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CpGe-islands in vertebrate genomes.
M.Gardiner-Garden, M.Frommer
(J.Mol.Biol.,1987, v.196. pp.261-282)

Observed/Expected ratio > 0.60
Percent C + Percent G > 50.00
Length > 200

Tenepb 3T NapamMmeTpbl OOLIYHO YXKECTOo4YaloT — HO 3TO
He Bcerga npasusibHO!

OObIYHO HEMETUNNPOBAaHbI UMK cnabo MeTUNMPOBaHbLI

OTmevanocb TakXe Hanmdne nocrnegoBaTerbHOCTEN
GGGCGG, ocobeHHO B MPOMOTOPHOW 0b1acTu reHa u
BHMU3 MO TEYEHUIO BOann ot S’koHua. B npomoTopax aTo
cauT cBsA3bIBaHUA dpakTopa Sp1 (eANHCTBEHHBIN,
CBA3bIBAKOLWNNCA HE3AaBUCMMO OT MeTuUnmpoBaHus CpG-
napbl N CNOCOBOHLIN Ppa3sMeTUNNPOBATL EE).



BapunaHTbl pacnonoxeHusa CpG-ocTpoBoB

CBs13aHHbIE C NPOMOTOPOM U NMepBbiIM 3K30HOM

BHYyTpUreHHble, He 3axBaTbiBalOLME CTapT
TPaHCKPUNLUm

3axBaTbiBawoLwme nocneaHnn ak3oH n 3’'UTR
MeXreHHble

HeKOTOpre OCTpPOBa MOTYT 3axXBaTblBaTb NMPakKTN4eCKA
BECb lNeH



Assessment of clusters of transcription factor binding sites in
relationship to human promoter, CpG islands and gene expression

(Katsuhiko Murakami, Toshio Kojima and Yoshiyuki Sakaki,
2004, BBC Genomics, 5:16)
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e Some CGl-related
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* AHanna koadpdpuumeHTOoB
- Koppensauumn nokasar, 4YTo
BblOENSIETCS rpynna gpakTopos,
ckoppenupoBaHHbIx ¢ CpG-
OCTpOBaMW, a yXe 3a CHET
9TOro — C MPOMOTOPOM.




Dualism of gene GC-content and CpG pattern
In regards to expression in the human genome:

magnitude versus breadth

A.E.Vinogradov
(Genome Analysis, 2005)

* %GC onda reHa B LeJIOM CBSI3aH C
MaKcUMarnbHbIM YPOBHEM 3KCNPECCUN B TKAHSIX

« Hann4ymne 5’-koHueBoro octpoBa n %CpG ans
reHa B LesiOoM KOppPenupyeT C LUMPUHOWN CneKkTpa
aKcnpeccun B pasHblxX TKaHAX. [lepBoe
noaTBepPXKOEHO Takke B cTaTbe Loic Ponger,
Laurent Duret and Dominique Mouchiroud (cm.
nanee).



Hann4yune 5’-ocTtpoBa KoppenupyeT C LLUPUHON
CrneKTpa 3Kcrnpeccun v And pacTteHuu.

* Gene-associated CpG Islands and the
Expression Pattern of Genes

* In Rice
* |kuo Ashikawa.

 DNA Research, 2002, v.9, pp.131-134

« JKcnpeccusi B ABYX nnun bonee TKaHAX Unu
9KCMpeccus B Karsyce KOppenupyeT C
HaNM4YneM S'-KOHLIEBOro OCTPOBa.



Comprehensive analysis of the base composition
around the
transcription start site in Metazoa

Stein Aerts, Gert Thijs, Michal Dabrowski, Yves Moreau, Bart De
Moor (BMC Genomics 2004, 5:34)
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Figure 5
Mucleotide frequencies of three human gene groups: genes with a narrew expression pattern (A), a medium pattern (B), and a
wide pattern(C).



3a4yeM HyXHbl BHYTPUreHHble OCcTpoBa?

Genes and Transposons Are Differentially
Methylated in Plants, but Not in Mammals

Pablo D. Rabinowicz, Lance E. Palmer, Bruce P. May,
Michael T. Hemann,

Scott W. Lowe, W. Richard McCombie, and Robert A.
Martienssen

Genome Research, 2003, v.13, pp.2658-2664

BHyTpeHHI/Ie JK30HbI reHoB MJ1EKOMUTaLWNX 0bbIYHO
METUITIMPOBAHLI, B TO BpeMA KaK BHYTPEHHNE 3K3OHbI
reHoB BbICLLNX paCTeHMVI — HET.



