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ST T G 240 Mo WEUES SRR, A% 1)
I bR UEAT R F T CpG &y, AR T FRE
SEFE B YOG S IX Sk RIS CpG 5y i
/NRSE2R 500bps GC 54 60%  CpG Ik
F) 0.65 MALE S HAE baitE, 2 HATH CpG B
iUFSEE P

1 #RF7E

1.1 #

NRIED A B IR Ay Hgl7 (2004 45 HD,
>k H UCSC ¥ ftp ik 55 (ftp:// hgdownload.cse.ucsc.
edu/goldenPath/hgl7/chromosomes/) . A 28 & [A #%
SEAL LA M I K H UCSC SR A= 15 B2
Mk (http://genome.ucsc.edu), L 20646 4 mRNA.
R 7 A 4> BT T H RepeatMasker 3.0 >k H http:
//www.girinst.org/, & J7 ¥ JF 3k H RepBase (i
A 2005 5 J] 23 HD.

1.2 CpG Bl & ;A ——CpGI Seeker

FIE CpG B HEN 155 3 MEAZHL: CpG
/N RGPS GC AR #A1 CpG SR I . H
T CpG LA L CpG AL IR WL A 31 22
ML, I HIFEAN T LU [CIX[G)/[ACGT]
Kk 5W, AR fEME 3 M EAS
P44~ , nTLLig | CpGI Seeker FiU & vk 4T
CpG By IFE, HARGERUE

1) & AR EKRNA CpG Bl /M)

2) Bl 1nt KB PE, 7% DNA 741 E34k GC &
HOH CpG H LR AR L B IR E SR I R A il
B GE AL 3 DM IEARSHLL K CpG IR
MR AR AED, B CpG WA ML (CpGay) R/
TR BERR L 160 AR T 2B 807 L
CpG &, RIBEEE G & & AR mEE C, B
B C 102 B KK I BEE G,

3) RBECAMRE N ERE S, AL
1 nt FBEEER SR E, EHT M EREERA
WL B AIREK

4) Rl AR — AR R E B
e MERE R R DMRIEZ ] B DNA 7
FIER—ASBIRE L, FEE SR R 17 2
RAREOK, AL, WIRE L5 3" b & kb
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5) 2k, ML) CpG B8R AN . RS AT
2)~4), HEHLBIPATHOLE CpG 5o

6) A AHABIIAS CpG & 1) PR 125 AN B d5e /N i
FEES (200 nt), M iEEHANAL CpG By BN
B> CpG By IR 5 — AL R Ja — 4> CpG By 1 5
Ja AR 2 JH] (1 DNA J751 )& 7 2 GC & & A
CpG IR BACEL K s 8 7 51 e 4, Tl
KB e S HTH) CpG By, BEASDIR 7)REAT
%,

7y EBRETA S w3 wm A AE C 5 G 11
8) A ZHBRIEAEL)S T 41 GC Ik 7 il 2 4%
fH{H CpG eIk tH B AN 2 45, WIEL 5" Jg A1 3!
i “2BR GC BRI — i 1 AR 25 Bk
s, B LA A EE R CpG A H TR

9) # ZBRIIIE S 1))7 51 CpG S5 fI% H I 236 2
ZAH GC I fIGH &AW 24T, WIREKIL 5 i
13" 3 B B A AR 4 A Bk ) SRR BT A (13
It

10) 45 i b O 28 4 A g Kk 206 2 4 1R
H1, AR PR B R PR CpG iy, 15 1 LA
Hr CpG s
1.3 FHEE

e = Fh 2~ JFH) CpG & B T2 A CpGIE2.0.
CpGil30. CpGProD 5 CpGI Seeker ¥t 1T T CpG
5 U A 9 LB . CpGIE 2K H - http://bioinfo.
hku.hk/cpgieintro®, CpGil30 [¥] perl ££)/7 3K H http:
//cent.hsc.usc.edu/cpgislands/”s  CpGProD K H http:
//pbil.univlyon1.fr/software/cpgprod.html ®,  F >k it
17 CpG &3 ¥ DNA J¥ 51 NT_006576, [X 3% :
1243289~1290159, &4 K 46871 bp. %741k A
NCBI % FAEDEARG B oW il Chttp:

//'www.ncbi.nlm.nih.gov/) .

