Biophysics “EWIWIH £, 2018, 6(1), 1-6 Hans i
Published Online February 2018 in Hans. http://www.hanspub.org/journal/biphy
https://doi.org/10.12677/biphy.2018.61001

Prediction of Nucleosome Positioning
Sequence for Yeast Genome

Shisai Hu, Yuxiang Chen, Ying Zhang, Jun Lv*

College of Science, Inner Mongolia University of Technology, Hohhot Inner Mongolia
Email: Tujun@imut.edu.cn

Received: Mar. 30", 2018; accepted: Apr. 16", 2018; published: Apr. 23", 2018

Abstract

Nucleosome is a basic unit of chromatin structure. Its location and distribution on the entire DNA
sequence play a key role in the regulation of gene expression in eukaryotes. The prediction of
nucleosome positioning with machine learning method has become a hot topic in recent years.
Taken the 6-mer component of DNA sequence as the parameter, we used the increment of diversi-
ty feature selection technique proposed by us to select eight 6-mers as the classification characte-
ristics. Furthermore, the total accuracy of the 10 fold cross validation is 98.2% using the support
vector machine algorithm. The results show that the specific distribution of the k-mer component
in the nucleosomal and linker sequences is the main factor that affected nucleosome positioning
in yeast.
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1. 518

B/ IMAE FAZEYDRE A () DNA B3 77 20, R e (il 250 I 2R AR R0, 29 147bp 1) DNA J751 %
EGAT R 8 Tk B2 1.65 [, T/ MAERZ Ok (nucleosome core particle), X /MZ Lok [
TREHEAT S TS5 DNA A1) /MR CORURLZ 18] b B A 2148 DNA(linker DNA)AHIE
[2]o #%/MAFIZER: DNA 78 K2 RRE R E r, o U3 35 (R ) gk ok R ke 3] S B 4 I 3] [4]

B o %of WL B AL 22T FU I BT, BT DNA 7 514 2B F1 4 36 85 1 o R0 /N4 S S T A
TR 32 i [5]-[10]0 A%/ MATE TR A 1 o0 AR B2 52 3 2 A R 52, Segal 4LIWFFLRWI[5], DNA
)5 51 2L RS B DR AL A A% MR AL R ) £ B e g IR o Chen 25385 155 SIS — A% F AR BE[8], R I
XTI RERE R 20, 150 bp KRN E ALFE 51 5 T 52 7 51 AR T REAFAE i35 25 7, HE Tk, A ATTEL 98.1%
(RS 2 3 28 1 T RIAZ /NS SE AP B 5 82 7 9 o SR RAT A 200 e b T 5 DR 2 A% /MR T8 87 7 91 5 i B
IR, AR IR IX A 25, SRIET AR ER . ik, Awazu f2HH—1%
JCIANEARAL[9], LA 3 A% (B IL B AN S 4L, 78 Chen S48 FH 150 8 L (8], 75 FR 43 284 1A 31 100%,
8 Awazu FJ 7S 80E 33 12 2[9], HiXEESH WA SR T8 4E. 2016 4, Teif 548 TILA
(A /IMA B B IR AN FE LR T T L [10] 0 1230 R GE T Ur B4 2 M AE G B2, WS RILE )2 F T A
B/MASENL I BRI SC, A G A% M e LA ST 3 T —ANF it

R FH 256 T BN i 5 DR A% /N T8 AT I DURBIN RE 77, an SR RE Tl B AR B2 7 ks th— MR A
A% /IR S ST T ) PRI, T A ST 1 St B2 (A P R R, BRI T 2 SE I AR . AL, FETAEE R
TR IR LTI, 3 B8 R IR BRGEAE BRER 7 A R RS B, R A ar BUBME BB R 2
B, TEFHEWFMAT, A9EB%EFBOR BN . AL, 7E Chen 5181 AREREAZ /M 8 o B £
E[8], FATET DNA JFFIH) 6 B4, RS SRR AR, EH 8 A 6-mer HHKS
B, AR SCRRIR ENLEEIEAT 02K, SRS B . ASCEIRT e T, SRH T IRATEE R A HnE
RIBIIRHEE R T7%, TECRUETRONRE B R, MM R 48 T BB N S EON G, (A 2 LA
RO, 80, W, SR .

