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Abstract

This thesis consists of two parts. The objective of the first part was
to clone and sequence the telomerase reverse transcriptase gene (TERT)
from gastrula stage embryos of White Leghorn chicken. Total RNA were
first extracted by using commercial kit and followed by RT-PCR with
specific primers to obtain the full-length of putative TERT cDNA. The
obtained PCR product was recovered by agarose gels electrophoresis and
then subcloned into TOPO vectors for DNA sequencing. BLAST
comparison of the cloned DNA sequences with NCBI Genomes database
confirmed the identity of chicken TERT (chTERT). The results showed
that the chTERT gene had been successfully cloned and could be
subsequently used for gene transfer to establish long-term in vitro culture
system for avian cells.

The objective of the second part was to compare the telomere length
of somatic cell nuclear transfer (SCNT) cloned animals and their
offspring with the non-cloned counterparts. Genomic DNA for terminal
restriction fragment (TRF) analysis was purified from whole blood of
cloned animals, their offspring and age-matched control animals. The

results showed that there was no significant difference in the telomere



lengths between cloned cattles and their age-match cattles aged 2-3 and
3-4 (p>0.05). Similarly, the average telomere lengths of the offspring of
cloned cattles were not significantly different from their age-matched
counterparts. However, the cloned dairy goats at different ages have
shortened telomere lengths when compared with age-matched controls.
Offspring derived from cloned goats had normal telomere lengths
compared with their age-matched counterparts. Our results suggested that
the telomere lengths of cloned animals were varied among species. The
telomere lengthes in cloned goats were not completely restored as those
in the cloned cattle by SCNT from chicken.

Keywords : Chicken, Telomerase reverse transcriptase (TERT), Gene

cloning, Telomere length, Somatic cell nuclear transfer (SCNT)
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PERERE R > SRR T 18.5 Kb 19.1 kb o eGFP HL[NIE FIEIEY - L
TPV BT £ 20.1 kb o I eGRPHYE B RERET M o B b A ST
AR 2 kb B A ,i%%ﬁ@gﬁﬁ.ﬁ@@ o 4F |45 u?;z%iffﬂ R
RIAE M BTSRRI SR T e [ B o ik Sy 8% OY TR RIS IVEE
GUEK > H LT TR 24.7 Kb = 219 kb > A 70 SHHE I 23.3
+2.0Kb = 21.7 £0.6 kb 127 | [HEEA B -

B N EP RIS E o T IABVE SIS TR - R Rt

Gl %@o%wwmaﬁwuﬁwamﬁﬁivwEﬁﬂr“WWW
B1®9 . Miyashita et al. “® ffi= |7 [Fil R AF e 2 o PO RIS B < P
BRIl o o p 1 HErPops (USRI 3 (D = B b B el @’F”H =~
T [T 2L LA 2 R ORI B A 13 -
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Jiang et al. © PR e SRR SO T A PR - SRk )
[ T AR & 9% - Jeon et al. OO ST ATHIGIER -t El@fﬁl}%f !
S AT IR B b [ AR T SRR B S A L
iR i uﬁrﬁl > [T gt o o PSRy RBRE AR Y -
o HUGAES RIS I B SRS SR e T
Elfi%ﬁ%iﬁ[‘iﬁ o I V?F,Ifﬁﬁpﬁﬁm ; ff’p Yz “‘“E“ﬂw < RRE f'&ﬁE'ﬁwﬁ&
HESPRAVEIGETI - ST - FIES R SRR S E A ] ot
Filt - T ﬁﬁ?£W@ﬁm%%wﬂﬁﬁ%ﬁ§J'Eo@%ﬁ%%@ﬁ
AR PR KRBT Pt o B B i R - S IR R
HER [ I AR A S TR I H PSR T o e
AT A e i SR 2 5? 4 ,Jﬁ i [ R 2 SRR o [ ﬁj 3
Jeon et al. ® Tk L P e b SESE YA M S SCNT » 4107 15
EE?E%M%HFEJ 3 Eﬁiﬁ’“ﬂ eGFP py * F™5R4 553k (human erythropoietin,
hEPO) - Z[=RL B FLEFIEIRY 1 Bkt S5 [[¥5 2522 0.5kb = 24.8 £ 0.5Kkb »
Ry# e o (ISP A apY 22.8 205 kb FER o iy AR - HIE
SRR RS B S E R VR TR T o BRRVAERRES S | IR R T
T o R RS IS RBREAE S~ v e S esE T SCNT - P

1Y renEaf e SR Jﬁ?ngﬁ:’g B o [F:y:r[ﬂtg f' LY s gk =1 55 (=5

11



T FREBRI Ry Pt (7 L PRI PR {4 59

LI

l

c»gﬁpm¢W%m%ﬁ@ngéa[WA@@WW%%ﬁTﬁE

-

FLPSHIOSHE G o Fj- % S A S ) ATA - AL RS
E AR B B e £ T @A d 2 SHAEY . (primordial germ
cells, PGC) [ IR/ 6425 - I FIIBAEF™ | PGC i 5L Plgfipes -
(= )53 #7451 w49 5 (somatic cell nuclear transplantation,
SCNT) HZEIF - & - [l &+ g5 Fha S S fo Pr=e fAY ftAE o o g bt
(telomere) = - I'f i b G g o JEt U@ P 1 B S B B I R

R o

12



9 F FTRIE Y
— ~ BRwEhP ¢ pras T 4 (White Leghorn Chicken)

(—) Elcﬁ'ﬂsﬁtgﬁﬁ.}ﬁ@’@:ﬁlﬁt@ ] DNA (complementary DNA, cDNA) fY
Lpre e A BRI U BTV « RNAZ T2 fHllER-PCR (reverse
transcriptase-PCR, RT-PCR) @ [ 1 ¢ e+ SEIVEE g 18 h [~ » =

R SR AR = RURI - PR IR R (VAT ([ 1) - % VAl

RNA (RNeasy Mini Kit, Qiagen) {#i%~ RT-PCR-RT-PCR pfj@iﬁgﬁg

AiEL 10 - [ 55T VA RNA ~ RT A2k - SuperScript 1 RNase
H-Reverse Transcriptase (Invitrogen, CA) ~ Oligo (dT)ip.18 d] ~
(Invitrogen, CA)~DTT* RNAsin (Promega, USA) -~ (4 £ 42°C

1h - SIfAY cDNA H[fi fif PCR EFHELNLY =] -

2. PCRIWBHITR I AT I RURIPISEE 3 SV RNA ~ JEIETUCDNA
VLAY - 2 NCBI SRS ORI H 1 @kt TRl N 2 < cDNA
(access no. AY626231) - F&Ff' 4l EL EE  (Gallus gallus gallus)
telomerase reverse transcriptase (TERT) L[ cDNA - jis" [Vector NTI
PR RT TS LN 2 = cDNAY F[" > sense primer :

GCTGCGTGCGGGGATGGA . antisense primer

13



AACAGGAAATGCAAATATACCAAG - 3%~ PCR (i Cycler -
Bio-Rad ,USA) P#LrH 4,799 bp A EiE 7 - PCR E”EYTQF' £] 10
UM}V sense Zanti-sensed [= & 1 pl ~ Taq DNA%%FA,E@ 05 ul (5
U/ul) (Roche, Germany) ~ 10x PCR buffer 3ul ~ 2.5 mM dNTP 0.6 pl'~
ddH,O 22.9ul » PCR ™~ EAE & A &, 30 pl - PCR % [F £3
denaturation : 94°C 2 min> ig:%= 30 % f’ﬁ%i 94°C 15s~68 C 30
$~72C25min; 72°C 7 min > MIERHEE 4C o SRR
T’?Eﬁ >V 10 pl PCR & P> 9?2 plpy 6% Loading buﬁer’f;[' 2%
EE’J’%FI#% (agarose) B4 '] > ¥ 0.5x PUTAE (Tris-Acetate-EDTA) 3k
& ?ﬁ? [ £5 100 Volt 30 mmo?ﬁrl&}lﬂ% f‘Fﬂ * ¥4k [0.5x%
prTAEPJFA», 0.1ug/ml prns [~ 4&E. (ethidium bromide)] flrgees » =
T WAL AR T SR o

. DNA A B [l 285 ~ DNA Z=liEgl fLPL | 1 55 s P -

SaY PCR &%y ER 555 #riE (ABI 3730) (Applied Biosystems
Inc., CA) &5 DNA 3557 - 55 DNA T3] 55 frig » F|9]
Vector NTI ﬁf{’?ﬁ}ﬁ? [E’é‘,?ﬁ’e‘[’g[ NCBI f[ify Basic Local Alignment
Search Tool (BLAST) /= H-%[| =S fy Hl 8 £ e | 12T 1 T L P

G o 1 AR P T R R OB B

14



SLESTE

( )E [ [‘{é_F]LglﬁjF"I}*‘f‘mﬁlli—Hfl:[S“ }J_; E&I@ [/TEerﬁ
L pIende gt Bl VIR ESE DNA F 20 I gl g R g
TR NIRRT (EDTA) I ESS T - HM Y1 DNA

i

1 {*=3" (DNeasy Blood and Tissue kit, Qiagen, GmbH) &/~ Bl

N\

hi]

FE} DNA 7 # 3y &> p I'J] f£ &1 (Nano Drop, ND-1000

Spectrophotometer, USA) -

2. GEFEE e AR ﬂ@ﬁl[ﬂ‘? el T 3’%@%&@1/3[;?
= © 2% National Center for Biotechnology Information (NCBI) fff*#
TERIPE FTH\ Ak ﬁﬁ’—zﬁl[ﬂ (access no. AH013710) H-%j||» ]?} T[JF

% (Gallus gallus gallus) TERT ELW? By [k I (access no.
AY505015S1) * 37 F fEiEs ek (3’UTR) (access no. AY505015S2)
PR o B Bl S IR L (exon 1) ] )
Vector NTIET{’?E} (Infor Max Inc, USA) ?qF‘ﬁfﬁ}ﬁﬁﬁlﬁdﬁ'@%@ﬁpgﬁ
ATG [ F'PU 500 bp > I%ﬁ;'ﬁflﬁ.}ﬁf@ﬁ W?%E*JJE&EJIQ' E7, sense
Primer : GGTTGCCCATACTGCCAAT -~ antisense Primer

CAGCAAGGAGTATCCATACGC - y& 7% FL\ Teifei~ s (PCR) 5

15


http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=45479573

WLl 1,307 bp UM B &P (1~901 E@?%E*JJEHE&? ~ 902~1025 £}
Exon 1 ﬁ 73 F3)) o 37 S qELER R, I o [ =7 55 %] B sense  primer
CTGTGCCTAGCAAGATATGTGG -~  antisense primer

CAAAATTTATACCAACCTGCAAC-:£/=PCR Pt} 609 bp puH

BE s (3] 1~508 £% exon %,ru 509~957 £% 3-UTRIEH18E) -

3. PCR bﬁ%@?ﬂr;ﬁ’? U R T i S =y l’ﬁﬂ DNA &/~
PCR /= PCR Vigm Mg Hf[ﬂ ~(— )2 {fI annealing k% ?‘ﬁ‘ﬂ

£h 60-65C -

4. DNA M Fe[pl==:E5g }H PCR &%= » #|*'| Qiaquick Spin Gel
Extraction columns ﬁ%?ﬁ—‘[plllsﬁﬂ{” (Quiagen, GmbH) [nl %7 |
DNA A F > #[[H] TOPO Vector system Il (Invetrogen, USA) £/~ T-A
E5H Y L r’ﬂjfﬁ,‘ (multiple cloning site, MCS) » F|§8 %] * 5= A«