P

2.1 CpGI Seeker EHBI#5H#iR 7] CpG B HI4FIE

A 1F CpGl Seeker 5 CpGIE2.0. CpGil30.
CpGProD #AT T LA . KM SN GC AL
i 55%, CpG f/MEILFEN 0.65, CpG & 15z /)
P24 500 nte HARMGI1 24 DNA J341 NT_006576,
X 3. 1243289~1290159, it 46871 bp.

4 B CpG M 5543 20 CpG Bk 1 i
7N . Hir CpGI Seeker 1 CpGil30 i i 75 #1] (1)
CpG 57N 40k 9 4, 1 CpGIE2.0 5 CpGProD 1
2 CpG HAMECH 8 . Hid CpGProD 15 211 8
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Table 1 Compare of four algorithms predicting CpG islands

Algorithm Start End Length GC Content (%) €pG
observed/expected

CpGI Seeker 17273 17790 518 61.6 0.65
19133 19771 639 61.5 0.67

20165 20747 583 62.1 0.70

21432 21978 547 56.1 0.65

25193 25750 558 56.8 0.65

29259 29758 500 60.4 0.65

32514 33202 689 58.3 0.65

35910 37988 2079 69.2 0.69

39541 42888 3348 69.6 0.71

CpGIE2.0 17286 17791 506 61.3 0.66
19133 20759 1627 61.4 0.72

21435 21999 565 56.2 0.65

25227 25758 532 57.8 0.65

29259 29768 510 60.4 0.65

32512 33215 704 58.4 0.65

35910 37998 2089 69.2 0.68

39546 42898 3353 69.7 0.71

CpGil30 17274 17790 517 61.7 0.65
19133 20747 1615 61.4 0.72

21435 21982 548 56.0 0.65

25193 25749 557 56.7 0.65

29259 29758 500 60.4 0.65

32514 33202 689 58.3 0.65

35910 37988 2079 69.1 0.69

39610 40268 659 59.4 0.65

40427 42888 2462 72.3 0.75

CpGProD 17272 17792 521 61.6 0.65
19133 20747 1615 61.4 0.72

21429 21989 561 56.3 0.63

25159 25784 626 57.2 0.59

29259 29758 500 60.4 0.65

32394 33323 930 55.1 0.60

35910 37988 2079 69.2 0.69

39541 42888 3348 69.6 0.71

Note: The subject DNA sequence is NT 006576 with the region of 1243289~1290159 and the length of

46871 bp

A CpG B A 3 MAFESEINERK . YFhEE
Y CpG B7E LB E BHEL R —5, (HHAK
TEREA CpG &y FOREHf e AL 20 W2 X 3. BL CpGI
Seeker FIITFFI ) CpG &5 82 M, A B WX
34 CpG S 1 fion. B 1 2R T CpGl Seeker
TSI 2 5. 553 5% 95 CpG &, H
' DNA 741 B CpG A% H B FH b il. 7
K & AT W CpGI Seeker iH 7 1 A~ CpG 5
(No.2 il No.3) 7EHe =Mk &l —4. &
RN CpG 5y I 3K HRAE FoRE, & 15 1 DNA
FEAU A L CpG HEAR IR, AR SE R 740 Hh (1)1
JF5) (19780~20031, &t 252 nt) FEANH & CpG

WEEAN N EBACEA:, B CpGpx16>length.  [F]I,
PGPS CpG & AR T AW CpG FEAL T
frE . S34h, CpGl Seeker YR H —4 CpG 1
(No.9), FH% CpGIE LA K& 5% CpGProD — %,
{HEV: CpGil30 #1Kfi% CpG By #7 ik T W4~ . CpGl
Seeker I H FIX B P 41 BIAEAT 13 41 Hh 48 27 HY
TR CpG HILZE, % CpG B AEH T
ORI B 1 AT LSRR R XA a5 3. 25
A5, CpGl Seeker ££ CpG & F RS 1R 731 Iy 1HI
DL A 0 8 AT T B LAt = 85032 1 B 5
PeFs
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Fig.1 Schematics for parts of predicted CpG islands by CpGI Seeker. The subject DNA sequence
was NT 006575, with the region of 1243289~1290159 and the length of 46871 bp. The figure
shows the 2™, 3@ and 9" CpG Islands predicted by CpGI Seeker. CpG dinucleotide was denoted by

