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Tool (BLAST) [L¥#f » ffi5HEL NCBI B [KIE Hh#RaE AYS05015 41 EA i fHIAME (99%) - FEE Ky
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1991) - EhWRE By i kr AH A SR A N - KBRS SRR DNAFP YR TTAGGG - 1 B 7A BLAR A Yy
VUi (Tetrahymena) HimkRiDNAFEYIRTTGGGG © B4 o fie by 55 58 I HE RF Bl ik S i Sk i
(telomerase reverse transcriptase, TERT) Z 15 H EER R -

TERTE—FEZEEE L HE FH'E (ribonucleoprotein) i gkNE - HHE#/7% (tandem repeat, TR) Hil
TERT —fE K EALATHK « TR 2 RNA LBl -5 e 17 AL - (H A & TERT RUMIA 24 bk:
Wi .2 35 M (Morin, 1989) « TERT Z{FFI#EHI & BBV SRKL DNA SIS IS G (g8 AR b i EFf i b =
J& o BRRIEYRE » TERT L ERBI/EREMING (Shay and Bacchetti, 1997) ~ A= Jt#lifl (Kozik et al., 1998) 5
A% (Delany et al., 2003; Swanberg and Delany; 2003, Forsyth et al., 2002) » [ ANFEAE—f%HY
HEAHAE - % TERT BLfii a5y 8o b R A& YJAHRA (Blasco, 2002) -

RWFFERY H TR s F HERY TERT EEXING 53477 DNA FP31] » HEREESEREIHEES - DUHR R
REH UL R R @ M S ar 9 EilT V-5 B R RS VMRS 2504 $R LM R (L DI RE B AR A L K
W5EZ i -

MEERTIIE

I HESKFHETERT A AEE

(1) JEBGHAIR UG ~ RNA ZEHUELSE — i cDNAZ B
JE I BEERE B WAL 16 hriry RIS I IZERT - BEFTHERNAKI{LER (Qiagen, GmbH,
Germany) Wi % i H R EA BEARHY ~ #i{LELE & RNA - #ETRT-PCR - RT-PCRIR E#SHE
10 w1l NEEES RNA ~ RTHEME K ~ SuperScript 11 RNase H™ -Reverse Transcriptase
(Invitrogen, CA) ~ Oligo (dT)i2-1s 5[F (Invitrogen, CA) ~ DTT ;2RNAsin (Promega,
USA) « {BE%E 42°C I EAHER hr o

(i) 3584 TERT HE 28| F3%E
227% National Center for Biotechnology Information (NCBI) % #& & iy &£ %1
AR EEr ST o LB R TERTHERK (4.7 kb) 5T /¥%lsense primer * 5°-
GCTGCGTGCGGGGATGGA-3" > antisense primer : 5- AACAGGAAATGCAAAT
ATACCAAG-3" - BREEWIHIHE R MIBA TERT R K v Bk 51 F F¥ ¥llsense primer @ 5°-
CCTGTTTACTTTCTTTCTTC -3° > antisense primer : 5- CAATTTGCATTTCATGTTT
3% THITEEYI Ry 508 bp o MR 1% B HRHY Gapd h B[R Fy BERY 5 |17 51 sense primer :
5'-CCGTTGACGTGCAGCAGGAA-3' ~ antisense primer : 5'-ATGTTGCTGGGGTCACGC
TC-3' > FHIFEYI 5283 bp °

(iil) BT JRcDNAZBGHY KBk
PCRIZJEIR G P& cDNA B ~ 10 1 MAYsense Eidantisense 5[ 1£%1 11~ Tag DNAZ
&M% (Roche, Germany) 0.5 1 (5 U/ 1)~ 10X PCR buffer 3 g1~ 2.5mM dNTP 0.6 1%
ddH,0 22.9 1> PCRIZJEREFEFE By 30 11 PCR {684 denaturation 94°C 2 min » 102X
fBERMY 94°C 15 sec ~ 60°C 30 sec ~ 72°C 2 min » 20 RFBERNY 94°C 15 sec ~ 60°C 30 sec ~
72°C 2 min > % 72°C 5 min extensioniiffERFfL 4°C - PCREZAV 10 w IEYIE A 2% El5
BERE It 0.5 X TAEWGHETT100 volt 30 minfyEEJk - BIKEREFE ALK [0.5X BYTAER
& 0.1 pg/mIFRIEZEE (ethidium bromide)] Heta15 min » A EEIMERE B SR BRAS
% o