2. ¥R A%
2.1. BEEMEEMFIIMEEFIIBIESE
SO 52 (O RE RHAIMA B AL BRI E Lee SfsEabsE HI11]. XA LI R A LT 4 bp SR
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1,206,683 > DNA B, KM “EBZRHA(lasso model)” X4 Fr Bt — M /AIMETE S BE 11584y, 154>
{1 i G S B T A% /N T A ) 14 =i - Chien 8 AL H 5000 AN 150 bp 7573 f i 1 1 BEAE N
B MASE LT 411[8], #5000 MK 150 bp 755 AR 1 BORIERR P H1 . SRIGAATTAE CD-HIT %At
SHPEAALTFI[12], &JE1FEIFFIAEE T 80%0 3620 MFEAT, JLH 1880 MIEFEA, RIAZ/MAELL
FEHI, 1740 AN NGREAR, BERF S, FEA D S S AR s S A S0 TR 2, R RR4E HY R )
PEREVPIN 45 5, AL, FRATEET Chen 45 R, Jfit—P RH BLASTClust
(https://toolkit.tuebingen.mpg.de/blastclust) 2 7, A &HE 4 o T FIAMEIR T 30%. & /E3RA1E 2] 2377
ANFEA, Horp 1334 MZ/MEENLFE BT 1043 ANERF S, 1K E N 150 bp.

22. Bk

2.2.1. LAFES K-Mer 484> J454E

i1 Segal ZLIIWTREE LTI HI[5], A4S R P MEH A B R ER/ &K, Ba, ETFE
IR 23 A1 SR TR AZ /M S8 57 2 B BN 24 AR I AEE o 24 k BB ORI, 3£ T %1 k-mer 2053404 ] B
PR ZER A 75, Rk, — 2751 k-mer 2340 1T MERIZTF 78 £, AL 150 bp £ 751
T ) 6-mer SRUAE NFFVERIE. k=6 X TKJE 150 bp AT S, BiZa— DR ERT .

BAR, B k=60, REUNEESECH AT 4096 1. W FX SR N RS T2k, TREK
SAA BRI AN R, SRR AE R SR B R SRR 4 b BB I . TE B /B A B e 4 B0 1)
R )R, RRAEIE RV 2 L8 2% ) VA B BG4 o RHIEE R AN T E HARE, MBEA
FHAE 4 T R B — N RENS A RO R B O IE 748 . Rk, X T MU FI3REC R 4096 > 6-mer SIKAHE
T VEL B R SR PR BRI AT I e, B B UG B, R G A .

2.2.2. ZHMEEFHEEFERAR

AT, AT TR R T — P ARHEIE FEEOR, FROD 2 FEIE IS SR MIE 16 3% (feature selection based on
incremental of diversity, FSID) [13]. 7ESLZ 1T, P13 ZoW 2 AR & vk g & IR A4 B T
7 2K[14] [15]. JEEEsE, ARZHHIRHMEILBERART LUK JE . 2015 47, Drotar S5 ELEL 1 10 AN H AT 47 1)
IRAERE AR [16], 45 KW, 15 E 25 (information gain, 1G) /7 VE S BURIF k2 EYE[17], T/ NIT R K
FKAHZE (minimum Redundancy Maximum Relevance, mRMR)J7 1% 5 80 i [0 7 # B2 [18]. FSID J732:3518
TG 77, (HARZATLET, FSID AT T FRHELE T 51 H B B AR SR 25 AR A H B A
1T L2 A0 FH AR AAE () 265 0 AR o TR R0 T /IR A i RT3 B X, ANAFAE BB IR [13] o BRAFRATT A,
I —ANBENL A EA BRI LIS, 55t DO ) A 2 A0 8 3R 2 AR AE AR R AR . T FRAT XS FSID J7
A — R

YHE— AR Ci (i = 1,2), FHE X HILFEZEA Cy MAIKIE A n, BRAFAE X DAAMR LB REAE H
PR Cy AIIE A W o MIRFAE X 76 Cy 283 i i Z AR e A