vertical line

22 HESHIEESSERE CpG BRIFIN
Gardiner-Garden Fl1 Frommer #&H 1] CpG 5 #x
D (GC A 50%. CpG fe/MH LNy 0.60,
CpG 53/ A 200 nt) AR LRI bR v (BUR 13
FRERUE 1) 17 Takai Al Jones®Sl il %} 21 5. 22 5
PO AR HTINA GC & & 55% .« CpG H I %
0.65 LL K CpG & U~} 500 nt 4l & 2 H0m 15
F) CpG By BAT 5 EE K 5" oy 58 25 DI G e
WHEAFT LB Alu ER)JPH] CUF EFRERIE 2D,
T A BRI M6 CpG R 1 TN bR AE AT
M1, AF Takai F1 Jones H3&at [, FRATH S

GC AT WA 50% . 55% . 60%, CpG /b
HILZE N 0.60. 0.65. 0.70, Z%[ CpG & f /L
PO 500 nt, A9 AALGSEG RIS T fgt
5 MARMEEAT LA, FRATT AR CpG B iR /MR
200 nt FIERE B, BNT GC HEH 50%,
CpG f/MHEILE 3524 0.60+ 0.65. 0.70 (1) 3 4141
GBI L GC &8 A 55% . CpG e /MHILER N
0.65 1 1 AAESH, BIERT 13 AAESH,
TEWER 2. 763X 13 A& S8 5 b, AT
NEW IR iz B CpGl Seeker #1T CpG &
TR

Table 2 13 sets of combined parameters predicting CpG islands
Parameter set number Size (nt) GC content CpG observed/expected
1& 200 50% 0.60
2 200 50% 0.65
3 200 50% 0.70
4 200 55% 0.65
5 500 50% 0.60
6 500 50% 0.65
7 500 50% 0.70
8 500 55% 0.60
9%* 500 55% 0.65
10 500 55% 0.70
11 500 60% 0.60
12# 500 60% 0.65
13 500 60% 0.70

Note: The 1% combined parameters (labeled by &) are the criteria of reference[5]. The 9*

combined parameters (labeled by *) are the criteria of reference [6].

The 12" combined

parameters (labeled by #) are the most appropriate one in current study
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3ANSEON BKH B A B . PR I 5
FAI CpG & CGE 1 LGS 50D A4k N Bf
325093 /N, MMHSEHEI CpG & CGE 13 A&
O 723384, Jaa A NHI#HN 7.19% . Jf HREHE
TR AR R PE B 0, CpG B A S tb 2 8 25
Wb o

Table 3 Statistics of CpG islands predicted by 13 sets of combined parameters

Parameter set number Nurnjb er of CpG
islands
1 325093
2 236 308
3 197 787
4 187 724
5 74 836
6 55875
7 43 789
8 44 541
9 36 574
10 30 143
11 30871
12 26 830
13 23 384

Total length of CpG  Ratio of the length to the

islands (bp) whole genome (%)
124 403 922 4.04
93 006 221 3.02
75907 754 247
72 651919 2.36
72 128 746 2.34
55402 284 1.80
43711931 1.42
49 291 491 1.60
40 811 069 1.33
33691 996 1.10
35964 830 1.17
31122772 1.01
26 874 098 0.87

WA EF, 5 9~12 AU 4 S 54531
CpG BN K5 N A SE DR 2 1 38 IR AN B L B AR
13 AAAESHARN CpG BN E LT /NFA
KRR A KRR AN E . W CpG & 1 F71
KRB, TUMARE ™K 1 35 415 CpG &5 11
P K AW SN WNEEAR 2 F, CpG i A
KK ARKLA 1% ~4%, 5 CHR[10]HRIE 1)
CNREER A KRAH 1% ~2% (K EF4 CpG B4l
B BEAMA . B 1~5 410 CpG B R K KT
WIB R B 2%, 5 13 ASH00 CpG B R Kl
SR R K 0.87% , /N T SCHRIR 18 A AR
1%, 15 6~12 411 CpG & s Ky AL H 4 R K
1) 1% ~1.8%, £F&3CHR[10]HGE .