(iv)  DNAJFBaf B A
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A ERTERT R 2 BEEHBIERER YT - FIHEM (Qiagen, GmbH, Germany) [H]
Kt » 3#5E A TOPO XL PCR cloning kit (Invitrogen, CA) Z %3#5 /i & (multiple cloning
site, MCS) » FFiEFfE A E. coli 3{EHAME (competent cell)H44E o
(v)  DNA FHI5rHrEd LS

38582 TERTH . PCR EY) - F]FIDNAEY 3 H1 (ABI 3730) (Applied Biosystems Inc.,
CA) AR JTEHETT DNAFFIHT » LATT R SPOfFFIMky 53175 [ - S8R HTHY DNA
A& RHFIIR Vector NTI (Infor Max Inc., USA)HEENCBIST Basic Local Alignment
Search Tool (BLAST) - DU 8 EE0E FE K2 TERfEM:

AR AT AR

HER) TERT 6 M w] DAFE AL A B R SER A Rl - (E 2T [ 5 500 68 VR IR ST SRR I e B
(Swanberg and Delany, 2003; Taylor and Delany, 2000) o #AHFFEEREENE L 16 hefy sk = HEHEE
Rl o F RO VE T R 5 BA R (4 F 8 RNA 192 ([E1) » %8 RT-PCR A RRES— K cDNA i
Fotbitie - ER] TERT ZHp55 |17 PCR BAJEHIEE "kt cDNA - #52E A TOPO#EfEH - HEITH R
TERT E:[A[EEJE AT » JefEMH PCR HIE I B FUGIHREITHE RNA BRI PTAHERY cDNA B2 SR
FERIRAEAE - SRR IGIHEERR Y cDNA JHE 53 HINEF 3G Hi R B 508 bp By TERT Ed 283 bp HYFG 4%
I Gapdh TERERR P BEY)  FHIRZ T » IR E & RSHIIERY cDNA B HBERN ! Gapdh BLIX|7E
Yy MRS HG T TERTERKIWEY) (B2) - 3AEE— S et $ TERT HRXIFTE - o BB By
5|F#9T PCR » FiF4r AHERY Y TERT BRI A7 B LR O Ay Fr Be g (1&13) » 3 AHAEAY cDNA
JFEREE & A e BAYTERT JK - Y TERT RERE 4.7 kb - #8% KEAEIE1ES [ FRYFFSIEL PCR
R AR IERHEIG — R 4.7 kb AYRESE TERT ERXEY) ([E4) - #EHGHY2R TERT HXEEHE
A TOPO vector system ##EHETT T-A cloning » 43HT58%EHY DNA J#31 (& 5) - £ BLAST b
¥ KEREL NCBI KRR AYS05015 FFyEA s L AHIEIE (99%) - #iE & Ry #Ery TERT %&
(o) -

L. JfE BRI R AEORE (L 16 hefg i IIRERT -

Fig. 1. The gastrula stage chicken embryos were collected by micromanipulation from the White Leghorn

chicken egg 16 h after incubation.
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<« 508 bp
<«— 283 bp

2. AIRGIAZER () BB (S) cDNAMURIMGETT PCRIEMTERT 2 GapdhF: K] Fr B & vk o
Mt « MFs100 bpEac » Ne Fsfafh#H -

Fig. 2. Electrophoresis pattern of partial Gapdh and TERT PCR products amplified from gastrula stage

embryos (E) and somatic cell (S) cDNA templates from the White Leghorn chicken. M: 100 bp ladder

marker, Nc: negative control.
M E M E

3.0 kb-» 30kb

3.0 kb

1.0 kb» 1.0 kb

1.0 kb

M E M E E
3.0 kb
1.0 kb

Length 1009 bp  Length 1203 bp Length 1209 bp Length 1700 bp
(44 to 1052) (1001 to 2203) (2150 to 3358) (3570 to 4764)

