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FERE L FEREME, AR Real-time RT-PCR 7 ik & 3t X F 45 L F J5 L& AP 2047 6 TERT R X #AT T 40, 4
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Quantitative analysis of telomerase reverse transcriptase gene
expression in goat reprogramming cells
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Abstract: Currently, animal somatic cell reprogramming into the induced pluripotent stem cell (iPS) is one of the hottest research
target in the field of cell biology. We focused on the analysis of telomerase reverse transcriptase (TERT) gene expression during goat
somatic fibroblasts reprogramming, and investigated the relationship between the expression of TERT and the pluripotency of
reprogrammed cells. RNA samples of fetal tissues isolated from Guanzhong milk goat fetus, and the induced goat reprogramming
cell clones were used to determine the relative expression levels of TERT by the real-time RT-PCR method. Goat embryonic
fibroblasts (GEF) collected from the Guanzhong milk goat with normal karyotype were induced by 4 transcription factors to become
reprogramming cells. The expression of TERT in reprogramming cells was detected by Real-time RT-PCR. The results showed that
the expression of TERT in testis tissue was higher than that in epithelial tissues (P<0.01). The expression level of TERT was higher
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in AP staining positive cells than that in AP staining negative cells (P<0.01). This result indicated that TERT activity played an

important role in cell reprogramming.

Keywords: telomerase reverse transcriptase (TERT), cell reprogramming, real-time RT-PCR, Guanzhong milk goat
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M FBACFEAR, MENRR T4 TERT Rein%s
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2006 FERL2ER Z A Octd . Sox2. KIf4, c-Myc
(OSKM) 4 Mg A, AT LLKE B 2T 4 4 i o5
ML BT 4 M (Induced pluripotent stem cells,
iPS)P, HANMIE AR ALY #4555 BS 4UAHEL,
/N iPS A EE R )G, A 4 AR/ N SR
JEHGE TN iPS g R0, foi, N R
P iPS 4N R E BRI o iPS Y A4
RT MR IR T —500niste, BA ] 2 mn
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SR G R AE /DR B S A BIRA
HASY , (BAER &Rl L E R R R
FA, RN AR AP Y TERT Rk
HAETWATERE . ABEFEF IS 56 5E 7 PCR HAR
(Real-time RT-PCR)!"VXf 3¢ 4 1) 2 Jify JL4L 4L A 8
S F5 240 L b i A R DRREL X R AR R R AT TR, 4R
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DA % A 3 R Tt P R T e 0 R 0 o s o il
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N HERES T

1 HHE7 %

1.1 ##
=M DMEM ., A2 BEhEe . B4 (FBS). B-
FiFE O AE AN SR H Gibco, A bFGF Iy

A Millipore, o-Z3MWEREh . K[E L0 TR #h . £ 34%
£ C ¥ H Sigma, RNA #EHUAH] Trizol 1 H
Invitrogen, [ %% 53| & W H Fermentas, TRET —
PUWH Abcam, ZREZOCHUIA A 5 E Y A
MRAT

MEF 15354 : # il DMEM+109% A 4 L7
(NBS)+100 IU/mL H 2 #+0.1 mg/mL #5552 .

1 E FL 2 R AN G IR0« it DMEM+15%
FBS+2 mmol/L % & M f+0.1 mmol/L 3 wh 75 & FE R
+0.1 mmol/L p-#i % 2 F#+4 ng/mL bFGF+100 TU/mL
HHZE+0.1 mg/mL HE %

HHE L 2E Tert mRNA J#51 (GenBank Accession
No. EU139124.1) A1l 3-8 B H o i B = i
(GAPDH) mRNA J¥ % (GenBank Accession No.
AF030943), H Primer Premier 5.0 XX i1514),
H b 5 BB AR W H R AT BR 534 2 m] S Ot E
PCR 51H (¥ 1),

