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[ Abstract] Objective: To investigate sequence characteristics, transcription factors and binding sites of human telomerase
reverse transcriptase ( TERT) gene promoter region. Methods; The sequence of human TERT gene and its promoter se-
quence were obtained from National Center for Biotechnology Information. The position of CpG island in the promoter region
was predicted by EMBOSS 6.6.0, CpG finder 1.0 and MethPrimer 1. 0. Potential transcription factors binding to TERT and
their binding sites were predicted by Patch 1.0 and PROMO 3.0.2. Results: The sequence of the TERT gene was located at
5p15.33, and the full length of the sequence was 41,881 bp. The promoter was located in the 2,500 bp upstream of the 5’
end of the TERT gene, and the full length of it was 2,043 bp. There might be two CpG islands and 118 transcription factors
in the promoter region of the TERT gene. Conclusion: Predictive analysis of human TERT gene promoter by bioinformatics
software can improve the efficiency in studying human TERT gene promoter, so as to understand regulatory mechanisms and
biological functions of human TERT gene.
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(telomerase RNA component, TERC ) 41 ilt, /4 #Z A% 25
FI A ok 24 v o e 25 T e 2 A 5 R M T
FEVER] . TERT kPR 2 A i Ao T 174 BIR 2 44 £k 7
AL, PTYERFIE R AH 1) S8 B PR . BR 1 A2 58 T 40 i Fh i
LT AE , N i b Bl 150 55 55 i (human telomerase
reverse transcriptase, hATERT) 3 K 78 A 1E & 40 iy
HORZE Ik, (HAE IR AL gl s ok . A F s R
W] ,hTERT % [H 2 5 Z I 9 1 3 &, 76 80% ~
90% F % Mg v 8y mT A L i Y hTERT L[, H:
Ja Bl X 58 AR 5 vIRg 1 1 AR A = 2R A 7 D) Y Ik
F o RS A e SR 0 PE 2 Ah, TERT JE P A
Al 5 P65 | B-catenin S5 4% PR AR B HISEJ7
AR R AL i 2 A ) A AR L I A 38, O )
PHE 5 5 7 (nuclear transcription factor-kB,
NF-kB) {5553 {#% Fll canonical Wnt/B-catenin pathway
R BRSO R B SRR R . SR B AT X
RTERT JEP B (e sy I FEAL i R 58 g 4L, ik
— BT S AR AL 7] g hTERT K& X7 )M g
KA R RVE PR . AR R HAYE
ST 0 5 s, 8 A R) B 2R 15 R B R
hTERT %N 5 5 Je Ko ) g ¥ IX i 47 20 #r, 50
hTERT 3 Ji5 8 T X CpG 5 (107 B DA B 5 7
S5 LA, BTEN hTERT JE IR Y 5% st 4 L ) S H:
W F I RE AR R SR AL AL

I AR TS

1.1 hTERT ERAREBHFXFT]

hTERT 3:[H Gene ID &y 7015, 5B T 5 S 4s{n
R (5p15.33) , FL 4K 41 881 bp, hTERT %
A g 3l 7 X genbank 15 . AF098956. 1, K i hy
2 043 bp,
1.2 HiREMER

e [ [ S A= WA B 0%l 7 (National Center
for Biotechnology Information, NCBI) : (https://www.
ncbi. nlm. nih. gov/genbank/) , CpG 5 T M| %X 14- .
EMBOSS 6. 6. 0 ( hitps://www. ebi. ac. uk/Tools/em-
boss/) ,CpG finder 1.0 (http://linuxl. softberry. com/
berry. phtml? topic = cpgfinder&group = programs&
subgroup = promoter) , MethPrimer 1. 0 (http://www.
urogene. org/ methprimer/ ) . & 5% K745 A7 5, T
{4, Patch 1. 0 ( http://gene-regulation. com/cgi-
bin/pub/programs/patch/bin/patch. cgi ), PROMO
3.0.2(http://alggen. Isi. upc. es/) .
1.3 7k
1.3.1 hTERT A B 73] A 8 2 F 5 69 3R I

