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ETRNEELLBZFE DNA THEEFEARER "

Pt RKK AR

(BRGSO 5 AT B AT T, R AL R s %, Jbat 100850)

BT NSRRI CL5E R “Ja2EHal” WG RPN DI Ret R, TS F DNA o %e, 2
J Ay 20 PR NSRS 2 HURI RS . Bl 10 Gt SO A B il i R RBERIT 5T TA, #3757 %28 DNA Joff4F
AEPERI Gt BB bR L. X EEHTTUEE RAES) T — R 5 T W B A TC B 27 >) () DNA JeAF il 7 i iy =2, L —28759%
CZ TN AT Z A FERI AL DNA JTAFF, I HC Rk AR Sk R 2H 1) 3 R R TR, I S il o7y 25 PR L B0y )R ot
SR AN I8 T A [FI2E B ¥ DNA JEPFFIIAESS . K2R 00, A 4 S0 A P 22 AN F00 5 oK% B 000 R A
R PEP . AT #2R A DNA JOfFF o # — S8 Dh N, (R AR — SRS HRr AT ) B, 75 ZEAE T A K
Y. AT T RTSIAN 2N DNA ST A5 v K R 2R, A 0T T & RO R IR B, S5 TR 2T st
). AEERT R BT A AT BT B RN PR DNA JTAF A2 00 2 20N, kv A AH ST S 4 M P K 2 7 7.

KHEIA  DNA Juff, HERRIEEEE, RWERLA Y, Pt

ZR9ES  Q751, Q03

NRIE A1) DNA 741 gt N Ak i B — A~
A0S B, T R 2 1.5% 10 IX A
Gl TS R, AR 98.5% (1 NS HE DA 411X Jk
BT 8 5, HES KR B YY)
fE [ ¥ 13 %] (regulatory sequence)!™. DNA i ¥
TG 2 DNA ¥ 791 6 e B2 B oy, 3G
Pett Ak BREE JE D ) B s R AR S, A “ N
RIZH 7 C& 58 ) 3L R ALINAR, T v Aff 1
$E IX 28 DNA AT TTlT O 13— P4hs NIk
AT ZH BB 1 1 22 1)

NAR A [F) 4 2R 25 B 1R 40 i 3 == ] — 25k A
41, HEEARANFER LSRR B D Rg, Hop
F TR R B 25 T et 50 b2 AR [P R s A5 15
G RABAL A MAEAE 73 A0 R F ke v 4 vk
RIS YERFE ROCHAE M, 17 H 5 DNA 15
il A S LL S N SN B DA DG, s AL 1
Wi SRR 2, B R B AE R P e —
2, R SR R G 5T, Rl 2 DNA % T
PERPIRAS SR KW Dh e, DNA WH#Eofl) 2%
557 B S A5 A ) DNA-DNAL DNA- # [
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FUAHEAER, DRSS &~ HESY mdL 5iX 8y
TZ IS G RS, PR AR 5 A B M 2 )T )
DAoL DNA 145 o fFfe I AR V) F R A, S
N HE PR 4 7P ) 4% 25 DNA 9% 76 £ 10 8 3H )
5.

CE TR, ARIH K DNA 885 0 ] Lok
i AL FUE B TR AL, fll, 531 X
W ELAL AT T H3 S DY A A R ) — Rk
(H3K4me3). 41 1 H3 1) Z W4k (H3ac) F1 41 2 1
H4 [ LA (Haao) M) & 4, JFAEREAE 418 H3 2
DU 37 367 22 1% 114) B PP LAk (H3 K 4me 1) [R5 2001, 17y 44
5 T DX U R I H3 55 DU A7 460 2 1 (1 B H S AT