R1 KREE PCRIEIIMFEFIR

Table 1 Primer sequences of qRT-PCR

Length

(bp)
Tert Forward: CACTCGCACCCTGGAGGTGCAT 100
Reverse: CCGCCAACAGCTTGCGACGCATG

GAPDH Forward: CATGTTTGTGATGGGCGTGAACCA 158
Reverse: TGATGGCGTGGACAGTGGTCATAA

Gene Primer sequence (5'-3")

1.2 At
1.2.1 XA 1G5l 745 JL2H 2 RNA 978K

WUREE SRy 3 A Crh il G )L, BITE
AP K, 4CEB R E, AR
Kbge b Rl BUR LR R . S0, Bk, WLIA .
BORFL R BRAFALZL, VIAL | mm® A2 A/ NER,
ST RV A 38 2 Y I A v T SHU B S R A
WHE SRR IR AR A N A . RIS 200
AK¥A 1.5 mL ) EP 4, A 1 mL Trizol 24f##
A, FRIFHRY 30 s, IFAEEIE 5 min, A
02 mL &y, EIZWES 15, FIRAE 3 min, 4C.
12 000 r/min .0 15 min, #5508 3 )2 EET6
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KAH, FREMAGEHAR, hREARRZ. # L
B E J —¥ 1Y DEPC 4b LY 1.5 mL EP &,
BA 0.5 mL S NEE, JRA)S ZE i ICE 30 min, 4°C .
12 000 r/min &> 10 min, 3% b3, M 1 mL 75%
L FEBEHE RNA ULTE, 4°C. 7500 r/min &.0> S min,
FEACE 10~15 min T4, A 60 uL DEPC 7K %5 fi
RNA JTHE , —80°CIf:AE . Trizol 4R HUZH 4L RNA,
AN EALKE I RNA 1Y B AR T . i s
RNA 260 nm/280 nm 4T 1.8~2.0 Z 1], fF 44l %2
Ko HU 3 pg B RNA SEATaifE SN, R
RevertAid™ First Strand cDNA Synthesis Kit #/FE i
BI-FEAT, Wi cDNA B T-20CHRAT
1.2.2  SYBR Green /14 PCR

TSR A A TR E . BURFIURE S Y cDNA 43
MR 1. 10, 100 F1 1000 1% . HBOA [6)He BE R Fe 1
FEAR ¢cDNA 2 L, 20 3/l A 2xSYBR Premix ExTag™
12.5 uL, 10 pmol/L I, Fi#54¥14 1 uL, DMSO
1.25 uL, BTk 7.25 ul, BNAKZR N 25 pl,
AR MK R ST 96 fL Clear Optical Reaction
Plate PN, FESCATZIEE H# PCR Y (LineGene9600)
EHEAT PCR Y, JFIRIAF #EAT 20w o, kil 5 Y
SERFNINZ AL (GAPDH) 1A [V B2 i B AL AR vh
AP S B R A5 F A 94°C 2 min, 95C 10's,
60°C 30's, 340 MEFR, M 72°CHE| 94°CH: LT 0.5C
1 R . IR 10 F5H BRRE S 1) Ct (H7E
15~30 AR H B, B 10 5 F B B UAE A cDNA
2 uL, filA 2xSYBR Premix ExTag™ 12.5 uL, | .
RS I#45 1 uL (10 umol/ L), DMSO 1.25 uL, %
BEFK 7.25 0L, BRMAKRR 25 ul. N RN
94°C 2 min, 95°C 10s, 60°C 30s, 3t 40 ME¥E,
M 72°CH] 94°C £ ETF 0.5 CHU 1 RFEGAE . etk
B i i 2, 3 3k I A 1 8 R S g 7 ) ) B —
XoF 4 AT AG I A, A RINA A i A i 5 4 B A
1210 WG LREF 4400 (GEF) Xfit; AP+Ry
BB RE (AP) BHMERY AR E AR AN, 14#.
25# AL ENE 4 R EGFREANML; F11#. F128 015 5
5516 AR A RN M 38 4 BRANAEIY S AP BAE.
Real-time RT-PCR S i 2 ¢ g w44, [F L.
AN A AR 3 ZHRE AT E , RRLLRE SR
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3 ANEE, FHBEALE T 0 EGOE B2 B 3 v 5ot
HEATAL R,
1.2.3 I F R T 19 SR € o7 B T