(competent cells) E. coli [*] > B~ DNA 335547 o

5. DNA 3537 =3 ¢ 1= ~ (=) 3 puhiF:&ES DNA B30

BLAST -

=~ BAPeg R (somatic cell nuclear transplantation, SCNT) % & kg &

4~ F = FZ?%%ElﬁaflfJfﬁ}%j (telomere) <" 557

16



(=) FNEREPs : "] SCNT Fefst iy 4 P T Idigoie ) WY = g
¥ o SERE IR E R 3 WA 4 T o (4 SONT f = [fl

SV BIIRRISIT = PR TR JUECIE DNA -

(=) f"ﬁﬁ%?ﬁﬁ“ﬁ?ﬁ DNA FIv @ " =g = f%" 1 Llﬁgﬁpﬁu
2] (EDTA) VESSAT A% 1,000 rpm #5055 S 105k » F P By
1 DNA 7% (=25 (Qiagen, GmbH) = [ il {vH % 7y iy

DNA /3 Juse iy -

(=) BASRAT  VE g == 2 r““”?zi‘-’ﬁg‘ 71”?5§FU’?%%@1'£“E'WIW SN
A= P ATAT e - S gy AT IR 5 HIV’E;%_ o WA
N ?E‘?fiﬁ%f'%ﬁf £ 10 % F,# wiyE (Fetal Bovine Serum, FBS)
DMEM (Dulbecco's modified Eagle's medium) if,%ﬁl ’ Eﬁ’%’xE‘ﬁS@\’TE IEL
902 x 10 [ 7] trypsin/EDTA (0.25 %  trypsin/0.02 % EDTA ;

GIBCO/BRL ) [pilfsf 3 Fvnee [Jgﬂ DNA Ijjﬂ[dﬁlﬁ s A o

() bt = o3 AT« bt =g i R Telo TAGGG St = A Ji A it
(Roche Molecular Biochemicals, Canada) 4 (£ = b 41
F=% (Telomere Restriction Fragment, TRF) » 1 AR VRS A g
# DNA (1~2.59) AZfH|TaHinfl/Rsal (4Ulug %<1t DNA) 7 37

CeH] 12~16 hix > 3275 0.8 % E/FHBEIEI - FfiEit i 10vicm

17



= 24ho ?ﬁ%ﬁ%&ﬁ%?ﬁ}%@“E‘%@f’"‘[‘gt(denaturation) ~ F[1IF1 (neutralization) »
Fkﬁ;ﬂ@i?ﬁ (Southern blotting) TUFJ IE - " EEEL (Roche Diagnostic,
GmbH, Mannheim, Germany) > F[="biotinylated Telomere Probe (Roche
Molecular Biochemicals) ;é{’?;é%fl’@i% (hybridizaiton) ; & 71 X-A 4
_F (Kodak, USA) EIE#JW/H%TJJ;I‘/’* B2 E 0 HE R Luminescent
Image Analyser (LAS-3000, Jujifirm, Japan) ##2Vey fir i<zt Erg s - £
Q”F,ﬁf&%'—f gﬁ T .J;H[NTFUH F(Telomere restriction fragment TRF) =<

@(67) . %ﬂ;};c £,

Mean TRF length has been defined according to the following formula:

- 2 (OD)
TRF = (1)
> (OD/L)

where 0D | is the chemiluminescent signal and L, is the length of the TRF fragment at
position i (2). The calculation takes into account the higher signal intensity from larger

TRF fragments because of multiple hybridization of the telomere-specific hybridization
probe.

() FRFHIAT - WIS S W H A R i TRE A S il

i PIRFHIIE T student's t-test 537 » 2% BRI [<YEEG p<0.05 -
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EIE IR

-~ F @ TERT JLP 5
S TERT R IEBER 1o A2 [ A B (L
FURILY SELCHUR R A o RFeiR R =R 18 h fupiends
TEEGEVATR] > TR R [ OV RUB VRS A RNA PR
(p' 1) 558 RT-PCR #55 cDNAfHLIES » 5 TERT 0]+
%15 PCR IJFEfeny TERT JL[< o $BI TERT [9d[5 o5 7%
YAEERORIARSE AY626231 [IUELNA] - k7515 TERT $L[
[~ HEE RPEERE 5732 = PCR TR A Rt (f' 2) -
S 2 % TERT SLPSEFHLf) > 1% 5 R] PCR JIEIFE RV
HASEAT A PR S AR 1 CDNA TRh TR o T SRR O BL [
PR FURUBIVIZETE cDNA T oAgs (VR F [P IETL =R % 508 bp [iV
TERT = 283 bp [l SH3-BHLE PRI &% (GAPDH, %
FLEY) FLNA R R S TR EF AR cDNA U= T
GAPDH JLW& Pl 4 SLE TERT U (B 3)- FISFEITAR ri
57 508 bp TERT & P22 pl> ~ DNA T-5[5547 % BLAST -
i el TERT P35 ([ 4) - Rtk #78] PCR 1
T TERT FLPFTES ~ pl RS SRR P ST RIS Tl 7 [l e o

FEPs (f' 5) - G cDNA[ [t &8 Wy TERT FL[H -

T |
\



PN TERT FLPOTED B 3 Fioh S - 5
WA FIpr e fE D Bed il DNA 5T IPESETPETE 1,307 bp »
609 bp [UH = (q@ﬁﬂl 6) o fliFT TERT =E#E 4.7 kb > 7% 27V
B (S =g [+ )= PCR [ i » Ak HF| P8l — (5= 4.7 kb 9
FEE TERT SLINEP (B 7) - K== = TERT & P25
TOPO Vector system #fiifH £ T-A cloning » FJT;E\E'JBELﬁjU@ Xhol/
Sacl * Faéﬂﬁ AR ali J% TR 47 kb R EE (1 8) -
= %’a&%ﬁﬁﬂfyuﬁﬁ@ﬁg ¢ 5% pchTERT TOTP » = 8,418 bp
(B! 9) = 4 FEEBEFHVF 1€ 552 X TERT £ DNA H-55558
NCBI [ BLAST F*%fix > [Mig== TERT FLPNAVRSAL TR & 2R
Ao, El F[lﬁ‘fl‘l@ﬁﬁlﬁﬁ%”;@% TERT == mRNA =% (Gallus
gallus telomerase reverse transcriptase (TERT)) > ﬁl[ﬂﬁl j/}ir'.j%j} £
NM_001031007.1= AY502592.1 > #!{I]"% = £ 99% (q%ﬁ' 10~ Q%‘y' 11>

F 1) o fop OSSO TERT FLM « EFApVp &) s TERT

T DI pRhE AR - AR - ) 1,346 [k Rl FRpY

Tl

Srf VET (B 12) < SEESY TERT Sef 1BTES BLAST %) fhplee
FURU A sy 10 FE G TRTRSInR 200 [ 13 A o H i)
fl‘}@ﬁﬁ,ﬁﬁ@fﬁzﬂjtlﬂﬁ 'TTEFF NP_001026178.1 [i5% TERT » e ] |

PV SLER TS BLAST » AT 2] 99% (! 14) - A4

20


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=71896530&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=45686256&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=71896531&dopt=GenPept

SIS TEFEE e v 2 < TERT ELP&"F%ZNFTE‘J%?E‘A}%FI A gL

M‘Eiﬁbi ¢ PGCs I BPL 7] <

b

\@%@%W%ﬁﬁﬁty@

7J7FL,—|—;L—5r[§§IEE<$\7KF & SLERTTEY ] SCNT 4 i Av kg
g FREE S ] R JFF?F;:%@ > ISR [F] g BRI )
P> I e IR o B i =2 S R S o J,rli%f:%@fé
A e SRR~ P E SRR RS 2
T VGE L DNA R T P SR A TR B
(Telomere Restriction Fragment, TRF) - £ JF—:‘Y%JFEQLH = ARt
HIls=F amE Bl h R U1 3 MR 4 . o GG INEE - F a2
R 3 RNy 4 PRSI Skt OV IR 17.03 kb~ 17.92 kb -
17.92 Kb* 17.19 Kb > 5528 1, 17.52 £ 041 Kb 5 iy 4 i
G PR ke R % 5T RS 17.79 Kb 17.96 Kb~ 17.86 Kb
K 17.03 kb > 1 *:Jflﬁ.jﬁ:%@ b 17.66 +0.32 kb (q%ﬂ' 1516 ~% 5) -
I 19 4 PR (.0 S 2 534S 17.92 Kb~ 17.80 Kb ~ 17.92 kb
1 17.08 Kb » T EAHIERIY £ 17.67£032KD 5 [y 5 T (B
] [/,lmﬁ:% JiHIEs 18.31 kb ~ 19.4 kb ~ 19.21 kb ~ 18.2 kb~

18.31 kb » I JFIHV;:% £h 18.69 £ 0.50 kb - fitt% [ﬂ?FZJFE‘ElﬁanJFIﬁ#

21



A J5317.30 kb (' 15~ 16 ~ & 5) o WHIT & 3 = 4 BRIk
FrS R STIRE 17.65 + 17.31 - 17.82% 17.13 Kb » T H9EH SR 1
17.48 + 0.31 kb 5 [fij 6 BRIFIF ST HIP R T b Gkt < o5 il

£5 18.76 ~ 15.04 ~ 19.47 ~ 1759 ~ 17.31% 18.62 kb - JFI%}%:P

‘n
K

£ 17.80 £ 1.57 Kb 5 (AP JGAEIVD Bkt < £ 17.07 Kb (! 17
18 ) o Adifu R o WIS 0 R R S R FRIEL - VT
TR A B S (p>0.05) o AR R [FRIRE P F v 5T
1 JE"F]ﬁ T AR NT Rl > 10 ﬁjﬁjxﬁﬁgiﬂ %{“uﬁ'lﬁgﬁ:ﬂ'ﬁ
FIBRAE 1 o R =P [ 20 o PR 5 A Al
& IR R A [ -

HIERIRY U AR e 50~ 220 6F[EpURIEIY 1.2 K
3 B %FHW@N HIES 16.68 kb ~ 17.05 kb 14.32 kb ; [ij== 3 &
HIBLF AT PG BRI g 8 ST 16,92 + 0.73 ~ 17.04 +
0.62 = 17.37+0.32 (Jfi 19~ 20 2% 6) o HIHIF (i 5 P {C /¥

B SR 15.5 - 15.86 ~ 16.67 ~ 16,137~ 16.21 kb » * I5kift

n

%1y 16.07 + 0.32 kb : Tl 4 PESHZEREGIS fUfmbl =< 5T itn
16.37-15.77-16.58 * 17.01 kb i8S 1 16.43 + 0.36 kb (fy
19 - 20 # 6) - HEI 120 3 B 6234 W 18 FlEGVEH

=R THIEL 12.26 ~ 1350 % 10.39 kb 5 [ I FIEGHTIVTIY 3

22



AP BRI ST 16.08 £0.86 + 1572+ 0.61% 16.32%
0.61 kb ([ 21) » [f 5 LAY VIR kR GE1244P2 == GE0918P8
DHE A ST 14.86 kb = 14.20 kb B il P D I H
Jflﬁ P R B 2RI R (p<0.05) o AT o R ] SCNT

T VRGBS H R R R R - R
[OSET I > it = PR DR RET 2 RS PR

23



SV ﬁ*’fﬁu

%j\ sh B T RL [N 25

AL PPV a R E T T 5 TERT JLPN - TERT fOis [+
T UL S R oA LR o s AR B e
18 h [UEESHIRTLATR] o R B (SRR IVIEETE A RNA
¥fi > A RT-PCR (455 cDNA [l - i 72858 TERT [iug]~
JE(7 PCR > SIAbJREFE 1€ A 810 2 R TERT JLPY s )
REESR Y AR B LN % 2 PGCs IR B
IR

S TERT =18 Sl DNA H-= g JL ot
(9, A7 804 Sy TERT 3% DNA 5 et B B

SSEFEP R Y TERT FLW o fIo 51y TERT FLNR 4.7 kb

_Er J )ﬁ;%[ E‘XFH[—Hﬁj}E F'J ’ JFR']‘_EZ}[LH— r~ [/ T‘U)g 2N I]AEI%':_QT [ﬂ

-1 !