* [ 5% H R IR 9T R R HRI(973)(2012CB518200), E % H KR RFE
5= 42(30900862, 30973107, 81070741, 81172770), &% (4 Jf 4 % [H 5
TS A WS P ROR A (SKLP-0201104, SKLP-K201004,
SKLP-0201002) F [ 2 B} $; T K & 101 (20122X09102301-016) %5 B
TiH.
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X FEAL(H3K4mel . H3K4me2). H3ac il Hdac [1]
B4, fEBE H3K4mel [IHLAN, F) F X 2645 5 11
BB MRRFAE AT DL R UERA 1A X 43 J5 31 R
ST P2E DNA Joff. He 50000 A1 41 i 4i e
A G IT 7, H3K4me2 5 54t tH ILAE A1
ME 2RSS A a3 B H3K4me2 2 3 5 1 (1)
FERMASMRAAE. Emnst 028 A 9 /N A 541 i
A 8 P HE B I AR B SR AW NS BE A
o057 R 15 FOAFEPIRES, H a5 8 A A i
DNA Joff S0 / IfiRas . BT IX S S
TMIBAAEMIRIIE, — R 51 DNA Jofh %08 T ik
AT R IR R, G T 03R4l DNA Joff
MHER S, JFH O AN RIS I 2
MG 2 PR AR S DR A R I H v A T
o 13716,

AL A H T DNA O & B A K
PN B RFESE TS SR, RS 7R M itk
Y15 L2 i DNA W o I B8 T vk 5 47
TEWRE, ARG VRGN0 HT T 3 J LA B R e AL 41 2 P
TR R H B IR A M A o) NI M B A S R
DNA V¥ o %e g, 5 a0 T PR SR IE A7
T (1) ) R R 73

1 DNARAETHMEERR G EYFIFE

DNA ¥ 70fF /&8 DNA X e JE D [ R 0A
HA R X . DNA 71 oA 5 A g il
AT A, AU —ANMERA AL, i 5 HoAl
DNA X 3a 8 1 i A AR TR/, B
2 Jf (¥) DNA U8 2 044 4% Dy e e 1 ) BL4Y b JE 3)
T WERTRPUER T, N IR I L
TCHF IR S5 R ) B A
1.1 B#1F(Promoter)

JA Bt RNA SEA W 255 AL s JF I 30 % 1
DNA 741, I8 % 53 A A5 e s B IR A7 # (transcription
start site, TSS)_F- i 1 000 bp LLN. JH 381X 1
F% D0 S K AL — AN SR IR A7 RORH 30 FH e S R 1 25
GO, W TATA @48, BAME LR 3) it
R 4 S DAL 7 45 5 15 (transcription factor binding
sites, TFBS). [& 7% ERFFAELISE, B3 T IX
T I AE LR e 1) 2RO BAE AZ M FFAE,  Heintzman
SN TR B DX AE RS H3K4me3. H3ac
F Hdac f1% $E£LL & H3K4mel (kK. R, X
e e RS W S = Pl S I GEITTE N
AEYIAOC. Barski S5 Wang &5 US7E 43 i B 52

T CD4' T A rP 4125 1 21 R IEALFD 18 Fh &
WEAAE A o34 Ja I, — S RMEAE B IS 1Y = At
L AE BN 8 3 7 X, B FE . H3K4mel.
H3K4me2. H3K4me3. H3K9mel. H3K9ac #
H3K27ac %5. 1M o) — LS4 M S P 5 0 21
)5 sh A1, A45: H3K27me2. H3K27me3.
H3K9me2 1 H3K9me3 4.

1.2 185%F(Enhancer)

Wi 7 DNA b —/NBERT 5 8 i Gl Ry
KPS G, SEEmai a2 )h, U
A BT I SRS, SR YE SRR I ) A ()RR
SR IA I E LR O, WsR T T e TR B
We, WRTREAL T NUE. HA— B B E A
I, A —g 5E A T A — 4 (A 44
Heintzman S50 R LR B, 4955 1~ DX Ik B A7 7R 4R
g IR 2 OW B A 8 M RE AR, R L h H3K4mel
H3K4me2. H3ac Fll H4ac 1) ££ DL & H3K4mel 1]
SR, AHARE RIS, Bl TR I AR R R JE
A v 3 i 1R D e AT AL A B AT BRI A e 2021,
HARRIAE R MBS A A [R] 071822, $oR
H a1 1] Be s 0 B2 P RIS AR AL
1.3 REXF(Insulator)