TSI FEUZIK 1 mm® 247, BT &40t
) PBS H, SRR EENEVERE eE Ik, B
B RS M 0y S fn s 4 1 4y, RS FRr 48
ARG R 58, B/ hREBE 5 mm A4,
LYCE IS, 1) LY A2 bR i i R SR
A 37T°CHiFRF T, 55 2 R ML AE AR 37
W, LUGEE 3 Rl | RIEFRM, B RAEEE A2 W
(6N S S ES R g S 2 O
FEf, AT

AR AE A R R I B, G L BT 2 40 43 i)
L 3x10* 4 504U 3R T E B 0.19% WY 24 FL
W, IMASEFRM, 37C. 5% CO, Kigk, f 2 K
Bl 1. B 24 h AL 3 FLAif, THECREFLAR
L, SROPFEIE . AR S RICONEE 0 R, %
ZEE 8 do LAKGFREFE] (d) MREARER, 40 MK
(1x10%/mL) R Abr, LHldnd Kz, A0
TD=rx10g2/(logNt-logNO0), =i TD A 2 A5 3
WEE], ¢ M REFREIA], NO MR I A0IEEL, Nt
B % ¢ /N IR R A A

RN i O i T N 2 N PO G ER 1S
W (% 3 K) B9 GEF 4iiffd, HWEEN 0.2 pg/mL #k
KA AL 1.5 h, PBS ¥E 2 3, 0.25% KRN 1L,
WA, 5 B3, MAFE 37°C . 0.075 mol/L 1Y
KCL KB 5 mL, 37 C/KIFVEHMEE 15~25 min,
1000 r/min B5.CUWCEEANM, A [ (PP I8 DK S
fig3:1)5mL, Ei F/EH 2h, 1000 r/min #0008
LI, 2 KEEZEEAEM 30 min, 1 000 r/min &
OMCEEANRE, A 0.1 mL B EW, FEWATIRAIH
R BRI 2 lm R, 25 -20°C Hie
MBI 2 AR, AR AR T, R I
BE44 (0 10~20 min J5 HIARK YL, TH)E, 1EfE
FCRTATE PR 2SR EREN = 3in L RV
1.2.4  (FF U F 00 E i 7

WO RE S 1Y 4235 9% 5 Phoenix-A 4l ] 4 i}
8x10°/mL R EIEFFRILA , 37°C. 5% CO, L i
7%, 24 h 5, HEA 4 DFEEET pMXs-Octd
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pMXs-Sox2., pMXs-Klif4 Fl pMXs-c-Myc 5% YL 5
YN, 6 h RS A ITE ARBU A ECN 10% /8
R, W48 hIRFEW, 0.45 pm JEMLLIE . K 4 Fh
JRERRFCIR 1 0101 0 L LLBE S, # I 4 pg/mL
1 LA polybrene, TRAIIE], MEFERT 1 d %
8x10%/mL B 4f (9 GEF 4 1 fCR4iigrp, w4745 2
UG R AR B e 0% . O T ORIERE 0%, s
FROT R IKF] 1x10%~5x10° LA |, FRaEE YLl 24
KAVEF0d. #ME ERITIEFRIEE 1 IR, DUFER
e 1 WM, 3 RIGBULEER GEF 414k it
5x10%/mL [ HL 5 2] MEF R3:2 1. 24 h 5k
iPS AHHEIG IR, DURRRIRE 1k, B3 12 d A
FIF BN ek, 18 d 247 FPLAE AR AL 2
e FHRBGERE , A B E 2L MEF 1FR21 96
LB E, o 20 BRIE S RS . ¥ T
Xof BB 43w W A L A AT 0EPE W R A UL 5,
40 g/L Z R R E R EE L% 10 min, JOH5EE
PBS Mgk 3 K, BIKEIME 10 min, FRIA AP QL il
(0.2 mg/mL o Z3EyBERA SR, 1 mg/mL "[HLL TR £,
0.1 mol/L Tris-HCl, 475 pH {E# 8.6), fEH
10~20 min, WY@, A PBS vk, & Wi
e P g, FHMEAN AL, FHYEAIRAE @,
1.2.5 X35 FH)E G FEAA 1T FRE TIN5
AR E] 70%~80%H}, 4% ZRHBEERT
% 30 min, PBS ¥ 3 K, K 3~5 min, 0.5%
Triton 4L 15 min; PBS %% 2 K, HHK S min; Jil
A 1% BSA £ 30 min; Fr%, HAPTAHBER,
BHAZIMA 1% BSA #i B —¥Ht Tert, 4°Cid7&; PBS
BUE 3 W, K5 ming ITA 1% BSA Fikemsk
MZSE" P, F37CHHE 0.5~1 h; PBS L 3 IK,
R 5 min; Leica 3 B 280 W i T WAL HEAH