1E NCBI % 4 ik 3 hTERT $E[A , 15 2 HAE D 1D
7015, R 1 FASTA #% =0 I BT 945 2 i 47 i
1o 7£ https://www. ncbi. nlm. nih. gov/nuccore/?
term ¥4l PR P 28 RTERT Je [N N R 3 1851, 1%
B hTERT £:[H mRNA FE3) 5555 o NM_198253.
2, B3 T IX 41 genbank 5> : AF098956. 1, K fF ik
2 043bp, R ] FASTA #% X%t 5 2l 7 X7 51 {5 B i
(Fx e

1.3.2 ATERT AR B3 T KX cpG B4 ¥k
i) RTERT 3 [H )3 3 7 X7 51 43 53] F A% 2 EMBOSS
6.6.0,CpG finder 1.0, MethPrimer 1.0 =~7E 2k T
AR F R BRIA SR F (CpG &y fe s K B2 200 bp,
GC F 8RN 50% , /LA 0. 6 55 ) #4711
Wo3Hr

1.3.3 hTERT W B 3 F X 4 X B T 4 &4 5T
M BSE gene-regulation WY 5, ¥ hTERT J3 3T
J7 4 b A% % Patch 1.0 FO AT, B & SHCH set of
site 1% $% vertebrates, Lower score boundary 1% & N
90, HAte BN B B #4THi % . PROMO 3.0.2 7E4k
B SV E  “ Selectspecies” 14364k “ Only hu-
man factors” , “ SearchSites” f7 “ Maximum matrix dis-
similarity rate” %>k 5% , ¥ TERT 53 T 54 A&
HEATII

2 # R

2.1 hTERT ERREBIFIHE

RTERT 3 A #F genbank 1 ¥ & % 5 fy NC _
000005. 10, 55 41 J7 41 4> K2y 41 881 bp ( chromo-
some 5 1253167.. 1295047) , 1 15 N & F 1 16
AN FAI . HAL SR mRNA 2K 4 018 bp, 4
i 1132 D IEFRA . hTERT JEHJE 8+ X GC
TR, TG TATA G F CAAT &, )5 31 FIX )75 4
£ 2 043 bp( chromosome 5 ; 1294667. . 1296709) , H
O e Bl DX T B 46 67 A 13l 330 bp 256
ZAME 37 bp N
2.2 hTERT E& CpG B
2.2.1 EMBOSS fiml 4% i ] EMBOSS 6.6.0 7£
LR IIIAEX S Bl DX P A T 0, F 45 1
SRS FAE >0.60, (G +C)% >50.00% , £ fif
>200 bp, Z5HRILK WA CpG &, 5 — M F
974 ~1 223 bp Z [8], K Bk 250 bp; & — A F
1 242 ~1 987 bp Z[i], K5k 746 bp(E 1) .
2.2.2  CpG finder FAM 25 & F IR b A 35000 A o
fifi ] CpG finder 1.0 FELL T FAE X TERT 55 5
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Figure 1. Methylated-CpG Islands Predicted by EMBOSS 6.6.0

Search parameters: len: 200 $GC: 50.0
Locus name: (null)
Locus reference: expected P(CpG): 0.1086

15.5%(a) 34.5%(c) 30.7%3(g) 19.3%(t)

FOUND 1 ISLANDS
CpG  3CG
82 79.3

#
1

CG/GC
0.854

end chain
1965 +

start
1353

E 2 CpG finder 1.0 KGN B EL CpG BEE

CpG number:

length: 2043
0.0% (other)

1] P(CpG) /exp: 0.600 extend island: no A: 16 B: -2
P(CpG) /exp P(CpG) len
0.869( 1.26) 0.134 613

Figure 2. Methylated-CpG Islands Predicted by CpG Finder 1.0

2.2.3 MethPrimer 710 25 % {#iF MethPrimer 1.0
TEL T AEB NS AT T AT R R, 4 R I I
34 CpG 5, 55— T 807 ~959 bp Z[H], KJEH
153 bp, 58 — AT 974 ~ 1 223 bp Z[a], K&k 250
bp; 85 =AM F 1 242 ~ 1 987 bp Z[H], K 746
bp(E3) . B CpG i Fr Be I B — KT 200 bp,
WS R AR EE D 153 bp 1 CpG By AN

