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[ ABSTRACT] Aim  Mitofusion 2 (Mfn2) is a gene which can negatively regulate the hyperplasia of vascular smooth
muscle cells (VSMC). The gene is down-regulated in the VSMC of essential hypertensive patients. ~ However, the po-
tential mechanism is undiscovered.  The object of this study is to investigate the mechanism of Mfn2 gene transcription and
regulation by bioinformatics. Method By using online software, the promoter distribution, transcription factors and
their binding sites, CpG island, TATA box, and conservative region were analyzed in the 5" uncoding region of Mfn2 gene.
Simultaneously, the distribution and function change of SNP were studied. Results There were five promoters in
the 5" uncoding region of Mfn2 gene, which two of them played a key role in the transcription of Mfn2.  Sixty nine tran-
scription factors’ binding sites were found in the two conservative districts.  These transcription factors were mainly associ-
ated with inflammation, oxidative stress, hyperplasia and differentiation of cells, MAPK and STAT signal pathway. One
CpG island was found.  Eight of 15 TATA boxes were found in the region of —2000 bp upstream of the transcription origin
site.  Thirty two SNP sites were found, nine were in the core promoter region, and five may affect the transcription of
Mfn2. Conclusion The core promoter distributes in the —400 bp region of 5’ uncoding region of Mfn2.  There were
a lot of transcription factors which were closely related with the function of Mfn2 existed. In addition, some SNPs which

may affect the transcription regulation of Mfn2 were found in the promoter region.

[FEEHA] 2012-03-13

[(E€TB] EZXARPEEES (81270216) FIEZK 863 i AW H H4: 5B (2008AA027441) , AL 5t [ SR B2 A 4 H K I
H (7120001 ) KAt 5t A 48FF =354 50 H (7102045)

[MEF/A] T4 -, BYEOrsT 5, B, 2\ F 8 00 LRSI RIFSY . IR, B+ W5t B, 0 5 2 il
FENFO MR TR A, BB IREE L, W5 5L, BE, -1 0 55 2 S0, 38 20 3 3 1 (9 500 5 1
RWFFE , E-mail N wzg70@ hotmail. com,



98

ISSN 1007-3949 Chin J Arterioscler, Vol 21 ,No 2,2013

175 - 15 LZE M ( vascular smooth muscle cells ,
VSMC) ()5 48 5 S Ji &% M 1 I (essential hyper-
tension, EH) Bl ks FERE (L5 WL A, [R]EFJ2 EH
8 DL (ER HV T 1 0 T HLHIE AT R . 1997
ARG E N N A & P R i K R (spontaneously
hypertensive rat,SHR) IfiL /& 4325 i R —Fm] LU )
VSMC 558 1)1 PR BIVSE S ) BE A J5 R o 58— i
R RS E A 2 (mitofusin 2, MfMm2) . W5k
B, Mifn2 JE7E SHR FIBRBEA )5 19 FE A9 WKY K
Bk VSMC HE s AR, T 15 Mn2 7T L
B AN SR A VSMC S48, I RERHLIFT sk 245105 T 5
SR RISk VSMC 8GR ReAE | Sk iy
BT 58 K B Min2 B9 BT 4% 58 4 H J2& th ERK/
MAPK {5 5 il #% 4 53 -5 B 5 1Y) 200 1 ) 30 i 41 A
S, MEn2 &L 41 A 5 £ R4 2 RE
AL, T8 Mfn2 TEZRLIAR Rl & o 7 vh A #5 46 3E
WEEIWEM, T ZOR A ZORRL 5 2 00 R 21
fRigF LR DNA JRG MR RIS B H FiAE Y2
DIRERH EE A Ay PR Lok A Rl & A ) —
Fr M2 J& T K GPT Z5 A ARG, iRt
PR BRI Z ) PR i T, DUl 215 1 R4 i
WRES S B AR L 3515 5 5 5 DL T
S o G LR Az i A T LG R SRR S
PRREL, I B AR T RE T B, M XA 251 K i s
IS RS REAGEAL 5 — R 5 (g B B R
FHAE AT I, Mfn2 7E VSMC 3458 1) 6 2 el i
[Fi) -t R LR A Rl 5 Y — o SC B BE A, PRI XS T EH
R M S B A X, (B2 Min2 SRR
H—Fh RS A, A 478 EH S8 AT SHR B
VSMC H ik R ik HIBAER o FHLTI R4 W
XL TR AR EH B VSMC 3851 | 30 ks Al
PRBIIE L Bt L3S R G AhE T T, FAT A E
MRS, FRATH—LEFTpIR 2L Min2 | i
PEIX A — e BT IR 2 5 (single nucleotide
polymorphisms, SNP) 5 EH B WARSES S (R
ITEAN e PP A AR . DR, AR A
AW B A AR B R R SR AL, Ryt
— 2 NPT I8 A% 27 iy B 4 7 12k R S A L
=