2 #XR

2.1 WAL H TERT BIFRIEE D

¥ F Real-time RT-PCR %, X 5LFEAN
(7] 2 2 e i Ao il ik PR e SR B AT T I E , SRR
AT PRI B i m R SR IRE 3 Fhdl 4l
HF. B TERT RiksmKm, 2ERALN 6~7
i, MiAER) TERT & L HABPIAP A Z2U2% 1 £5 LA

Fo RIRJZRYNLP R BEZH 2R TERT R0k B
B RRAL LU 3~5 f5 . TERT ik &R AL H & MR)Z
AR ORI A R TR AL 2, b B AE X Kb AE 1 A
(Kl 1)

16

—_— 12.33

5 1

g5 12T

‘2510

gé gl 6.75 6.62

Sk el 5.11

= 3.64 200

s oo 41 .

S a}100 ijm |"‘|
0 I_-_r_l

Skin Testis Brain MuscleKidney Liver Spleen Lung
Different tissues

1 Real-time RT-PCR E £ ##LLIFHLH TERT %
POy

Fig. 1 Real-Time RT-PCR analysis of TERT expression in goat
tissues. The RNA samples were made from Guanzhong milk goat
tissues including skin, testis, brain, muscle, kidney, liver,

spleen, and lung. The relative expression level was calculated
by goat TERT (gTERT) vs internal control GAPDH (n=3).

2.2 AR /LR A4S TR 546

R T AT RGN g AR Y, FRATT S
£ TR L ET A4 . K 1L 2 B R 240 2 e bz
Ja . B2 Rl LA BN EACHE JL ST 2 240 i A2 2L B
JERIFEIE 2 DU SR AR R T g
A YoF etk 2, BB ALK (K 24
ik Ab)o I A A BR AT A, AR L R AR R
b/ S B NS 172 = S 1 R 3 B i
KWEHE, i) 5% (K 2A). DS AR 2 Kt
1 RKGFRU, A0AE 1 JE BT I

XIS GEF 4 M A K ih A 7, 47
1~2 RIWRIERII)G , 58 3 Kk AXTECA KT,
56 RIFFAAKT-GW, 68 RIGMHEHF AR,
A3 B A B 40 A SR TR R B A B B 1) 43531 2 P
f£36.2h, P41 39.8 h (Kl 2B), X 45K
AR L AR B R, AR KT 1B R R
AV HT I, GEF Y%A 60 %%, MHEME xy,
TS S (K 2C. D).
23 FSWLFAMEERE

FEFUERg M E SRR Z AR, —
T2 15~20 d LA EsEFRm ] fEXEER, B 1~3
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PRAERCIRZSSF . MG ook . &R GEF My BIMMIEZS, - PIREETE MR IRETE (I 30). B
SARAIN (B 3A). sRiE FReR, Al xTaEsEtT R R ETE R, B A AT, P
TR WEEE 3 d, KMARHEEIA MEF SRR WX R ARSI R, BT W RIETE I
MREFRIL L, 4HAR% BEAE 5x10°/mL 247 (& 3B), GRS, BIRILE, Pe e s nT LIRS AL (U
FRAEAE 10~12 d PR Bl edEds, MER 3F, HIARRFEEARNAMIES . ek 15da, %
AL HOT hR IR A, WA AR I Y KRB BERIEKOR, MIBESEMIRE , g, Bk
AN I RAE A . WIUGRISERER TR BN, I eEE, PhudkE, #EfTEUESR (81 3D),