Uistriputiorn arnd uliaractiericZaliorn or neguialory

Elements in the Human Genome

(Jacek Majewski and Jurg Ott
2002, Genome Research, 12:1827-1836)
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Figure 4 Distribution of simple tandem repeats (1-7-nucleotide repeat unit) and low-complexity regions in introns. Panel (4) shows the
combined distribution of all such regions, whereas the remaining panels identify the particular types of sequences that most significantly contribute
to the overrepresentation near splice sites. Such sequences are most likely involved in splicing recognition and control.
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Figure 5 Observed and expected frequencies of common regulatory elements, the GGG trinucleo-
tide and the CpG dinucleotide, in a typical human gene. The model gene contains information
combined from all known genes in the entire human genome. The expected frequencies are calculated
from local individual nucleotide frequencies, corrected for biases in occurrence of GGG and CpG in
noncoding genomic regions. The slider bar at the bottom of each graph indicates the regions of
relative over- and underrepresentation of each motif. Excess of a given motif over the expected
frequency indicates a possible regulatory function.



MaeBckumn n OTT — Bo3amoxHasi pornb CpG B
cnriancuHre, oTcroaa u nageHume B 3’-KoHue
NnocrieaHero 3Kk3oHa, KOTopbIX HE cnylancupyeTcs.
Boobule B nHTpoHax CpG-ocTpoBa mano
npeacrtasneHbl (CM. npeseHTauuto HO.
MeneeneBon), Ho GGG-TpuHykneoTnakl,
xapaktepHble ana CpG-oCcTpoBOB — HA caMou
rpaHnNLLE NHTPOHOB U 3K30HOB.

%CpG onsa reHa B Uuernom B pabote BuHorpaaosa,
KOTOPbLIN KOppEenupoBars C LUMPUHON 3KCNPEeCCuu,
970, no cyuectsy, CpG BHYTPUrEeHHbIX OCTPOBOB.



PEG3 (ZIM2)

NIMMNPUHTUPYEMbBIU TEH.

O6e n3odopmbl — OTLIOBCKME, HO TKaHecneLundUYHOCTb
pa3Has

PEG3 - 7 nepBbIX 3K30HOB U 2 cneayowmnx 3a HUMK

ZIM2 — 7 nepBbIX 9K30HOB 1 4 (5), nayLwmnx nocne
9k30HOB reHa PEG3

Mexay ak3oHamu reHoB PEG3 n ZIM2 — HebornbLuon
OCTpPOB, YaCTUYHO METUNNPOBAHHLIN. Bnnaet Ha
CMNJIaNCUHT, perynupysa CKOpoCTb TpaHCKpunuumn?



Determinants of CpG Islands: Expression in Early
Embryo and Isochore Structure

Loic Ponger, Laurent Duret and Dominique Mouchiroud

(Genome Res. 2001 11: 1854-1860)
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CpG-octpoBa B reHe MEST (PEG1) y yenoBeka u
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MbILUWN.

Y yenoBeka Ha4ano gparmMeHTa B 2

T.M.H. BbllUE NO TEYEHUIO OT NEPBOIO

9K30Ha, Y Mbiwn B 10 T.N.H. BbILLE MO
TEYEHUIO OT NEPBOro 3K30Ha.

[TapameTpbl noucka

Observed/Expected ratio > 0.70
Percent C + Percent G > 60.00
Length > 200

Y yenoseka 0b6a OCTpoBa HaxoOsTCS
N Npn bonee XEcTKMUx napameTpax

Observed/Expected ratio > 0.80

Y MbIIX OONH U3 OCTPOBOB
HaxoauTCs Npu TeX XXe napameTpax,
Opyroro He BUOHO U Npu bonee
MSTKMX.



BbiBOoabI?

* Y)XXeCTOYEeHNEe KpUTepmeB Noucka He Bcerga
LenecoobpasHo gaxe Anst 9'-KOHLEBbIX
OCTPOBOB, XOTS1 U NO3BONAET OTOPOCUTL
NOBTOpPLI. VIckaTb HE TONbLKO MO CTATUCTUYECKNM
KpUTEPUSIM, HO, HANpumep, no
KOHCEPBATUBHOCTU N XapaKTEPHbIM MOTUBaM?