PCR [ {75 (TR el URIF [0 = RO Lp 470 52 i

_|_T

RO (LIS AR PCR{Y SRR - R AT = XfY TERT
&P oo APTREFEY TERT %52 BLSAT =% » =
NP_001026178.1 . A-[JfI[I] 1% fek ly - 3£ %] 99%- 5% TERT ./ DNA
TR AL > 15 F) 1346 [WHRLPE (NP_001026178) [i9

SrF VR B TERT VLA BEEE Papiast e - LA -

24


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=71896531&dopt=GenPept

FBIL AR TERT N-f5 %)~ 298 Bl e S gl ~
(Tinker) » 2 reigle » PR B (ISR 199 R

—TTl

154 {if~ 158 fif ~ 158 {=" 161 5% (5 3) - =551y TERT
sprf VPVREN o S5 SIS =2 ] [RIPE WP P > Rl P ]
SUE AR 2T E 1L 2 AR HEAR (SO o 08 parie g apy
TERTHF A5 i 1RTAAG € 52K }ﬂ;:’ﬁ%j(l& 20.60.61)

FIAEEVPIEIEY TERT 75 C b (il 2! ) i g AH ] 1% 2
oo I motif B V2T 5L VAT R 70% - S50
TERTHFEL L= &~ RPNl ~ [ B~ B> ﬁ%ﬂ/ﬁ'ﬂ‘l‘l‘z&ﬁwIJii_
45% ~ 38% ~ 41% - 40% = 42% o [l AP TERT iU N JGast
(ZO)I%&F’JIi@@%@Ea@(Z” SRR AT AT U - SEE ET
s RO TP - A9 TERT % 57 S B

B[P E] E-box s IKL - MAZ == SplL {5 S REIIER A 5 £ Bk -

- !

AR TERT FLUNAS] > G450 5 fﬁ%}}%ﬁ?ﬁfgﬁiﬁﬁ[&’?
B3 i 7 751 (AY508015) ~ 37 Hi o i ER B 3 AT
(AY505016) * 5 ijh flighin (UTR) (AY502592 ) 9 -

[ (A PUTERT » TR EEAY TERT kI 55 £% @ region v-I
(1~196) ~ region v-11 (495~531) - region v-I11 (554~588) - region v-1V

(625~753) ~ motif T (756~803) ~ motif 1 (814~838) ~ motif 2 (839~870) -
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motif A (915~950) ~ motif B’ (1038~1072) - motif C (1078~1094) ~ motif
D (1095~1120) ¥ motif E (1139~1149) ({4 1 == 3) - &%y TERT
TEov-l B V-V ) frJ[JFl El I[’”ﬁ?ﬁ%ﬁh%ﬁ%ﬁ{jp% 15 ==
27 (WFELIEA] - % (M) % o 5550 B (region)
FFBk 5T Y 3 - Enis (domains) - 53 j[E% v-V (aa 1153~1175,
34%) ~ v-VI (aa 1180~1252, 65%) == v-VII (aa 1254~1346, 29%) - T
FSHUEPPIR e 3" Sk SR [ | R -

& TERT 1 5 fﬁl}}%—ﬁﬁ?ﬁ%'&iﬁﬁ » R éw;f,‘r— ffit 13 > —
250 [ilffi~ FAIE] +727bp 9 CpG s 15 BT B
{1y 940 bp ZHfE Y Ery 125bp [ F7e 80 i) i

9'5??%?["1“'%' (Fff&% 5) - 5’Bh sk V' motifs 5 7 % CACC *

Tl

CCAAT -~ Spl -~ GR * c-Myb - f = NF == AP 'ij[' E-box =~
HA o T AT AR 340 bp 2 125 [FJfiY Spl -~ c-Myb ~ AP-1 -
AP-2~ — = SplEViiy MAZ =7 motif r’ﬂjfﬁ'f oﬂ*‘“ﬁﬁiﬁim%’ﬁ_ F
] NF-1-NF-1/L ~ NF-ATh - E-box (c-Myc/Mad 1/Max site) - CCAAT
& CACCC g'jfg' o P REEE MY TERT 5 fﬁ}?ﬁ‘éﬁi'& (500

bp) » SLZREEIY TERT [ 547% |7 5% A [ O~ £ B - (7]

T

[ Spl ~ MAZ/Sp-1 ~ E-box ~ Ik1 ~ NF-1 = AP-13" (4% 4) - 5419

TERT o3[ ety 2#) c-Ets-2 §y WT1 fufbf 7 * iy TERT ¥T
JUH i | f I AE I [
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@J?S‘Eﬁa K 5’% F HERTEH FAI I SEETY ST motif cp;rH
E-box 7o = i Spl b o [N Sy 4R G R I 2 F - flit Spl

)4 e-myb i 5 RLERER I -

T |

FRRE TR Y R S VBT RIS R (LE ] (TR)
e [ R i (TERT) JEIE 1T 55 O TR i RNA
Fisli A gl [HPE T o TERT RURpify 21 BTy 2 -
HORE TP I O] SRRSO o PR gk Tl £ (=2 V9 3
Fopes (RIS~ S e & (5] < SR 9HR TERT Mg fgat!
Yo i) i S T TR O o AR i A
AP Z P - S & TERTHUMAUEIRIE » AR f 155
FPRIAR VIR IR 9 5 50 B S ST R gy
%fﬁﬁlﬁfﬁiﬁﬁﬁﬁl"“?Jﬁﬂff’JEﬁJl’{% » PHER R R I Fi
ﬁ*@wrgﬁiﬂg[ﬁ(m SOV IR DNA B M2 10 fF - SRS
B I BRI (R RO TTAGGG [y
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Table 1. Ranking of identity of White Leghorn chicken TERT related genes
according to BLAST analysis.

Maximun
identity

Max Total Query
score score coverage

Access no. Description

Gallus gallus telomerase reverse transcriptase
(TERT), mRNA >gb|AY626231.1| Gallus

gallus telomerase reverse transcriptase (TERT) 8715 8715

NM_001031007.1 100% 99%

AY502592.1

DQ681294.1

EF552224.1

DQ681293.1

BX934708.1

BX934910.2

EF552225.1

DQ681312.1

DQ681309.1

AY505016.1

DQ681298.1

DQ256207.1

DQ681297.1

DQ681313.1

DQ256206.1

DQ256209.1

MRNA, complete cds

Gallus gallus gallus telomerase reverse
transcriptase (TERT) mRNA, complete cds
Coturnix japonica telomerase reverse
transcriptase (TERT) mRNA, complete cds,
alternatively spliced

Gallus gallus clone chTERTAC-GSC
telomerase catalytic subunit mRNA, partial cds
Anas platyrhynchos telomerase reverse
transcriptase (TERT) mRNA, partial cds,
alternatively spliced

Gallus gallus finished cDNA, clone
ChEST116f8

Gallus gallus finished cDNA, clone
ChEST151a12

Gallus gallus clone ch TERTAC-MDCC-MSB1
nonfunctional telomerase catalytic subunit
mRNA, partial sequence

Gallus gallus telomerase reverse transcriptase
isoform K (TERT) mRNA, partial cds,
alternatively spliced

Coturnix japonica telomerase reverse
transcriptase isoform qK3 (TERT) mRNA,
partial cds, alternatively spliced

Gallus gallus gallus telomerase reverse
transcriptase (TERT) gene, 3' UTR

Gallus gallus telomerase reverse transcriptase
isoform J (TERT) mRNA, partial cds,
alternatively spliced

Gallus gallus telomerase reverse transcriptase
variant 1 (TERT) mRNA, exons 2 through 4
and partial cds, alternatively spliced

Gallus gallus telomerase reverse transcriptase
isoform O (TERT) mRNA, partial cds,
alternatively spliced

Gallus gallus telomerase reverse transcriptase
isoform E2 (TERT) mRNA, partial cds,
alternatively spliced

Gallus gallus telomerase reverse transcriptase
variant 1 (TERT) mRNA, exons 2 through 4
and partial cds, alternatively spliced

Gallus gallus telomerase reverse transcriptase
variant 1 (TERT) mRNA, exons 3, 4 and partial
cds, alternatively spliced
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2843

1329

915
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1241
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93%

93%
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23%

32%

15%

13%
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Table 2. Top ten protein sequences which share the highest amino acid
similarity with the White Leghorn chicken TERT.

Access no. Description Similarity
ref[NP_001026178.1| te;ﬁrdwsﬁrase reverse transcriptase [Gallus 1343/1346
g (99%)
gb|AAS75793.1| te;ﬁrlrserzsltlau;(a]verse transcriptase [Gallus 1340/1346
gallis g (99%)
gb|ABG75863.1] telomerase reverse transcriptase 1263/1347
[Coturnix japonica] (93%)
ref|XP_001369432.1| PREDICTED: similar to telomerase
reverse transcriptase [Monodelphis 672/1347
domestica] (49%)
gb|ABQ15326.1| telomerase catalytic subunit [Gallus 604/604
gallus] (100%)
gb|ABG75862.1] telomerase reverse transcriptase [Anas
platyrhynchos] 485/613
(79%)
ref|[NP_001079102.1| telomerase reverse transcriptase [Xenopus 486/865
laevis] (56%)
ref[NP_937983.2| telomerase reverse transcriptase isoform  456/860
1 [Homo sapiens] (53%)
gb|AAC40212.1| Ee(z)lg:::;rsae catalytic subunit [synthetic 455/860
(52%)

gb|AAC51724.1| telomerase catalytic subunit [Homo

: 455/860
sapiens]

(529%)
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=109633031&dopt=GenPept
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=3023055&dopt=GenPept
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=2347129&dopt=GenPept

Table 3. The background information of cloned cattle, offspring, and

age-match control animals.

