and Whitelaw, 2006).
Recent data indicated that 19 female and 11 male offspring generated by the same buil clone,
lost all the abnormalities observed at birth and postnatally in the genitor (Ortegon et al., 2007).

Transgenerational epigenetic inheritance in response to various conditions has been
documented in many eukaryotes and may play an important role in mammals. In particular,
environmental influences may induce a number of epigenetic modifications leading to the
silencing or activation of specific genes, especially when pregnant females are maintained in
conditions resulting in stress in the dam and foetus. The epigenetic medifications observed in
the offspring of those pregnancies may then be transmitted to their progeny. These phenomena,
which are considered as mechanisms of adaptation, have been found to be reversible after three
generations (Gluckman et al., 2007a; Gluckman ef al., 2007b). Epigenetic inheritance has also
been shown to occur occasionally in mouse embryos under in vitro experimental conditions
(Roemer et al., 1997). Different mouse models are now available to investigate how epigenetic
marks, such as DNA methylation, existing in specific non-imprinted alleles are transmitted as
epi-alleles through the paternal and/or maternal germ cell line (Wolff ef al., 1998; Cooney et
al., 2002). There is now evidence suggesting that RNA can be a determinant of inherited
phenotype. In the mouse 4gouti phenotype, the white ‘tail tip trait is not transmitted in a
Mendelian fashion but by RNAs packaged in sperm and down regulating Kit gene expression
by an RNA interfering mechanism (Rassoulzadegan et al., 2006). No similar studies or
outcomes have been identified in the livestock species that are the subject of this scientific
opinion. The relevance of these observations to clones and their progeny is not entirely clear. It
is also expected that the epigenetic modifications of clones will disappear in future generations
as it is the case for those that are naturally induced.

3.1.2. Epigenetic telomere modifications

One epigenetic mechanism that has been linked to the ability of donor somatic nuclei to drive
the development of SCNT embryos is the length of telomeres of clones. Telomeres are short,
highly repetitive DNA sequences located at the ends of chromosomes that prevent those ends
from inappropriate fusions and heal them when they are degraded. Telomeres shorten at each
round of cell division due to problems associated with DNA replication. Thereby, telomeres
have a function in the control of the ageing process. An enzyme, telomerase, present in various
renewal tissues including germ cells and embryonic cells has the ability to extend, or to hold
constant, the length of the telomere over multiple cell divisions. Telomeres of the first
mammalian clone, (“Dolly”) were found to be shorter than those of the age-matched, naturally
bred counterparts (Shiels et al., 1999). For this reason, clones were first considered to show
premature ageing., Subsequently however, the vast majority of studies have reported that
telomere length in cattle, pig and goat clones are comparable with or even longer than age-
matched naturally bred controls, even when senescent donor cells were used for cloning (Lanza

et al., 2000; Jiang et al., 2004; Betts ef al., 2005; Jeon et al., 2005; Schaetzlein and Rudolph,
2005). Current data indicate that telomere length restoration is normal in clones derived from
fibroblast donor cells (which are the cells predominantly used). The telomere lengths of 30
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offspring from the same bull clone were not different from age-matched controls (Ortegon et
al., 2007).

3.1.3. Epigenetic dysregulation in perspective

Epigenetic dysregulation is not a phenomenon unique to cloning and has been observed in all
other forms of reproduction, but particularly in ARTs that have a considerable in vitro
component. This has been observed in cattle when in vitro fertilized embryos and embryos
derived via SCNT were compared with iz vivo produced embryos (Camargo et af., 2005), as
well as in other species (Gardner and Lane, 2005; Wrenzycki ef af., 2005). It is not known
whether these abnormalities are due to the stresses of SCNT per se, or are the result of the in
vitro environment, that the early embryos are exposed to, prior to transfer to the surrogate dam.
Furthermore, it should be remembered that the epigenetic status of any embryo is in part a
response to its environment, as is the epigenetic status of any life stage of any organism.

3.2.  Genetic aspects

It can be considered that the well-conserved mechanisms that prevent an altered genome from
affect the complex process of development have the same efficiency with SCNT as with
meiotically-derived embryonic genomes. Chromosomal disorders after SCNT are routinely
observed at a high frequency during the preimplantation stages but mainly in morphologically
abnormal embryos (Booth et al., 2003). The chromosomes of 30 healthy offspring from the
same bull clone showed no abnormalities (Ortegon et al., 2007).

Chromosome stability may differ in the mouse between embryonic cells derived in vitro from
cloned or fertilised embryos but this is probably because of epigenetic rather than genetic
causes (Balbach ef al., 2007). ‘

3.2.1. Mitochondrial DNA modifications

Genetic differences between clones might derive from mitochondrial DNA. Mitochondria serve
mainly as a source of energy for the cell but have other important roles in cellular physiology,
notably in steroid synthesis and in programmed cell death, both of which are required for
embryonic development. In sexual reproduction, male mitochondria are recognized as foreign
and are eliminated in the oocyte cytoplasm in a species-specific manner. Thus the mitochondria
show a strict maternal inheritance. After SCNT, embryos can possess mitochondrial DNA from
the oocyte cytoplasm only (homoplasmy) or from both the donor cell and the recipient
cytoplasm (heteroplasmy) (Steinborn et al., 2000). Adult somatic cells typically contain from a
few hundred to several thousand mitochondria. This number is even lower. during the
specification of the germ line but increases dramatically during cocyte growth and may become
as high as 100,000 in the mouse oocyte at the time of fertilisation (Shoubridge and Wai, 2007).
It is perhaps not surprising that the vast majority of clones analysed so far have shown little
evidence of lieteroplasmy but the number of studies is small (Hiendleder ef al., 2005). It has
been speculated that changes in mitochondrial copy number and function, or the transmission
of mitochondrial dysfunction from the recipient oocyte could be risk factors for adult metabolic
diseases with a developmental origin (McConnell, 2006),

3.2.2. Silent mutations

The extent to which SCNT induces silent mutations in the nuclear DNA of clones that could_ be
transmitted to later generations (through sexual reproduction) remains largely undetermined.
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Such mutations occur spontaneously although at a low frequency in animals born from sexual
reproduction and the same is probably true after nuclear transfer, These mutations can lead to
aberrant phenotypes at the next generation, depending on the allelic combination of individual
offspring, and can be screened for and eliminated in conventional breeding programs.

There are examples in normal breeding showing that mutations occurring spontaneously in the
DNA can interfere with the expression but not with the epigenetic status of imprinted genes
resulting in a modification of their contribution to the phenotype of offspring. This is the case
in the sheep with the “callipyge phenotype”, an inherited muscular hypertrophy that affects
only heterozygous individuals receiving a mutation from their male parent {Charlier et al.,
2001). A related sitnation has also been observed in the pig (Van Laere ef al, 2003). There is
now evidence to suggest that RNA and not only DNA can be a determinant of inherited
phenotype (Rassoulzadegan et al., 2007). '

Since nuclear reprogramming requires a marked reorganisation of the somatic cell nucleus
chromatin, SCNT could increase the occurrence of silent mutations in the donor genome which

could further affect the outcome of the breeding schemes used today for genetic selection in
livestock.

3.3. Other aspects

The cloning process includes several modifications of the cocyte cytoplasm. Part of the oocyte
cytoplasm is removed during the nucleus aspiration and the remaining cytoplasm may become
disorganized. This may result in a lack of fully functional cytoplasm required for embryo
development. Some protocols, aiming at restoring oocyte cytoplasm, involve the addition of
exogenous oocyte cytoplasm or the fusion of several enucleated oocytes. Cytoplasmic
modification may also result from the fusion of the enucleated oocyte with the donor cell. This
introduces donor cell cytoplasm, including functional mitochondria, into the oocyte. These
cytoplasm disturbances may result in the malfunctioning of the cytoplasm and its organelles
which could have an impact on the development of the embryo clone.