DUERT-7& —Fha] LR 5 817~ A it A6 T A
MM Tor, M SR R E I, X
9PN g SYER AR (S BRI 7 N A i VA R 3 S B o
20~2 000 bp M7 E, —/NEsr < LR
8. UUBR T REMS AL YL (AR L P NI T L AT 1) e st
FEANZ BRI AT AR A 1] 1R R TA T
PE. CAICRY], #HNT CTCF(CCCTC-binding
factor) T/ 5 HF & DNA = 4E 45 1) L D0ER T R 1%
YRR R BEG A 224, JL 53R DR 20 1) 45 A IR mT A
FH AT b T 0 R 012290,

2 FIFHEREBRFTLEE DNA BIETERA
ERE R

SIS P E S5 10060 DNA 1 Jo AT %
1) AR % & 35T DNA JPARFIE AT IY), X
SEJNEFE IR H KRS e A8 Xk
SRS RIS E, PR R AR
M TR 1. PUNR 37 XA R T JU5 B Sl
IR AL, IR R U A R RO
Fe B i TATA 5 57 C &1 % 5% DY 1 45 & A A
S BE R TR R A : H
B 52 R )3 IR R SR L, 3 IR DR T T ] 25
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HE I HE 45255 1 357 500~ 1 000 bp (K5 K5
Biff e — S HLAT FL R AE (AR AR (1 3R 0K 1% ) (1) 36 A
FHIREUEA B 3 X P4 BT 2 E P Hit
X758 IR P 41 b 2L [a] HH BRI SEAA (mottif),

B REAAT B IR L], AR oAl N PR R
K B (weight matrix). A A B AT DL SR i
DUGHT () e s DR - 25 B i, 5 FH R B s DR 5080 2
4 TRANSFAC2IF1 JASPARAE,

Table 1 List of promoter region searching and motif identification softwares

x1 BHFRERITEHFRIEFIEERETIR

WAATR FVEHA o - ZH R
Ja 3 XI5 LA Promoter2.0 N AP 2% www.cbs.dtu.dk/services/Promoter/ [28]
NNPP FiJ T A 48 ) 6% www.fruitfly.org/seq_tools/promoter.html [29]
PromoterInspector R BRI www.genomatix.de/online_help/help _gems/ [30]
or PromoterInspector_help.html
McPromoter WAL B ) 25 455 20 tools.igsp.duke.edu/generegulation/McPromoter/ [31]
CorePromoter HN o b rulai.cshl.org/tools/genefinder/ CPROMOTER/ [32]
index.htm
Jash iR % TR RSA Tools WAL rsat.ulb.ac.be/rsat/ [33]
Gibbs sampler FE AR ccmbweb.ccv.brown.edu/gibbs/gibbs.html [34]
MEME e IR ) b X meme.nbcr.net/meme/ [35]
BBA RERE LR DU WX cembweb.cev.brown.edu/cgi-bin/bayes align_cemb.pl — [36]
PipMaker REGRE R AARE pipmaker.bx.psu.edu/pipmaker/ [37]

XTI ABZE R DNA % 70 A (U 34 55 1) 1) T
DR PR 5 J5 805 DX TR ABL, - e 48 5 — 3k
H IR P 5 RS 3 A sk R 25 G A1 D), 5
JA BT XA 2, a1 1 e 1 bR S R
H1), R SRAF HERA A7 AR B A, —fd
Z PRI RS PR3 HT O7 ok NI A B ], Ak
()48 SR AN Bk B S T K. e T e 5
M —ANE0 4 )22 /& VISTA Enhancer Browser P, iZ#{
WS T REE TR MR EE, B —x
IZFEHr1A.

U DNA A5 To1 % 08 7 iR R st 4 41
P HAR M WA R T B R kR, AR
T TSR, H T X SRR BRI A (1%L
P REAT R, AR TR P HIE S, v
FEFEANBIAR, — Sk R BB 7 1 AR W g 2 v
TEM G S R4 A i, RSP HIB AR & A
JRBTHL AT, BBAh, K7 DNA it %
S8 BV AR X L8 T A 1A B AT DR S P ) A
], ARG B S AR W™, il R B
Prid i 2 6 i, I T R 4174111 DNA Joff:
BB T E T SEEA R BIORIE, 7R R FRIA T 4
SRR 52 ) T AR KPR, it Lee 55900
T 50 PN 3 i - 5 2R OULE AR 18 1 K s 45 Ak
K, SO0 B AT IR PO A B AT ORI R IR R T

KT RE AL A1 1) DNA ST T 75 v2: 1f ok >k
RIETT P T — A EESH.