- , FRIE
prrP (301 ERaE J

53 AR
SCNT 55 (51%%)
Y 1B Female 2003.02.27 39
Y 2 B Female 2003.12.11 28
Y 3 B Female 2004.01.16 27
Y 4 5 Female 2004.01.22 27
SCNT S
No. 216 Female 2003.01.16 39
No. 218 Female 2003.01.22 39
No. 314 Female 2004.02.17 24
No. 310 Female 2004.02.17 24
SCNT °F = [t (F i)
Y1 oEl Male 2006.03.03 1.5
E 25 Male 2005.12.11 4.0
YE 3B Male 2006.04.15 NB
YE 4L E Female 2006.02.06 2.5
SCNT 57 i [ & (*15m)
No. 458 Female 2006.01.15 3.0
No. 468 Female 2006.01.30 3.0
No. 393 Male 2005.09.18 7.0
No. 444 Female 2005.10.08 6.0
No. 312 Female 2004.02.10 24.0

R E TR, 2006 F 04 5] 18 F
NB : 2[R (new born)
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Table 4. The background information of cloned dairy goats and their

offspring.
e RS SR
Rl (£l ESTE e g e
v — AT
SCNT 5° E|ggy
i Female 2004.03.10 25
g =3 Female 2005.04.25 50
HAS™ " Bl PR b = Female 2005.08.07 8
SCNT 5°% ¢
L Male 2005.04.25 12
b 19 Female 2006.03.04 17
el b 2 B Female 2006.03.04 17
FIEL Male 2005.02.27 14
eV ¥ Female 2005.02.27 14

*ER T F LT, 2006 5 04 F] 18 I
*FARETIEF 5 (human serum albumin, HSA)
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Table 5. Telomere length of cloned cattle, offspring, and age-match

control animals.

E ]| B el ik = (kb)

(N) Mean + SD

?gtgﬁ * 4 17.52 + 0.41

HodT [plEns it 4 17.66 + 0.32

?ﬂ"gffH % o 4 17.67 + 0.32

FEET & YR [f MﬁE%H“ 5 18.69 + 0.50
HFS BT Y (HE 921) 1 17.30

?Z%LH - 4 17.48 + 0.31

R lEasati 6 17.80 + 1.57
i m*ﬁgwqw (HE 921) 1 17.07

PR THAET 2006 &F 04 F] 18 I
FEERTOE L HAET, 2007 F 01 5] 08 |
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Table 6. Telomere lengthes of cloned dairy goats, offspring, and

age-matched control animals.

e (months)  Jf 7% (ko)
kRS (kb)
(N=3)
1.(Bao Siang) 50 16.68 16.92+0.73
2.(Paoyu) 22 17.05 17.04+0.62
3.(HAS tg) 6 14.32 2 17.37+0.32°
1.(Bao Siang) 62 12.26° 16.08+0.86"
2.(Paoyu) 34 13.50° 15.72+0.61°
3.(HAS tg) 18 10.39° 16.32+0.61°"
HIEIF B (N=5) 12-17 16.07 + 0.32 16.43 + 0.36
[ Bl 14.86
(GE 1244, P2)
AR 14.20

(GE 09181, P8)

Letters a and b in same row indicate significantly different (o 0.05)
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L. R SRR P 1 e TSR (1 FUB ST B
Fig. 1. Collection of gastrula stage chicken embryos from White Leghorn

chicken by micromanipulation.
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441052 1001~2203 2150~3358 3057—~4764

Promoter

qﬁaﬁ' 2. %%3}%’5‘%‘[?}%’5[?] AY626231 VH-lxE= PCR PEigEI 5= 3

SBENSEIS £

Fig. 2. The partial PCR fragments located from 5’ through 3’ were
amplified according to the Gen Bank no. AY626231 sequence.
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E PGCs Nc E PGCs

«—508 bp TERT
«— 283 bp Gapdh

B 3. IR 2E (B) =i a2 st (PGC) ﬁéﬁ#lﬂ'%@%’ﬁ
fﬁ*}ﬁ T Bl PR i 14 S5 fH{ GAPDH - (glyceraldehyde-3-phosphate
dehydrogenase) pfﬁﬁ[ﬁ F3 RN P - MEL 100 bp ;]:;ggﬁscl N

R TSI -

Fig. 3. Electrophoresis analysis of GAPDH and TERT PCR products
amplified from gastrula stage embryos (E) in White Leghorn
chicken. M: 100 bp ladder marker. Nc: negative control.
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AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

AY626231
TERT-507
Consensus

3051 3100
TTCCACCCTGTTTACTTTCTTTCTTCAAATGTTACATAATAACATCCTGG
--------------------------------- TCTTAATCCCCTTG-GA
CTAAT CT G
2101 2150
AGATTGGGCACAGGTACTATATACAGTACTCTAGAATCCCACAGRGETAC
AGATTGGGCACAGGTACTATATACAGTGCTCTGGAATCCCACAGGGCTCT
é?éITGGGCACAGGTACTATATACAGTGCTCTGGAATCCCACAGGG%‘;Sn
ATTTTGTCAACCTTACTTTGCAGCTTATGOTACGGAGACATGGAAAACAA
ATTTTGTCAACCTTACTTTGCAGCTTATGCTACGGAGACATGGAAAACAA
é;gITGTCAACCTTACTTTGCAGCTTATGCTACGGAGACATGGAAAégéé
ATTACTCTATRRGATCCAGAAGGATAGAGTCCTAATACGTCTTATTGATG
ATTACTCTGTGGGATCCAGAAGGATGGAGTCTTAATACGTCTTATTGATG
é;lﬁCTCTGTGGGATCCAGAAGGATGGAGTC TAATACGTCTTATTgégg
ACTTTTTGCTAGTTACGCCACATTTAATGCAGGCAAGAACTTTTCTAAGG
ACTTTTTGCTGGTTACACCACATTTAATGCAGGCAAGAACTTTTCTAAGG
éggITTTGCTGGTTAC CCACATTTAATGCAGGCAAGAACTTTTCTQQE%
ACTATAGCAGCAGGTATTCOTGAGTATGGCTTTTTAATAAATGCCAAGAA
ACTATAGCAGCAGGTATTCCTGAGTATGGCTTTTTAATAAATGCCAAGAA
églﬁTAGCAGCAGGTATTCCTGAGTATGGCTTTTTAATAAATGCCAégéé
GACTRTORTGAATTTTOCTATTRATRATATCCCGGGATGTTCCAAGTTCA
GACGGTGGTGAATTTTCCTGTTGATGATATCCCGGGATGTTCCAAGTTCA
2231GTGGTGAATTTTCCTGTTGATGATATCCCGGGATGTTCCAAGEZE%
AACATCTGOCAGATTRTCRTTTRATCTCATGGTGTRGTTTATTATTGGAT
AACATCTGCCAGATTGTCGCTTGATCTCATGGTGTGGTTTATTATTGGAT
éﬁgﬁTCTGCCAGATTGTCG TTGATCTCATGGTGTGGTTTATTATT%EQE
GTGCAGACACTTGAGGTTTATTRTGATTACTCCAGTTATGCCTTTACTTC
GTGCAGACACTTGAGGTTTATTGTGATTACTCCAGTTATGCCTTTACTTC
glg?AGACACTTGAGGTTTATTGTGATTACTCCAGTTATGCCTTTA%EE%
TATCAGATCAAGTCTTTCCTTCAATTCAAGTAGAATAGCTAGAAAAAACA
TATCAGATCAAGTCTTTCCTTCAATTCAAGTAGAATAGCTGGGAAAAACA
EélgAGATCAAGTCTTTCCTTCAATTCAAGTAGAATAGCTGG AAAéégé
fhAAATGCAAATTGACTGCAGTCCTCAAACTGAAATGCCATCCTTTACTT
TGAAATGOAAATTGA- 2 N __ X
TGAAATGCAAATTGA

&;}' 4. prende B el TERTELPNE P25 DNARY T #75° Basic
Local Alignment Search Tool (BLAST) F%f5#H

Fig. 4. DNA sequences and BLAST analysis of TERT gene
PCR-products amplified from gastrula stage embryos of White
Leghorn chicken
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3.0 Kb
3.0 Kb

1.0 Kb 1.0 Kb

-

Length 1009 bp Length 1203 bp Length 1209 bp Length 1700 bp

[f' 5. FrEIer e SERURIPIE (BE) cDNA G275 PCR $#1§fV TERT

FLERIE ~ i~ BESEL - MET 1kb P!

Fig. 5. Electrophoresis analysis of TERT PCR products amplified from
gastrula stage embryos (E) in White leghorn chicken. M: 1 kp
ladder marker.
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3.0Kb

1.0 Kb

6. FrevedisE TERT FLNTRESS @ (1,307 bp) ()% 37 Hit i@

Sl (609 bp) (2) M| PCR EJH=IGH VP - ME@?FZ’%!FTE' °
Fig. 6. Electrophoresis analysis of TERT promoter (1,307 bp) (1) and 3’
UTR (609 bp) (2) PCR products were amplified from gastrula

stage embryos (E) in White leghorn chicken. M: ladder marker.
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3.0 kb 4,799 bp

1.5 kb

B 7. prende i TERT 2 RELPD PCREFHE T (4,799 bp) - MFL
AR e Ne BRI -

Fig. 7. Full length of TERT PCR products (4,799 bp) amplified from
gastrula stage embryos (E) in White Leghorn chicken. M: ladder

marker. Na: negative control.
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M Xhol/Sacl

4.7 kb insert fragment
3.0 kb

1.5 kb

ﬁfa‘l' 8. XhoI/SacIf’J%’ gz pChTERT TOPO’E’T?E o 4,799 bpH FeEER
jEﬁ:ﬁ@TERTﬁL[ﬂ ° ME%F'TE——}JFE,E' °

Fig. 8. The Xhol/Sacl digested putative pchTERT TOPO. The 4,799 bp
fragment indicated full length of TERT gene. M: ladder marker.
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TOPO vector 7980-3184

pchTERT TOPO
8418 bp

chTERT 3185-7979

g

i 9. #1%)52 TERT JLPJi pchTERT TOPO M- 53 F7l il

Fig. 9. The map of pchTERT TOPO.
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Color key for alighment scores
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[ 10. %% BLAST S 1675 TERT .V DNA 2 AT 14

AT A ) e

Fig. 10. The genes which share high similarity with the White Leghorn
chicken TERT are indicated after BLAST alignment.
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ref[NM_001031007.1| Gallus gallus telomerase reverse transcriptase
(TERT), mRNA
Length=4764

Score = 8715 bits (4719), Expect=0.0
Identities = 4749/4764 (99%), Gaps = 0/4764 (0%)
Strand=Plus/Plus

Query 1 ATGGAGCGCGGGGCTCAGCCGGGAGTCGGCGTGCGGCGGCTCCGCAATGTAGCGCGGGAG 60

FEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e el
Sbjct 1 ATGGAGCGCGGGGCTCAGCCGGGAGTCGGCGTGCGGCGGCTCCGCAATGTAGCGCGGGAG 60

Query 61 GAGCCCTTCGCCGCGGTCCTGGGCGCGCTGCGGGGCTGCTACGCCGAGGCCACGCCGCTG 120

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 61  GAGCCCTTCGCCGCGGTCCTGGGCGCGCTGCGGGGCTGCTACGCCGAGGCCACGCCGCTG 120

Query 121  GAGGCCTTCGTCCGGCGGCTGCAGGAGGGTGGCACCGGGGAGGTCGAGGTGCTGCGAGGC 180

FHETEREEEE e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 121 GAGGCCTTCGTCCGGCGGCTGCAGGAGGGTGGCACCGGGGAGGTCGAGGTGCTGCGAGGE 180