34.  Conclusions of epigenetic and genetic aspects of SCNT

= Epigenetic dysregulation is the main source of potential adverse effects that may affect
clones and result in developmental abnormalities. -

* Clinically healthy clones show that epigenetic reprogramming is functioning
satisfactorily. _ ,

* The DNA sequence of a clone is a copy of the donor animal, but other differences may
exist (e.g. the methylation status of genomic DNA).

* Currently, based on the available limited data, there is no evidence that epigenetic
dysregulation induced by SCNT is transmitted to the cattle and pig progeny (F1).

4. Animal health and welfare implications of SCNT

Animal health includes physical fitness, freedom from infectious and non-infectious diseases
and the ability to carry out essential life-maintaining tasks. Animal welfare includes the
absence of pain, distress and suffering. The evidence for poor health and welfare, or improved
health and welfare, is reviewed in the context of the various phases in the life of an animal with
reference to clones and to data derived by comparing clones with animals that are not clones,

It is important, in regard to the risks associated with the cloning technology, to distinguish
clearly between the risks directly related to the technology of cloning itself, and those related to
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the stage of development of the technology and the degree of the conttol of the processes which
are used.

As the literature on cloning is based on reports of work carried out in highly monitored
populations and environments, the effects observed and recorded may not reflect the conditions
of husbandry that exist in everyday production systems. Clones are derived from animals with
characteristics deemed valuable often consisting of production traits that may place them
outside of the normal distribution of a population for that particular trait. Therefore, care must

be exercised in making comparisons between clone and normal population parameters as well
as with animals produced with ARTs.

4.1. Animal health

Animal health is considered in relation to the animals originating the somatic cells and oocytes
used in cloning, the surrogate dams, the clones themselves and their progeny.

4.1.1. Health of source animals for somatic cells and oocyteé

Cells used as nucleus donors in the SCNT process are usually obtained either from existing cell
cultures or from minimally invasive procedures such as ear punches of live animals with
desirable phenotypes. The oocyte donor could be any animal of the same species whose
oocytes are available after slaughter or it could be a highly valued and/or monitored animal
whose cocytes are collected by ovum pick up i vivo. As such, these techniques do not pose
significant health risks to the source animals. In the remainder of this section, the role of the
health of the source animals and the implications of their health for the health of subsequent
clones are discussed.

The disease status of the source animals can have an impact on the infection risk for the clone.
Some disease causing agents, such as intracellular' mycoplasma and viral nucleotide sequences

integrated in the genome, can be directly associated with the somatic cell nucleus and cocyte

cells (Philpott, 1993).

At present, voluntary gnidelines published by organisations involved with embryo transfer, are
aimed at reducing the risk of infection in relation to trade. The OIE (World Organisation for
Animal Health, www.oie.int) has developed guidelines for embryo transfer in close cooperation
with IETS (International Embryo Transfer Society, www.iets.org). Detailed protocols for the
biosecure management of source animals and surrogate dam have been developed for animals
involved in embryo transfer procedures (in vivo derived gametes and embryos) but not all -
protocols applied to embryos produced in vive are applicable to in vitro derived embryos,

- cloned and transgenic embryos (Stringfellow ef al., 2004).

4.1.1.1. The somatic cell nucleus source

The source of the somatic cell nucleus is often an animal with the desirable trait that the
cloning procedure is designed to propagate, and as such would be subject to health monitoring
and surveillance during its lifetime. Selection of the disease status (susceptibility or resistance)
of the source animal is important as the clone may be affected by such disease traits. The
likelihood of disease transmission may vary with the type of tissue from which the nucleus is

~collected, since pathogens may vary in their affinity for certain tissnes (Sharp, 1971; Lilja ef

al., 1997, Diqglasan and Jacobs-Lorena, 2005; Eme et al., 2007).
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With SCNT there is the possibility of bringing intracytoplasmic pathogens within the somatic-
cell into the recipient oocyte. However, this hazard also exists if and when pathogens adhere to
sperm or to instruments during in vitro fertilization and intracytoplasmic sperm injection
(ICSI). This risk is reduced by sanitary management of source animals ((World Organisation
for Animal Health and OIE, 2007). ‘

4.1.1.2. The oocyte source

Health risks related to the procedures for oocyte recovery from live animals or from abattoir
material and their handling /n vitro are of equal importance to those encountered in the i vitro
collection of embryos for transfer. The collection of oocytes from animals at slaughter (as
opposed to surgical interventions) increases the risk of contamination with bacteria and viruses
which may be retained by the clones and may affect their viability in utero or after birth. These
risks have already been carefully identified (Bielanski, 1997) and procedures for their
prevention have been proposed by the IETS as licensing guidelines and have been adopted by
the OIE. While there are steps in the SCNT technique which differ from the in vitro
fertilisation procedure, no specific health risks related to oocyte enucleation, the fusion of
oocyte with a somatic cell nucleus or the injection of the somatic cell nucleus directly into the
cytoplasm of the enucleated oocyte have been reported.

It is not known to what extent the disease resistance of the oocyte source animal will affect the
clone as it does not contribute to the genetics of the clone in the same way as the somatic cell
nucleus. The source animal of the enucleated oocyte may, however, contribute through
mitochondria—associated inheritance stemming from the oocyte cytoplasm.

4.1.2. Health of surrogate dams

Injtial pregnancy rates (at Day 50 of gestation after transfer) in cattle serving as surrogate dams
were found to be similar between those carrying clones (65 %) and those produced through the
use of other artificial methods such as embryo transfer (58 %) and artificial insemination
(67 %) (Heyman et al., 2002; Lee et al., 2004). However, there is a continued pregnancy loss
throughout the entire gestation period in those surrogate dams carrying clones which is not

‘observed in other ARTS, and embryo survival is only -one-third of that following in vitro

embryo production (Lee ef al., 2004; Wells, 2005).

Losses of pregnancy in surrogate dams in the second and third trimester are associated with
placental abnormalities, hydrops, enlarged umbilical cords with dilated vessels, and abnormally

enlarged and fewer placental cotyledons (Wells et al., 1999; Hill ef al., 2000; Chavatte-Palmer
et al., 2002; Batchelder et al., 2005).

The high rate of pregnancy failure in the surrogate dam has been linked to the finding of
abnormal and/or poorly developed placental formation. Such placental defects have been
associated with early embryonic loss, abortions, stillbirths, dystocia and pre- and post-natal
deaths (Wakayama and Yanagimachi, 1999; Hill et al., 2001; Tanaka et al., 2001; De Sousa ef
al., 2002; Hashizume et al,, 2002; Humpherys ef al., 2002; Suemizu et al., 2003). A detailed
histological study of the placenta found that pregnancies of seven cattle clones were associated
with abnormalities (Lee et al, 2004; Batchelder et al., 2005; Constant et al., 2006). Abnormal
placental development expressed as a reduction in placentome number and consequences on
maternal, foetal exchange is seen as one of the main limiting factors in ruminant SCNT
pregnancies (Arnold et al., 2006). This abnormal placental development is present from the
early stages after implantation but does not necessarily prevent the development and birth of
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live clones (Hill et al., 2000; Hoffert et al., 2005; Chavatte-Palmer ef al., 2006). An early -
detection of placental abnormalities offers the possibility to terminate pregnancy without
threatening the health of the surrogate dam (Hill and Chavatte-Palmer, 2002).

It is interesting to note that, in some ruminants, it is the foetus that helps determining the time
of birth through the release of adrenocorticotropic hormone (ACTH) and foetal cortisol
(Liggins ef al, 1967) and that gestation is prolonged when the foetal pituitary gland is
destroyed. The clone may therefore affect the incidence of dystocias through some pituitary

. malfunction.

The incidence of birth by Caesarean section is higher in surrogate dams carrying cattle or pig
clone foetuses although there is some difficulty in determining causation since elected
Caesarean sections were often carried out. In a cattle study an initial elective Caesarean rate of
100 % in 2000 dropped to 54 % in 2005 (Panarace et al., 2007).