* [loNONHUTENBHbLIN CTapPT — AOMNONTHUTENBbHbIV
CpG ocTtpoB? B npeseHTaunn H.OnapnHow
YBUOUM, YTO TaK ObIBAEeT, HO CPaBHUTENBLHO
peakKo.



Ctpykrypa CpG-ocTpoBOB 1 UX hbrnaHroB, CBA3aHHbIX C
anbTepHaTUBHbLIMU CTapTaMu,

B reHe MEST (PEG1)

CkonneHnsa mMoTnBoB (nokannsoBaHo nporpammon A.MupoHoBa).
« CCWGG — doniaHkupyeT ocTpoBa, MeETUNUPYETCA
 CTCF-koHCeHcyC — B HeMeTunmuposaHHoOM Buae ceasbiBaeTr CTCF
GGG — 9HxaHcep cnnancuHra

* YB-1-koHceHcyc anga YB-1-6enka xonogoBoro woka. 91o
TPaHCKPUNUMOHHBIN dhakTop, cBA3bIBaHME KoToporo brnokupyetcs CTCF.
CBA3bIBaeTCA C 9K30HHbIMWN 3HXaHcepaMun. HanpasnseTt ansTepHaTUBHbLIN
cnnancuHr u Belbop nepBoro ak3oHa. Bxoaut B coctas M-PHIT,
CBA3bIBAETCS C 5'-KaNoM, BNUSET Ha TpaHCNAUMO 1 BpeMs xXunsHn PHK

|11l Il (I LTI LI

(RN Il 10 B[R L A [ LI A AR ARAREL I L ] I




Buonornyeckas ponb NPoAyKTOB
nokycoB CDKN2a n CDKN2b

The CDKN2a (p16'"k42) CDKN2b (p15'"k4b) Locus on
Chromosome 9p21

Exon: 1 @25kb) 2 {11.5kb) 1B (19.3kb) 10 (3.4kb) 2 (2.6kb) 3
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The p53 Pathway

(hdm2 mediated degradation of pS3)




leHbl CDKN2a n CDKN2b

chra: | 21976664| 21950068| 219960868| 22606000|
UCSC Knhown Genes (June, 85) Based on UniFrot, RefSeq, and GenBank mRNA
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P14 n p16 cUNTLIBAKOTCA C anbTepPHaATUBHbLIX CTAPTOB
B pa3HbiX pamMmkax. Cp(G-ocTpoBa,
nepekpbiBaroLnecs co ctaptom anga pl14, craptom
ansa p16 n B 3k30He — «xopoiumey . [lokaszaHo nx
cBs3biBaHMe ¢ MeCP2 npn meTnnmupoBaHnm v
He3aBMCUMOE BIUAHUE METUNMNPOBAHNS KaXKaoro m3a
HMUX Ha TPAHCKPUNLXIO COOTBETCTBYIOLLErNO NPOAyKTa
B pa3HbIX BUOax onyxosemn.

TeM He MeHee, 1 OHU BblOENAKTCSH TONMLKO NPU
NCMosfb30BaHUM OOCTATOMHO «MSTKOIro» KpUtepus.
COOTBETCTBYOLLME NAapaMeTpbl, O4HAKO, coBNagarT
ONA pasHbIX BUOOB MIEKONUTaKLWMX, Y KOTOPbIX

eCcTb 00a 3TK NpoayKTa.



Ctpykrypa ¢pnaHros CpG-ocTpoBa,
nepekpbiBatowerocs ¢ 1 a-aksoHom reHa CDKN2a

29K
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e Haunbonee HTepeceH «CTapbin» OCTPOB, NEepPeKpPbIBAKOLWUNUCA CO CTAPTOM
p16 (bonee «cTapbimM»)

« CCWGG — dniaHkupyeT ocTpoBa, METUNUPYETCS

 CTCF-koHCeHcyC — B HeMeTunnpoBaHHoM Buae ceasbiBaeT CTCF

GGG — 9HxaHcep cnnancuHra

* YB-1-koHceHcyc — cBA3biBaeT YB-1

* 5% anbTepHaTUBHO cnnaucupyembix reHoB umerotT ARF.
foMmonornyHbl 00OLIYHO Y NPMMAaTOB, MHOTAA B npeagenax
Mmrnekonutawwumx. NossonsgeT UCKNHOYUTL BONPOC O
¢hyHKLUMOHANbHOU 3HAYMMOCTHU npoaykta. Xopowaa moaesnb Ans
U3yYeHuUs anbTepHaTUBHbIX CTapTOB?