Query 181  GACGACGCTCAGTGCTACCGGACCTTCGTGTCGCAGTGCGTGGTGTGCGTCCCCCGCGGG 240

NN RN RN RN RN
Sbjct 181  GACGACGCTCAGTGCTACCGGACCTTCGTGTCGCAGTGCGTGGTGTGCGTCCCCCGCGGT 240

Query 241  GCTCGCGCCATCCCCCGGCCCATCTGCTTCCAGCAGTTATCCAGTCAGGGCGAAGTCATC 300

FEEPERREEEEE R e e e e e e e e e e e e e e e L e
Sbjct 241  GCTCGCGCCATCCCCCGGCCCATCTGCTTCCAGCAGTTATCCAGTCAGAGCGAAGTCATC 300

Query 301  ACGAGAATCGTTCAGAGGCTGTGTGAAAAGAAAAAGAAGAACATCCTTGCGTATGGATAC 360

HECEEEEEE e e e e e e e e e e e e e e e e ek e e e e e e e e el
Sbjct 301  ACAAGAATCGTTCAGAGGCTGTGTGAAAAGAAAAAGAAGAACATCCTTGCGTATGGATAC 360

Query 361 TCCTTGCTGGATGAGAACAGTTGTCACTTCAGAGTTTTGCCATCTTCGTGTATATACAGC 420

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 361  TCCTTGCTGGATGAGAACAGTTGTCACTTCAGAGTTTTGCCATCTTCGTGTATATACAGC 420

Query 421  TATCTGTCCAATACTGTAACAGAAACGATTCGCATCAGTGGCCTCTGGGAGATACTGCTG 480

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 421  TATCTGTCCAATACTGTAACAGAAACGATTCGCATCAGTGGCCTCTGGGAGATACTGCTG 480

Query 481  AGTAGGATAGGGGACGACGTGATGATGTACCTGCTGGAGCACTGTGCGCTCTTCATGCTG 540

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e eeeer Ao e
Sbjct 481  AGTAGGATAGGGGACGACGTGATGATGTACCTGCTGGAGCACTGTGCACTCTTCATGCTG 540

Query 541  GTTCCCCCAAGTAACTGTTACCAGGTCTGCGGGCAACCAATTTATGAACTTATTTCGCGT 600
FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e el
Sbjct 541  GTTCCCCCAAGTAACTGTTACCAGGTCTGCGGGCAACCAATTTATGAACTTATTTCGCGT 600

Query 601  AACATAGGGCCATCCCCAGGGTTTGTTAGACGACGGTACTCAAGGTTTAAACATAATAGC 660
FEE TR e et e e e e e e e e e e e e e e e e e e e e e e e e e
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Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Shjct
Query

Sbjct

601

661

661

721

721

781

781

841

841

901

901

961

961

1021

1021

1081

1081

1141

1141

1201

1201

1261

1261

1321

1321

1381

1381

AACGTAGGGCCATCCCCAGGGTTTGTTAGACGACGGTACTCAAGGTTTAAACATAATAGC

TTGCTTGACTATGTGCGAAAAAGGCTTGTGTTTCACAGGCACTATCTTTCCAAGTCGCAA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey 1
TTGCTTGACTATGTGCGAAAAAGGCTTGTGTTTCACAGGCACTATCTTTCCAAGTCACAG

TGGTGGAAGTGCAGGCCGAGACGTCGAGGTCGCGTCTCCAGCAGGAGAAAAAGAAGGAGC

FEEEEREEEEE e e e e e e e e e e Peer e e e e e e e e e
TGGTGGAAGTGCAGGCCGAGACGTCGAGGTCGTGTCTCCAGCAGGAGAAAAAGAAGGAGC

CATAGGATACAAAGCCTAAGGTCTGGTTATCAGCCTTCTGCAAAAGTGAACTTTCAAGCA

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e el
CATAGGATACAAAGCCTAAGGTCTGGTTATCAGCCTTCTGCAAAAGTGAACTTTCAAGCA

GGTAGGCAGATCAGCACTGTTACTGCACGTCTGGAAAAACAGAGCTGCTCCAGTTTATGT

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
GGTAGGCAGATCAGCACTGTTACTGCACGTCTGGAAAAACAGAGCTGCTCCAGTTTATGT

TTGCCAGCTAGAGCACCATCTTTAAAAAGGAAGCGTGATGGAGAACAGGTTGAAATCACA

FEEEEEEEEEEE T e e e e e e e e e e e e e e e e e e e e e e e
TTGCCAGCTAGAGCACCATCTTTAAAAAGGAAGCGTGATGGAGAACAGGTTGAAATCACA

GCTAAGAGAGTGAAAGTAATGGAGAAAGAGATAGAGGAACAGGCTTGTAGTATCGTTCCT

FEEEEREEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e
GCTAAGAGAGTGAAAGTAATGGAGAAAGAGATAGAGGAACAGGCTTGTAGTATCGTTCCT

GATGTAAACCAAAGTAGCTCCCAGAGGCATGGAACCTCCTGGCATGTAGCACCACGTGCT

EEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e
GATGTAAACCAAAGTAGCTCCCAGAGGCATGGAACCTCCTGGCATGTAGCACCACGTGCT

GTAGGTCTTATTAAAGAACATTACATTTCTGAAAGAAGTAACAGTGAGATGTCTGGTCCT

FEEEEEREEEE e e e e e e e e e e e e e e e e e e e e e e e el
GTAGGTCTTATTAAAGAACATTACATTTCTGAAAGAAGTAACAGTGAGATGTCTGGTCCT

TCTGTAGTTCGCAGATCTCACCCTGGGAAGAGGCCTGTGGCAGACAAAAGCTCTTTTCCA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TCTGTAGTTCGCAGATCTCACCCTGGGAAGAGGCCTGTGGCAGACAAAAGCTCTTTTCCA

CAAGGAGTTCAGGGTAACAAACGCATAAAGACCGGTGCAGAAAAACGAGCAGAATCCAAT

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e
CAAGGAGTTCAGGGTAACAAACGCATAAAGACCGGTGCAGAAAAACGAGCAGAATCCAAT

AGAAGGGGCATAGAGATGTATATAAACCCAATCCATAAACCCAATAGAAGGGGCATAGAG

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e
AGAAGGGGCATAGAGATGTATATAAACCCAATCCATAAACCCAATAGAAGGGGCATAGAG

AGGCGTATAAATCCAACCCACAAACCTGAGTTGAATTCTGTACAAACTGAACCAATGGAA

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e el
AGGCGTATAAATCCAACCCACAAACCTGAGTTGAATTCTGTACAAACTGAACCAATGGAA

GGTGCTTCTTCAGGGGACAGAAAGCAGGAAAATCCCCCAGCTCATTTGGCAAAGCAGTTA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e el
GGTGCTTCTTCAGGGGACAGAAAGCAGGAAAATCCCCCAGCTCATTTGGCAAAGCAGTTA
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660

720

720

780

780

840

840

900

900

960

960

1020

1020

1080

1080

1140

1140

1200

1200

1260

1260

1320

1320

1380

1380

1440

1440



Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query

Sbjct

1441

1441

1501

1501

1561

1561

1621

1621

1681

1681

1741

1741

1801

1801

1861

1861

1921

1921

1981

1981

2041

2041

2101

2101

2161

2161

CCAAATACATTGTCGCGCTCTACAGTGTACTTTGAGAAGAAATTTCTTCTGTATTCCCGC

FEEEEREEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e
CCAAATACATTGTCGCGCTCTACAGTGTACTTTGAGAAGAAATTTCTTCTGTATTCCCGC

AGTTACCAAGAATATTTTCCTAAATCGTTCATACTGAGCCGCCTGCAGGGTTGTCAGGCA

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e el
AGTTACCAAGAATATTTTCCTAAATCGTTCATACTGAGCCGCCTGCAGGGTTGTCAGGCA

GGTGGAAGGCGGCTTATAGAAACTATATTCTTAAGCCAAAACCCATTAAAGGAACAGCAG

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e
GGTGGAAGGCGGCTTATAGAAACTATATTCTTAAGCCAAAACCCATTAAAGGAACAGCAG

AACCAAAGCCTACCACAGCAAAAGTGGCGAAAGAAGAGGTTGCCCAAACGCTACTGGCAA

FEEEEEEEEEe e e e e e e e e e e e e e e e e e e e e e e e e e e e
AACCAAAGCCTACCACAGCAAAAGTGGCGAAAGAAGAGGTTGCCCAAACGCTACTGGCAA

ATGAGAGAGATATTTCAGAAGCTGGTAAAGAACCATGAGAAGTGCCCTTATTTAGTTTTC

FEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e
ATGAGAGAGATATTTCAGAAGCTGGTAAAGAACCATGAGAAGTGCCCTTATTTAGTTTTC

TTGAGGAAAAATTGCCCTGTTTTGCTTTCTGAAGCATGTTTGAAAAAGACGGAGCTGACC

FEEEERREEEE R e e e e e e e e e e e e e e e e i e e e e e e e
TTGAGGAAAAATTGCCCTGTTTTGCTTTCTGAAGCATGTTTGAAAAAGACGGAGCTGACC

TTGCAGGCGGCTCTGCCTGGGGAAGCAAAGGTTCACAAGCACACAGAACATGGGAAAGAG

FECEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e el
TTGCAGGCGGCTCTGCCTGGGGAAGCAAAGGTTCACAAGCACACAGAACATGGGAAAGAG

TCCACTGAGGGTACTGCACCGAACAGCTTCCTCGCTCCTCCCTCAGTGCTAGCGTGTGGG

LR RN RN AR AR RN
TCCACTGAGGGTACTGCACCGAACAGCTTCCTCGCTCCTCCCTCAGTGCTAGCGTGTGGG

CAGCCAGAGAGAGGGGAACAGCACCCTGCAGAGGGGAGTGATCCGCTCCTCAGGGAGCTG

FEEEEEEEEER e e e e e e e e e e e e e e e e e e e e e e e e e
CAGCCAGAGAGAGGGGAACAGCACCCTGCAGAGGGGAGTGATCCGCTCCTCAGGGAGCTG

CTCAGGCAGCACAGCAGCCACTGGCAGGTGTATGGCTTTGTGAGGGAGTGCCTGGAGCGG

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e
CTCAGGCAGCACAGCAGCCACTGGCAGGTGTATGGCTTTGTGAGGGAGTGCCTGGAGCGG

GTGATCCCTGCTGAGCTGTGGGGTTCAAGCCATAACAAATGCCGGTTCTTTAAAAACGTG

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e el
GTGATCCCTGCTGAGCTGTGGGGTTCAAGCCATAACAAATGCCGGTTCTTTAAAAACGTG

AAAGCATTCATTTCCATGGGGAAGTATGCTAAGCTTTCATTGCAGCAGCTGATGTGGAAG

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e el
AAAGCATTCATTTCCATGGGGAAGTATGCTAAGCTTTCATTGCAGCAGCTGATGTGGAAG

ATGAGAGTGAATGACTGCGTATGGCTTCGTCTGGCCAAAGGTAATCACTCTGTTCCTGCC

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
ATGAGAGTGAATGACTGCGTATGGCTTCGTCTGGCCAAAGGTAATCACTCTGTTCCTGCC
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1620

1620

1680

1680
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1800

1800

1860

1860

1920

1920

1980

1980

2040

2040

2100

2100

2160
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2220
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Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