INZ= o

1 #RnTTE

L1 ANZRPEREER?2 WEREFS
Mfn2 F£FH AT 1p36. 22, % F B A7 4 CMT2A |
CMT2A2 =, CPRP1, A% M http;//www. nchi. nlm. n

ih. gov/gene bank #4% & k1% Mfn2 ZEE 77|, FE
it NCBI Reference Sequence: NG_007945. 1 /& 152,
1.2 RREMEEES"

B F A& & 9B A Promoter 2.0: http: //
www. cbs. dtu. dk/services/ promoter ;Neural Network Pro-
moter Prediction ;www. fruitfly. org/seq_tools/ promoter. h-
tml ; PromoterSCAN ; http // www-bimas. cit. nih. gov/ cgi-
bin/molbio/ proscan,, Z A & 1# F| PROSCAN Version
1.7 suite, HA R R X K ¥ B REDFRFIHEF LMW
Dan Prestridge #4445 . FirstEF: htp. //rulai. cshl. o-
re/tools/FirstEF/ , B Ramana Davuluri, Ivo Grosse #f
Michael Zhang 1 +% 5 897 % A 26 DNA & — M4 E
T A BT AT

FAE A CpG & Tl A & % CpG Island
Searcher ;: http : /' www. uscnorris. com/ cpgislands2/ cpg. a-
spx KM - F 4 41 5 £ 30 % (The European Molecular
Biology Laboratory, EMBL)#& £ & CpG island 7 % T il
A http //www. ebi. ac. uk/Tools/ emboss/ cpgplot/

BREFRON A% TEFESMA: hup: /
mbs. cbre. jp/research/db/TFSEARCH. html, TATA
& T M %% A TATA signal prediction: http: //
zeus2. ith. cnr. it/ cgi-bin/wwwHC_TATA. pl,

T 7 18 £k 57 X384 SR 1B F 45 6 30 A S TN 3k
A :http //blast. ncbi. nlm. nih. gov/Blast. cgi, PMatch
1. 0:www. gene-regulation. com/ cgi-bin/pub/ programs/ p-
match/bin/p-match. cgi, Consite 7 % 4 1 % 1F.
http: // asp. ii. uib. no:8090/ cgi-bin/ CONSITE/ consite/ ,

SNP i 2 X 78 72 7 i UM R A SNP A 7 e
BEAT TN B9 7 2% 2, FastSNP:http: //fastsnp. Ibms. S-
inica. edu. tw/pages/input _ CandidateGeneSearch. jsp; F-
SNP:http: // compbio. cs. queensu. ca/F-SNP
1.3 ZHERMESER?2 B FHBE

1 7 % B 31 T 47 2 1 Promoter 2. 0, BUH 2%
ARE,H#HATE 3 TN, Neural Network Promoter
Prediction 7£ % %% 4+ B 3T A 4 K T 0. 85 F 34T 4
7. PROSCAN 3t & 3 F 8 LIl 2 Cutoff = 53. 000,
FirstEF 3 8 20 F B9 47 K B BROA 4 1, 34 IE X4 Ao
B B #AT 247
L4 FREFHHN

Xt Mfn2 FE [ 5" 3% b i &9 )7 7] 35 5000 A5 5 %
AT 2 M. CpG & 2 #7 (£ F P-Match 1.0 # 2
CpG island T 2% 44 ( B L AR & CpG 5 oy K /N >
100,GC% >50.0% , WEAH/H 2 E >0.6) , TATA
box f# il 72 58 M 44, 4% 5k B F £l PROMO £
J7 1 TRANSFAC (8.3 B4R ) #0347
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1.5 WFIEGRSTXEEREFESEBLASHT

