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Abstract

High-throughput experiments in vitro have confirmed that DNA sequences are important factors
influencing nucleosome localization, and differences between DNA sequences can affect the ability
of nucleosomes to localize. In this paper, we analyzed the sequence features of the nucleosomal
localization sequences, k-mer position preference, and so on. The results showed that the content
of nucleotides G and C was significantly higher than that of A and T in the nucleosome mapping
sequence. The GC content in the nucleosome localization sequence was significantly higher than
that in the AT, and the lower frequency motifs may be the characteristic motif of the nucleosome
localization sequence.
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1. 5|8

W /IMAAE R B AE D et i R 5 R RS FLT, 2 DNA 5418 (L4541 i B 8 AR ) Ko7
H124 147 BE XS DNA 70 7854 8 )RR EJE %0 DNA 7515 K B 2 10~50 Bl &S 7
PR R [ 1] [2] [3]. HEE\RMAEE S ERST R H2A, H2B, H3 1 H4 & kA, fEHEA
H1 FREZEER T, TEHR— N mn T 450[2]. B/AMERIRFERE MR T st AR il R A i 5 H
SR B0 DNA B, BT DATE R R IA I A5 v el I T B DA R TE G 857 b (R i o 7 5 R Rk i 2 o
EE T B RIIER, B a0 et 5 e i 5 S R AR A M #2 (3] [4] [5]-

AHIF 7 FH SZBRAG I ) v 20 HER N2 CD4 + T 40 ARBRAR 25 TR AMA (5 38 R 5, /0 Hr fnEb s
T NFESE R G /M2 7 5 = 7 51— SR 4FAE

2. HNERE
2.1. M8

NZE CD4 + T 2 & DR A % /M o5 95 405 R B T Schones S8 [6] BTN TAF . #idiilid MNasese
TiE3AS o 1B NI CD4 + T I AEARIRIRZS N A1 CD3 HUJ5 0 /5 2 5 R 2% /MR 48 bed %
#&. PIHESA http://dir.Nhlbi.nih.gov/papers/Imi/epigenomes/hgtcellnucleosomes.aspx .

N AR R 7 4 i KI8T UCSC 2[R 2H £ 5 & hg18 A http://hgdownload.cse.ucsc.edu/s

A TAE T Hs S A R 35 A% M 4l P A B S (5 8 nucleosome) 5 1% /M Bk Z 7 I Bl B (11 5
A null) BB o A%/ IMA b HE P A B SRR N AL R 2H - DNA #iA% 0B A SIS . B, B
H B HARREHE S I, S Gevt 5 5 A R e B B 13 N RME BT Y G, DR AR R 2
R R 13 O 13 IRCL BRI IXK ISR N E A &g . TG, AT EETRE, HUESE SR 201 bp
(7 5. ffa, FIF blast FAFHAT FFILLRT, 564 55 8l s FEARBLR 7 A0 347 A28, B AR B
H— 251, EATRELS B AMAE SR P51 36,777 Sk B EHIEAR SR % /IMATR = DNA 75 ERE 4L,
B AT AR SR A B AR L. B AE SR R A B AT IR SR B, RIRE 0 BRI IX
BWAE R Z G ECH T IRIERSEE, B KEUE 0 5 13 Z 1A B3 A =2 B0 e A X S8 G A D 78
HEAT P HIAK BE TR e i e FHIE 2 0 78 25 Y HEIFE 101 bp )T FIRMEEL = X EdE, 2 Phik /53848 332,772
K EH 101 bp S, 9 1 B S35 S HAR A R 7 5K BE G ) et e 22, SO € fr X & 2% 7
HIPRE 1~101 bp, 101~201 bp F B .
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22. /&

2.2.1. K-Mer I35

RIS kR A B —Fh <57 (kemer), B4 kemer (ISUSBURAL KA k 195 CI7E
PTG S LA A, B 27 FEFF A R ML L. 2 kBRI, kemer (KI405053 11 44
T SRR A “EMIRIR B kemer ISRESAT T DAME—Hb B 5 FE R 4L B[ 7] [8]. 4K DNA
FUMBCHFERE 4 Fh: 4 (RIEW), G (W), T (MIEE)A C (RNE), k-mer 364 4 Fh. S F 41l
K E N LE /) DNA F51 k-mer H IR E SCH Pi.