Query

2221

2221

2281

2281

2341

2341

2401

2401

2461

2461

2521

2521

2581

2581

2641

2641

2701

2701

2761

2761

2821

2821

2881

2881

2941

2941

3001

TATGAACATTGTTACCGTGAAGAAATTCTGGCAAAATTCCTATACTGGCTGATGGATTCC

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e el
TATGAACATTGTTACCGTGAAGAAATTCTGGCAAAATTCCTATACTGGCTGATGGATTCC

TATGTTATCGAGTTGCTCAAATCATTTTTCTATATCACCGAGACCATGTTCCAGAAAAAC

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TATGTTATCGAGTTGCTCAAATCATTTTTCTATATCACCGAGACCATGTTCCAGAAAAAC

ATGCTTTTCTACTACCGAAAGTTTATCTGGGGCAAGTTACAGAACATTGGAATTAGAGAC

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
ATGCTTTTCTACTACCGAAAGTTTATCTGGGGCAAGTTACAGAACATTGGAATTAGAGAC

CATTTTGCCAAAGTACATCTACGTGCCTTGTCTTCAGAGGAGATGGAAGTGATCCGT Caa

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e
CATTTTGCCAAAGTACATCTACGTGCCTTGTCTTCAGAGGAGATGGAAGTGATCCGTCAA

2aaaaGTATTTTCCTATTGCATCAAGGCTCCGGTTCATTCCTAAAATGAATGGTTTAAGA

FEEEEREEEEE R e e e e e e E e e e e e e e e e e e e
AAAAAGTATTTTCCTATTGCATCAAGGCTCCGGTTCATTCCTAAAATGAATGGTTTAAGA

CCCGTAGTAAGACTAAGCCGTGTTGTTGAAGGACAGAAACTCAGCAAGGAAAGCAGAGAA

FECCEEEELEE e e e e e e e e e e e e e e e e e e e e e e e e
CCCGTAGTAAGACTAAGCCGTGTTGTTGAAGGACAGAAACTCAGCAAGGAAAGCAGAGAA

AAGAAGATACAGCGCTATAACACTCAGCTAAAAAATCTATTTAGTGTTTTAAACTATGAA

RN RN R AR AR RN
AAGAAGATACAGCGCTATAACACTCAGCTAAAAAATCTATTTAGTGTTTTAAACTATGAA

CGAACTGTAAACACCAGTATCATTGGCTCTTCAGTATTCGGGAGAGATGATATCTACAGG

NN RN RN NNRRRNNNNNRRRRRRRRRY
CGAACTGTAAACACCAGTATCATTGGCTCTTCAGTATTCGGGAGAGATGATATCTACAGG

AAGTGGAAGGAGTTTGTTACAAAGGTTTTTGAATCAGGTGGTGAAATGCCTCATTTCTAC

FEEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e
AAGTGGAAGGAGTTTGTTACAAAGGTTTTTGAATCAGGTGGTGAAATGCCTCATTTCTAC

TTTGTAAAGGGTGATGTATCCAGAGCTTTTGATACCATTCCTCACAAGAAACTTGTGGAA

FEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e el
TTTGTAAAGGGTGATGTATCCAGAGCTTTTGATACCATTCCTCACAAGAAACTTGTGGAA

GTGATATCACAGGTCTTGAAACCTGAGAGCCAAACTGTCTATGGAATAAGGTGGTATGCA

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e el
GTGATATCACAGGTCTTGAAACCTGAGAGCCAAACTGTCTATGGAATAAGGTGGTATGCA

GTGATTATGATTACCCCAACTGGAAAAGCCAGGAAACTCTATAAGAGACATGTTTCTACT
FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
GTGATTATGATTACCCCAACTGGAAAAGCCAGGAAACTCTATAAGAGACATGTTTCTACT
TTCGAGGATTTTATTCCAGACATGAAGCAGTTTGTGTCCAAGCTTCAAGAGAGAACTTCA
FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TTCGAGGATTTTATTCCAGACATGAAGCAGTTTGTGTCCAAGCTTCAAGAGAGAACTTCA

TTACGAAATGCAATAGTAGTTGAACAGTGCTTAACTTTTAATGAGAACAGTTCCACCCTG
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3001
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3121
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3181
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3241
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3421
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3721

3721

3781

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TTACGAAATGCAATAGTAGTTGAACAGTGCTTAACTTTTAATGAGAACAGTTCCACCCTG

TTTACTTTCTTTCTTCAAATGTTACATAATAACATCCTGGAGATTGGGCACAGGTACTAT

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e
TTTACTTTCTTTCTTCAAATGTTACATAATAACATCCTGGAGATTGGGCACAGGTACTAT

ATACAGTGCTCTGGAATCCCACAGGGCTCCATTTTGTCAACCTTACTTTGCAGCTTATGC

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
ATACAGTGCTCTGGAATCCCACAGGGCTCCATTTTGTCAACCTTACTTTGCAGCTTATGC

TACGGAGACATGGAAAACAAATTACTCTGTGGGATCCAGAAGGATGGAGTCCTAATACGT

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TACGGAGACATGGAAAACAAATTACTCTGTGGGATCCAGAAGGATGGAGTCCTAATACGT

CTTATTGATGACTTTTTGCTGGTTACGCCACATTTAATGCAGGCAAGAACTTTTCTAAGG

FEEEEEEEEEE e e i e e e e e e e e e e e e e e e e e e e e e el
CTTATTGATGACTTTTTGCTGGTTACGCCACATTTAATGCAGGCAAGAACTTTTCTAAGG

ACTATAGCAGCAGGTATTCCTGAGTATGGCTTTTTAATAAATGCCAAGAAGACTGTGGTG

FEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e
ACTATAGCAGCAGGTATTCCTGAGTATGGCTTTTTAATAAATGCCAAGAAGACTGTGGTG

AATTTTCCTGTTGATGATATCCCGGGATGTTCCAAGTTCAAACATCTGCCAGATTGTCGT

FEEEEEREEREEEE e e e e e e e e e e e e e e e e et e e e e e
AATTTTCCTGTTGATGATATCCCGGGATGTTCCAAGTTCAAACATCTGCCAGATTGTCGT

TTGATCTCATGGTGTGGTTTATTATTGGATGTGCAGACACTTGAGGTTTATTGTGATTAC

LR R R AR AR RN NNNNRNNRRRRRRRRRANY
TTGATCTCATGGTGTGGTTTATTATTGGATGTGCAGACACTTGAGGTTTATTGTGATTAC

TCCAGTTATGCCTTTACTTCTATCAGATCAAGTCTTTCCTTCAATTCAAGTAGAATAGCT

LR R RN AR RN NN NNNRRRRRRRRNANY
TCCAGTTATGCCTTTACTTCTATCAGATCAAGTCTTTCCTTCAATTCAAGTAGAATAGCT

GGGAAAAACATGAAATGCAAATTGACTGCAGTCCTCAAACTGAAATGCCATCCTTTACTT

FETEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e el
GGAAAAAACATGAAATGCAAATTGACTGCAGTCCTCAAACTGAAATGCCATCCTTTACTT

CTTGACTTAAAGATCAACAGCCTTCAGACAGTTCTAATTAACATCTACAAGATATTTTTA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e
CTTGACTTAAAGATCAACAGCCTTCAGACAGTTCTAATTAACATCTACAAGATATTTTTA

CTTCAGGCTTACAGGTTCCATGCCTGTGTTCTTCAGCTTCCATTCAACCAGAAAGTTAGG

FEEEEEEEEEE et e e e e e e e e e e e e e e e e e e e e e e e e e e e e
CTTCAGGCTTACAGGTTCCATGCCTGTGTTCTTCAGCTTCCATTCAACCAGAAAGTTAGG

AATAATCCTGATTTCTTCCTAAGGATCATCTCTGATACTGCTTCATGCTGCTATTTTATC
FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e
AATAATCCTGATTTCTTCCTAAGGATCATCTCTGATACTGCTTCATGCTGCTATTTTATC

CTGAAAGCTAAAAATCCAGGAGTTTCTTTAGGTAGCAAGGATGCATCTGGCATGTTCCCT
FEEEEEEEEEE e e e e e e e e e e e e e et eee e e e e e e e e e
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CTGAAAGCTAAAAATCCAGGAGTTTCTTTAGGTAGCAAAGATGCATCTGGCATGTTCCCT

TTTGAGGCAGCAGAATGGCTGTGCTACCATGCCTTCATTGTCAAACTGTCCAACCACAAA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TTTGAGGCAGCAGAATGGCTGTGCTACCATGCCTTCATTGTCAAACTGTCCAACCACAAA

GTTATTTACAAATGCTTACTTAAGCCCCTTAAAGTCTATAAGATGCGTCTGTTTGGGAAG

FEEEEREEEEE R e e e e e e e e e e e e e e e e e e e e neer v e e
GTTATTTACAAATGCTTACTTAAGCCCCTTAAAGTCTATAAGATGCATCTGTTTGGGAAG

ATCCCAAGGGATACTATGGAACTGCTGAAGACGGTGACGGAACCATCGCTTTGTCAAGAT

FEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e el
ATCCCAAGGGATACTATGGAACTGCTGAAGACGGTGACGGAACCATCGCTTTGTCAAGAT

TTCAAAACTATACTGGACTAAGGGATGAAGGTCTATTTCATAATCCTTCCAGGCTTAAAA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TTCAAAACTATACTGGACTAAGGGATGAAGGTCTATTTCATAATCCTTCCAGGCTTAAAA

ATAAATCTTAAATTTTTAGATTAATTTTCTCTGTAGATAATTTTGGTAGACTGAACTGAA

FEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e
ATAAATCTTAAATTTTTAGATTAATTTTCTCTGTAGATAATTTTGGTAGACTGAACTGAA

AGCATCTCTACTTGAAAGTTTTCEELLLELTTLtATGGGTACCACACAATGACCTTTAAA

FEEEEREEEEEE R e e e e e e e e e e e e e e e e e e een s i e
AGCATCTCTACTTGAAAGTTTTCTTTTTTTTTTTATGGGTACCACCCAATGACCTTTAAA

AGAGTAGGCTGTTTTGTTAACATCTTCATGTTTGTGTTTTTCTGTAAGTTCGAAGGCTGT

LEEEEEE TR e e e e e e e e e e e e e e e e e e e e e e e e
AGAGTAGACTGTTTTGTTAACATCTTCATGTTTGTGTTTTTCTGTAAGTTCGAAGGCTGT

TTGAAGTACAACCTGTGAACTTGACTTGATTTCCTTCAGTAATTCCTTTCTTCTTGGTGA

PEEEEEREEEE e e e e e ee e eeee e e e e e e e e e e re e
TTGAAGTACAACCTGTGAACTTGACTCGATTTCCTTCAGTAATTCCTTTCTTCTTGGTGA

AGACATATTTAACCTATCTGTATAAACAGATCAATATTTTTGCCAGTATTGTTTCTGAAG

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
AGACATATTTAACCTATCTGTATAAACAGATCAATATTTTTGCCAGTATTGTTTCTGAAG

AACTGTTCTTTGATTTTTCTATTGCAGACAATTTTACAATAAATTGTCTACATAGTTGCA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
AACTGTTCTTTGATTTTTCTATTGCAGACAATTTTACAATAAATTGTCTACATAGTTGCA