Ctpyktypa CpG-ocTpoBoB nokyca p15-p16 y yenoBeka,
napameTpbl MOUCKA.
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Observed vs Expected
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Buse Number 107

KOMIMINeMeHT

Observed/Expected ratio > 0.60
Percent C + Percent G > 50.00

Length > 400

«CTapbin» ocTpos npu P16
Haxo4uTCs NULLb Npyn Hanbonee
KMSATKNX» KPUTEPUSX

Length 540 (2457..2996)
Length 556 (4363..4918)
Length 666 (4921..5586)
Length 897 (8684..9580)
Length 469 (24036..24504)
Length 897 (28246..29142)
Length 470 (29283..29752)
Length 663 (29844..30506)
Length 497 (39417..39913)
Length 549 (40057..40605)
Length 1011 (42889..43899)
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Ctpyktypa CpG-ocTpoBoB nokyca p15-p16 y Obika,
napameTpbl MOUCKA.

Observed vs Expected
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KoMmnnemeHT
Observed/Expected ratio > 0.60
Percent C + Percent G > 50.00

Length > 400

Length 420 (1017..1436)
Length 604 (1473..2076)
Length 446 (8133..8578)
Length 662 (10415..11076)
Length 747 (14064..14810)
Length 828 (32117..32944)
Length 500 (33026..33525)
Length 733 (33583..34315)
Length 773 (43552..44324)
Length 1027 (46366..47392)
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Ctpyktypa CpG-ocTpoBoB nokyca p15-p16 y KpbicChbl,
napameTpbl MOUCKA.

Observed vs Expected

0.00.20.40.60.81.01.2
T 1 {5 T T
S

KomnnemeHT

Observed/Expected ratio > 0.60
Percent C + Percent G > 50.00

Length > 400

y Kpbicbl Ha MmecTe CpG-ocTpoBa
ons p16 cbopka nnoxasi (y MblLUK
eLe xyxe)

Length 707 (1624..2330)

Length 1010 (19932..20941)

Length 568 (32464..33031)

Length 683 (36115..36797



TyT onaATb yXXeCcTo4YeHne KpUTepmeB
nomcka nomelLuano obl yBnaeTb
buonornyeckn saHa4YMmbIn, 3BONHOLMOHHO
bonee apeBHUN N KoHcepBaTUBHbLIN CpG-
OCTpPOB, coagepXaLinm 6Monornvyeckn
3Ha4YMMble MOTUBBI.
ObpallaeTt Ha cebst BHUMaHME OrnM30oCTb
napamMmeTpoB, MPn KOTOPbIX
oOHapyXnBaeTcs aHanornyHas
CTPYKTYpa OCTPOBOB Yy pa3HbIX
MI1EeKONUTaLWnX.



MenaHoma y Me4YeHOCLEB
cBA3aHa ¢ reHOM CDKNX, oynnukauusa KOToporo
aana p15 u p16. Mo dbyHkunam cnunxe K p16.
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[MpoBouMpyeTCA MEXNMUHENHBLIMU U
MeXBUOOBbIMM CKpeLUuBaHUAMU

X. maculatus X. andersi
o ‘4"‘.:":'-. Mt - o S
’.!
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g of , .
F, hybrid X. andersi
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Backcross | hybrids
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Xapaktepuctukm CpG-octpoBoB reHa CDKNX y
Xiphophorus helleri

BHOBbL BMAMM OCTpOBa, NepeKkpbiBaloLMeCa co CTapToM P16 1 C ero 9K30HOM.
OHu obHapyxumnatroTcs Npu bonee XKeCcTKknx napameTpax noumcka.
(no pabote S.Kazianis, L.Della Coletta, D.C.Morizot, D.A.Johnston,
E.A.Osterndorff, R.S.Nairn,
2000, Carcinogenesis, v.21, n.4, pp.599-605)