D(X,C,)=(n+M)log, (n+m)—nlog,(n)—log, (M) (1)

Ffel i, FFAE X HIESER C, AId A m, HE A HBAESER) C FAiad v m . #%HE 5(1)xR
FERER 5, T RAAr e SURFIE X 7E Co BB I Z FEtE & D(X,C,), UAKRTEIRE R%: Cy+ Cy P I AL
B DX,Ci+C) N

D(X,C,)=(m+m)log, (m+m)-mlog, (m)-mlog, (M) @)

F
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D(X,C,+C,)=(n+m+n+m)log, (n+m+n+m)
—(n+m)log, (n+m) ®3)

—(m+m)log, (M+m)
FFIE X 7E Cy Al C, 251 2 [8] 1) 22 K 14 48 & (increment of diversity, ID)5E XK
ID(X)=D(X,C,+C,)-D(X,C,)-D(X,C,) @)

B LA B2 R R E CAT AR 1, A8 EREARERT, JEAMRRIE X AE Co Al Co AN v e B 43
RE SR, IDO)IIEREA, AR ZE SN, IDO)RIERE N WS X 22BN, BBa—M
Hb, RFAE X RN o I AR R L e 280 o BRI, IDOX) AT VEAARFAE X & 755 AR SR 1 FE
WAL, W ID(X) > ID(Y), RHHRFIE X 5SBIAAITIEZ SR THRAE Yo IR SR N (155 LA 2
FATHI T (1D, B ID(X) > IDo, RFAIE X i3, 1D ARFALIEFEBIME . BUAE 1D 72 PALE H 4L A
FHITIN 25 F RS B i KGRI E 1o X MR AEIEHETT IR TIR Y 2 BV R IE I P BOR (FSID).

2.2.3. MBS

TR SR S i B, BRI RIES “e1071” A svm kT2 i [19]. Bk EeR F%
W EREL, S50 ¢ Ay 43 B B ERAE .
2.2.4. MR IERR

SRRMERERAINT 4 NMERREE, ol BUR P (Sensitivity, Sn), r 5 (Specificity, Sp), Sk
(Accuracy, ACC)H1 1 K HH 2% % % (Matthews correlation coefficient, MCC). X6 & L1

sne TP oo TN jcco_ TPHTN
TP+FN TN+FP TP+FN+TN+FP -
MCC = TPx TN —FNxFP

J(TP+FP)x(TP+FN)x(TN+FP)x(TN+FN)

XH, TP 24 IERTHI IR MRS AL FEF L, FN 2 a2 00 k% M A7 5%, TN B3 IER
TN A ER S8, FP R8s = TN iR e 51 5.

I 4 AN SRR R AR R W T — AN TR ES O TN A R S TH R BE . Sn R E SR IEREAR R
R AE B PN IEREARRIANR, &R & — TR IR I IEAEARRIBE /1. 2B, Sp A kTE—A
TR 25 A AAEAR I RE F1 . ACC W E IEHRR A 23 FEA I BE 71 MCC A2 T4 BE 1) — > dpe A3 P-4l /3
MCC FEUEYE B & [-1,+1]. MCC = 0 R TIR A5 L BrPAT T — A FEHUE N, HE1E BT 45 R 581
SRR BANMZR. MCC = 1 RITIHRA R EEM .. RS E— /TSR 4 MEgefebr, oI A4
THT 3 fz Pl HH TR 7 ) B HH PR RE o
3. &ER57He
3.1. FSID 4Bk F4E R

SEFB/MRR AT 6-mer SUBUS KL, SR FSID J n e SR IMASE (L7 SRR 918 4745 K
RREEFE . B EBIREEAR N2 10 4y, fRUER TP IE U EREAR S L RES IE B B tEAH
Mo EIFHAFR 9 MEEARIERINGEEAR . TEINGEFAT, Gl FrE R e B BRIR, RAH FSID Jikik#F