23 CpG BHEEFIPMEMNEN O

76 13 A4 A S H NG 2] CpG & 154l |,
BAMIT NREGFHI 50, 53T SAARRE
S LCEE TP HIR CpG 5 I A& B B 4 L
K. [, £5EHRMT CpG B 3 MEA
ZH B/ RST . GC AR e CpG ik
LD FEANT FEAS FAON [ Bl 0 358341 1) S

EE PN K4 BoRET 4 AAESH5)E 9
HAEZHAARNMN CpG BB R ZET: 14
HAFRNN CpG BT &AM ER T A H 5 sk
L, JERIE 9 AT ER I PI G L, 2
ZEMARH B2, Bl 4 A5 S HEEM CpG
By 18.09% Al th EE P4, A5 5 4
HA 2.93% 1) CpG BB ER)PHI AN, X5
o0t PR B U0 B T 3 I — S 3 2 A1) 1) R R
ZH CpG By 185/ JSF A 200 bp #1500 bp 11 2
A%, RSy dpe /N RSHAE 7 Bl 3 0 s )
P AN T 85T 0.0002. GC A% [ 70 Lt s
A& AT 40% ~80% [ 7 41 B H A i W G 1
BEERZE P<0.0D).

WIS XA F S A543 2010 CpG By s & oy
AT, £33 T 8T 6 BhAS R (1) 35k PR e St i 47
S B3 A 1) CpG &y v CpG By T E 43 L
K 6)o [AM, F£7IPEMT CpG H 3 MEA
SR AT GRS H SRR I O e DA 2 5 A7 1) Yk
A PAHHT
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Table 4 Repeat content analysis of CpG islands predicted by 13 sets combined parameters

Parameter set number 40% 50% 60% 70% 80% 90% 100%
1 70.06 68.92 67.19 63.06 52.97 34.29 12.09
2 68.62 67.6 66.22 62.4 52.17 33.26 12.16
3 68.2 67.22 65.91 62.16 51.3 32.99 12.31
4 65.82 65.08 64.25 63.1 60.28 50.63 18.09
5 54.88 51.13 42.11 36.4 29.36 18.4 2.93
6 48.89 45.73 37.15 32.02 25.37 16.08 2.9
7 42.55 40.04 32.68 27.49 21.34 13.54 2.63
8 31.91 29.46 25.82 23.96 21.99 16.91 2.62
9 27.62 25.46 22.55 20.92 19.26 14.57 2.57
10 21.15 19.47 17.19 15.87 14.51 10.53 1.82
11 14.63 13.61 12.79 12.3 11.59 10.14 427
12 11.92 10.99 10.27 9.81 9.18 8.15 3.83
13 8.51 7.33 6.66 6.07 5.32 4.68 245

Note: 7 levels of repeat content of the CpG islands were analyzed in the statistics ranging from 40% to 100%
separately. The table shows the percentages (%) of CpG islands under the different levels of repeat content. The
percentages were computed by the number having the level of repeat to the total number of CpG islands in 13 different
sets of combined parameters

Table 5 The P-value for the repeat analysis of the three basic parameters of CpG islands without considering interaction

Basic parameter 40% 50% 60% 70% 80% 90% 100%
Size 0.0002 0.0001 0 0 0 0.0002 0

GC content 0.0002 0.0002 0.0002 0.0005 0.0063 0.1262 0.374

CpG observed/expected 0.1526 0.1567 0.1061 0.0981 0.1456 0.3595 0.5573

Table 6 The association between the distribution of CpG islands and transcription initial sites (TIS) in the
13 sets of combined parameters

Parameter set number Al A2 A3 A4 AS A6
1 6.44 2.23 3.39 2.02 6.48 81.76
2 6.53 2.64 4.56 241 6.47 80.03
3 6.60 3.00 5.31 2.79 6.35 78.80
4 6.72 3.03 5.67 2.76 6.63 78.20
5 7.27 2.46 14.42 2.11 6.35 71.25
6 7.34 2.85 18.91 2.44 6.07 66.92
7 7.41 3.32 23.29 2.98 5.98 62.22
8 7.72 2.89 23.87 2.53 6.76 61.68
9 8.01 3.26 28.48 2.89 6.58 56.96
10 8.19 3.73 33.40 3.53 6.64 51.51
11 8.08 3.25 32.73 3.08 7.17 52.78
12 8.33 3.56 37.01 3.44 6.95 48.40
13 8.43 3.98 40.98 4.01 6.87 43.95