[MepBbit CpG-oCTpOB
3axBaTbIBaET 5’-KOHEL, reHa u
nepBbIN 3K30H

CpG/GpC ratio = 0,98
Percent C + Percent G =
51,9%

Length = 538bp

33 CpG
HemeTunuposaH B
HOopMe, crnabo
METUNJTNPOBAH B
MeJlaHOMax

Btopon CpG-ocTpoB
PacnonoXeH HuXxe no
TEeYEeHUo

CpG/GpC ratio = 0,99
Percent C + Percent G =
57,5%

Length = 317bp

26 CpG

OpHako PHK, cuntanHHas ¢
COOTBETCTBYHOLLEINO reHa, B
MerlaHOMaXx 3KCrpeccupyeTcd
N30bITOYHO



OcobeHHocTn CpG-0oCcTPOBOB Y pPbIO

Primordial stage?

OcTpoBa Kopoue, a noBbilleHUs copepxaHus G+C
HeT, XOTA eCTb NoBbllweHne coaepxaHna CpG u
BHYTPU OCTpPOBa HET METUNUPOBAHMUA.

OTO nokasaHo Takxe, Hanpumep, ana MTF-1 reHa Fugu.
5’UTR y pbIb KOpoue, a KoaAUPYHOLUN PanOH
HayMHaeTCcA HenocpeACTBEHHO Nnocre crapTa
TpaHcKpunumn. Hebonblaa AnMHa oCTPOBOB

CBfi3aHa C 3TUM? A MOXeT ObITb caMble JpeBHMe,
eLle pbidbK OCTPpOBa — CaMble KOPOTKMe?

MEST TOXE ecTb y pblb — cTapT TpaHcnaAunumn
COOTBETCTBYET HEUMMPUHTUPOBAHHOW n3ocdopme, a
cootBeTcTBYOLWMN CpG-0CTPOB METUNMNPOBAH Ansi 000mX
annenemn.



Bo3moxkHa nn knaccudukauma ocTpoBOB N0 METUTMPOBAHHOCTN?

CpG Island Methylation in Human Lymphocytes

Is Highly Correlated with DNA Sequence,
Repeats, and Predicted DNA Structure
(Christoph Bock, Martina Paulsen, Sascha Tierling, Thomas Mikeska, Thomas
Lengauer, Jorn Walter
PloS Genetics, 2006, v.2, i.3, €.26)
BNnseT Takke cTpyktypa AHK Ha donaHrax B 20 T.M.H.

Table 1. DNA-Related Attributes Differ Significantly between Methylated and Unmethylated CpG lslands

Rank Attribute Attribute Description Attribute  Higher Value for Single Test
Name Class Significance
1 SAl_len Total length of self-alignments {alignments of the human genome against itself) (2} Methylated CpG Islands 262 % 107"
2 SAl_no Total number of self-alignments 2) Methylated CpG lslands 33 x 107"
3 Pat CCGC  Chromosome plus-strand pattem frequency of CCGC (1) Unmethylated CpG Idands  5.18 X 107"
4 Pat CCCC Chromosome plus-strand pattem frequency of CCCC (1) Unmethylated CpG Idands  1.39 x 10
5 SAl std Standard deviation of self-alignment lengths (2) Methylated CpG Islands 196 % 107
6 Uni_ AAAG  Non-strand-specific pattem frequency of AAMG/CTTT (1) Unmethylated CpG Idands 887 x 107
] fC_std Standard deviation of C content distribution (1 Unmethylated CpG Idands  9.13 % 1077
8 Rise_avg Average DNA structure rise (as predicted from sequence) (4) Methylated CpG lslands 382 X 10°°
9 Pat CGCC  Chromosome plus-strand pattem frequency of CGCC (1) Unmethylated CpG Idands  5.05 X 107
10 Pat AMAG  Chromosome plus-strand pattem frequency of AAAG (1) Unmethylated CpG Idands 772 x 10°°



EcTb nn B apyrux rpynnax
meTunupoBaHue CpG u CTPYKTYpPHI,
aHanorn4yHole CpG-ocTtpoBam?
Ecnn ecTb MeTuUnnpoBaHue, ToO AOSMKHO
ObITb N cMeLlleHne YacTtoTbl CpG (YacTb
MeTUnupoBaHHbIX C myTupyet B T).



UTHOCUTEJIbHbLIC HdCTOTbl AUHYKJI€eO0TUAd LPLUo Yy

PAa3HbIX OPraHN3MoB.