The future fertility of the surrogate dams is not recorded in the literature on cloning. After
normal breeding, the fertility of cows requiring an elective Caesarean section to assist the
delivery of their calf is not altered whereas the fertility is significantly reduced if the Caesarean
section is needed because of severe dystocia (Tenhagen et al, 2007), principally due to

~ infection resulting in endometriosis (Gschwind et al., 2003).

4,1.3. Health of clones (F0)

Four different conditions can be identified concerning the health of clones: (i) clones which

present serious abmormalities and where the pregnancy needs to be terminated; (ii) clones
which present disorders and die during the postnatal period; (iii) clones which present
reversible disorders but which survive after birth; and (iv) clones with no detectable defects.

The most critical time for the health and development of cattle clones occurs during the peri-
natal period (Chavatte-Palmer ef al., 2004; Wells et al., 2004; Panarace et al., 2007). This can
be explained by the fact that most of the observed pathologies are associated with, and
secondary to, placental dysfunctions (Constant ef al., 2006).

Possible reactivation of bovine endogenous retroviruses (BERV) was analysed and compared
between sexually reproduced cattle and cattle clones (Heyman ef al., 2007a). BERV sequences
were not transcribed and no RNA was detected in the blood of clones, donor animals or
controls. '

Further data are required to evaluate whether SCNT has an impact on immune functions and
susceptibility of clones to infectious agents. Moreover, it should be noted that, although not
specifically related to SCNT, depending on the infectious status of the surrogate dam,
transplacental infection from the dam to the clone may occur with some specific viruses (e.g.
pestiviruses, herpesviruses). This is not specifically related to SCNT and would also be
encountered with other ARTs in which an embryo is introduced into a surrogate dam.

4.1.3.1. Health of clones during gestation and the perinatal period

Large Offspring Syndrome (I.OS) has been observed in clones from cattle and sheep together
with changes observed in late gestation that give rise to an increase in perinatal deaths, excess
foetal size, abnormal placental development (including an increased incidence of hydrops),
enlarged internal organs, increased susceptibility to disease, sudden death, reluctance to suckle
and difficulty in breathing and standing (Kato et al., 1998; Galli et al., 1999; Wells et al., 1999;
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Young and Fairburn, 2000). In a study by Heyman et al. the incidence of LOS at birth was
13.3 % for somatic cloning, compared with 8.6 % for embryonic cloning and 9.5 % for a group
of IVF calves (Heyman et al., 2002). For somatic cloning the incidence of LOS could be
related to the tissue origin of the somatic cells used and an LOS rate of up to 47 % has been
observed when calf clones were derived from skin, ear or liver cells (Kato et al., 2000).

In a study where not all the clones were derived by SCNT, the overall incidence of
hydroallantois was 6 % of all pregnancies but 17 % for pregnancies with cloned foetuses where
pregnancies lasted more than 60 days (Pace et al., 2002). Out of 2170 cattle receiving embryo
clones, 106 live births occurred and 82 survived for more than 2 days. :

Foetuses, placentas and calves resulting from both in vitro production and SCNT can differ
significantly in morphology, physiology and developmental competence compared with
embryos produced iz vivo (Farin ef al., 2006). Mechanisms proposed to explain how in vitro
conditions may influence subsequent embryo development focus on the modification of
epigenetic patterns associated with the DNA, which can affect gene expression without altering
the primary DNA sequence.

There are similar findings in sheep where peri- and post-natal lamb losses were considered to

be due to placenta] abnormalities (Loi et al, 2006). Initially the implanted blastocyst was
comparable with that of in vitro derived fertilised (IVF) embryos but losses after that time were

marked with only 12 out of 93 clones reaching full-term development, compared with 51 out of
123 lambs born from the IVF control embryos.

In contrast to the LOS syndrome observed in cattle and sheep clones, some pigs produced by
SCNT have an increased incidence of intrauterine growth retardation. A comparison of 23
SCNT litters (143 individuals) with 112 artificial insemination (AI) litters (1300 individuals)
showed a significant increase (1.8 = 0.3 for SCNT versus 0.7 + 0.1 for Al) in the number of
intrauterine growth retardations per litter (Estrada et al., 2007).

4.1.3.2. Health of clones after birth up to sexual maturation

A study of calf clones delivered by Caesarean section, reported that in the first 48 hours of life
the red and white cell counts were reduced in comparison with control calves and their plasma
electrolytes were more variable, suggesting that calf clones take longer to reach normal calf
levels than the controls (Batchelder et al., 2007a). Calf clones were also reported to have
higher total bilirubin levels and fibrinogen levels than normal calves (Batchelder et al., 2007b).
However an increase in the level of bilirubin and fibrinogen is not necessarily abnormal since
these increases remained within the normal range.

One study in cattle reported that a mean of 30 % of the calf clones died before reaching 6
months of age with a wide range of pathological causes, including respiratory failure, abnormal
kidney development, and liver steatosis (fatty livers) (Chavatte-Palmer et al., 2004). Heart and
liver weights were increased relative to body weight. However after 1 to 2 months the
surviving calf clones became indistinguishable from calves born from artificial insemination,
Once past the first few months after birth most calf clones develop normally to adulthood
(Chavatte-Palmer et al., 2004; Wells et al., 2004; Heyman et al., 2007a).

From 988 bovine embryo clones transferred into recipient cows, 133 calves were born and 89
(67 %) of those survived to weaning at 3 months of age (Wells et al., 2003; Wells et al., 2004),
Similar findings were reported by Panarace e al. who summariséd 5 years of commercial
experience of cloning cattle in 3 countries (Panarace et al, 2007). On average 42 % of cattle
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clones died between delivery and 150 days of life and the most common abnormalities were
enlarged umbilical cords (37 %), respiratory problems (19 %), depressed or weak calves
displayed by prolonged recumbency (20 %) and contracted flexor tendons (21 %),

The Viagen data set provided to EFSA and used in the US FDA draft risk assessment provides
data on porcine clones and their progeny (FDA, 2006). Pig clones were delivered by Caesarean
section whilst comparator controls were delivered vaginally. Birth weights were considered
comparable. A controlled study in a research environment indicates that litter weight and
average birth weight, when adjusted for litter size, are significantly {p<0.05) higher in Al
derived litters compared with SCNT derived litters. Additionally, there was a trend towards
higher stillbirths and higher postnatal mortality in the SCNT population (Estrada ez al., 2007).

After the perinatal period, no significant differences were detected between clones and controls
for a number of parameters in cattle and pigs. Cattle clones at about 6 months of age showed no
significant differences from age-matched controls with regard to numerous biochemical blood
and urine parameters, immune status, body condition score, growth measures and reproductive
parameters. Similarly a large number of physiological parameters (blood profile) showed no
differences between clones and age-matched controls (Laible et al., 2007; Panarace ef al.,
2007; Walker et al., 2007; Yamaguchi et al., 2007; Heyman et al., 2007a; Watanabe and Nagai,
2008). Studies on swine clones at 14 and 27 weeks of age showed that they were
indistinguishable from their comparators in terms of growth, health, clinical chemistry and
immune function (Archer et al., 2003a; Mir et al., 2005).

Placental overgrowth has been recently sh n to induce an increase in the fructose provided to
the foetus during the neonatal period resulting in hypoglycaemia and hyperfructosacmia
affecting muscle functions including cardiac muscle (Batchelder er al., 2007b). These data

provide the first insight to explaining why calves clones experience greater difficulty adjusting
to life ex utero.

4.1.3.3. Health of clones after sexual maturation

In a matched study of heifer clones and controls reared under the same conditions, the heifer
clones reached puberty later than the controls. However, there was no significant variation
regarding gestation length, and calf survival after birth (Heyman et al., 2007b). Subsequent
305-day lactation curves, as a health parameter, were also comparable for yield, fat and mean
cell counts. The mean protein content in milk was significantly higher but this could be
accounted for by the fact that three of the heifer clones were from the same source mother,
which had a lower milk production but higher protein content, and by the small sample size (12
clones and 12 controls). There were no effects on health and subsequent reproductive data
showed no significant differences.