Note: The table shows the percentages of CpG islands in different genomic locations. The percentages (%) were
computed by the numbers of CpG islands in the given location to the total numbers of CpG islands. The type of Al
to the type of A6 represents 6 different distributions of CpG islands. In type Al, a CpG island ends in the distant
upstream of TIS (between upstream 8 kb and upstream 2 kb). In type A2, a CpG island ends in the near upstream of
TIS (between upstream 2 kb and TIS). In type A3, a CpG island overlaps the TIS. In type A4, a CpG island starts in
the near downstream of TIS (between TIS and downstream 2 kb). In type A5, a CpG island starts in the distant
downstream of TIS (between downstream 2 kb and downstream 8 kb). In type A6, a CpG island exists besides the
above 5 types of distributions
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Table 7 The P-value for the genomic location of CpG islands of the three basic parameters of CpG

islands without considering interaction

Basic parameter Al A2
Size 0 0.00001376
GC content 0.0003 0.00000007

CpG observed/expected 0.0691 0.00000002

A3 A4 AS A6
0 0.0178 0.02 0
0.0003 0 0.0001 0.0002
0.0212 0 0.0294 0.0103

MAL T X3 A6 1) CpG 55 A $ T 43 b A a] A
EH, BRTH 12, 13HUAESHLIS, CpG Hid
UM SV G P O [ B8 S PR 2 S
(8 kb). i 5~13 4l4lH = H il #5211 CpG
By 78 5 55 DR B Sf B U A7 AU Rl RE PRI O (X3
A3, I HHAEGSHAFEIN CpG B 28.48% 74
w5 TN B SR AR AT 05, X L SCHR[6] 3 1) [
FESIEAS BT CpG BN S8 2 CCERikiE A
161 /> CpG B o T H kB mi, L&A
14.6%, Rl 161/ 1101). 5 13 LA G SHE R H
ZARAER CpG &y 5 3 D8 i il 4R A7 s B A e K1)
R, R 40.98% . M 7 AT AT HIBR T 2%k
CpG FAR LA FIX I A1 LUAE, 3 NS0
CpG By 19 K36 43 1 B 43 A1 #8788 2 3 i 7E
(P<0.05).

39 i

3.1 BE CpG BHEFRER ST ST A &

PRt 1 5 hRIE 2 JX P A0 e bR e () AN ] = 224k
WAE GC it CpG HILELL K CpG & [ T iX
SRS, HP CpG LR CpG AL
1 1 A0 I AN £ 3 B AN For) % . CpGIE.
CpGil30. CpGProD 25 A[A] 1K) CpG & T 7 2 B
SRHRREAE Rl —AN CpG By H € bl B REAT W, {H
TR H ) CpG By A& AAHE . T CpG By 711
—PPEEARR S SE T RIS R — N
R, KRB RE, HBEIAWLSKME: PR
B R T AT U 38 2 K0 s i S AR 41
IR —AF ) CpG &y & Ja BB CpG
By AT R e 2 A IF

CpGil30 7& BRI LS R 200 nt 1F 4
Bl R w ks, WG CpG &Iy 2R &
PR B ANEE R 100 nt, 1] CpGProD WK T 1 nt 1
H4E, 200 nt 14459 CpG 5 IR BE 2519, [
I SCRR[O1IE IR T CpGIE £ & CpG & i HLAK (K
BAEA, QREATIERZ AL CpG By JG ANl
JEIEARSHLIS, NoRA S 3" w9 1ont 5k

HARWAEM, SR EKRR CpG 5.