% P-Matchl. 0 # J¥ # & TRANSFAC 6.0 % 4&
BELIKAE A M2 3£ 5738 b By F 7l 3 5000 bp
JE L, RBATE sk 4% kB F 4 A AL o 47, B A
1k R 38 vk 44, i 5 I A Consite 2 7 7 & A F1 /8 B
6] U8 FE [ 1R 5F K3k,
1.6 SNP HyfFiE K Hig A Th e

4% dbSNP . Ensembl | TFSearch . PolyPhen | ES-
Efinder . RescueESE | Genebank 77 Swiss-Prot #t & &
ST B 45 R 2K A B SR A (decision tree) 77 % X B B
F Xty 32 A SNP 5| A th o ik Bk & #E4T € EF M Ae
el B a2k, %63t B B T 7 71 B AT KR SNP T
AEWALE, TN AT e uysh e &R, Prei w53
R BRIAE

2 # B

2.1 ZAERHEER2 MEFFES

Mfn2 FE R BK R 40335 bp, A 19 AR E T, 18
AN F,757 NEIERR , cDNA 7% 4685 AN, H
B SEEAAAT A E 5001 bp, 5 A g5 X 4K A 5000

%R 2. Neural Network 2R3 kgt & & E 2 B FRIFRM

bp, ZIEHF B 1 ~362 bp A& L2 AL ( procolla-
gen-lysine, 2-oxoglutarate 5-dioxygenase 1,PLODI ) 3k
1 2 fis 751 ( GenelD :5351)

2.2 BTSN

2.2.1 Promoter 2.0 FAM  Mfn2 M b iz f7E
S5 ARSI Hrf 4100 bp Ab i T RER S B0
5, HE Wl AT (R 1) .

< 1. Promoter 2. 0 FEFMM LN EREERE 2 HEF
Table 1. Promoters of Mfn2 predicted by the Promoter 2. 0

AT (A (i CIEEY:
1 1300 bp 0.730 I S T
2 2500 bp 0. 596 It S T
3 3200 bp 0. 623 I S S
4 4100 bp L1113 SR RET
5 4800 bp 0. 601 I S o)

2. 2.2 Neural Network ¥ ] Mfn2 FEA [ i A A
HS5 ANk, BREEMES A 2Z54N, 5
Promoter 2. 0 TR Y25 FFA—3 (£ 2)

Table 2. Promoters of Mfn2 predicted by the Neural Network Promoter Prediction

BET RIRNE A B

JRBh TS

1 1115 bp 1165 bp  0.95

2 2307 bp 2357 bp  0.85
3 3750 bp 3800 bp  0.89
4 4296 bp 4346 bp  0.89
5 4628 bp 4678 bp  0.91

TAATAATATGAAAAAATCAGCCGGTTGTGTTGGCATGCGCCTGTAATCCC

ATTAAAAATACAAAAATAAGGTGGGCTTTATGGCACATGCCTGTAAACCC
TGTAGTCAGCATATAAATAGTAATGGGCTAATAGCCCTGCACTGTGGCAG
GCCTCGCCCTCCTAAAATGCTGGAATTACAGGCTTGAGCCACCGCGCCCG
TGCTGTGGACGTTAAATACAGCGGTGGATGTTAGAGACGCAGTTCAGTCA

2.2.3 PROSCAN | PROSCAN X} Mfn2 & A
Ja B F I BN R AR S 2 5L P 51 5 B Pol TT
Ja s TP A A e 0 R IR AR o i AT HE Y . AR
TRl LUE B SR8 T4 6 MR E8AET
4950 ~5000 bp Z[B](#£3),
2.2.4 FirstEF Fn) N FH FirstEF 3 2F %t 53 3
T A & B 3 F B AL T 4600 bp Z 5, BD
-400 bp AN (K 4) , X5 iR =Rl OF T 20 1)
GEIRHA 3L,
2.3 HRBEFEEMLRST

FIIH BLAST 25 %5 /BRI Mfn2 35 PR 76 5
EUA 5 S SRR S ISR T4 st & B, 72300 ~
1100 bp [E]F1 3000 ~ 5000 bp [A]FF7E %4557 K38, (K