ATAATGCATACTTGCCTCCAATACCTTTATTTTGTAGTAAGCTTCAACCCAATCCCACCC

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e
ATAATGCATACTTGCCTCCAATACCTTTATTTTGTAGTAAGCTTCAACCCAATCCCACCC

AACTTGGCAGTGTCTTGAAATGCACTTATTGGTACAGGGAAAGTGCATTTCATGGCTGCG

FEEEEEEEE PR e e e e e e e e e e e e e e e e e e e e e e e e e e e el
AACTTGGCATTGTCTTGAAATGCACTTATTGGTACAGGGAAAGTGCATTTCATGGCTGCG

CCTAGCAAGATATGTGGGGTAAAGATTCTTTCACTTTGGAGAACACAGTCAAAATTTGTA

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e el
CCTAGCAAGATATGTGGGGTAAAGATTCTTTCACTTTGGAGAACACAGTCAAAATTTGTA
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Query 4621 TGCCAAATCTGGGTATGTTCAACATGTTTAATATATTCTGAGAGTTTACAGAGATGTACA 4680

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Shjct 4621 TGCCAAATCTGGGTATGTTCAACATGTTTAATATATTCTGAGAGTTTACAGAGATGTACA 4680

Query 4681 GAACAATGGTGATGTATTTATAACTACAAAAACAAGGGGAACCAGAGTTATTGATTAGAT 4740

FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e el
Shjct 4681 GAACAATGGTGATGTATTTATAACTACAAAAACAAGGGGAACCAGAGTTATTGATTAGAT 4740
Query 4741 AATAGAAAAGTAATCTGCTTGGTA 4764

TEEEEEEEEEEE e
Shjct 4741 AATAGAAAAGTAATCTGCTTGGTA 4764

10 p1 e o g TERT (19 DNA S 51 A1 1) A g gy (o
NM_001031007.1 5:%j|[F=$fs

Fig. 11. Alignment of the DNA sequences from White Leghorn chicken
TERT and NM_001031007.1 gene which share the highest
similarity.
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1 MERGAQPGVG VRRLRNVARE EPFAAVLGAL RGCYAEATPL EAFVRRLQEG
51  GTGEVEVLRG DDAQCYRTFV SQCVVCVPRG ARAIPRPICF QQLSSQGEVI
101  TRIVQRLCEK KKKNILAYGY SLLDENSCHF RVLPSSCIYS YLSNTVTETI
151  RISGLWEILL SRIGDDVMMY LLEHCALFML VPPSNCYQVC GQPIYELISR
201  NIGPSPGFVR RRYSRFKHNS LLDYVRKRLV FHRHYLSKSQ WWKCRPRRRG
251  RVSSRRKRRS HRIQSLRSGY QPSAKVNFQA GRQISTVTAR LEKQSCSSLC
301  LPARAPSLKR KRDGEQVEIT AKRVKVMEKE IEEQACSIVP DVNQSSSQRH
351  GTSWHVAPRA VGLIKEHYIS ERSNSEMSGP SVVRRSHPGK RPVADKSSFP
401  QGVQGNKRIK TGAEKRAESN RRGIEMYINP IHKPNRRGIE RRINPTHKPE
451  LNSVQTEPME GASSGDRKQE NPPAHLAKQL PNTLSRSTVY FEKKFLLYSR
501  SYQEYFPKSF ILSRLQGCQA GGRRLIETIF LSQNPLKEQQ NQSLPQQKWR
551  KKRLPKRYWQ MREIFQKLVK NHEKCPYLVF LRKNCPVLLS EACLKKTELT
601  LQAALPGEAK VHKHTEHGKE STEGTAPNSF LAPPSVLACG QPERGEQHPA
651  EGSDPLLREL LRQHSSHWQV YGFVRECLER VIPAELWGSS HNKCRFFKNV
701  KAFISMGKYA KLSLQQLMWK MRVNDCVWLR LAKGNHSVPA YEHCYREEIL
751  AKFLYWLMDS YVIELLKSFF YITETMFQKN MLFYYRKFIW GKLQNIGIRD
801  HFAKVHLRAL SSEEMEVIRQ KKYFPIASRL RFIPKMNGLR PVVRLSRVVE
851  GQKLSKESRE KKIQRYNTQL KNLFSVLNYE RTVNTSIIGS SVFGRDDIYR
901  KWKEFVTKVF ESGGEMPHFY FVKGDVSRAF DTIPHKKLVE VISQVLKPES
951  QTVYGIRWYA VIMITPTGKA RKLYKRHVST FEDFIPDMKQ FVSKLQERTS
1001  LRNAIVVEQC LTFNENSSTL FTFFLQMLHN NILEIGHRYY 1QCSGIPQGS
1051  ILSTLLCSLC YGDMENKLLC GIQKDGVLIR LIDDFLLVTP HLMQARTFLR
1101 TIAAGIPEYG FLINAKKTVV NFPVDDIPGC SKFKHLPDCR LISWCGLLLD
1151  VQTLEVYCDY SSYAFTSIRS SLSFNSSRIA GKNMKCKLTA VLKLKCHPLL
1201  LDLKINSLQT VLINIYKIFL LQAYRFHACV LQLPFNQKVR NNPDFFLRII
1251  SDTASCCYFI LKAKNPGVSL GSKDASGMFP FEAAEWLCYH AFIVKLSNHK
1301  VIYKCLLKPL KVYKMRLFGK IPRDTMELLK TVTEPSLCQD FKTILD

B 12. W e TERT W]

Fig. 12. The translated amino acid sequences of White Leghorn chicken
TERT.
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Color key for alignment scores
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Fig. 13. The proteins share amino acid similarity with the White Leghorn
chicken TERT are indicated after BLAST alignment.
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ref[NP_001026178.1] telomerase reverse transcriptase [Gallus gallus]
gb|AAV35463.1| telomerase reverse transcriptase [Gallus gallus]
Length=1346

Score = 2737 bits (7096), Expect = 0.0, Method: Composition-based stats.
Identities = 1343/1346 (99%), Positives = 1344/1346 (99%), Gaps =
0/1346 (0%)

Query 1 MERGAQPGVGVRRLRNVAREEPFAAVLGALRGCYAEATPLEAFVRRLQEGGTGEVEVLRG 60
MERGAQPGVGVRRLRNVAREEPFAAVLGALRGCYAEATPLEAFVRRLQEGGTGEVEVLRG
Sbjct 1 MERGAQPGVGVRRLRNVAREEPFAAVLGALRGCYAEATPLEAFVRRLQEGGTGEVEVLRG 60

Query 61 DDAQCYRTFVSQCVVCVPRGARAIPRP ICFQQLSSQGEVITRIVQRLCEKKKKNILAYGY 120
DDAQCYRTFVSQCVVCVPRGARAIPRPICFQQLSSQ EVITRIVQRLCEKKKKNILAYGY
Sbjct 61 DDAQCYRTFVSQCVVCVPRGARAIPRPICFQQLSSQSEVITRIVQRLCEKKKKNILAYGY 120

Query 121  SLLDENSCHFRVLPSSCIYSYLSNTVTETIRISGLWEILLSRIGDDVMMYLLEHCALFML 180
SLLDENSCHFRVLPSSCIYSYLSNTVTETIRISGLWEILLSRIGDDVMMYLLEHCALFML
Sbjct 121  SLLDENSCHFRVLPSSCIYSYLSNTVTETIRISGLWEILLSRIGDDVMMYLLEHCALFML 180

Query 181  VPPSNCYQVCGQPIYELISRNIGPSPGFVRRRYSRFKHNSLLDYVRKRLVFHRHYLSKSQ 240
VPPSNCYQVCGQP I YEL 1 SRN+GPSPGFVRRRYSRFKHNSLLDYVRKRLVFHRHYLSKSQ
Sbjct 181  VPPSNCYQVCGQPIYELISRNVGPSPGFVRRRYSRFKHNSLLDYVRKRLVFHRHYLSKSQ 240

Query 241  WWKCRPRRRGRVSSRRKRRSHRIQSLRSGYQPSAKVNFQAGRQISTVTARLEKQSCSSLC 300
WWKCRPRRRGRVSSRRKRRSHR 1QSLRSGYQPSAKVNFQAGRQISTVTARLEKQSCSSLC
Sbjct 241  WWKCRPRRRGRVSSRRKRRSHRIQSLRSGYQPSAKVNFQAGRQISTVTARLEKQSCSSLC 300

Query 301  LPARAPSLKRKRDGEQVEITAKRVKVMEKEIEEQACSIVPDVNQSSSQRHGTSWHVAPRA 360
LPARAPSLKRKRDGEQVE I TAKRVKVMEKE IEEQACS I VPDVNQSSSQRHGTSWHVAPRA

Sbjct 301  LPARAPSLKRKRDGEQVEITAKRVKVMEKEIEEQACSIVPDVNQSSSQRHGTSWHVAPRA 360

Query 361  VGLIKEHYISERSNSEMSGPSVVRRSHPGKRPVADKSSFPQGVQGNKRIKTGAEKRAESN 420
VGLIKEHY I SERSNSEMSGPSVVRRSHPGKRPVADKSSFPQGVQGNKR IKTGAEKRAESN

Sbjct 361  VGLIKEHYISERSNSEMSGPSVVRRSHPGKRPVADKSSFPQGVQGNKRIKTGAEKRAESN 420

Query 421  RRGIEMYINPIHKPNRRGIERRINPTHKPELNSVQTEPMEGASSGDRKQENPPAHLAKQL 480
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RRGIEMY INPIHKPNRRG IERR INPTHKPELNSVQTEPMEGASSGDRKQENPPAHLAKQL
RRGIEMY INPIHKPNRRG IERR INPTHKPELNSVQTEPMEGASSGDRKQENPPAHLAKQL

PNTLSRSTVYFEKKFLLYSRSYQEYFPKSFILSRLQGCQAGGRRLIET IFLSQNPLKEQQ
PNTLSRSTVYFEKKFLLYSRSYQEYFPKSFILSRLQGCQAGGRRLIET IFLSQNPLKEQQ
PNTLSRSTVYFEKKFLLYSRSYQEYFPKSFILSRLQGCQAGGRRLIET IFLSQNPLKEQQ

NQSLPQQKWRKKRLPKRYWQMRE I FQKLVKNHEKCPYLVFLRKNCPVLLSEACLKKTELT
NQSLPQQKWRKKRLPKRYWQMRE I FQKLVKNHEKCPYLVFLRKNCPVLLSEACLKKTELT
NQSLPQQKWRKKRLPKRYWQMRE I FQKLVKNHEKCPYLVFLRKNCPVLLSEACLKKTELT

LQAALPGEAKVHKHTEHGKESTEGTAPNSFLAPPSVLACGQPERGEQHPAEGSDPLLREL
LQAALPGEAKVHKHTEHGKESTEGTAPNSFLAPPSVLACGQPERGEQHPAEGSDPLLREL
LQAALPGEAKVHKHTEHGKESTEGTAPNSFLAPPSVLACGQPERGEQHPAEGSDPLLREL

LRQHSSHWQVYGFVRECLERV IPAELWGSSHNKCRFFKNVKAF I SMGKYAKLSLQQLMWK
LRQHSSHWQVYGFVRECLERV I PAELWGSSHNKCRFFKNVKAF I SMGKYAKLSLQQLMWK
LRQHSSHWQVYGFVRECLERV IPAELWGSSHNKCRFFKNVKAF ISMGKYAKLSLQQLMWK

