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A comparative study of nucleosome positioning pattern in two model organisms
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Abstract; By studying nucleosome positioning during embryonic period of two model organisms, Yeast and
Drosophila, we found that nucleosome are differently distributed along genome-wide genes which either belong to
different species or the same species in different expression patterns. In general, nucleosome free regions ( NFR)
regions around the transcription start sites in yeast are narrower than that in Drosophila. If aligned by the gene
center, there always are a well-defined number n of uniformly spaced nucleosomes in the middle of NFRs for
embryo silence genes in both species, and the characteristics of these uniformly spaced nucleosomes gradually go
fuzzy with the gene length L being longer , while drosophila presents more complexity and ambiguity than yeast
relatively. The results show that the evolution of genome nucleosomes organization holds both variability and
conservatism from unicellular organism to the multicellular organism.

Keywords : Yeast; Drosophila embryo; Nucleosome positioning; Nucleosome free regions

K A E Y AT OF 5T 9 B S BRI U Ty b
() A A i i R ) PR ST, BRI — 2 745 21 /Y 0
WA RESMERI AR ATEN B 54— B b il
LR A A9 R P SR AT S A 1) 240 M 2 A R
G WP 2 A A= W0 N L URI B8 1 AT SR Y
SE2RME L R R RV RE B9 77 U R0AS BE T 50 20 g A=
Py e AR R g e ) 22 240 M A= 0 BT s B A — i
P, BERHAEPIRR AT AR, D0, X i B A
R AR RSSO ARTFIEDL, BARTER Rl

s B HA.2014-01-07; &[5 H #3:2014-04-29.

B Ay 5 EARE RS BT E
FABAEY AR, Sy, A ZAE A
PAEA RS P ePA TS0 . 0 T e miE /R A
BRI MR B RE (LR A, FATT 0 ) B — A B 44
M E A —A~ Z AL s R IR A
T (1) BEREAE O P20 M AR W, FEEE D A /s B/
AT S S ARPATE ARG T B, X6 G e 8 J5T 25 4 1) BF 90
AT 720 e A B AH X ol 117 55 DT 1)
PEAA AR TS . (2) ARG = — i 20 g 2

E&TH R HARF AT IINE (31160234) ; = F 48 MR IFS0THRI55 H (2011FB082) ;48 W5 1 T A 9250 3 FF R4 (MWK201104) BB
YEB A 0, &0 e DP9 7 W) (5 5 515 R AR L5 E-mail : 398181412@ gq.com.
«BIEVESE AR 5 RIBEZ, DR 5 10 55 515 B AL ; E-mail : feng_jihua@ 126.com.



%3 #

£ R E . ANBRAEBE AR AERETR 163

22 L) Ak 5 B B B, F 93X — Isf S 1 2% 8, o
BERE) AR T BB S 23 A 5 1) 2R 8 0 TR /)N
2, H5 A0 R LR A0 A AR L, SRR R 1 SR
A B A ) )RR R DRI T B e 65 BT A O
HORATEHIR R TR R A 5, — 3 HA AT T
PR, (3) LMERFSR O 4008 i SEE0 3RS 1 I Bk 5 R0
JARJG S A AZ IV o5 S 3B A H2AZ A%/ VA 2 2 5
P R T B el AT

T T AT S0 B A S I SR A A T RS A
J& ARSI T AEBHE R i AR B )
P W) . BT B2 B (S. cerevisiae ) FTEE 5 Sl
( D.melanogaster) SR GE T S , Ao B o By
WX B R A ) A% /N R o B ) A5 A A 2
HLEIE . XA R B A YRR IR MAE (7
B BB 9T A o 1 Ry T B IS A ORI S BRI FH
(B, SRR 38 Job 0F P B o0 R e ) A DG L PR 21
/MR 4387, AT R BT P R R I e £
PRI UG BAT 10 2 i SL ] 5 22 ek