1),

fdiF§ PROMO 7% #l TRANSFAC (8. 3 fiiAS) %k
P LT 979 ISR EE SN 45 AL,
T K450 100, F/NHR 85, Cutoff Bk 85, F-#i
Consite T2 730 AT AN F1/N U 7 51 (8] P 55 X3k 5 5
72455 R0, 4 R A IS TE 380 ~400 bp 650 ~
750 bp 1500 ~ 1700 bp 12900 ~3100 bp &b A {45F
IR (& 2) . T 380 ~400 bp H1 650 ~750 bp Fi
AT DX B Mfn2 36 R A5G SRS R S , T T
HITE 1 ~362 bp Atk PLOD1 14 4 i X, 33 PR SF
XATRES PLOD1 A 2C, BRI, {%F 1500 ~ 1700 bp
12900 ~3100 bp FAL I 5% 73175081, 45
Sz B H AR 43 S 30 AN 39 AL SR F45 A7 5,
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(F£5), < 4. FirstEF R EAERSERE 2 /B3 FRIF
Table 4. Promoters of Mfn2 predicted by the FirstEF
3 3. PROSCAN & tiFp &£ E 2 B FRH IE T 5k R8T P{H CpG S i 'E
Table 3. Promoters of Mfn2 predicted by the PROSCAN iEVEE. 1 4649, 5218 0. 9996 4877, 5078
3 'L'Er;g‘
st T EBEE L (bp) Bk 2 4645. . 5214 0.9824  4877..5078
T-Ag N 4999 1. 086000 CEE 1 5271..4702 0. 8108 5159..4958
AP-2 + 4980 1. 091000
2 5478. . 4909 0. 8032 5159. . 4958
(Spl) + 4977 2.233000
UCE. 2 B 4975 1. 278000 3 5551..4982 0.7702 5159. 4958
UCE. 2 + 4972 1. 216000
(Spl) - 4963 4. 589000 Color key for alignment scores
Spl _ 4962 12. 906000 Gy <40 40~50 50~80 80~200 =200
| | | | | |
JCV_repeated_sequenc - 4961 1. 427000 1 1000 2000 3000 4000 5000
Spl - 4961 3. 013000 — -—
Spl - 4960 3. 191000
E 1. BLAST B ALk & ERE 2 HRERS LiFS
CCF _ 1959 5 361000 lm BENAGHNEREER2 HERERS L
IR <F XI55 1T
Spl + 4956 3. 061000 . . . .
Figure 1. BLAST analysis of 5’ conservative region of hu-
AP-2 + 4956 1. 672000 man Mfn2
Spl + 4955 3. 119000
(Spl) + 4954 6.819000 FEXE M2 LR #E4T TATA box 23 i & H, %
EARLY-SEQI + 4954 5.795000 LR R B FXAFLELE 15 4 TATA box, Hif 8 4
APRT-mouse_US + 4953 7. 604000 ﬁiﬂ: —2000 bp [ V‘] ( %% 6) .
100
S
5 60 M’V‘w
“ W eyl
2 f
(0]
.
© o o 818 8 8 8 8 8 818" 8
Q (=) [aY] (%] (=] < [o2] QA [ o] Qo <t «Q
0 < ©Q — — a\] [a\] [aY] [sp] @ < < <
1 nucleotide position 5000
100
<
] H
S 60 m
o
>
a M
g ;
Q !
© (=) (=] [=] (=] (=]
Q Q [=] o o
o) 5] o ~ —
2016 nucleotide position 10000

2. N EE)FUNR(THE) bhmaERE 2 BRER S LIF 5 RETF XSS

Figure 2. Analysis of 5’ conservative region of human ( above) and mouse (below) Mfn2 by the Consite

2.4 CpG BHH
i CpG Island Searcher #A4XF CpG 55 #E1 710
DB 30, Mfn2 5 A — 4> CpG 55 T g 8+ IX

B —4551 ~ +871 bp [A][ (C +G) % =62.9% ;Obs/
Exp =0. 727, K/l 1321 bp ] [#3#EN (C +G) % =
55% ;0bs/Exp =0. 65, Length >200 bp) |, E.f#
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Fe BRI — R 3 1, RATE R 3 T/ CpG MM A (1813) .