3 FIARWEFHEFHIEETE DNA BIET
BRI EN R

o i e 3L U0 W R (chromatin
immunoprecipitation, ChIP) 2 i/f 5T DNA 5 & 1 )i
AHE AR e E B8 k. Qe i e S piie B
AL el L5 B AR (U1 DNA 85 /7R DNA 75
KgAKk, Qi ChIP-chip Al ChIP-seq $ A, W]
DAK RIS S R 0 4% €5 5T (1) 3 1 I &8 RS, O T
T IBAE A 2 p d L () el R T B, A
HIEPTIR, DNA H#ETefF b & R R G AL 1 1
SEEB AR, G2 R R A ]
DU K AT 0 %5 5 DNA 4 TR 147 B 2.
Kk, BE# T JL4E ChIP-chip A1 ChIP-seq SZ 464 #s
R OB G s R 2 P KBS AE 55U H The
Encyclopedia of DNA Elements (ENCODE) ( ¥ 4 :
http://genome.ucsc.edw/ENCODE/)?H1 NIH Roadmap
Epigenomics(M 1k http://www.roadmapepigenomics.
org/)IHRIDRS F A NN D F 1R LR ag A 1
T F1 3 57 PRl 7 34T ChIP-seq SEG KN, I CL4 5%
BT I LR 40 R R EE RS AL A . A
XESEAR RSN, T UEARJEH T — R T30
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TR 4 2E B0 %8 DNA P e s, IFHE
FEIE AR ST rp A T BRI 5, X4
JER W T R R B AL B A, FA% A
TS R AT LAY RPN e 2 S U A i o

25k, AR TR C AR 2 hath. s
TR AR LT R IR 2 e, DL
FRITIEI  EACRYE AT ATAR AR A

Table 2 List of supervised and unsupervised DNA elements iddentification

%2 EEEZINELER

SIMZE DNA THEERHTIR

WA R HVEA R eI st FHEMRFIESAL HERSE /% Mk Z 2 3CHR
LB %22 ChromHMM R /REFRER B3)F. Has1. VR 41 & A8 B i . - compbio.mit.edu/ [48]
CTCF {7 4 ChromHMM/
Segway BN ashT. W, DB 4l | oA i . - noble.gs. [43]
CTCF 17 % washington.
edu/proj/segway/
ChAT A hifE JAB) . W 4B et 41.7 - [49]
ChromaSig AR BR R JABIT iR T MEAGM. 4 62.6 bioinformatics- [50]
EdSB il renlab.ucsd.
edu/rentrac/wiki/
ChromaSig
CoSBI TR JABhF Wi AE OB, 4l - www.healthcare. [51]
EASRITIN uiowa.edw/labs/tan/
CoSBIWebpage.
html
EERAREE N PM A TEAH S AT HisRT S H M 395 - [10]
CSI-ANN N TANE M 4% g+ i S i 66.3 www.medicine. [52]
uiowa.edu/Labs/
tan/
He's method SCREIR) L Homr dLE B - - (11]
ChromaGenSVM  SZFf [l &AL BT i S i ~90 sysimm.ifrec. [44]
osaka-u.ac.jp/
download/Diego/
Won's method & Ty /R R Je A 4 JABF. WIRT AR B ~ 80 nash.ucsd.edu/ [53]
chromatin.tar.gz.
BNFinder DU} o 24 BT 41 = A . 78.0 bioputer.mimuw. [54]
Pol IT £i7 55, edu.pl/software/
bnf/
CSS-RF BEALARR T p300 47 £ . Gli3 58.0 - [55]
o7 5
Yip's method BEALARR JasF. WueT i S i 67.0 metatracks. [56]
encodenets.
gersteinlab.org/
RFECS BEALAR R g+ AR B ~90 enhancer.ucsd. [45]
edu/renlab/
RFECS_en-

hancer_predic-
tion/

3.1 RIERIEIHRIFFHIEIZE

HAT, TR AL AR ik 2 DNA o)
Jrid, BRI RMRALAB AL — S DI N 1K 734
SREEAE R 22 ST, FLAACKE, BN 41)E
RN O — R BV LI/ X BUFR Y bin), T4
THEEA bin %7 #5119 ChIP-seq B AL, 1E 4 5Hp