The same study found other significant differences between clones and control cattle although
there were no outward signs of health effects. Variations have -also been observed in
haematological and biochemical parameters, muscle metabolism, fatty acid composition and
higher oxidative activity in the muscle biopsies of the semitendinosus muscle at the 8 to 12
month stage (Tian ef al., 2005; Yonai ef al., 2005).

The growth rates of 11 Friesian heifer clones at 15 months of age was comparable with that
seen in non-clones reared in New Zealand (Wells et al., 2004). The same workers report that in
52 cattle clones there had been no sign of obesity. Reproductive ability in cattle clones showed
no significant variation from that found within a population derived by normal sexual
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reproduction, and subsequent foetal maturation and development were normal (Enright ef al.,
2002; Forsberg et gl., 2002; Wells et al,, 2004; Shiga et al, 2005; Yonai ef al., 2005;
Tecirlioglu and Trounson, 2007). :

A study of clones derived from an aged infertile bull concluded that although their birth
weights were heavier than those of calves produced using artificial insemination, their semen
characteristics and fertility were normal (Shiga et al, 2005).

Pregnancy rates achieved from female porcine clones were comparable with those achieved
from controls (Martin ef al., 2004; Williams et al., 2006). Litter size, the proportion of pigs
born live, birth weight, level of congenital defects and three-week weaning weights were
similar in pigs born to clones as for those born to non-clone parents (Martin ef al, 2004;
Shibata et al., 2006; Walker et al., 2007).

The Viagen data set shows that the porcine clones had lower IGF-I than the comparator group
after birth and before slaughter, although the levels, with the exception of one pig clone, were
within the comparator range. Similarly, oestradiol-17B levels were lower in the clones than in
the comparator controls. The implications of these endocrine differences for alterations in
growth rate or reproductive function are unknown, as these clones reached market weight

within normal times and as cited above, were able to reproduce successfully (Walker et al,,
2007). ' '

4.1.3.4. Mortality of adult clones

As SCNT is a developing technology, the numbers of animals reported as reared and remaining
alive for their natural productive lifespan remains limited. Thus the use of the word ‘old’ in
reports often refer to animals only a few years past weaning or birth (Chavatte-Palmer et al.,
2004; Heyman et al., 2004; Heyman et al., 2007a). It is unlikely that animals reared for
production purposes would ever reach their natural lifespan and therefore judgements as to
reduction of lifespan or other aging related effects will be difficult to assess at present.

Wells et al. reported that between weaning and 4 years of age the annual mortality rate in cattle
clones is at least 8 % (7 out of 59 died in the age period 1-2 years; 3 out of 36 died within the
age period 2-3 years and 1 out of 12 died in the age period 3-4 years) and that the main
mortality factor is euthanasia due to musculoskeletal abnormalities (Wells et al., 2004). In a
study with 21 heifer clones of 4 different genotypes, all but one animal survived the study
period of 4 months to 3 years of age (Heyman et al., 2007a). The one animal that did not
survive died just after calving during the hot summer of 2003.

A comparison in mice, where lifespan and ageing were studied, showed that, on average,
mouse clones live for a 10 % shorter life than sexually bred mice (AFSSA, 2005). However,
where mice were subject to reiterative cloning for 4 and 6 generations in two independent lines,

there was no sign of premature ageing as judged by gross behavioura] parameters (Wakayama
et al., 2000).

4.1.4. Health of progeny (F1)

In New Zealand it was found that out of 52 progeny of cattle clones delivered vaginally, 85 %
survived after 24 hours and their survival was similar to the calves of control cows (84 %)
(Wells et al., 2004). Illness in the progeny of clones was also reported to be of no greater
prevalence than in conventionally-bred animals. Similar results have been published from
cumulated data on calvings from clones, showing that 21 offspring were naturally delivered.
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and most calves (20 out of 21 animals) survived after birth (Heyman ef al., 2007a). Also a
recent review of the data collected on a total of 32 offspring from clones produced in Japan
confirms these findings (Watanabe and Nagai, 2008). Finally, a report on the physiology and
genetic status of 19 females and 11 males sired by a single bull clone showed that the offspring
from clones had normal chromosomal stability, growth, physical, haematological and
reproductive parameters compared with normal animals at one year of age, although they
displayed lower heart rates (P=0.009), respiratory rates (P=0.007) and body temperature

(P=0.03) in their early period of life. Furthermore, they showed moderate stress responses to
routine handling (Ortegon et al., 2007). :

4.1.5. Conclusion on animal health

The infection status of the somatic cells and oocytes source animals (specifically concerning
the tissues where the cells and the DNA are taken) and of the surrogate dam must be taken into
consideration in the choice of the animals for cloning.

From the available data, mainly concerning cattle, the conclusions below can be drawn.
In relation to swrrogate dams it is concluded that:

* Increased pregnancy failure is observed following the implantation of cloned embryos.
Based on information from other ARTS this may affect the future fertility of the

. surrogate dam. :

* Increased frequencies of hydrops, dystocia and consequential Caesarean section are
observed. These effects may affect the future fertility of the surrogate dam. ‘

% All the above-mentioned adverse health effects have all been observed in surrogate
dams catrying pregnancies produced by ARTs not involving SCNT, albeit at much
lower frequencies

In relation to clones (F0) it is concluded that:

* Mortality and morbidity of clones are higher than in sexually produced animals.

- Increased embryonic and foetal losses occur during pregnancy, mostly observed
in cattle rather than other species..

- During gestation, mainly physiological adverse outcomes, including Large
Offspring Syndrome (LOS), are observed in cattle clones at a higher frequency
than with other ARTs. ‘

- A few studies have indicated that adult clones of cattle may have an increased
early mortality and morbidity. :

* Most clones that survive the perinatal peried appear to be normal and healthy as
determined by physiological measurements, behaviour, and other clinical examination.

— Clones that survive the perinatal period are generally healthy but a proportion
may show some adverse physiological effects, such as thermo-dysregulation and
immune system deficiencies (observed in cattle), which may be transient and
contribute to mortality/morbidity.

~ High levels of husbandry care can enhance the survival and health of clones
during early life.

- No long-term effects have been observed on the reproductive ability of clones.

— Most clones have not yet reached the end of their natural life span for their
species; therefore it is difficult to draw any conclusions on possible effects of
SCNT on their longevity. Further, the production life of animals is shorter than
the full natural life span.
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906
907 * The causes of death and pathological conditions in cloned animals may be attributable
908 to developmental defects or to other causes including infections, as is also the case in
909 - conventionally produced animals. The extent to which defects other than developmental
910 defects are attributable to the effects of cloning is currently unknown.
911
912 In relation to progeny (F1) it is concluded that:
913 * From the data avaijlable there is no evidence of any abnormal effects in those species
914 examined,

915 4.2.  Animal welfare aspects

916  Qualitative and preferably quantitative data are required to assess welfare indicators directly on
917  the animals concerned. Since animal cloning is a relatively recent technology these data are
918  still lacking and it is therefore very difficult to draw any direct conclusions from the very
919  limited data available. The current welfare assessment is largely based on the interpretation of f
920  data presented in the previous section related to the physical health of the animals and is of a ‘
921  qualitative and more general nature only. '

922  In the context of cioning, the welfare of the source (nucleus donor) animal, the gestation animal
923  (surrogate dam), the clone (F0), and the progeny of the clone (F1) should all be considered.

924  4.2.1. Welfare of the source animals

925 The c]oning procedure itself does not normally affect the welfare of the somatic cell nucleus or
926  oocyte source animals. '

927  4.2.2. Welfare of the surrogate dam

928  Due to the effects of SCNT on the placenta and foetal membranes, as well as the large foetuses

929  carried by some of the surrogate dams both during gestation and around parturition, the welfare ‘
930  of the dam is likely to be affected. These effects have been noted primarily in cattle and sheep

931  clone pregnancies; similar effects have not been reported for swine clone pregnancies.