RS BAUEMAEER?2 S HATFREEREAFESMAS

Table 5. Transcript factor binding site analysis of 5’ conservative region of Mfn2

His  WEAS BT || g EAS HERET G| S AT T o
1 M00148 SRY 100 24 MO00142 NIT2 100 || 47 MO00184 MyoD 85.1
2 M00148 SRY 100 25 MO00008 Spl 89 48 MO00141 Lyf-1 100
3 M00048 ADR1 93.8 | 26 M00271 AML-1a 88.71 49 MO00253 cap 96. 2
4 MO00048 ADRI1 93.8 | 27 MO00109 C/EBPb 86.2 || 50 MO00073 deltak 92.6
5 MO00253 cap 92.6 | 28 M00253 cap 86 51 M00220 SREBP- 91
6 M00160 SRY 87.9 || 29 MO00101 CdxA 85.71 52 MO00048 ADR1 89.2
7 MO00077 GATA-3 87.2 | 30 MO00148 SRY 85.5| 53 MO00271 AML-1a 88.7
8 M00100 CdxA 87.2 ] 31 M00253 cap 99.5 | 54 MO00111 CF1 / 88.2
9 MO00075 GATA-1 86.1| 32 MO00048 ADRI 93.8 || 55 MO00041 CRE-BP 87.5
10 MO00160 SRY 85.9 33 MO00140 Bed 93.7 || 56 MO00039 CREB 86.6
11 MO00091 BR-C Z 85.7| 34 MO00019 Dfd 89.4 | 57 MO00041 CRE-BP 86. 2
12 M00029 HSF 95.4 | 35 MO00087 k-2 89 58 M00253 cap 86.2
13 M00028 HSF 94.3 || 36 MO00141 Lyf-1 100 59 MO00048 ADR1 86.2
14 MO00029 HSF 86.3 | 37 M00140 Bed 93.7 | 60 MO00039 CREB 85.6
15 MO00048 ADR1 86.2 | 38 M00253 cap 90.4 || 61 MO00033 p300 85.1
16 M00029 HSF 95.4 | 39 MO00019 Dfd 89.3 | 62 MO00048 ADR1 100
17 M00028 HSF 94.3 || 40 MO00008 Spl 89 63 MO00077 GATA-3 92.2
18 M00140 Bed 93.7 | 41 MO00073 deltakl 89 64 MO00075 GATA-1 90. 6
19 M00253 cap 91.9 || 42 M00253 cap 88.4 | 65 MO00271 AML-1a 87.4
20 MO00019 Dfd 89.4 | 43 MO00087 k-2 87.3 | 66 MO00100 CdxA 87.2
21 MO00008 Spl 89 44 MO00060 Sn 87.1| 67 MO00076 GATA-2 86.2
22 MO00087 k-2 89 45 MO00029 HSF 86.9 | 68 MO00101 CdxA 85.7
23 MO00037 NF-E2 87.7 1 46 MO00028 HSF 85.9 | 69 MO00083 MZF1 100

11 ~30 24 1500 ~ 1700 bp FR5F X A5 5T ,31 ~69 472900 ~ 3100 bp {857 X B 5 54 T,

Fo. KHARMEER 2 FREWRA LM S5 WA TATA box 5347
Table 6. TATA box analysis of 5’ conservative region of Mfn2

B fiE eyl s fiE eyl s fiE eyl

1 337 TCTATTAAAG 6 2815 AATTTAGGGA 11 3561 GCAATAAATT
2 1681 GATATGAGGT 7 2897 GCTAAAAAGG 12 3588 GTTATAGAGC
3 2682 AGTATGCAGA 8 3232 TTTATAGTTC 13 3711 TGTATTTAAC
4 2694 TGTTTCAGAG 9 3520 TCTATATCAG 14 3761 CATATAAATA
5 2701 GAGATAAAGC 10 3522 TATATCAGAG 15 4364 CCTAAAAATT

4001 + e+ H—H——— H+———+—4800

CpG lsland 1
4801 HHH—H———HiH— 5600
5601 e — - —— : - - —— 6400

B3 KufARAERE?2 ARRERS LS CpC BFM g aXE CpG TR AL

Figure 3. CpG island prediction of 5'conservative region of Mfn2

fdi 1] EMBL 32 (L% [ #RUE K Obs/Exp ratio M2 FEPH 573 4% SR 4 5 B ek B—4> CpG 5.
>0.60,(C +G)% >50.00% , Length >200 bp ] 7 T - 4865 ~ 493 bp Z[a], K/NHK 629 bp, (C +
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G)% =71.86% ,0bs/Exp = 0.85, 5 CpG Island  Searcher T334 RS (E 4) .