N,
B =— (i=1,2,---,4%) (2.2.1)

2N,
i=1

4
bt NS § A kemer (SR BLIISE SN, = LE .
i=1

22.2.GC &8, CpG HXEE

G + C & 8(GC (content)) & FE R H L5 P I — AN EERIHR K9], EX

Ng+ N,
N,+N.+N;+N,

Kariln %5 N\ 385 JE K A S5 AL H IR OO A XS E RS 70, R 8t — 28 SR M8 Ll e i 1) A [) 3 1R A
T2 OR] (R AS TR PR 54 [ 10] o A 32 B (1 JAE A BT T DNA P F1 H B A 48 AR08 AN & ST 11,
WE S VLIRS (1) 7 A AR BENL A2, AHARIRAE )2 A 56 T B AN A 2 1) e . CpG AHRT - (pco)
W CpG AZH BRI S bR AR 26 5 MHC A RAZ 1 R A A0 Ay B R BB AR (1 22 1), HesE ST

P(CpG)

pee = 508 (2.2.3)

GC(content) = (2.2.2)

2.2.3. K-Mer SA¥i 57 £

N RS k-mer £EF 8 H LA 23 AR DL, FRATE Se 50 it B TSR A % k-mer HEI
IEL, Geit A k-mer 7EAS [EISECX (8] LA 26 25, 0 — 5 X [A] Y I % k-mer ) 26303 € XN k-mer
B AT % F A

L.
FA =—" (2.2.4)

J ZL,
Ly R j A k-mer HHBLTEZE @ MBI R P S50, 0 BERZ B4R 7 51 4 80
2.2.4. ZHHEBROLEHNZE

XA INAE AL P A B S L R AL BR S4;:

L.
SA, =" (l'zl,z’...,42,j:1,2’...,LE_1) (2.2.5)

Ty
Ly HE i > 2-mer HIMAESS j ML iU EIIFPHIE, o BERZEAR &R 7 51 5 263
3. BRE5W®

3.1 BMSERIFSURE C. G

MRIE2.2.1) (2.2.2)3BATRZ/IMETE AL 7 1 B B/ IMA S Z 7 S B AR 10 P 91 B B
2-mer IR LA GC EZEM T Gik, &FRIE 1 MK 2.
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Table 1. The frequency of single-base, GC content and CpG relative abundance in nucleosome and null sequences

=1L RMEERL REFFIBRBESNE, GC 8. CpG EXMFEHERIT

sequences 23 P, Pc Pg Pr GC(content) PcpG
nucleosome 73,554 0.2519 0.2466 0.2542 0.2473 0.5008 0.2266
null 332,772 0.2905 0.2039 0.2054 0.3002 0.4093 0.3008

Table 2. The frequency of dinucleotides in nucleosome and null sequences

= 2. WMEERL, SRZ S 2-mer HELSAER ST

P AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
nucleosome 0.063 0.053 0.080 0.054 0.083 0.070 0.014 0.078 0.064 0.061 0.074 0.053 0.040 0.061 0.084 0.061

null 0.097 0.049 0.067 0.078 0.071 0.052 0.013 0.068 0.056 0.045 0.054 0.051 0.067 0.058 0.072 0.104