(Andrew J. Gentles and Samuel Karlin
2001 Genome Res 11: 540-546 .)
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MeTunupoBaHue y
Drosophila melanogaster

EcTb BbicOKOKOHCEpPBaTMBHas MeTunasa Dnmt2. CrnaboakTuBHa,
meTunupyet B bornblien cteneHn CpT n CpA, yem CpG (Dnmt3
MIeKonuTarLmx Toxe MoxeT metunupoBate CpT n CpA, xoTa u
npegnovntaet CpG). MyTaHTbl )KU3HECNOCOOHGI.

Ectb meTunceasbiBatoLwmn 6enok MBD2/3. B bonbluen cteneHn cBa3biBaeT
CpT n CpA, yem CpG, manoaktneeH. MyTaHTbl XXNM3HeCcnocobHbl, HApPYyLLEHO
pacxoxaeHue xpomocoMm. MoXeT 4encTBOBaThL KaK penpeccop
TpaHckpunuun. MoxeTt B3anmogencTeoBaTb ¢ 6enkamm, y4acTBYHOLLUMUY B
pemMoaenuHre.

Ectb meTunmnpoBaHbin C, Ho ero gons 0,05-0,1% y B3pocrbix Myx (Y
mnekonutatowmx 2-10%). ObbidHo B coctaBe CpT n CpA, Ho ecTb n CpG.

[TokazaHo Hannune CpG-MeTUNNMPOBaHUA U €ro posb B PErynsaumm
aktTuBHocTu reHa Rbf (Ferres-Marco D., Gutierrez-Garsia |., Vallejo D.,
Bolivar J., Gutieres-Avino J., Dominguez M. Nature, 2006, v.439,
pp.430-434)



MeTVIHVIpOBaHVIe Y APYIrmX HaCeKOMbIX.

MeTunnasa komapa Anopheles gambiae o4eHb NOXoXa Ha
TaKOBYIO Y O4p0O30UNbI.

Y moneun Mamestra brassicae ypoBeHb METUTMPOBAHUSA
CpG gocTturaet TakoBoro y mnekonutarowmx, Ho CpG-
OCTpOBOB Kak ckonneHun CpG Her.

Y tnen Myzus persicae Habntogatotcs ckonreHmna CpG.
OpgHako ansa aMmnanuumMpoBaHHOro 3CTepasHoro reHa
TNen nx METUNUPOBaHNE KOPPENUPYET CKOpeE C
akTuBauueun reHa.

Y KoKuug Koppensauma MHakTuBaumMm 0gHoro 13
XPOMOCOMHbIX HabOpPOB (OTLOBCKOIo) C
METUNNPOBAHNEM XPOMOCOM TOXE CKopee obpaTHas.

(no pabotam F.Lyko n gpyrnx aBTopos)



Comprehensive analysis of the base composition around the
transcription start site in Metazoa
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OCco6eHHOCTU MeTUNUPOBaHUA Y

pacTeHUMN.

EcTb He TONbKO hePMEHTBI, KOTOPbIE METUNUPYIOT
CpG, Ho Takke metunmpyrowme CpNpG n CpX.

He Tonbko CpG, Ho n CpNpG ocTpoBa CyLLECTBYIOT
KaK OTAEernbHbIE CTPYKTYPbI.

EcTb aHanor reHoOMHOro UMIMPUHTUHIA Y
MI1EKOIMMTarLWwnx, XotTd OH CBA3adH CKOpee C
pasMeTIIMpoBaHNEM MaTEPUHCKUX allfliENEeN.

BHYyTpeHHMEe 3K30HbI reHOB 0DObIYHO
HEMETUNNPOBAaHLIL. TeM HE MEHEE, BUOUM TE XKe
BapuaHTbl PacCronoXXeHNA OCTPOBOB.

Managsa anuHa octposos: 0,2-1.0 kb vs 0,8-1,2 kb y
MrekonmTarwmx (Mol BUAENN, YTO ObIBAET U
MeHbLUe). OcTanbHbIe KPUTEPUN CXOOHDbI:
HabnogaeTca kak nosbliweHne %GC, Tak n
noBbileHne O/E. OcTpoBa HEMETUNNPOBAHLI.