Putative Islands

Threshold
0.00.20.40.60.81.01.2
T T T T T
1 1 1 1 1

(=]

1 1 1
2000 4000 6000
Base Number

4. RAEREER 2 E 5 mERERS LN CpC BFM  HRREC BN CpG S HT7EME
Figure 4. CpG island prediction of 5'conservative region of Mfn2

2.5 SNP R EHIpgERHM 2000 bp LAY, ﬂ%ﬁ%ﬁ%%ﬁﬁiﬁﬁlﬁﬁﬁo FIANA
Mfn2 FEPRITE 5 vl st i a5 _LEAATEE 32 M2 A3 20 > SNP T 53 (2 HDIRBEANTE R, 2 7 Al

AYEfLEL, HP 12 4 SNP L TR S TIX,5 ML T - 7 8 7314 FastSNP Fl F-SNP E‘Jﬁ*ﬁ%%o

R 7. FasiSNP RIS EE 2 5/ im RIS _EilF SNP RE T gETN
Table 7. SNPs and function prediction of 5’ conservative region of Mfn2 by FastSNP

SNP ID(rs) it Lower Risk  Upper Risk [X 3k SNP {3 &
rs1049519 Promoter/regulatory region 1 3 Supstream -4905
rs12088157 Promoter/regulatory region 1 3 Supstream -4677
rs12061195 Promoter/regulatory region 1 3 Supstream -4676
rs12024161 Promoter/regulatory region 1 3 Supstream -4617
rs6698008 Promoter/regulatory region 1 3 Supstream -3451
rs11588109 Promoter/regulatory region 1 3 Supstream -3126
rs34061017 Promoter/regulatory region 1 3 Supstream —-2647
161776499 Promoter/regulatory region 1 3 Supstream - 1944
rs3753579 Promoter/regulatory region 1 3 Supstream -1778
rs3820189 Promoter/regulatory region 1 3 Supstream -1379
rs12758442 Promoter/regulatory region 1 3 Supstream -1040
rs12743901 Promoter/regulatory region 1 3 Supstream -1039
rs1063393 Upstream with no known function 0 0 Supstream —-4957
rs15431 Upstream with no known function 0 0 Supstream -4890
rs1804187 Upstream with no known function 0 0 Supstream —-4834
rs34657615 Upstream with no known function 0 0 Supstream —-4687
rs11587948 Upstream with no known function 0 0 Supstream —-4348
1561776496 Upstream with no known function 0 0 Supstream -4089
rs61776497 Upstream with no known function 0 0 Supstream -3561
rs4846081 Upstream with no known function 0 0 Supstream —-3528
rs34030040 Upstream with no known function 0 0 Supstream -2767
152336382 Upstream with no known function 0 0 Supstream -2736
rs5772482 Upstream with no known function 0 0 Supstream -2659
rs35156669 Upstream with no known function 0 0 Supstream -2656
13047174 Upstream with no known function 0 0 Supstream —-2648
rs7551289 Upstream with no known function 0 0 Supstream -2449
157516628 Upstream with no known function 0 0 Supstream -2313
rs61776498 Upstream with no known function 0 0 Supstream -2310
rs34712694 Upstream with no known function 0 0 Supstream -1050
1rs57696082 Upstream with no known function 0 0 Supstream -831
152236053 Upstream with no known function 0 0 Supstream - 166
12236054 Upstream with no known function 0 0 Supstream -45
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8. F-SNP M ARMEER 2 5'inkE R 1A = _EiF SNP
REIhREHN

Table 8. SNP and function prediction of 5’ conservative re-
gion of Mfn2 by F-SNP

SNP )i fir

rs3753579 + Supstream
rs3820189 + Supstream
rs3047222 ? Supstream
rs12758422 + Supstream
rs12743901 + Supstream
rs2236053 - Supstream
1s2236054 - Supstream