L35 DA b = 350 4443 A, A ) %) 75000 A
T, EMBOSS 5 MethPrimer (145 34 A AL, F
HFER Sy CpG By A EAHIE] , 10 CpG finder AR Hi

M T —A~ CpG & {HIL CpG & Fr ey B 5 Hoth
PR A P 0 1) A — 3

2.3 hTERT BEEHREFREEM AT

2.3.1 Patch 425 Fam 25 % F|JH Patch 1.0 F&)F
428 TRANSFAC %8 78 , LR 1 769 A% 5k K+
SEE A (AR NRFAZ) , &0k 5 345 3] 911
AR S F 256005, F LD L& IS
) 95 A5 A T, R E AL HE AP-1, AP-2 CTCF
FOR1,GATA-1 P58 .PXR-1 , RAR-alphal . Spl , TCF-
1A TCF4 Z5(%£ 1) .
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Izland 1 153 bp (807 — 959)
Izland 2 250 bp (974 — 1223
Izland 3 T46 bp {1242 — 1987)

3 MethPrimer 1.0 47l i) R &AL CpG B E %
Figure 3. Methylated CpG Islands Predicted by MethPrimer 1.0

%1 Patch 1.0 Fillfy 95 NEREF
Table 1. 95 Transcription Factors Predicted by Patch 1.0

95 transcription factors predicted by Patch 1.0

AMLI, AMLla, AMLlc, AP-1, mAP2, AP-2alphaA, AP<4, ARP-1
CAR, c-Ets-1, c-Ets-2, e-Fos, c-Jun, c-Myb, c-Mye, CNBP, CP1, CREB, Crx, CTCF

E12, E2F, E2F +pl07, E2F-1, ER-alpha, EZF-2

FORI1, FOR2, FXR

gammaCACI, GATA-1, GR, GR-alpha

H4TF-1, HATF-2, HIF-1, HiNF-A, HiNF-C, HNF-1, HNF-1A, HNF-1B, HNF-3alpha, HNF-3B, hnRNP K, Hp55, Hp65
ISGF-3, LEF-1, LF-Al, LUN-1, LXR-alpha

Max, MAZ, Meis-2a,. Meis-2b, MTF-1, MZF-1

NF-1/L, NFAT-1, NF-ATp, NF-E, NF-E3, NIP

P58, Pax-2, Pax-5, Pax-8, Pbx-la, Pbx-1b, PEA3, POUIFla, PPUR, PXR-1

RAR-alphal , RXR-alpha

SMAD-3, SMAD4, Spl, Sp2, Sp3, Sp4, SRY

T3R, TBP, TCF-1A, TCF4, TCF4E, TFIID, TR2-11

USF1, USF2

VDR

WT1

YY1

ZFX
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2.3.2 PROMO % PROMO 3.0.2 74k F Lifik/5 55 48 LR+ (3 2) . 5 Patch
{1 TRANSFAC %4 /2 8. 3 MU e 4 & 1.0 Bp BilEgs Rl S0F L& e, 15 5] 118 44

AL R R L0 H 302 AN SR T8 50k KT BRI 3 Fin
&2 PROMO 3.0.2 &M gy 48 M EFEF
Table 2. 48 Transcription Factors Predicted by PROMO 3.0.2