A B C
/ /), Z 40 r —e— Pl [
—0— P4 ~! \3’. }
v
_30f >
E )
— e |
z .\ xR
S 2 " 3 )
E \ \ N *\. 1’\
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o | A N
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~
hY "
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D 1y M ' 4.6 i }i
oo e fi o X
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S T 1 TP St AN LS | S AR I ¥
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I N T L L T T {
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B2 WFERILKAHLEME (GEF) MIEFRE5EE
Fig. 2 Culture and characterization of GEF cells. (A) Primary tissue culture of GEF. Arrow indicates the tissue block. (B) The
growth curve of GEF at first and fourth passages. (C) The karyotype of GEF. (D) The paired chromosomes of GEF.

0 2 4 6 12 18 (d)

Transfection I|Transfection II DMEM medium ES medium

|

T N VNS
AR R

N7 S
NNNRE DA

KESZEN:

BT I
ot NN
20

E 3 ¥ GEF AfiES HEREME
Fig. 3 The experimental outline to induce goat GEFs into the reprogrammed cells. (A) Uninfected GEFs (50%). (B) GEFs infected

by retrovirus with OSKM (50x). (C) The reprogrammed cell colonies formed in 12 days after the infection (50%). (D) A goat
reprogramming cell colony (50%).
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24 MEWLFEREMBRD TERT BIFRIET K
¥ 4 PR T OSKM S A GEF 4l (&
4A1), Z3t 15~20 d i, HEFRILE BB E o
V5, ZWVEREERRE (AP) Y, TIUL AP FHMETC
B (18] 4A2), XoF HLAY ) F S P2 o g 1A 7 PR L 4 5
JEIEH 4 BRpCRESES T REY 1%, Hl % RNA FE 5
(Kl 4A3-6), Xf LiRHEAL, H Real-time RT-PCR J5
B 40 BT TERT SR (1% 3% 3K A48 Ak il 45 SR 22 1
eSS 1 JEAC AP FHYE S Snfe 4 il (AP+) Hhipki

A

65.19

N 0
(=i}
T 1

[V =N
[=iN ]
T L

18.99
11.63
" 1.00 19 3.15

Relative expression level @
gTERT/GAPDH
N
(=)

— N W
[« =Nl =]
T

GEF AP+ 14# 25#  Fl11#  Fl12#
Different reprogramming cell clones

B4 WFEEREMHETEF TERT EERN

Fig. 4 The quantitative analysis of TERT expression level in
goat reprogramming cells. (A) Goat reprogramming cell clones.
1: Uninduced GEF cells (GEF); 2: AP+ Clone No. 1; 3: AP-
Clone No.14; 4: AP- Clone No. 25; 5: AP- Clone F11; 6: AP-
Clone F12. The magnification of images is 50x. (B) Real-Time
RT-PCR analysis of TERT expression among the different
reprogramming cell clones as described in (A). The relative
expression level was calculated by goat TERT (gTERT) vs
internal control GAPDH (n=3).

il (R RE G A i e, 25 T GEF 4N 65 f%
(Fl 4B). TisrEALACHY 4 ¥k AP BIVE S g R 4n i,
S S AR X 3 3k 1 B A e X PR 4H GEF i, 0
AW FERT RS AP FHEESRBEAE (APH). D
- 5 SR U0 A il R R 3R v IR 1 R A A i
Y P21 58 A BE I IE ARG, AP BH 4 3 4 7 40 i itk
Bt 2 IR AT, 1T AP BRI o g 0 R i e G )
kAR
2.5 ImALEE G R O 4G

XI5 0 R e RE AT . RAE . ik
filf e ek, B ERERR A (AP) FHA: MY v itk
17 v br i G 28 OGRS B PE (B SA. B), AP
Y1 ) o e o o g e e 8 e W S22 B - (181 5C D).