3. HH AR FHER IR (E) cDNA 1T PCR #Eigfy TERT FEAIET ~ of ~ SREGEREY) < BYkE -
i T 5 PR K Fr B R R B SRR AR BEBHAGRY Y AL - M Ry TARRC ©

Fig. 3. Electrophoresis analysis of TERT PCR products amplified from gastrula stage embryos (E) in White

Leghorn chicken. Numbers below figures indicated the fragment length and positions of gene

fragments from the transcription start site. M: ladder marker.
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5.0 kb
4.0 kb
3.0kb
2.5kb

4.7kb

4. A H R F HEHE cDNARHETT PCRITHE Y < 2R TERT (F) £ K AEYIRIFEIKIE -
PREIIRAIAC Y TERT Fr B ) » Ne Ry S - M @ 20 745
Fig. 4. Full length (F) and partial (P) TERT gene products amplified from the cDNA template of gastrula stage

embryos of the White Leghorn chicken. Lane Nc: negative control. Lane M : ladder marker.

/TO PO vector 7980-3184

ochTERT TOPO |
8418 bp

ChTERT 3185-7979

5. BEHHAE TOPO #f (Invitrogen) H1.Z #f TERT K[ &
Fig. 5. The map of pchTERT cloned into the TOPO vector (Invitrogen).
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WL-TERT (51) CCGCCAGTGTGATGGATATCTGCAGAATTCGCCCTTGCTGCGTGCGGGGA
AY505015 (1) GCCCGCTGCA—CGGCAGCGCTGCGTGCGGGGA
Consensus (51) C GCG A CGC GCTGCGTGCGGGGA
WL-TERT  (101)TGGAGCGCGGGGCTCAGCCGGGAGTCGGCGTGCGGCGGCTCCGCAATGTA
AY505015  (32) TGGAGCGCGGGGCTCAGCCGGGAGTCGGCGTGCGGCGGCTCCGCAATGTA
Consensus  (101) TGGAGCGCGGGGCTCAGCCGGGAGTCGGCGTGCGGCGGCTCCGCAATGTA
WL-TERT  (151) GCGCGGGAGGAGCCCTTCGCCGCGGTCCTGGGCGCGCTGCGGGGCTGCTA
AY505015 (82) GCGCGGGAGGAGCCCTTCGCCGCGGTCCTGGGCGCGCTGCGGGGCTGCTA
Consensus  (151) GCGCGGGAGGAGCCCTTCGCCGCGGTCCTGGGCGCGCTGCGGGGCTGCTA
WL-TERT  (201) CGCCGAGGCCACGCCGCTGGAGGCCTTCGTCCGGCGGCTGCAGGAGGGTG
AY505015  (132) CGCCGAGGCCACGCCGCTGGAGGCCTTCGTCCGGCGGCTGCAGGAGGGTG
Consensus ~ (201) CGCCGAGGCCACGCCGCTGGAGGCCTTCGTCCGGCGGCTGCAGGAGGGTG
WL-TERT (251) GCACCGGGGAGGTCGAGGTGCTGCGAGGCGACGACGCTCAGTGCTACCGG
AY505015 (182) GCACCGGGGAGGTCGAGGTGCTGCGAGGCGACGACGCTCAGTGCTACCGG
Consensus  (251) GCACCGGGGAGGTCGAGGTGCTGCGAGGCGACGACGCTCAGTGCTACCGG
WL-TERT (301) ACCTTCGTGTCGCAGTGCGTGGTGTGCGTCCCCCGCGGGGCTCGCGCCAT
AY505015 (232) ACCTTCGTGTCGCAGTGCGTGGTGTGCGTCCCCCGCGGTGCTCGCGCCAT
Consensus  (301) ACCTTCGTGTCGCAGTGCGTGGTGTGCGTCCCCCGCGG GCTCGCGCCAT