ID (B KT BIME 1D FIRHIE, SRJEHEHINNZRREA . IR 10 REEHAE —RRIERI Bt IR AL de &k 5
R i 2 £ AR IEIE ) SVM b AT R NAE L FP ST . A ST 4 B fE 1D, = 615 I, TNk BEIA 21
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Table 1. Prediction results in 10 fold cross-validation
2 1. 10 R XA T R

Method Accuracy Sn Sp MCC TP FP FN TN

Our method 98.2% 99.1% 97.7% 0.963 1322 31 12 1012
Chen’s method [8] 98.1% 98.2% 98.0% 0.963
iNuc-PhysChem [21] 96.7% 97.2% 94.3% 0.936

R, BEIRHEEH 8 MEFIESH 7 2 AAAAAA. AAAAAT . ATATAT. ATTTTT. TAAAAA, TATATA.
TTTTTAM TTTTTT.

ATLVER], k) 8 MRFESN poly(dAdT). #E— BRI R, IXERHEYR BEEF 5. 8
ULPEBERERE R 2, A% /AR (R 42 7 91 rh Bl A7 A2 4 poly(dAT) By, A% /AMA e AL 7 41 o 2
Ho Poly(dAdT) P o2 NITERT, AR T/ MEFITEK[20]. X ATRERZ Liu %581 Chen &5 0] DU Db EE T 7
FIMHR ) A% M fE ik [7] [8], R T R REAZ /N 52 57 1 2 DR BT A

3.2. SVM Fiill 455

K 10-fold A8 XATHS, FERFRZ/IMATE AT HI TR EE RA T35 1o ik L85 RmT L, JATT AR A0z
BERZ/MAE AL 51 B BURAE (Sn) /& 99.1%., Rr 5 1%E(Sp) o 97.7%, EFEFZ(ACC) A 98.2%, 1 IRAHIC &
H(MCC)HIAH] 0.963. FRATMZRE Chen 55T F AR 2T LT M 45 R, BAA M YHIRE
J£[8]. 1H Chen U #H A R A (8], H AT EIRE N FIAHLNESR & . £E 2012 4, Chen §ik
B B2 — AN T S SR ER A 1 0T (1 T BRAZ M TR B Y [21], 1A Y 2 R AE e 43 /5 R B 1 884 MFFAEAE N
BN, TESSCHR R EOE 48 AT 10 H75C U IR [8], LT 4E A 4 A REFR PRI T IRA TR A,
W 1 fR.

Awazu $EH—NZ o R[], DL 3 R (B EANSCN S HL, TE Chen S50 R 4E (8],
FERRGr NG BEIA $1] 100%, {H Awazu [ 7% TR LA ISH0A 33 N2 2 [9], HiXLe S BUE s Ao T
g, TS BERATRE, 1EE WG Z IR T AR R AT, K ARG 00K BE A [9]

MEL AT E H, BAIA R B A S50 BRI S, BN SR A s
ez AR 1. XA RIFHIMEREAR 28 T BRATRA T 3R IE £ P H R FSID.

4, &g

A, FATRIA Z R B R AEE FEEOR FSID, X DA% H 7SIk A4 (6-mer) NS B R IE AR EA T i 12k
JiizE t 8 /> poly(dA:dT)RF X e RERZ/INMAE A7 PP S BEAT 70 KT, 72 > SR ABLPEAR T 30% ) Bt 46 |
10 Frag XA IR FRAG 98.2% 1 AR LA A . A BRI ik L, S8, PR e Pl s
Mg 45 RIE R, BERHZ /MK 18] B 7 51 1 2 B S ORs i 2, A7/E 38 1 poly(dA:dT) J1 BL.
R BEAMREIAINE, A5, M MRS

St FSID JivE ik £ R RHIE 5 2R 2 (8] 8 3 AHOG, {H FSID J5ik i I R 25 FE R AR 5 K5k 2 [R] )
FASRNE o AR AT A I R AE 2 [R)AH G P ) SV Rl S AE I 1 FSID B, 4 JE T 90 vh 75 B R 10

il L
E&WH

ATH NS IR IX B AR E 410 H (2015MS0331 i 2016MS0306) 7 B -
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