FMBAABME X BEh I At B i Al ax e
PO AR UELL o FVEE AR bin 3L
H AR Poisson 43 AT HEAT —(HAL™®).  1X L8 5¢ 11
SHSERFAE ] DA LA A ML 2% S B IR IE S 4L
A28 Tk K H W 3 B SR I (sliding-window
strategy) %] DNA Jo{FHEAT I ZRATHUI ,  1X A2 30 1
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HEAEA bin XY 5 FE B A — AN ORI 1 N2 AT
SR JEAE AL 2 A RIS B0 828, it
2, BRI 1K L bin [ 90 REAT — 10
AR 8, A R O AL A TR 1k 24T DNAJTAT
ORI, T 2 MBS B ) s B R E AL A R R
HATHOE, AR TRUWSEEIRENE S, 3
NV T4 —Ff DNA JTAH 1 A B MR B 4 5t 2
—/NE P, — e R E I o A AR o 1) O
kG R BRI R A A, AR T R i
23 B3],
32 REBFIFEENA

TG B2 2] TR RS R AN B S 2 ) EL A
(1% 5% DNA ¥ TCAEIRHE, T B — B
DNA X 35 (1) 2 Wit A% 18 1R R 1k 64T 3 3l 73 2K
ChromHMM 23X 8 B35 R L5 H I — N A
TEZA T AR B T ARG (1 B U2 240, 3 H LT
M2 5 CAE A NS HE 4110 2 2% 1 B A UCSC
Genome BrowserH1[f] “Broad ChromHMM” —#*
AT T AT ML AR B R (M BE : http://genome.ucsc.
edu/cgi-bin/hgGateway?org=Human&db=hg18). 1%
PR SRR O R A 2RI B B R n) KA
(hidden markov model, HMM). ‘& 1 4G 7E 3L K 41
DNA J7 41 44 3R 2 M A% A8 it B s
[F] IS Mot U HMIML B2 B 7 AN [RR S 2 TR R D) 4615 6L
T IR B 0 T3 A AN FIRPIRES, AR AR Btk
ASAEHE R AL A7 & 53 A ) W 11— Ff DNA 1
PETCAT B AR T RAR AL A Segway,
AN TR 14 /2 Segway K H 2l 25 DU 17 I 4% (dynamic
bayesian network, DBN)[¥ 7%, DBN 5 i 4H Lk
HMM 5 8 A] DLRE G Hb A 2 2 W 152 A% A& i 2 1R 7] fig
FAEM M B AE I OC&R . HoAh — S 505 (i
ChAT. ChromaSig Fll CoSBI %) K % X H TC I & 11
TERTT X R AAR AT B )73 SRR

TG B2 ) 0 S e R BRI R A N
FASC A BRI D, ANTE EEHEHT 15 B C 40 %25 DNA 1
PEICIF R M BB E B, AR R ek
179728, AIRUG— L8307 (R &0 DNA W o281
HEATIION. YRR BB DR A b R o A AT A T
SEI,  JoR B 2 R LR AR R
3.3 AEEBFIFEENA

A B 25 2] 7R T SE R CL AN DNA Y4 ot
HATRAESEURTEIE, AR5 H H rh A R R IR A
7 TV AN ) DNA W TofF rh g a7 22 I il 2k, fa
W 2% 20 5 ) R S Y00 T 1 DA A A e i)