932 From a welfare viewpoint, dystocia carries the risk of unrelieved “extra™ pain during birth due
933 . to the large offspring. If the dam has to have a Caesarean section then that itself carries the risk

934 of pain due to the procedures involved, including a failure to provide adequate post-operative
o038 iy wnlinl TLélaog Sinc e v o it L] 7 3 .3 . . .
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4.2.3. Welfare of clones

The evidence for an impact of SCNT on welfare is reviewed in the context of the -various life
stages of a clone. Data have been compiled by comparing clones with animals that are not
clones, but which have been bred by natural mating, artificial insemination, or some other in
vitro techniques using gametes and embryos.

4.2.3.1. Welfare of clones at the time of birth

From the welfare viewpoint, the calf or lamb may not be able to experience any pain or distress
until it has breathed, although physiologically it may show signs of respiratory distress (Mellor
et al., 2005; Mellor and Diesch, 2006). After the brain has raised awareness due to the
increased flow of oxygenated blood, calves may experience distress due to various perinatal
resuscitation and survival techmques e.g. slaps, clearing out the mouth, vigorous rubbing of the
skin, forced feeding including gavaging with colostrum.

Reports suggest that there is an increased risk of mortality and morbidity in perinatal lamb and
cattle clones but not in perinatal clone of swine and goat. Clones exhibiting LOS may require
additional supportive care at birth. Planned Caesarean sections combined with special postnatal
resuscitation measures for the clone neonates may reduce this problem. Calf clones are slower
to reach normal levels of various physiological measures than their conventional counterparts
(Chavatte-Palmer and Guillomot, 2007; Batchelder ef al., 2007b). Endocrine studies of cloned
calves have shown lower cortisol concentrations at birth, although according to Batchelder ef
al. these results are difficult to interpret because controls were not born by the same method
(Chavatte-Palmer et al., 2002; Matsuzaki and Shiga, 2002; Batchelder et al., 2007b).

Even though the foetus is not able to feel pain at early stages of gestation, there is increasing
evidence that early exposure to noxious stimuli may produce permanent developmental
changes. Hence, noxious stimuli may not need to penetrate consciousness in order to cause
irreversibly changes in central nervous system development. Painful stimuli in late gestation
have also been shown to cause irreversible effects on later development (Smythe et al., 1994;
Grunau et al., 1994a; Grunau et ol., 1994b; Lloyd-Thomas and Fitzgerald, 1996; Braastad et
al., 1998). In cloning the frequency of placenta dysfunction is increased and, therefore, foetal
stress could arise due to altered oxygen exchange or altered placental blood barrier.

Stress elicited in the dam carrying cloned foetuses, such as pain or distress during late gestation
and calving due to large foctuses, may also affect the foetus. It is not known whether early
pregnancy distress exists in dams carrying cloned foetuses. Small variations in endogenous
steroid hormones have been shown to exert programming effects on the developing brain
(Ward and Weisz, 1980; Sikich and Todd, 1988; Grimshaw ef al., 1995; Martinez-Cerdeno et
al., 2006; Roselli et al., 2007). '

4.2.3.2. Welfare of clones between birth and weaning

The period immediately after birth is a critical time for all newborns as the cardiovascular,
respiratory and other organ systems adapt to life outside the womb. Neonatal animals delivered
naturally show a number of compensatory and regulatory mechanisms to minimize the stress of

‘birth. Hence, even though a neonatal animal can certainly show severe signs of abnormal

function e.g. so-called respiratory distress, it does not necessarily mean it is experiencing or
feeling an adverse effect, as adults might experience. In fact, mild postnatal stressors might
instigate beneficial consequences relating to stress coping, fearfulness and learning ability
(Casolini ef al., 1997).
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In LOS calves and lambs these stressors are likely to be detrimental and cause pain, but in
apparently normal clones or clones that can be effectively resuscitated after birth the pain and
stress experienced during birth or postnatally may be no greater than in their sexually
reproduced counterparts, whether they are delivered naturally or by Caesarean section. '

4.2.3.3. Welfare of clones between weaning and puberty/slaughter/end of their natural life

- After the perinatal period, no significant differences were detected between clones and controls

for a number of parameters in cattle and pigs. Also no data.on welfare effects have been
reported in clones approaching reproductive maturity compared with conventional animals.
However, these indications have to be seen in the light of the few available studies and at
present there are no studies available on the longevity of animal clones.

It is unlikely that non-genetically based abnormal behaviour traits of the source animal will
oceur in the clone (FO). A comparison of four FO clones from one 13-year old Holstein cow
with four age-matched control heifers was made to determine whether juvenile clones from an

-aged adult behave similarly to their age-matched controls and whether clones with identical

genetic makeup exhibit any behavioural trends (Savage ef al., 2003). A range of behavioural
indicators and behaviour challenge tests were preformed but no significant differences were
observed except that the clones tended to exhibit less play behaviour than the others. Trends
were observed indicating that the cattle clones “exhibited higher levels of curiosity, more
grooming activities and were more aggressive and dominant than controls.”

An observation of 5 clones (from 3 different origins) and 5 non-clone Holstein heifers has
indicated that social relationships (agonistic and noﬁ-agonistic behaviours) were not different
between the two groups (Coulon et al., 2007). When exposed to an unfamiliar environment,
heifer clones showed more exploratory behaviour than controls, however the authors concluded
that this difference was probably related to the early management of the animals.

Archer and co-workers (Archer et al., 2003b; Archer ef al., 2003c) observed daily activity,
reactions to new events, and food preferences in two genetically identical Duroc clone litters
consisting of 5 and 4 pigs, respectively, and two non-clone Duroc litters each of 4 pigs. They
found that the clones were similar but more variable than the non-clone controls. However
according to Shutler et al., the study design was not amendable for inferential statistics, in
addition to the considerable statistical noise in the study (Shutler er al., 2005).

From the few publications available, and taking into account the very small sample sizes used,
it is difficult to draw any conclusions on possible behavioural differences between clones and
their ‘age-matched controls. In addition any observed differences should be considered with
caution as the social behaviour and reactivity are dependent on the early environment of the
animal (Veissier ef al., 1994) and on their genetic background (Le Neindre, 1989). In particular
calf clones were subjected to more intensive care which could explain the few differences
observed. Another explanation is that the few differences observed could be due to the fact that
the calf clones had experienced stress during the gestation, One route of prenatal stress between
mother and foetus involves maternal glucocorticoids and this effect is mediated through the
transplacental crossing of glucocorticoids from mother to foetus, at least in the last part of
gestation. In conventional animals, such stress has been described as changing the post-natal
behaviour of male goats (Roussel et al., 2005) and calves (Lay et al., 1997).

4.2.4. Welfare of progeny (F1)

No studies on the welfare of the progeny of clones have been reported in livestock species.
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4.2.5. Conclusions on animal welfaré

= The cloning procedure itself does not affect the welfare of the animals from which the
somatic cell nucleus and oocyte are obtained.

" Reduced welfare of clones is assumed to occur as a consequence of adverse health
outcomes. '

® The occurrence of late gestational losses, dystocia and large offspring in SCNT is likely
to affect the welfare of the surrogate dams carrying calf clones. The frequency of those
adverse health outcomes is higher in SCNT than ir vitro or in vivo reproduction.

* Due to the low efficiency of the cloning process, a high number of surrogate dams are
required to produce a low number of clones, '

* No long term studies on welfare of clones are available.