WL-TERT (743) TTATTTTGTAGTAAGCTTCAACCCAATCCCACCCAACTTGGCAGTGTCTT
AY505015 (4497) TTATTTTGTAGTAAGCTTCAACCCAATCCCACCCAACTTGGCATTGTCTT
Consensus (4501) TTATTTTGTAGTAAGCTTCAACCCAATCCCACCCAACTTGGCA TGTC TT
WL-TERT  (793) GAAATGCACTTATTGGTACAGGGAAAGTGCATTTCATGGCTGCGCCTAGC
AY505015 (4547) GAAATGCACTTATTGGTACAGGGAAAGTGCATTTCATGGCTGCGCCTAGC
Consensus  (4551) GAAATGCACTTATTGGTACAGGGAAAGTGCATTTCATGGCTGCGCCTAGC
WL-TERT  (843) AAGATATGTGGGGTAAAGATTCTTTCACTTTGGAGAACACAGTCAAAATT
AY505015 (4597) AAGATATGTGGGGTAAAGATTCTTTCACTTTGGAGAACACAGTCAAAATT
Consensus  (4601) AAGATATGTGGGGTAAAGATTCTTTCACTTTGGAGAACACAGTCAAAATT
WL-TERT (893) TGTATGCCAAATCTGGGTATGTTCAACATGTTTAATATATTCTGAGAGTT
AY505015  (4647) TGTATGCCAAATCTGGGTATGTTCAACATGTTTAATATATTCTGAGAGTT
Consensus (4651) TGTATGCCAAATCTGGGTATGTTCAACATGTTTAATATATTCTGAGAGTT
WL-TERT  (943) TACAGAGATGTACAGAACAATGGTGATGTATTTATAACTACAAAAACAAG
AY505015 (4697) TACAGAGATGTACAGAACAATGGTGATGTATTTATAACTACAAAAACAAG
Consensus  (4701) TACAGAGATGTACAGAACAATGGTGATGTATTTATAACTACAAAAACAAG
WL-TERT  (993) GGGAACCAGAGTTATTGATTAGATAATAGAAAAGTAATCTGCTTGGTATA
AY505015  (4747) GGGAACCAGAGTTATTGATTAGATAATAGAAAAGTAATCTGCTTGGTATA
Consensus  (4751) GGGAACCAGAGTTATTGATTAGATAATAGAAAAGTAATCTGCTTGGTATA
WL-TERT  (1043) TTTGCATTTCCTGTTAAGGGCGAATTCAGGCCTGAATTCCAGCACACTGG
AY505015  (4797) TTTGCATTTCCTGTTCTTT---------- ATTTAGGCT------------------

Consensus  (4801) TTTGCATTTCCTGTT ATT AGGC

6. sk FHETERTAKIDNAFESIFEBLAST L2l AYS05015 f731 B mtH P (99%) -

Fig. 6. BLAST analysis and alignment comparison of DNA sequence of the TERT gene cloned from the DNA
sequences and BLAST analysis of TERT gene cloned from the White Leghorn chicken and AY505015
sequences (99%).