AR, CpGIE Jiikth CpGil30 5 CpG-
ProD S HA IR CpG &1 J): £ SCHR[9142 2 1)
J¥ %1 NT_000874.1 "', CpGil30 #£ %] 13 4~ CpG
&, CpGProD # %I 10 4> CpG &, 1Ml CpGIE Wk
F| 124 CpG &y o i B AR 3 B L4k 211
CpG &, 453 %7~ CpGIE #2111 12 4> CpG 11
& T CpGil30 ) 13 4> CpG &, B CpGil30 £ 5
(1) 2 A~ CpG 4% CpGIE & —A~. 4k, CpG-
ProD H 4 | —A> GC &5 CpG H LA AR $2
T RARIEASE CpG 5y, 1053 AN T K i)
CpG 5 CK/N2r510 2305 bp 5 2 544 bp) MIJ7E
CpGIE "' 43 A % T WA/ CpG & CR/N R
1211bp 5 666 bp, 970 bp 5 1454 bp). Mixsbsh
RKFE, CpGProD VEAlL CpG B HE 15 CpGIE #H
. {H CpGProD Tl 43 2| ) CpG &4 L CpG
AR H AN ST L, P AT ZEAE A R 5K
W& _E AT N5 . 1 CpGIE (K453 CpG & 1t JAEE
RBATTE— A5

CpGI Seeker 7£ CpGIE il Jy v () 3l I, &5
% CpGProD 5 CpGil30 (1) B AR FF Al T etk K4
REIBEESCA 1 nt, BN R KM CpG-
ProD X} CpG HIEEAN T 7 s B AHAR A
CpG 5y g8 AT & IF I B KR 100 nt; & JF
CpG S H 4 52 bt b AT B CpG B I3, IHAE
R R AR R 5K CpG 5175 . BARS L
WA R S5, BRI R E1. £ 1D B
7~, CpGI Seeker H % CpGIE. CpGil30 il CpG-
ProD S f) CpG R4 . CpGI Seeker fi¢
g W BRI A IE# CpG &, R XEF CpG 1)
R Ao AR S A4
32 BEEERSSEFE CpG BHEENHT

W1 HAESHEE B3 ANESH, S8
(ks AR FOE B DR IE I . Bl S O™ RS PR
B, AR CpG AN EORBIIR D, CpG B
SAKWIEETIRAC. 2 RERW, 3 6~12 SHESH
TR ESEEE AL CpG it

[F) I B 25 2 B R R IS I, CpG By b i &
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EEPHNEREWEZE L REC. 3 ANEARSH T,
S UNANR PO V=R s SE S SN T E A d X
M GC HARH 73 L7 & EE P HIIK CpG &
A REEEN . EEFIIR 588 R iee R,
CpG & I RO A48 R AT A5 — 5 43 B ok K R Bk (1)
CpG &y TCVEAE ™ K AR HEF Bk CpG By, X —
oy KRR CpG B AR AT 8 K043 FH H 52 )7
A . 56 5~7 AAES5, HILHTE 40%
~50% T HIN BN 8~12 SIS HE LR
Z. M 5~7THHESHEHE 8~13 4l T2 X
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PREDICTION AND ANALYSIS OF CpG ISLANDS IN THE HUMAN GENOME

ZHUANG Hai-bin', ZHU Jing-de?, LIU Xiang-jun'
(1. Department of Biological Science and Biotechnology, School of Medicine and Ministry of Education Key Laboratory of
Bioinformatics, Tsinghua University, Beijing 100084, China; 2. Cancer Epigenetics and Gene Therapy, The State-key Laboratory
for oncogenes and Related Gene Shanghai Cancer Institute, Shanghai Jiaotong University, Shanghai 200032, China)

Abstract: Methylation of CpG Islands is one of the most important mechanisms in the epigenetic
regulation of gene expression. Although there exist some criteria for CpG Islands prediction from DNA
sequences, the appropriate selection of parameters is still a challenging problem. After comparing two
classic criteria of CpG Islands and three prediction algorithms, the authors proposed an improved
algorithm, named CpGI Seeker, which showed the better performance than other algorithms. Through
using the CpGI Seeker, they did the prediction of CpG Islands in the human genome using 13
combinatorial parameters from 3 basic parameters. Moreover, they analyzed the repeat sequences appeared
on the CpG Islands and the location of CpG Islands relative with the transcription initial sites (TISs) of
genes. The results demonstrated that more strict criteria of CpG Islands lead to less repeat sequences and
more associated with TISs of genes. It is found that the combinatorial parameters of size=500nt,
GC%=60% and CpG observed/expected=0.65 is the best criterion for predicting CpG Islands at present.
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