Name Matrix Width Name Matrix Width
RXR-alpha [T01345 ] 7 TCF4E [ T02878 ] 7
YYI [ T00915 ] 4 GR [ T05076 | 7
GATA-1 [ T00306 ] 6 c-Jun [ T00133 ] 7
C/EBPbeta [ T00581 ] 4 E2F-1 [T01542 ] 8
GR-beta [T01920] 5 EBF [ T05427 ] 11
XBP-1 [ T00902 ] 6 GCF [ T00320 ] 9
AP-2alphaA [ T00035 ] 6 c-Myc [ T00140 ] 6
STAT4 [T01577 ] 6 USF1 [ T00874 ] 10
c-Ets-1 [T00112 ] 7 ENKTF-1 [ T00255 ] 8
TFIID [ T00820 ] 7 T3R-betal [ T00851 ] 9
HNF-3alpha [T02512 ] 8 Tk-1 [ T02702 ] 13
C/EBPalpha [ T00105 ] 7 MAZ [ T00490 ] 13
FOXP3 [ T04280 ] 6 Elk-1 [ T00250 | 9
HNF-1A [ TO0368 ] 8 HIF-1 [ T01609 ] 9
NF-1 [ T00539 ] 8 PPAR-alpha: RXR-alpha [ T05221 ] 11
NF-AT2 [T01945 ] 10 NF-kappaB1 [ T00593 ] 11
NF-ATI [T01948 ] 10 c-Ets-2 [ TO0113 ] 9
Spl [ T00759 ] 10 RAR-beta [ T00721 ] 10
p53 [ T00671 ] 7 PRB [ T00696 | 7
Pax-5 [ T00070 ] 7 PRA [ T01661 ] 7
GR-alpha [ T00337 ] 5 c-Myb [ TO0137] 8
TFII-1 [ T00824 ] 6 HNF-1C [T01951 ] 9
NF-ATI [ T00550 ] 9 HNF-1B [ T01950 ] 9
ER-alpha [ T00261 ] 5 TCF4 [ T02918 ] 10

%3 Patch 1.0 #1 PROMO 3.0.2 HEmil & RICE
Table 3. Results Predicted by Patch 1.0 and PROMO 3.0.2

118 transcription factors

AML1, AMLla, AMLlc, AP-1, AP-2, AP-2alphaA, AP4, ARP-1

C/EBPalpha, C/EBPbeta, CAR, c-Ets-1, c-Ets-2, c-Fos, c-Jun, e-Myb, c-Mye, CNBP, CP1, CREB, Crx, CTCF

E12, E2F, E2F +pl07, E2F-1, EBF, Elk-1, ENKTF-1, ER-alpha, EZF-2

FORI1, FOR2, FOXP3, FXR

gammaCAC1, GATA-1, GCF, GR, GR-alpha, GR-beta

H4TF-1, HATF-2, HIF-1, HiNF-A, HiNF-C, HNF-1, HNF-1A, HNF-1B, HNF-1C, HNF-3alpha, HNF-3B, hnRNP K, Hp55, Hp65
IK-1, ISGF-3

LEF-1, LF-Al, LUN-1, LXR-alpha

Max, MAZ, Meis-2a, Meis-2b, MTF-1, MZF-1

NF-1, NF-1/L, NFAT-1, NF-AT1, NF-AT2, NF-ATp, NF-E, NF-E3, NF-kappaBl, NIP

('Table 3 continues on next page)
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( Continued from previous page)

118 transcription factors

P53, p58, Pax2, Pax-5, Pax-8, Pbx-la, Pbx-1b, PEA3, POUIFla, PPAR-alpha:RXR-alpha, PPUR, PRA, PRB, PXR-1

RAR-alphal , RXR-alpha, RAR-beta

SMAD-3, SMAD4, Spl, Sp2, Sp3, Sp4, SRY, STAT4

T3R, T3R-betal , TBP, TCF-1A, TCF4, TCF4E, TFIID, TFII-I, TR2-11

USF1, USF2
VDR

WT1

XBP-1

YYl

ZFX

3 %W i

RTERT JEPRE AT 5 5 Y A AR50 (5p15.33)
TEZ) 90% L L () ke v 25 R A 21 ATERT JE A 1)
ek, ARG m] Wk 2 v o it 1 35 5 T o 3
P2 T HE e 3T 2848 LA R H Ath 5 W ast 1% 4 HL ] 4
Fiuhr K BE, T IR 45 408 A0 B B R B &
A B BRSEIESE, RTERT JE N KKk A & 5
LIRS T IR R DL R R A
AN KA FF H RTERT JER R 8l 7 1 58 A8 34 5 i gk
PfrIed 1 e T L s DA 5