#Ey TERT ZE[K.Z DNA J3I Bl B RRHE 1 o S2E EIWTSE (Delany and Daniels, 2004) » A
B9E2% FHEE TERT J73kEL DNA J351) » 8a 1 25 [ 11T 5 ok = #ERY TERT JEABEM - it
HERY TERT FERREE 4.7 kb - WFFE4)HIETHIPCREZEE DUIEFIHE 0 th 2 R iy B Gy = JEE IR
Yy AETEIES | FHI YR EEEZE PCR By H BB - A HINEH] B EE T B Ry
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TERT HRKEY) - AWFS2EMAY TERT [£51] » #i8 BLSAT HE¥ELAYS05015 FFHIER T a4 B —#%
HEEZ=EAL > FFFIARIAEES] 99% - #E TERT [ DNA [FHHEEEROR M EFRIFY 1 & 1,346 fEllgH
FEFP51 (NP_001026178) - #Efy TERT [ ELpRFr 5|t Bd HAMB) Y A — AU - AR Fe A 2 2E
HUBEIR] N-Hii & — 298 AL BA R MEH 1 (linker) » FE AR T 144 {EIERE - M#E TERT 1Y
N RL s e 41 B 235 LSRRI 32 45% (Delany and Daniels, 2004; Delany ef al., 2003; Delany and
Daniels, 2003) - FRIHANEHEBY) TERT BYFTEELE BRI A E L 2 E R (Guo e al, 2001;
Kuramoto et al., 2001; Chen et al., 2000; Greenberg et al., 1998; Nakamura et al., 1997) -

HEIER® TERT HRAVEZME - R IR B HERY R E g O T 22 1 o0 S BR B A BT
{bHA (Venkatesan and Price, 1998) ; [ Bl Gu 0 B OR i iy i R 5 R E AL R 2K B DI RE R B UIRATR
Tl v DLORE QL (e R Ui 0 72 7 K Bl Rl 5 (Mathieu ef al., 2004) - FERYSL R IHRL DNA #2 A%
% 105 » Gk R AR A BN R B - Gkz BB 2R TTAGGG M FFF TR INE 4t fe i
3"-liii(Greider and Blackburn, 1985) - fR:Z bk BgrI A - KEEE0mRIE L S AAZ L (Campisi,
2000) - HEAREIYIEURSHRIAE RS S BT BRI T - VT DU A S0 i B K 0 Pk 78 TERT I PEIAE
Feoikr 5 B8 5 BIANFSH AKARY TERT B REGH BLR BT AL bk BE 1 - BEA ~ #F ~ v~ 4
EIE R S5 )y ) e T L 0 o i 7 e R T B SRR E 1 AR R AN RS e B R A BRI (Cui et al,
2003; Veitonmaki et al., 2003; Zou et al., 2002; Xiang et al., 2000; Bodnar et al., 1998 ) - R » A
FERYTERT E:RIEIHE RS SNSRI K SR - AR AL TERT 93E MR EL/E A AR R & e iy
Uik R % (Michailidis et al., 2005) » §H R AFEEIS @Y TERT (AR RANITERAES] - BRTHER
HoR @ B MEIYIME TERT 8l E i ny o> FHEHI 7= SR M 58 2 T - (HE8JEFERY TERT £
 JERIAEIE & Be M S R RSN - SURF R BEENEFIZREL TERT B91F FITE M1 18 15 B i A
#H TERT ER5E & REINAGER - ZREFMEFIHENY TERT kPRI £ i 1807 5 2 B e 2k 25 AR TE A
MRS RIIES 2R - R R S & By ik B L S i L 92 » IREt v &2 pyE 2R

(Swanberg and Delany, 2003 ) -
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Cloning and sequencing of telomerase reverse
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Abstract

The objective of this study was to clone and sequence the telomerase reverse transcriptase (chTERT)
gene from the White Leghorn chicken. Gastrula stage embryos from the White Leghorn chicken were
collected by micromanipulation and RNA was extracted using commercial kit and followed by RT-PCR. The
primers specific for chTERT were designed and PCR performed to obtain full length chTERT cDNA. The
PCR products were verified by agarose gels electrophoresis, and the correct fragments of 4.7 kb in length
were extracted from the gel and TA-cloned into TOPO vectors. DNA sequencing and BLAST comparison
were performed to identify chTERT sequences. The chTERT cloned in this study had the highest similarity
(99%) to AYS505015 sequence in NCBI GenBank. The TERT gene we cloned from the White Leghorn chicken

could be used for somatic cells gene transfer in future studies.

Key words : White Leghorn chicken, Telomerase (TERT), Gene cloning.
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