3. Safety of meat and milk from clones (F0) and their progeny (F1)

5.1. - Criteria for safety evaluation of meat and milk

In line with the recommended safety assessment strategy on a case-by case consideration of the
molecular, biological and chemical characteristics of the food and the determination of the need
for, and scope of, traditional toxicological testing (WHO, 1990), the Scientific Committee
considered the following six aspects for the evaluation of the safety of bovine milk and meat
from cattle and pigs derived from clones and their progeny in comparison with milk and meat
from sexually reproduced animals. - :

Comparison with conventional counterparts: Compositional data of products derived from
animal clones (FO) and their progeny (F1) are compared with the corresponding products
obtained from sexually generated animals which have a long term history of safe use.
Comparisons preferably include details of nutritional composition and comparative analyses of

_ contaminants including veterinary medicinal products residues.

Probability of novel constituents to be present: Animals commonly used for food production
have never developed organs and/or metabolic pathways specialized for producing toxicants to
kill prey or avoid predation as is the case for some wild animal species. Therefore, it is highly
unlikely in domesticated animals that genes, coding for “silent” pathways to-produce intrinsic
toxicants, exist or that their expression is possible even in the case of epigenetic dysregulation.
This is in contrast to many food plant families, which do contain genes that code for inherent
toxic constituents of the organism such as glycoalkaloids in potatoes, furocoumarins in celery
or nicotine in eggplants. Further, as no new DNA sequences have been introduced into the
clones, the occurrence of new substances, such as toxicants or allergens, is not expected. '

Healthy animals: 1t is worth considering that, within the EU, animals belonging to species used
for meat production are individually inspected ante- and post-mortem to check whether they
meet existing regulatory requirements, without regard for the method employed in their
breeding. Moreover, meat and milk are subjected to safety and quality controls, under specific
European provisions, before they can be used for human consumption. Therefore, only food
products from healthy animal clones and their progeny, which are indistinguishable at
veterinary inspection from conventionally-bred animals, would enter the food chain. This
means that all animals, including clones for which genome reprogramming has not been
successful and which show ill health, would be condemned prior to or at slaughter and would,
therefore, be excluded from the human food supply.

Toxicity testing: Conventional toxicity tests are designed for low molecular weight chemicals
and have major limitations for the testing of whole food. Foodstuffs are bulky, lead to satiation
and can only be included in laboratory animal diets at lower multiples of expected human
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intakes. In addition, a key factor to consider in conducting animal studies on whole foods is the
nutritional value and balance of the diets used, to avoid the induction of adverse effects, which
are not related directly to the material itself (Advisory Committee on Novel Foods and
Processes and ACNFP, 1998). The testing of large amounts of milk and meat may be a
particular problem in laboratory rodents with respect to departure from their normal diet, which
is primarily plant-based.

Residue levels: The level of chemical contamination of meat and milk is influenced by feeding,
environmental conditions and veterinary medication. As animal clones (F0) generally need
more intensive care, especially in the early life stages of growth and development, the levels of
veterinary medicinal products treatment are likely to be higher than those of their natural
comparators, but no reliable data are available on comparative levels of veterinary drug residue
levels. However, veterinary medicinal products residues in meat and milk have to comply with
existing EU regulations.

Microbiological aspects: Although clinically ill animals, including clones, and their products,
are excluded from the food chain, it remains important to also consider whether and to what
extent products such as meat and milk derived from clinically-healthy animal clones may carry
zoonotic and other food-bome agents of concern. If the immunological competence of clones
were compromised in the absence of clinical signs, some zoonotic agents, such as VTEC and
Coxiella burnettii, whose virulence or pathogenicity for food animals is less than that for
humans, could be present at significant levels in meat or milk derived from clinically healthy
cattle or pig clones unless, for instance an (otherwise undesirable) wider use of antimicrobial
therapeutic agents were to be adopted. At present, from the limited data available there are no
indications that healthy clones have less functional immune systems than their conventional
counterpatts, however further data would be usefirl to compare the immune status and function
of clones with conventionally bred animals before and following immune challenge.

5.2. Meat and milk composition from clones (F0) and progeny of clones (F1)

The composition of milk and meat from cows is influenced inter alia by the nature of the
anjmal feed and environment they live in, leading to large inter-individual variability in foods
derived from conventional animals (Palmquist ez al.,.1993; Mir ef al., 2005). If subtle changes
have occurred that would alter the presence of important nutrients, the most likely dietary risk
for humans would be the absence of, or significant decrease in levels of vitamins and minerals
whose daily requirements are in large part met by milk or meat. Therefore, nutrients for which
milk or meat make a large contribution to the total daily dietary intake in humans should be
considered. Compositional data of meat and miilk based on reference databases obtained from
sexually-reproduced animals are available for comparison with that of clones and their progeny
(Jensen et al., 1995; Caballero, 2003: Belitz, 2004).

Several relevant studies with respect to human nutrition have been conducted on the
composition of bovine milk and meat from cattle and pigs derived from clones (F0) or their
progeny (F1). These analyses included carcass characteristics, water, fat, proteins and
carbohydrate content, amounts and distribution of amino acids, fatty acids, vitamins and
minerals, and in the case of milk, volume per lactation (Diles, 1996; Walsh et al, 2003;
Takahashi and Ito, 2004; Tome et al., 2004; Norman and Walsh, 2004a; Norman et al., 2004b;

Tian et al., 2005; Shibata et al., 2006; Walker et al., 2007; Heyman et al., 2007a; Yang et al,,
2007b). :

In an extensive study, more than 150 parameters in 37 cow clones (FO) from 3 independent
cloning experiments and 38 control animals were examined over a 3-year period and consisted
of more than 10,000 individual measurements (Heyman ef al., 2007a). In this study some slight
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changes were observed in all 3 groups of clones, compared with their controls, e. g. in fatty acid
composition of milk and muscle of bovine clones (F0) and a slight increase of stearoyl-CoA
desaturase in milk and muscle. However, these variations were still within the normal range.

The Viagen data included meat composition data for five pig clones and 15 comparator animals
and no biologically relevant differences were observed in fatty acid, amino acid, cholesterol,
mineral and vitamin values. In a study of the composition of pig clone offspring, 242 offspring
(F1) from one boar clone and 162 control pigs from the same breed were compared (Walker et
al., 2007). In this study 58 parameters consisting of more than 24 000 individual measurements
were examined. Only 3 individual values of the offspring were different from the normal range

of the controls and 2 out of the 3 were within the normal range found in pigs, according to the
USDA database. |

In summary, none of the studies mentioned in this section has identified any differences outside

the normal variability in the composition of meat (cattle and swine) and milk (cattle) between

clones or clone progeny, and their comparators. In addition no novel constituents have been
detected in products from clones or their progeny.

53.  Toxicity and allergenicity stadies

5.3.1. Feeding studies

A subchronic oral feeding study (14 weeks) was conducted in rats to determine the effects of a

diet containing meat and milk derived from embryonic and somatic clones. Rats were not
affected by the consumption of meat and milk from bovine clones (Yamaguchi et al., 2007).
Similar results were obtained by in a 21-day feeding test with a diet containing milk and meat
from cattle clones (F0) (Heyman er al., 2007a). A 12-month oral toxicity study in the rat
(including reproduction) with meat and milk from the progeny of cattle clones (F1) is under
way in Japan and results are expected early 2008,

53.2. Genotoxicity

Meat derived from cattle clones did not show any genotoxic potential in the mouse
micronucleus assay (Takahashi and Ito, 2004).

5.3.3. Allergenicity

Rats fed for several weeks with milk and meat from cattle clones and controls developed, as
expected, a weak immune reaction. This reaction was qualitatively and quantitatively similar in
rats given milk or meat either from clones or controls. The antibodies were in both cases IgG,
IgA and IgM but not IgE, indicating that the consumption of the cattle products induced a
classical immune response but no allergenic effect (Takahashi and Ito, 2004).