Ja S — e T SR G 6 A5 i, RS 4R
RNA R4 1 1 S5EAE Fi Sl iy, SR R S R R A 1y
B RLHR 43, X BE R A Bl 1 58 SRS FE , %)
LR SRR A EEE L, AR EERRIE
ORI T AE i tS TERT SEH A 8 T 28748, X e 58 A8
J& TERT 3L 0 8 31 F chr5: 1295228 ( C228T) Al
chr5 ;1295250 ( C250T) &b e 5 &A1 C > T 58748, A
M S ECH ) ETS 752 ] 745 A 00510 & A, X s %
A5 ) i 9 8 TERT 56 1R 26 16 B3 44 ' . C228T
F1C250T b [ 5 H BRI 28 42 6 W, ATERT 18 5 3
T-5 705 A g A2 P R R A 2K 7R g 2 ) R gt
gk . XF hTERT RS 8l K347 07 25 T,
ARG I Ry BE DR B S R ML B L BSR4
XK, WA LG B 2E S & R, 2R A A
ST BT T s O A A R T
W5 2 A0 S A5 B A4 B 0 3l 17 91 S H R 42 T
8, T LR JR Sh FIR AR 295 S5l ] R 221
SERGHRAL IS A

DNA HSEb 2 it 1 i (1) — o 2 W3 A% 1 1, Ol
FL3hY DNA HIL L E 2 IAE CpG R H R I i
WANERRHE b IEH A DNA AL AT 4Edp e (4

FRAS R EPE, O HAE R Y R385 RIG & & 40
O PR3 58 e s 2 A A )~ R AR ) RS R ) R A
o AR M, DNA Al i S5 6 728 46 U )
SRR IR A O AR A M CpG
5 DXt e Y R AL By RNA (miRNA) i 472 5t 2
T P 5 35 2 3 B S R AR R 4110 e PR 7 2
RSP B AT S EUM R

IEH AT, DNA (5 F B8 S B0 Sl 0
FE PR TR AT AR Y A Pof 0] 2 2 B0 IR 3k 1 1
I SR RS R, RS 24 rp R R
DR R R A e hTERT 3%
A IROKF3E s , HARREE RTERT JE[H )5 311X
e F A6 KT, H RTERT SR 8- X H 340 2
55 g ) 42 2R R E N B 22 UG A G, XA CpG
5 1 PP RE Ao I e AT o 22 38, I PR B A X 7 ks PRI AR
RIRM AR R AERUTTE AR Z— o X ATERT
SRR 83~ Xk CpG & A 500 73 Bt 7l oy 5 2 1Y
FASCHEWT 8 $2 41— BRI . A W58 FI T EM-
BOSS 6.6.0,CpG finder 1.0 4 Jz MethPrimer 1.0 =
FRAS R R A %) hTERT R JE 3l 1 [X. CpG 15 i
753871 , EMBOSS 6. 6. 0 #¢4:F1 MethPrimer 1.0 FE4k
BT S 45 SR AR DL, EL AR AR A T 45
R EA CpG finder 1.0 ZAF 4T H Y CpG
By 7 5, B3 G =R I B i 25 2R hTERT e [A
Jash ¥ KL E A WA CpG By, 4 A2 T 974 ~
1 223 bp Fl1 242 ~1 987 bp Z[A], Horikawa ZEf} 5%
HTE 1999 LEfd A GRATL B A5 5] ATERT A
JE 8T CpG B S AL T 857 ~ 1 995 bp Z ], 54
WSZH BT B0 (9 CpG A7 s SEAAAE . Hig T
CRVIEYSE i & NIVEN R DS €3 Uilaty/b ViR
BRI AW 56 3% , CpG By B3 B A 45 R 38
IAE . I H., i H] Methprimer 500 ¢4 H5l CpG
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& B[R] Inp ik ol RLEE X 4 — > CpG 8 B3 T L 4%
MR Eh DNA HI AL 43 A ) PCR 514, ml oy 26 W35t
e 05 T BT B0t w2 BB H R T B