+ FRA IR, - TR A IRERUE 7 FoR LR,

3 3

EH 25t LI VSMC 34 5H 2 3l Jik ok A A 1
R LA T 1) B Ak, DR T 4] B 1F VSMC 4
B SRl PR G Y e I s I a6 205 2 SRR T i, <
DI, BEORTE BT 1A 1 78 VO 1485 90 5 T AR T —
SEE IR AH IR A 58 Al DX A ), Mifn2 S A
Je— TR & IR D RE FLBGIR R Y SE P, X VSMC
HFE i R 45 T RE AR B N R B Z W)l 32 B =
FH, FRATH AT IO R & BLTE EH B3 VSMC
IR R HAR SRR M LR A TS AL
DRI , %o T B DR A4 i3 3l WF 50 2 e DR 3Rk i 4 AL
AT 5T T2 o

TEABIFFE T F B DU A 3 3l 520 B 854 v Pro-
moter 2. 0 ZARYEXS 7 8l 7 X & Fh % 5% A5 5 (4N TA-
TA box ,CCAAT box 55 ) K {5 5 [H] ¥ 9 % ] HE 571 it
FP 3R 000, fl 28 0 2% 5 vk 64T 5001, Promoter
SCAN JZARYEHE 5 [H 125 5 o7 £ 6 R 21 v 70 A /Y
AN, 5 s R 745 5 BB AL o0 A B B2 5 TATA
box HYALHHH FELS G ok , WL 2H DNA 351 Hhril
WH B 3 71X, Neural Network Promoter Prediction
LG T UL B R AR 0 — S BT O R R R
o [H b AR T A4 B BH PR A &, A Promoter
2.0 £:23 kb I — R BHE, Promoter SCAN -1
19 kb H ¥ —AME BH 4, T Neural Network Promot-
er Prediction HIBBHME R A K 61% . FirstEF 23R
AL 5 AR A s DX L BRI B — A 1 E
J UM — 3T U], 45 CpG B (5 B B E 8 3 1
DX o ATy 3 ol 00 e 0 T S P TS T i A

H(BET 90% ), HEXFAT CpG 51
F, FLITCI A B PR AR X AR, AR 5 % S B
TR EZEEH T RefF e E 5 NMash T, Ll
~350 bp ZEAF —2000 bp LAY, BFIHER HE
1) 2l DX, BT g 6 DO 2 14 1 43 B 5 SR R R
FALI L R TIPSR, X R0 R BTk
TEMIEREN . 52N R 3 F A & — MR AE 2000
bp A& —80mt

FEXF ANF/N LG Mfn2 LD 3 57 3 14557 X
AT LU T AT AR, FE M2 £ - 2000
bp AR 2 BEARSF A IX 38, X AR/ B Mfn2 3
R 100 57 st B A7 [R) R A R i R B - 1000 bp 2245
F1 =2000 bp F§A4™ X Bl AR BI85 K, [R5 fe 22 7T
KE93% , I, LR G 45 R R W] - 2000 bp DL X
A DRI AT g2 ik PR R PR 1 SC B I A . [l -
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He#e s, (HR TP 80 4t PLODT JE[A (R,
XFF Mfn2 ZEP & A e A R AR 2,

X} 1500 ~ 1700 bp #12900 ~ 3100 bp Mk kb #
ST I DI A7 2 S TR 485 5 6 A5 A A s & B, X
PIALAE i 1) 5% s T 25 5 i, 40 00 30 AN F
9N FEE G A, TR~ 5T A
VSMC 34 8 (1) & s ML, 20 4 fiE K2 N L 58 Ak B 8
VSMC 3478 54346 Fl MAPK  STAT 15 5-1% 538 % 45
A BHE ST (B Gata-3 \HSF ,SP-1 SN MYOD-1
DI K CREB %5) 45 & 3 R T X A~ X
S L R A A B A T S S A R ) — 3L
£, TATA box 1943 # #l I 25 3R W78 15 4> TATA
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1500 ~ 1700 bp XN HA5 2 4>, BT TATA box X%
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X L

H T CpG &% T 5 5] 1) e S A7 a2 1 oA 92 1
M, TR SRR IX A CpG B F Tt dEw
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BF, ZELT —A CpG &, 07 F Mfn2 FEH iz 5/ oAk
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TN R T I Re S sy B — B, X5
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1B S R HA —2

SNP J&5 =Rt i, 2B F st e 24 1Y
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VSMC Hh ) 3k e i sk N, BRI, BF5E SNP
GRS R R IR AT T M2 L HIRER A
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SYHTRITIRE T X T — 20 i SR 4 R oy s S
ML HA A8 SR

Zi LTk, Mfn2 SR U S o R g 5 X ) 51
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