5 HETEENLEERZMMFPIRREEHNRIE

Fig. 5 TERT immunofluorescence analysis of the reprogrammed
cells. (A, B) The reprogrammed AP+ cell clone. (C, D) The
reprogrammed AP- cell clone. (A, C) The phase contract. (B, D)
TERT immunofluorescence staining.

3 Wik

£ Real-time RT- 7 R FHAE X i 3% 3 o 0
PIRREE R ZIEEE ISR, dEHENYS
WS IEH Y HPCRHFE BT, v EES R H
1435 AR T N S 3 R G e U7 ARSI 50 v b il
HNERBEUFFIEN GAPDH £ A4S WilE
Kbty FATHE U LR L2 TERT &R Kk
TEOLIEAT AR, S5 RS2 A4 TERT 1%
kR E R T HAA L, 54, BRATEEZERIAR
IREFR AL TERT (W Fk B hfFEEs, H
FKI K TERT KixEAENKZAL > P IRZHE >
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HMIRIZ LAY, Greenberg A4l TERT &K 78 BUAF B
(2 AL ZUP A T ARKSF- 23k, e R BUP g
JRFAIEA L] TERT BYRA/KT L HABA R R A
BEFTE, AR, BTGB EAR FMmE, 3
TIRBEXS I E G LM R4 20 TERT HYZRIBIEHK
M X — B P 75 ZEAE A 5 RIS P i o

2006 4, HASFR2EZGE TR 4 Fhi 56 H -+
(OSKM) H4 /]~ BRUSCETF 24 40 i 25 Sy if5 5 22 1 T 41
(PS 4if), fEsbzE, AT M R
UG YA E) TIPS 4, LR iPS HAR AT LA
T FT LY iPS AR, MRk K B
Y ES s, HAT, @R WAL 1S E] iPS
PRI AR DGR IE . ARBFFERI AR T S 1 A
FRANMEI S IR IR R, 1838 T AP FHMEW
INF g . (HRFRNT AR M L,
B3 T A R A0 L Y LU R AR R, BOKBEAS T ILEE iPS
AR AR, R IR e A B g R Y R R i —
PIRER

GEF #MIAE S A T AN S RS 25 B pRe i
HE, 4dZESEEHBENESKRA., 755 TR
ORI, 2RI 25 7E ES A et B2 i il 2
KOs AR, XI5 B A 10, REA
WA FRE S B P S A SRR, [HEAR
B 2 FBOZ R R RIET . LA
aERE R R IV A S AT A A, X
FERT DABR AL AR R v i 35 )2 1 T4

AIMIR L DR GF 32 A 240 B 1) 5 5 A R AN ) R [
— W, SRR S D TRDRE T A S A2 AR A
iPS AP, SR Al RE B T 2 RE MRS S T AN
Py Fp 2 18] ELA AR i i PRSP DL 4 S A2 Ak 4
MOEE R 3k, IS shE i #e . B LAidse
PB4 AN SRR 7 5 5 R s 1L =8 i LIS 2 2
L RIS 2 T g AR AN

0 X vl 2 A 0 IR A TR AR, FRATT
RIZ T OSKM 7555 1 5 2 A 40 M () TERT 2%
IR T2 R A R4, TERT Rk & 1y =k 5
55 4 i o P P R A 4 Gk o AP P M P i G
FEANML TERT 3k i %5 T4k T 43 8 g A 1) 40 i
(AP BAME) . FRATTIAE 2 B0 43 2 45 58] 1) o G 72 200 M o e
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B 0 A AR 1 e, SR o Y 2 05 0 P 2 i
WS o X R BL, ATRE 5 PR T 4 B A SR T
T ARSE R, MAMER AR 4 D R AR
BT . #E— 478 TERT BTG iPS 4
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