FE IR F- (transcription factors, TF) &3 K %2
P 268 (14) B ZH R 40, P 3 A R S M4 5 e B A
oA BEPR 42 DX LA SR R 358 o AN S PR 73
U — 4 AHLAY DNA P51, X S8 Fp 51 ] DL A7
B P SR R B A A, T
R 725 B0 s BE B RPAE S S AR 5 s PR 1R 5 D g
R T R B S T4 A O K —
5 ~20 bp, Fi & A= 4 S 56 55 Uik 1) 5% s B 145 5 s
PIARWI R U I T 2 IR S 456
57 5 19 B4R R, 1 JASPAR . HOCOMOCO , TRANS-
FAC 4RH0Hi ' . TRANSFAC B8 PRIt T4 %
FLEA W e R B s R T e 9 O AR
Py DNA 255 05 %545 B o Patch 1. 0 FfF 2 18
TRANSFAC iz i v T8 X VT i 19y U 7E — B
78 v B S B DE TE (60 B O S B — A
FTIRAS APEA VEBL A4 e ik > o {H 72 Patch
1. O B0 Tt ief B SR A4 400 ol 114 7 32 2% 11 15 5y Wi 2L
W), KK G PR LG 8 W o NS 5% 5
R, B LT 45 SR i FRPE TS AR X s o 1T PRO-
MO 3.0.2 BfFa] W45 & B e Fp 41 iy DNA J3
G RN TE 3 S IR 25 5, I 7R T0) st
A BRI AP R N RAE S T S5, A — i R
| RERE RS A P R A SL 3640 A Patch
1.0 F&/F F1 PROMO 3. 0.2 Xt hTERT £ [R5 3)
FIXJFATE TRANSFAC el 2 rp g A7 e X s, 28
LR AEEHER] 118 ML kR F45 5. H
A S T 454 AL C AR DT 58 5 Uk S 7E g
(&AL AT KU T A AR W
Song %% L B, 5 SR F- AP — 4 AT LLSLIE canoni-
cal Wnt/B-catenin pathway {55 5 i % 2 H T i# 5 5
A e, DT 384 00 P98 40 B 1% 15008 B T o T 2 i R
AP-1 W 7E L 5 B G gl VR g SOT M i ogg v
FEPAMEA . T e-Myc 9335 5 ik i
RGN A G bR R A R R IE ML I AR
TN 48 SR i 245 s R 25 G 6 A A GBS
WESE AT LAZ 545 RTERT B[ (335, 4 AP-1 [ c-
Myc .CTCF HIF-1 .SP-1 VDR \WT1 £ (FE 4)Hi5 T
hTERT JEPRREALHI 8 0 52 2%, Horb il oy s 1
S5 AL R AE RTERT e IR 45 R0 28 v i) — /N ER Y
R I B A — 80y 2 5 hTERT JE A
FIRMFE RN A5G OLS BATM AR & . H T BT

I &AM I RE 3 b i dhe 126 v 0 A 2 R Tl s
SR TN H A RS 8l DR A 3500 oK & BRI
BN T 2 B L R TCTE BN, SOk 7 vk A —E R
BRYE. AR s s B 45 R LR 5 2E0t
SRR | (045 5 09 MERA PEAT) 5 2R 47 2 35
PIIESE

*4 BMNERPERBENERET

Table 4. Transcription Factors Reported in Predicted Re-

sults
Transcription factor Activator/repressor  Reference
AP-1 Both [26]
c-Mye Both [27]
CTCF Repressor [28]
E2F Repressor [29]
E2F-1 Repressor [29]
c-Ets-1/ c-Ets-2 Both [30]
HIF-1 Activator [31]
hnRNP K Activator [32]
MAZ Repressor [33]
NFAT-1 Activator [34]
NF-«kB Activator [35]
NIP Repressor [36]
P53 Repressor [37]
Pax-5 Activator [38]
Pax-8 Activator [39]
SP1 Both [40]
SP3 Repressor [40]
USF1/ USF2 Both [41]
VDR Repressor [42]
WT1 Repressor [43]
YY1 Repressor [44]
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