The allergenic potential of several in vifro digested samples of meat and milk from cattle
clones (F0) and controls was further assessed by intraperitoneal injection into mice following a
classical immunization protocol. No statistically significant difference in the allergenic
potential was observed between samples from clones and comparator control cattle (Takahashi.
and Tto, 2004). Also Heyman ef al. did not detect differences in the allergenicity of milk and
meat obtained from clones, in the rat compared with the same food products derived from non-

cloned animals, age and sex-matched, maintained under the samé conditions (Heyman et al.,
2007a). , , '
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Although these results are only indicative as the rat and mouse models are not specific for
human allergenicity testing (WHO/FAO, 2001), in the case of cloning, changes in the primary
protein structure or the presence of novel proteins in the edible products of clones and their
progeny are not expected,. '

34.  Conclusions on food safety

Considering that: o

* Healthy clones show no significant differences in physiological parameters from their
healthy conventional counterparts (see Chapter 4).

* Any animal including clones, showing evidence of clinical disease would be detected
during routine inspections and quality controls, since all food animals must meet
existing regulatory requirements in order to be lawfully marketed in Europe. It is
assumed that such inspections and quality controls would exclude from the food chain
animals with signs of disease, lesions or abnormalities, regardless of whether they are
clones or sexually-reproduced animals.

* No differences outside the normal variability have been observed in the composition
and nutritional value of meat (cattle and swine) and milk {cattle) between healthy
clones or clone progeny and their healthy conventional counterparts.

* No toxicological effects of milk and meat have been observed in the studies performed.

It can be concluded that it is unlikely that clones from cattle and swine, their progeny, and food
derived from them, might differ from their conventional counterparts with regard to parameters
which may affect food safety.

6. Impact on the environment and genetic diversity

Cloning offers opportunities to save endangered species or livestock breeds and can be used to
restore populations from infertile or castrated animals. This implies preservation of the DNA in
frozen cells. Cryopreserved tissue samples (for example skin), which are easier to obtain than
gametes or embryos, or tissue obtained from infertile animals, can be used to generate
reproductively capable animals that could be used in subsequent breeding programs to expand
endangered populations.

There is no expectation that clones or their progeny would pose any new or additional
environmental risks compared to conventionally bred animals. There is also no information to

_suggest that such risks may exist. Cloning does not involve changes in DNA sequences and

thus no new genes would be introduced into the environment.

Cloning does not appear to have a direct effect on genetic diversity in that no niew genetic
modifications are introduced, but there could be an indirect effect due to overuse of a limited
number of breeding animals in breeding programmes. An increased homogeneity of a genotype
within a population may increase the susceptibility of an animal population to infection and
other risk factors. This would also be the case in conventional breeding schemes and is not
caused by cloning as such. Reduction of genetic diversity of an animal population has
happened in the last 100 years when the number of livestock breeds has been significantly
reduced because of the rapid spread of intensive livestock production (Commission on Genetic
Resources for Food and Agriculture, 2007).

In the event of an overall increase in the use of veterinary medicinal products in clones due to
SCNT there might be an impact on the environment, but no reliable data are available

comparing veterinary medicinal product use in SCNT with ARTs or with conventional
production.
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6.1. Conclusions on Impact on the Environment and Genetic diversity

Based on current knowledge:

* There is no expectation that clones or their progeny would pose any new or additional
environmental risks compared to conventionally-bred animals.” There is also no
information to suggest that such risks may exist.

» SCNT technology as such is not expected to adversely affect the genetic diversity of
domestic species. However, as with other ARTs, SCNT could, by extensive or
inappropriate use, increase homogeneity of a genotype within a population, and
therefore increase susceptibility of the animal population to infectious agents and other
risk factors.

OVERALL CONCLUSIONS AND RECOMMENDATIONS IN RELATION TO CATTLE AND PIGS

CONCLUSIONS

Somatic cell nucleus transfer (SCNT) is a relatively new technology and the available data for
risk assessment are limited. Uncertainties in the assessment arise from the small sample sizes
investigated in most studies and the biological variability underlying the SCNT process.
Although the studies assessed in this scientific opinion were not conducted to address a
systematic set of questions, they are, however, convergent in their general results. In the
present opinion, the current available data allowed an assessment of cattle and pig clones and.
their progeny.

Healthy clones and their offspring indicate that SCNT can be successfully used as a
reproductive technique in cattle and pigs. These healthy clones and healthy offspring do not
show any significant differences from their conventional counterparts in any of the measures
that have been evaluated, such as physiological parameters, behaviour, and clinical
examination. .

The health and welfare of a significant proportion of clones has been found to be adversely
affected. The proportion of adversely affected clones could decrease as a result of good animal
management and as the technology improves. Unhealthy clones must not be used for breeding.

The main uncertainties associated with the assessment of SCNT come from determining
whether the reprogramming of the genome from a differentiated state is successful, since
epigenetic dysregulation may have a major impact on the health and physiology of the clone.

Unhealthy clones are presumed to be removed at clinical inspections and quality controls and
therefore should not enter the food chain, as also unhealthy conventionally bred animals are
excluded. Food products obtained from healthy cattle and pig clones and their offspring, i.e.
meat and milk, are within the normal range with respect to the composition of similar products
obtained from conventionally-bred animals. It is very unlikely that any difference exists in
terms of food safety between food products from clones and their progeny compared with
conventionally-bred animals. Currently no environmental impact is foreseen but there are only
limited data available.

Based on current knowledge there is no expectation that clones or their progeny would
introduce any new food safety risks compared with conventionally bred animals.

RECOMMENDATIONS

* The Scientific Committee recommends that the health and welfare of clones are
monitored during their full natural life. '
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1258 * It is acknowledged that other food species have also been produced via SCNT and risk
1259 assessments should be performed on these species when relevant data become available.
1260 * The Scientific Committee also recommends that this opinion be updated in the light of
1261 developments with cloning and/or with new relevant data.

1262  Additional recommendations arising from the specific sections

1263 In relation to epigenetic and genetic aspects of SCNT it is recommended to;

1264 - * Confirm that epigenetic dystegulation occurring in clones is not transmitted to the
1265 progeny (F1). .

1266 = Investigate the extent to which SCNT may induce DNA mutations.

1267 * Clarify the possible consequences of mitochondrial heterogeneity in SCNT.

1268 " Investigate the reproducibility of telomere length in clones derived from different cell
1269 sources and the implications of these findings,

1270 |

1271  Inrelation to animal health it is recommended to:

1272 " = Consider the possible effects of SCNT on the longevity of cattle and swine clones and
1273 on the health of aging clones. ‘ _

1274 * Investigate the causes of unexplained pathologies and mortality observed in clones

1275 during the gestational and postnatal periods and occasionally observed in adulthood.
1276 = Implement permanent surveillance and registration of the health conditions of clones to
1277 allow the identification of the possible sensitivity of clones and their offspring in regard
1278 to certain diseases and infectious agents.

1279 * Compare the immune status and function of clones with conventionally bred animals, at
1280 different ages, before and following immune challenge under conventional husbandry
1281 conditions, _

1282 " Consider the health status of the animals being sources of the somatic cell nucleus and
1283 oocyte and the surrogate dams to avoid the transmission of specific agents and

1284 infections to clones.

1285

1286  Inrelation to animal welfare it is recommended to:

1287 ® Perform comparative studies on animal welfare, including behavioural studies, in

1288 - healthy clones under normal husbandry conditions. ,

1289 * Measure in the pregnant bovine surrogate dam, specific maternal pregnancy serum

1280 proteins (e.g. PSP60) at an early pregnancy stage (Day 50 or even Day 34) as an ecarly
1291 predictor of abnormal foetal development and which could lead to a more specific care
1292 of the surrogate dam.

1293

1294 Inrelation to food safety it is recommended to:

1295 * Collect additional data on the health of clones (FO) at different life stages, as well as
1296 data on the characteristics of meat from cattle and swine clones and milk from cattle
1297 clones.