DNA $0f. ChromaGenSVM 2 iX 2877 L )
SRR, FOX T 8 7 oA R RO AR M A [ 2
A AL F5E KT, 1% VR EERALE TR A
T I BEN B B R ) R ARAS MR R S AL
PHEMATHS, N EIES AT T b 2,
LX) CD4* T 48 Jf v 19 58~ 1Y) T AE i B2 ik 3
90%, B3 & T IR E 2REEM, ChromaGenSVM
AP HEARTIMRAE A . 158, L4 DNA 741
S bin(KE R 100 bp),  FTHEAEA bin H1 4% Fh
FMBAASR o A B, HAR G 3.0 th ks
%, F H 32 ¥ [ & ML (support vector machine,
SVM)ELE,  EFRIA R RIS ALAB AR, e o
TR 1 kb XIS BT bin 58 PR EET
W&k, FEAE AL S RIAS IR AIE 7 VR R a4
B4 L SVM (S HU T Bt K5,
TERBSUN R i, SR 3 1 AR AAH [ 7 o
(1 kb)7EAHE K41 DNA 741 EiEAT I8 2l LA 7E 1
DNA ¥ # 7o #F . Ml i [\ 28 5B 3k (A PML
CSI-ANN. RFECS %) 5 ChromaGenSVM Jj 2 1
DXl = EEARTRAE AL 27 ) 1 BARSRRR |, TiidE
FRAE M I B o8, B 32 ey R s A4 15 1
B ENSY

A B ) e VR R B S A T B R
TRIAERAYE, o T X L — M0 2 %1 DNA 1
PEITCIF I RFE AT T 78 20 (022 SR, DRI A %
S8 N AT AORUE R i RPRER PR . IF BB 70 A7 M= i)
2 ) TVEIE W LA H IE 1 4 BT () At 236 A (P-value) B
HRE S T 10 A (E-value). 475 BRIkl
HITE) DNA 2 o/ R B JEAT HER L 2 e 1, ik
B2 ) 5l R O BAR IR AT IR
BE TTVE IR SAE T BTN DNA R oA A
BEMRMBALEMEGEE, e ERET 1%
FREE N .

4 DNA BETHEE P FERYE) R FL X3
R A%

PL AT JE B 2 ) R W B 2 2 25
FEUIAL 2 24 B0 S5 DNA 32 e 16 7 v S
H B AL, R IR 3 B IR P R L B AR
(P A ), AT [ ORI IS ) i v SRS
4.1 FRWRBFIHZEGFERRIEFNNT R

TE W 27 2] 257 I DNA 5 e % 5 Tkt
PAFLEM I AT a. GBS 2RIk A R B
%1 DNA V#0025 R EE T 2% 2, DR 5 %
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SENERZ EARRIA R IF I CR, X2 TG B2
EEE AT OE R b BRG]
T E— AT BN BOE B SRS H, T HE
HI A SRS EEH AT G e X
B S TR oy R 2 AT R I, ) 5 BEAE )
CL ) DNA 4% 70 A4 16 35 DR 4 2 A s ORI 2 0 st
ISR IRZEYSY

TC B 2 ) VRS S v I ) U Ak, T
T A% O BVERTT-%- 25 DNA A 0B 24y
TERAEEFR R, an S nl LU A T K DNA 42
TCHF RIS A BB b, AR Tk — 2
AR S HER Y 0T SUIRESEU A T 1) &L,
Ernst 550275 — TR S 50 Af T 2 A4 B v
TR D IR S — BOMEFR bRk AT ' SUIRESECH 17
%, HA—EMSHE%EEL.

42 BEEBFIFEGFERRIEANE

A B 2R 2] 25T I DNA 35 e % 58 J7 1A%
FEM BN SR a. A MBS 5k 5 e A
JEHE TN U DNA R4 TG IR IR 22 2], DRt
X TR IR 1 DNA 45 To 4 LT WA 48 0E B8 7 5
b, A WEEE S VAT RAIE 2 2 IS AT AT OGTT DNA
VA TC A Jl [ 1 A BE VG T PR R AIE 6 IR A )
lit] 5 (1) 5 DR A B EAT PN, vy LA il K
— WK, R T DNA VS TR 3L A K
AEHER; o A WE A ) U7 EAEX E %1 DNA i
PO IR AT S, G I “ad ) )
MG, vReseh a S e R T N .