Gt R BRMEERF IR EIR G, CIEEWNE®T 4. T. 4 + TEEBG, JFHRINITE
FRE, AT DNA A, Bk, EALT IR SRAL R A I T 1) & E%H B T#%/Mk DNA 285620 5
FUNER . B TR IRESS @A T A R G + C & R(G + C = 0.5008) %% & Tk Z 74X (G + C =
0.4093). 1%/ M E AL P F1 H AR B s ) )\AS —BRABAK XA TG CA. AG. CT. GG, CC. AA. TT;
B 5 b B A v K )\ BRERIR IR TT. AA. AT, TG, CA. CT. AG. TA. ERFH] A HH
B = (1 )\ 4-mer RN CAGG CCTG. CTGG. CCAG. GCAG. TGTG. CACA. GCIG; BRZ)F
Filvb BT I v 6\ U BRAR AR IR N TTTT. AAAA. AAAT. ATTT. TTTA. TAAA. ATAT. AATT. &t
Z AN E AR I 4-mer BIBRIE A R T 4. /MR E DL T8 GC & B3 T AT & 8 s A 1)
k-mer FAES R REAE G C .

TR A4, TTEHRTOIRIRRZ NS EE D). B 2 BIR CG ZAZHTE W I E R 4 H LA
RE N, EALXAUA 0.017, BEZ XY 0.0199, KT EEHLKTF 0.0625, CG RATEL 5 b5 3 K 41
CG BZ B R Y4

3.2. k-mer S8 5 T Z4FE

FIH 2.2.3 771543 GC &8 M & RRESE A %, I 3 BonkMEEN P I EdEEY 6C &'
ThVE R EAE 5 B 85 (R, HHERAE 35 3 70 ZMIFH s TIPS 98%. AZ/IMEEZ 751
GC EELZHEENRTE 0 5] 65 210, ZHERZFHIN GC SRR T EMFH. FBRIE AT/ A 18 75 27
FIE B W3 X AI(E 4).

3.3. ZHEBR A EMRIHE

FATM A 201 bp IR /AIMETE AL 7SI ST SR T A H R H IAE &AL RERAE 14 5, K
DAEAHFIAL EAS [F) A% IR RO AN R, AR BARR A R IR A . &3 5 T 16
i L BRAE A% /D E CL PP F R T2 4R R o BB MASE AL P AN AR GE TR, A “ R H IR AL
B AEAEAT AL B BRI A0, £ 1/16 K/ANFS). T HAE 3 7L HITE R AL E AP
FI BT B S, RRWE LI h R H R AL BN RS AL —E Gt itk

4. &g

MR SE L P A GETH R A R N M TE AL P A1 5 8 Z P SIE GC & 8N k-mer 73 A F74E i
5

FEETE MMERFIREF AL G+ C, filF —HH CC. CG. GG GC; K/IMABRZ 751l i 1 FL 45
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Figure 1. The frequency of single-base in nucleosome and
null sequences
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Figure 2. The frequency of dinucleotides in nucleosome

and null sequences
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Figure 3. The frequency of distribution on GC content in
nucleosome and null sequence
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Figure 4. The frequency of distribution on single-base in nucleosome and null sequence
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Figure 5. Nucleosome location sequence dinucleotide loca-

tion frequency
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Table 3. Average occupancy rate of 16 dinucleotides in nucleosome localization

3. 16 MR EBRAERNMIEMFHFHISER

dinucleitides aa ac ag at ca cc cg ct
Average occupancy rate 0.0636 0.0530 0.0809 0.0543 0.0833 0.0707 0.0142 0.0782
dinucleitides ga gc gg gt ta tc tg tt
Average occupancy rate 0.0646 0.0615 0.0744 0.0535 0.0402 0.0614 0.0845 0.0612
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FEA+T, WiF 1 TT. AA. AT. TA, K5 CH G MKMW ZZE. HEE K ZH &> 2)7E~Z/ MR
BT REATAE E DU A M TR A S 51 16 Pl R TEAZ /M8 O 7 S AL /AIMA R Z 7 51 b (17
B A R R LRI, XRMGCRE TS5 C M G e . BE k Kk > )N AT) B
BRI s, [FIRESR B IS AR R kAR R S B Ak R RE LA VR ZN B B o AR ST k R
A 41 B L 2H e P R HEAT T AT, DR TR IR R B E R S

E&UWH
W5l TV oK% 5 fUiE 7800 H (ZD201614).
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