1298 * Routinely monitor the levels of chemical contaminants, in particular of veterinary
1299 medicinal product residues, in the meat and milk of cloned animals, to ensure that such
1300  meat and milk from cloned animals entering the food chain do not exceed permitted
1301 levels. ' '
1302
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1303 Inrelation to the impact on the environment and genetic diversity it is recommended to:

1304 = Take specific care of genetically-transferred conditions and disease susceptibility when
1305 setting up breeding programs involving SCNT.
1306 » Use SCNT technology in such a way as to prevent the reduction of genetic diversity.
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INFORMATION MADE AVAILARLE TO EFSA

EFSA published a call for data on its website between 27 April and 29 May 2007.
Information was received from the following organisations:

AAVS (American Anti-Vivisection Society), USA
- Comments on the FDA Draft Risk Assessment. 47 pages.

BIO (Biotechnology Industry Organisation), Belgium
— BIO Comments to EFSA, Implications of animal cloning, May 29, 2007. 5
pages '

Center for Food Safety, USA
- Report: Not Ready for Prime Time. FDA’s Flawed Approach To Assessing The
Safety Of Food From Animal Clones. 25 Pages
- Citizen Petition before the United States Food and Drug Administration.
Petition seeking regulation of cloned animals. 24 Pages.

CIWF (Compassion in World Farming), United Kingdom :
— Report: Farm Animal Cloning from an Animal Welfare Perspective. 10 pages

Danish Centre for Bioethics and Risk Assessment Institute of Food and Resource

‘Eeonomics, Denmark

- Information on current research activities and selected references.

EFFAB (European Forum of Farm Animal Breeders), The Netherlands
~ The importance of cloning in bovine selection. 2 pages
= The European Perspective for Livestock Cloning. 19 pages
— Summary. 2 pages -
— Possibilities and Concerns — Perspectives of Farm Animal Breeders. 24 pages

Faculty of Agricultural Sciences at Aarhus University, Denmark
~ Information on current research activities and selected references.

IETS (International Embryo Transfer Society), USA
- Terms of Reference for Food Safety Subcommittee of the International Embryo
Transfer Society (IETS) Health and Safety Advisory Committee (HASAC). 2 -
pages

— Terms of Reference for Research Subcommittee of the International Embryo
Transfer Society (JETS) Health and Safety Advisory Committee (HASAC). 2
Pages

Institut national de Ia recherche agronomique INRA (Jouy-en-Josas), France
' - Information on current research activities and selected references.

I-SiS (Institute of Science in Society), United Kingdom
~ Is FDA Promoting or Regulating Cloned Meat and Milk? 7 pages
- Cloned BSE-Free Cows, Not Safe Nor Proper Science. 8 pages
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1356
1357 - ViaGen Inc, USA
1358 - Letter. 3 pages
1359 - Data (29 files, XL and Word) provided to US FDA. This data is publicly
1360 available in the US FDA 2006 Report. “Animal Cloning: A draft risk
1361 " assessment”, Appendix F, which can be found at:
1362 http://www.fda.gov/cvm/CloneRisk Assessment.htm
1363 (Accessed 14 December 2007)
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1837 GLOSSARY AND ABBREV[ATIONS USED IN THE OPINION

1838  To assure a consistent use and understanding throughout this opinion, some words of key
1839  importance are defined.

1840  Glossary

Term Definition used in the opinion :

Allele A gene that occupy a particular chromosomal locus. A diploid
organism has two alleles, one on each chromosome.

Blastomere Any one of the cells formed from the first few cell divisions in

animal embryology. The embryo usually divides into two, then
four, then eight blastomeres, and so on
Blastocyst The early stage in the development of mammalian embryos. The
- ' blastocysts have an inner cell mass which will become the foetus
' : and an outer cell mass (trophectoderm) that will become part of

the placenta,
Caesarjan section . Birth by surgical intervention
Chromatir ‘ The complex of DNA and various proteins that makes up the
' _ chromosomes ]
Cloned embryo, embryo clone Embryo resulting from somatic cell nuclear transfer
CpG A region of DNA where a Cytosine nucleotide is separated by a

phosphate to Guanine nucleotide. A CpG island is a region which
has a high concentration of CpG sites.

Cytoplasm The living content of the cell, except the nucleus, consisting of an
aqueous protein matrix or gel, and where vital cellular organelles
(e.g. mitochondria) are located

DNA methylation’ _ Biochemical modification to the DNA through the addition of a
. . methyl group.

Donor animal Animal delivering the cell used in the cloning procedure

Dystocia Abnormal or dlfﬁcult birth giving or labour

Embryo ' A multicellular, diploid structure of cells formed after fertilization

of the cocyte and until all organs have been formed, from then it
is called a foetus

Embryo, Reconstructed An embryo that has been reassembled from its component parts
by micro manipulations in vitro
Epigenetic processes Alteration of gene expression by biochemical modifications (e -

methylation) of the DNA or of DNA-binding proteins. The
process does not involve changes of the DNA sequence

Epigenetic dysregulation ‘Abnormal or impaired control of gene expression

Epi-alleles Alleles that are epigenetically modified

Foetus A developing mammal after the embryo stage and before birht
Gamete A mature reproductive cell (haploid) capable of fusing with a cell

of similar origin but of opposite sex to form a zygote (diploid)
from which a new organism can develop The oocyte and
spermatozyte are gametes. ‘

Gametogenesis The process of the formation of haploid gametes

Genotype \ The entire genetic constitution of an individual

Germ line cell A reproductive cell such as a spermatocyte or an. oocyte or acell
that will develop into a reproductive cell

Heteroplasmy _ The presence of more than one type of organelle (e.g.
mitochondrial DNA) within a cell

Healthy Within the range of zootechnical and physiological parameters of

mean of any given character from the point of view of food safety
or animal welfare
Heifer A female bovine that hag not vet produced a calf
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Hydroallantois Abnormal fluid accumulatlon in the allantoic cavity of the
placenta

Hydraops (fetalis) /A condition in the foetus characterized by accumulation of fluid,
in at least two compartments (e.g. subcutaneous tissue, pleura,
pericardium, abdomen). Hydrops sometimes leads to spontaneous
abortion

Imprinting A genetic phenomenon by which certain genes are expressed in a
parent-of-origin specific manner,

LOS Large Offspring Syndrome. The size of the offspring is greater
than 20 % above the average for the species or breed (> mean +
28D).

Oocyte Unfertilized egg, the female gamete

Qocyte donor Animal delivering the oocyte used in the cloning procedure

Parturition The act or process of giving birth to offspring

Perinatal period A species dependent time period around 7 days before and after
birth for livestock

Phenotype The totality of the observable and structural characteristics of an

organism as determined by genotype and its interaction with the
environment

Placentome number

The number of interfaces between the cotyledons of the foetus
and the caruncles of the dams forming the cotyledonary placenta
in ruminants

Pluripotent The possibility of a stem cell to differentiate into any of the three
germ layers. A pluripotent cell can give rise to any foetal or adult
cell type but is not as potent as a totipotent cell,

Postnatal period Time period after birth

Progeny of clone

F1 and subsequent generations of animals bom by sexual
reproduction where ai least one of the ancestors were clone
animals

Sexual reproduction

normal way of reproduction between male and female, involving
fusion between sperm and oocyte

Somatic cell

Any cell of an animal that is not a germ line cell

Surrogate dam

Animal carrying the cloned embryos

A region of highly repetitive DNA at the end of a chromosome

Telomere

Totipotent The possibility of a single cell to divide into any differentiated
cell. See also pluipotent

Transgene Foreign genetic material inserted, e.g. in a cell, embryo or
organism (also: genetically modified)

Trophectoderm The group of cells in the blastocyst that form the placenta and
other non-foetal tissues

Zona pellucida The glycoprotein membrane surrounding the plasma membrane

] of an oocyte. '

Zygote The cell that results after fernhzatlon of two haploid cells (usnally
the sperm and the oocyte)

Abbreviations

Term Definition used in the opinion

Al Artificial insemination

ART Assisted reproductive technology

IVF In vitro fertilization

Los Large offspring syndrome

mtDNA mitochondrial DNA

SCNT Somatic Cell Nucleus Transfer
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