P T 5 — [ BB 2 20 TGV % 8 B DNA 4
JCA, DRI SE BRI ST b 75 B B TG M 2 2 T R
Mor g B, ARG A T LA S b i i —
). %) DNA Vo tF i St e Wy, F245
S (A M 2 ) M D 2% LB R Bl A T HE e R B
T8 2 ANV T X S B IR, a4, il
B2 SRR (R I 2 ) 75 2R 22 AT B
EEEH AL XU T, Wb s 2] IR IE L
ap=A N
43 MELEEFHZLEFERCIREFIXT TR

BRIbZ Ak, 26 ] AR P S5 e 7 v 2 3[R
TELE). Bt HATHTE I 7120 R M AR AE 1 1)
FRIESR IR i, A OGIE AR 1 R A5 B
HOR R4 R R, RUWEEE G DNA
25 T0 A% J B 1 20 A TR AR B A R B 5 R RRAE
Schones ZFENWIF I 7N, A3 e sk A1 45 4 1 3 i
TR T A% MEF AL, 1138 B4 R ST )

ChIP-seq 131 (reads) 73 A1 5 BH 52 [ AU T IR AFALE
Y4, Heintzman ZF ORI 5Y £ 1, H3K4mel Fl
H3K4me3 21 8 F B 1 £ 3 30 1 XT3 g 1 X
ChIP-seq {5 5 W 2% 80 2 & A4 W1 2 19 2 41,
H3K4mel 758 81X S5 R RTEAR, 7E3h 1
X 2 AR, 1 H3K4me3 WA IFAH . X
SRR R, RIS 1) 7 IR 5 DNA i
B EVIM LR, E DNA Wi oiF et
% & ChIP-seq 15 S WM TEAR P A RFERS AT ] BESE 5
TG B 2 ) ORI I 27 S R RIS e R

5 % 5

DNA 3% 0 10 3 5 1F T 98 52 2k IR 47
W28 IR ANSE A, 73 1 A K DR B it
FUME EL ). DNA P05 € THEAR S0
2o T R R ANIEAL 52 HERR AN S A
AR T AN

AR A T DNA P F T R B,
DA K A5 RTGAEAE DNA 781 RI3 W st A5 1816 111
R, IR 2R AL 25 5E DNA I #2 To (1 5
A B AR . A SRR 73 W 1 I3 T Al
DNA JP A€ 7 ik, iR T R IE M EA
FERREL, IR TSGR ). A
TP S T RGBS I0 BRI 5 A
Y JE B 27 DR B 2 S PR E T i,
T BRI TAE REEAGRE. Fa, ASCED
Moo B T SRS B A AE 1A 1) AT [ 475 1) 1)
L, JFHR L TOAH N AR R A S A
DNA Ul 2 TG %5 5 ) AU B IR E S 20 B G 45
(V3 fift b, 1EAE S0 T AR 20 5 A% 21 2 B
ChlIP-seq {55 5 W (KT AR T Al 5 I 58 AL HE K &R
JFRs FCN HIAE DNA P oA F b, Ay B an
PRESENTL T K1 WG oo T N S M v 6 LD B
AR HE, Al DNA P o 8 E e T 22D

B
2 % x M
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Abstract In the post-genomic era after human whole-genome sequencing has been completed, accurate
functional annotation of genomic sequences, especially the DNA regulatory elements, has become an urgent need
of further in-depth understanding of the complex mechanisms of human genome. Recent large-scale chromatin
states mapping efforts have revealed characteristic chromatin modification signatures for various types of
functional DNA elements. The conclusions drew in these studies have promoted the emergence of a series of
supervised and unsupervised methods of DNA elements identification, some of which have been successfully
applied to identify functional DNA elements in a number of genomes and have become the regular tools to decode
an unknown genome. These methods are adept at different aspects of genomic studies, varied by the embedded
algorithms and the identification strategies. In most cases users should consider joint application of different types
of methods to obtain a balance between identification sensitivity and specificity. Despite the successful applications
of current methods, each type of methods has its own disadvantages which users should scrupulously avoid. In this
paper, we not only reviewed the main types of previous and current DNA elements identification methods, and
comprehensively analyzed the advantages and disadvantages of each type of methods, but also pointed out the next
possible directions of method improvement. We anticipated the analysis and views put forward in this review could
help readers to deepen the understanding of principles of DNA elements identification methods, thus better applied
them in their own studies.
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