MRVNDCVWLRLAKGNHSVPAYEHCYREE I LAKFLYWLMDSYVIELLKSFFY I TETMFQKN
MRVNDCVWLRLAKGNHSVPAYEHCYREE I LAKFLYWLMDSYVIELLKSFFY I TETMFQKN
MRVNDCVWLRLAKGNHSVPAYEHCYREE I LAKFLYWLMDSYVIELLKSFFY I TETMFQKN

MLFYYRKFIWGKLQN IGIRDHFAKVHLRALSSEEMEV IRQKKYFP IASRLRF IPKMNGLR
MLFYYRKF IWGKLQN IGIRDHFAKVHLRALSSEEMEV IRQKKYFP IASRLRF IPKMNGLR
MLFYYRKF IWGKLQNIGIRDHFAKVHLRALSSEEMEV IRQKKYFP IASRLRF IPKMNGLR

PVVRLSRVVEGQKLSKESREKKIQRYNTQLKNLFSVLNYERTVNTSTIGSSVFGRDDIYR
PVVRLSRVVEGQKLSKESREKKIQRYNTQLKNLFSVLNYERTVNTSTIGSSVFGRDDIYR
PVVRLSRVVEGQKLSKESREKKIQRYNTQLKNLFSVLNYERTVNTSTIGSSVFGRDDIYR

KWKEFVTKVFESGGEMPHFYFVKGDVSRAFDT IPHKKLVEV I SQVLKPESQTVYGIRWYA
KWKEFVTKVFESGGEMPHFYFVKGDVSRAFDT IPHKKLVEV I SQVLKPESQTVYGIRWYA
KWKEFVTKVFESGGEMPHFYFVKGDVSRAFDT IPHKKLVEV I SQVLKPESQTVYGIRWYA

VIMITPTGKARKLYKRHVSTFEDF IPDMKQFVSKLQERTSLRNAIVVEQCLTFNENSSTL

VIMITPTGKARKLYKRHVSTFEDF IPDMKQFVSKLQERTSLRNAIVVEQCLTFNENSSTL
VIMITPTGKARKLYKRHVSTFEDF IPDMKQFVSKLQERTSLRNAIVVEQCLTFNENSSTL
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Query 1021 FTFFLQMLHNNILEIGHRYYIQCSGIPQGSILSTLLCSLCYGDMENKLLCGIQKDGVLIR 1080
FTFFLQMLHNNILEIGHRYYIQCSGIPQGSILSTLLCSLCYGDMENKLLCGIQKDGVLIR
Sbjct 1021 FTFFLQMLHNNILEIGHRYYIQCSGIPQGSILSTLLCSLCYGDMENKLLCGIQKDGVLIR 1080

Query 1081 LIDDFLLVTPHLMQARTFLRT IAAGIPEYGFL INAKKTVVNFPVDDIPGCSKFKHLPDCR 1140
LIDDFLLVTPHLMQARTFLRT IAAGIPEYGFL INAKKTVVNFPVDDIPGCSKFKHLPDCR
Sbjct 1081 LIDDFLLVTPHLMQARTFLRTIAAGIPEYGFLINAKKTVVNFPVDDIPGCSKFKHLPDCR 1140

Query 1141 LISWCGLLLDVQTLEVYCDYSSYAFTSIRSSLSFNSSRIAGKNMKCKLTAVLKLKCHPLL 1200
LISWCGLLLDVQTLEVYCDYSSYAFTSIRSSLSFNSSRIAGKNMKCKLTAVLKLKCHPLL
Sbjct 1141 LISWCGLLLDVQTLEVYCDYSSYAFTSIRSSLSFNSSRIAGKNMKCKLTAVLKLKCHPLL 1200

Query 1201 LDLKINSLQTVLINIYKIFLLQAYRFHACVLQLPFNQKVRNNPDFFLRITSDTASCCYFI 1260
LDLKINSLQTVLINIYKIFLLQAYRFHACVLQLPFNQKVRNNPDFFLRI1SDTASCCYFI
Sbjct 1201 LDLKINSLQTVLINIYKIFLLQAYRFHACVLQLPFNQKVRNNPDFFLRIISDTASCCYFI 1260

Query 1261 LKAKNPGVSLGSKDASGMFPFEAAEWLCYHAF IVKLSNHKVIYKCLLKPLKVYKMRLFGK 1320
LKAKNPGVSLGSKDASGMFPFEAAEWLCYHAF IVKLSNHKVIYKCLLKPLKVYKM LFGK
Sbjct 1261 LKAKNPGVSLGSKDASGMFPFEAAEWLCYHAF IVKLSNHKVIYKCLLKPLKVYKMHLFGK 1320

Query 1321 IPRDTMELLKTVTEPSLCQDFKTILD 1346
IPRDTMELLKTVTEPSLCQDFKTILD
Sbjct 1321 IPRDTMELLKTVTEPSLCQDFKTILD 1346

il 14 v S5 TERT (9SG PR AR G2 AL 28 gl
NP_001026178.1 3|5 U

Fig. 14. Alignment of the amino acid sequences from White Leghorn
chicken TERT and NP_001026178.1 gene which share the highest
similarity.
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Fig. 15. Detection of telomere length in cloned cattle (Cl) and their
offspring (O). D: donor cell. Lc and Hc is low and high molecular

control, respectively. M molecular marker.
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Fig. 16. Detection of telomere length in SCNT control cattle (C) and their

offspring control animals (O C). M: molecular marker.
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Fig. 17. Telomere length (Mean £ SD) of cloned cattle (3-4 year-old) (Cl)
their age-match counterparts (C). The telomere length of cloned

cattle 3-4 year-old, respectively. Cl: cloned cattle. C: normal

control. D: donor cells.
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Fig. 18. Telomere length (Mean + SD) of cloned cattle (2-3 year-old),
their offspring and age-match counterparts. A: cloned cattle (2-3
year-old) (Cl), normal control (C) and donor cell (D). B:
offspring of cloned cattle (O) and their age-match normal control
(O C). C: cloned cattle (3-4 year-old) (Cl) and normal control
(©).
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Fig. 19. Telomere length in cloned dairy goat (Cloned) No. 1, 2 and 3 at
50, 22 and 6 months old and their offspring (Offspring). D: donor

cell. Lc and Hc is low and high molecular control, respectively.

M  molecular marker.
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Fig. 20. Detection of telomere length in control dairy goat (C) and

counterparts of cloned goat’s offspring (OC). M: molecular

marker.
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Fig. 21. Analysis of telomere length in cloned goats and their age-match
controls. The telomere length of cloned goats No. 1, 2 and 3 at 62,

34 and 18 months old and part of their age-match controls. M:

molecular weight markers.

82



ik 1 PIAIFAERYs TERT Sep BTG s AF1() 1%

Appendix 1. Homology among vertebrate TERT protein regions

Homology among vertebrate TERT protein regions

% Identity® % Equivalency®
Full-length TERT 25 52
Region v-I 22 62
Region v-II 29 66
Region v-III 35 71
Region v-1V 34 56
Motif T 55 89
Motif 1 38 54
Motif 2 13 52
Motif A 34 66
Motif B’ 65 88
Motif C 75 88
Motif D 42 85
Motif E 70 90
Region v-V 34 82
Region v-VI 65 87
Region v-VII 29 73

* Percentage of amino acid residues which were identical within a
Clustal W column for all species (chicken, Xenopus, human, mouse, rat,
hamster). Note that individual pairwise comparison between full-length
chicken TERT and each vertebrate TERT indicated 38 —45% identity.

b Amino acid residues which were identical and/or share similarity
across physico-chemical groups (>0.7) within a column for all species.

a9
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Appendix 2. Review of telomere length analysis in various cloned
mammalian species.
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Appendix 3. Alignments of vertebrate TERT proteins.
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Clustal Walignment of the N-terminal and C-terminal regions of cloned
vertebrate TERT messages translated into protein (Xenopus laevis
AF212299; Homo sapien AF015950; Mus musculus NM-009354; Rattus
norvegicus AF247818; Mesocricetus auratus AF149012; G. gallus
AY502592). Homologous regions were defined and colored for percent
equivalency (>0.7) using ESPript 2.1. Each column is scored; columns
with exact identity are shaded in red with white lettering, residues within
a column which are homologous based on their physico-chemical
grouping are represented by red lettering, and columns/regions boxed in
blue share similarity across physico-chemical groups. (A) N-terminal
region. Conserved vertebrate regions (v-1 to v-1V) are noted by name and
green lines (Kuramoto et al., 2001). (B) C-terminal region of vertebrates.
Conserved motifs in the C-terminal region are noted by name and
corresponding colored lines (Lingner et al., 1997). Regions showing
conservation across vertebrate TERTSs in the C-terminal region after the
last conserved reverse transcriptase (RT) motif are termed regions v-V,
v-VI, and v-VII, and are underlined purple lines. These regions were
called according to percent identity, region v-V having 34%, region v-VI
65%, and region v-VII 29%, although percent equivalencies were higher
at 82%, 87%, and 73%, respectively. (C) Schematic of relative locations
and sizes of vertebrate TERT protein motifs. The vertebrate domains and
RT motifs are color coded and correspond to panels A and B. Note the
flexible linker of chicken is much longer than that of the mammalian
species and Xenopus. Also, chicken N-terminal motifs v-I and v-IV are
longer in comparison to the other species. Predicted protein molecular
weights and pl’s were calculated wusing ProtPram (http://
us.expasy.org/tools/protparam.html).
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Appendix 4. Comparison of the 5 flanking/promoter region upstream of
the human (AH007699) and chicken (AY505015) TERT genes.
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EDMAZ  Transcription
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Transcription factors are indicated above the respective chicken and
human sequence lines, indicated in 100 bp increments. The
transcriptional start site is indicated on each sequence by the arrow; the
ATG translation start codon begins following position 1. See key for
motif name. Only those sites known to be involved in hTERT regulation
are indicated (see Poole et al., 2001). The larger Spl boxes contained
overlapping individual sites. Chicken TERT has four c-Myb sites absent
in the human sequence; sites present in human but lacking in the chicken
sequence include: c-Ets2, AP-2 (although two AP-2 sites are located
within the first 50 bp of the chTERT coding sequence), WT-1, and PR.
Both species have one E-box (c-Myc/Mad 1/Max binding site) at about

—250 bp; hTERT also contains an additional E-box downstream of the

transcriptional start along with Spl, c-Ets2, and Ik1 motifs.
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Appendix 5. Sequence and transcription factor binding sites for the 5’

438
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All

flanking/promoter region of the chTERT gene.
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factor binding sites were called by TESS. The direction (forward

and/or reverse direction indicated) of site recognition is indicated and all
factors are written below the corresponding sequence. Factors known to
be involved in hTERT regulation are bolded and underlined (Cong et al.,
1999; Mergny et al., 2002; Poole et al., 2001). The chTERT transcript
(beginning at —37) is shown in bold type with the ATG translational
start codon indicated by a box ( + 1). A CpG island is indicated by the
black line (beginning at —259) and extends into the gene (to + 727).
Over 80 transcription factor binding sites were identified in the
5Vflanking/promoter region of chTERT and the initial transcript. Within
the adjacent 300 bp, an abundance of Sp1 and c-Myb sites were identified

along with a single E-box motif,
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