Gene-associated CpG islands in plants as revealed by

analyses of genomic sequences

lkuo Ashikawa

The Plant Journal (2001) 26(6), 617-625

Figure 2. The CpG frequency graphs of five classes of plant genes,
grouped according to the position of the associated CpG-rich cluster.

In class 1 genes, the CpG-rich cluster is located only at the 5%-end of the
gene, The CpG-rich cluster covers the whole gene region of class 2
genes. Class 3 genes comprise those in which the CpGerich cluster
occurs at considerable distance downstream of the 5%end of the gene.
Class 4 genes contain a CpG-rich cluster at the 5-end of the gene and
another cluster downstream of the 5-end of the gene. Class 5 comprises
genes that lack CpG clusters. Genes representative of each class were
selected from the analysed rice genomic seguences as examples and are
shown with their CpG distribution patterns.

Class 1




Table 2. CpG methylation status in restriction sites located in
class 1 and class 2 CpG clusters and in the DNA regions ocultside

CpG clusters

CpG methylation

DMNA region lewvel® Class”
2487-1 Oy 1
2816-1 o3 1
1550-1 13 1
S9659-4 4/5 1
S965-3 org 1
1081-10 o3 1
815-2 o2 1
815-3 13 1
1080-15 01 1
815-17 /3 il
836-11 2/5 2
969-9 33 2
1073-1 13 i
1080-5 33 2
1081-16 25 il
1081-17 14 2
T1083-2 4/4 2
1366-2 55 2
815-2 33 [
965-1 23 [
1072-1 1M1 ]
1080-2 2/3 [
1081-5-1 33 D
1366-1 11 [
1383-1 12 [

CpG methylation level = number of methylated CpGs/ftotal
rnumber of CpGs examined.

b0, DNA regions depleted of CpG dinucleotides.



Ona ebigeneHnsa CpG-oCTpoOBOB Yy pacTeEHUN

HeobXoaMM NMepecyYET NapameTpoB Ans
TunnyHoro anga HMX %GC 1 oTHoweHUS
CpG/GpC.

BaXXHO MCnonb30oBaTh TakXe Kputepumn
KOHCcepBaTM3Ma BblAeNAeMbIX OCTPOBOB Y
pa3HbIX BUOOB.

B pabote Ashikawa
9TO ObINO caenaHo ygadHo. B untupyemomn
HUXe paboTe n3-3a oTCyTCTBMS NOJOOHOIo
noaxoaa noslyvyeHsbl NMuilb obLLME OLIEHKMN.



[1o |.Ashikawa

Table 1. COwverall G + C content and the frequencies of CpC, CpG,
GpC and GpG calculated from the rice, A. thaliana, sorghum,
maize, barley and human DNA sequences”

C+ QG CpC CpiG GpC GpG
Rice 0.43 0.041 0.039 0.051 0. 040
A, thaliana 0.36 0.029 0.022 0.030 0.02%9
sorghum 0.43 0.042 0.035 0.051 0.040
Maize 0.45 0.043 0.039 0.0565 0.044
Barley 0.46 0.048 0.041 0.052 0.044
Human 0.51 0.057 0.022 0.062 0.059




Computational Approaches to Identify Promoters and cis-
Regulatory Elements in Plant Genomes'

Stephane Rombauts®, Kobe Florquin®, Magali Lescot, Kathleen Marchal, Pierre Rouzé*, and
Yves Van de Peer

* Plant Physiol, 2003, v.132, pp.1162-1176

e ABTOpPLI UCNoNb3oBanu AnMHy okHa B 200 HyKneoTuaoOB.

Table ll. Percentage of genes (out of 5,025) containing CpG (top) or CpNpG (battom) islands, for a
few different parameter settings
Additional values for other parameter settings can be found at http:/Awww.psb.rug.ac.be/bioinformatics/.
With Island in With lsland in With Island in

CG% /e With Island _ With Island in
Threshold — Threshold — in Promater - LEE,m —— P'rc:.mot?r' ol Prnmctf:r Exons OMLY
Exon® in Exons DMLY
CpG
39 0.6 85.75 99.42 85.73 0.02 13.69
42 1.6 0.82 98.95 0.82 0.00 98.13
CpNpG
39 0.6 64,98 99.38 b4.84 0.14 i4.47
45 1.6 0.02 98.73 0.02 0.00 98.71

*Refer to exons either in coding regions or in the UTR region.