1 S5k

1.1 HiEgES

AT EER A PR B — R
TEN IR, 045 Lee 25 ABF T P 25 H 1Y R 0
PR/ IR 5 LR LB, ok 11 NCBI 3
G ERE 16 2k YLtk DNA 4 E51 David %5 A SC
BRAZ5 B 4 792 A e A R I B R 21 S 36 8K
fi1 LA Albert % A SEEHE 1 H2A.Z /ML
EEAE S R SR I N R AT 1) S 5 8K
H, £ 4% Mavrich 85 A TE 5256 v 44 21 14 SR g I 16 10
H2AZ ¥ /) 1k € o B H . B 1k B/ 1K (bulk
nucleosome ) ﬁfﬁ%ﬁé&ﬂ%m , VLA Pavel Tomancak S
NF SRR VT B AR ) 3 i A 2 PR 1 2 58l
1 T LA A% VA o7 S 3 B i ok A AN 6] S 3 17
A i te  F TR IE A58 H B9 A S 5 A 35 vk
X SRR R IEAT T B,
1.2 HiEAbE
121 B/ IMACE (7 S 5 K g b 2

(1) (R AR VA o5 67 38 SE A5 14 Ak 3

HIT Lee S5 ASRHE AR B R 23 BEAAZ/IMA & fir
RIHAER H BRI 4 bp RAE Y 4 56 AL 5]
F-£ (an Affymetrix tiling microarray) "> | 1M ff Travis
N. Mavric 55 A4 Y S i S 06 K dia A0 2 55 36 bp
SRAFER 4 HE DR A e ) B e, AT a4
H AR 2R H AR 1 bp M /MA &
AL B, LIS 2 PR i = R A A E

(spline) , FATIFE] THE By, ~F- o BE B4 1 AL 95
TEERE 16 SR AR 1Y SC 00 P& BOH . T AR Ak
PERYIE PR (36 bp) , RIS A R0 6 5y (o ik
A ST 56 T8 ACH RS 3 A X T P BRI — 2

(2) H2AZ 1%/ IMAE o B it b 2

H T Albert 58 A3 L1 EERE H2A.Z /M E
SRR S 808 AT Travis N. Mavric 28 A [5) Bt 42
HET SRR VR R 30 L R AL 1 H2A. Z B /MR e 7 i iR
UM EVALEE T H2ALZ BN R G 7 &
1EA7 55 A S — S %/ IMA B Py BRI BB . IE SRR
AR /IR A7 8 DL % 5 G 7 58 A O ) B
FIE G AR A o A W ReE , AT B AT R A
BRGS0 = 3 53 A REAR A i i FHAEAZ /)N
IR EAIIESE b FRATTRI FH e 17 20 DR X A% /M
SE BRI T A X A AT

= Loep(- YR

2o 207

TERE—A/IMA R B M 1 — A oA
TE (UL 1), S 2R U/ NV 57 B8 1) vh o, 9 L
BT m A R 20 N FRATREBRoE 22 BUN
B/MEK R 174, DR BREE IR 2% . e,
TR 52 56 50 o 1 068 (28040 ( peakhigh ) /5 A iX A 4%
IS BT A 1 P S, peakhigh & R R IZ A% /IMAE
FEAE T 1X A B 1T BETE R/ P B

0.7 | Nucleosome positioning ratio

the value of peakheight
0.6 |

05 }
04 |
03 F /
0.1 F

)
do . . » (bp)

2310 2340 2360 2380 2400 2420 2440

B1 ZMEEMHESSGEMTEE
Fig.1 Normal distribution reconstruction graph
of the Nucleosome positioning

1.2.2 FPEHE A E R

Hi Pavel Tomancak 25 A4 ) SR J5 45 52 50 4L
P04 TN TR) 22 2R B 5 1 36 DR 1 4 R B, 45
4 Travis N. Mavric 25 A B3R A 25 R A7 2 4 3 i
B[RRI A I R L A 46 )2 Rk B
(broad) B4 2 627 3L Rl 1 2 35 7Y (vestrict) [



164 £ #H A

& % %12 A&

2 085 KA TUBRA (silent) AY 8 941 F5HEMA
1.2.3 TR ST B3 R R

3 3T SO AL R O 2, 4 3 T TR R SR 4 R
FERA (r A 36 ) SRRz ek FE 4 (WG
ST IS X e R R ) SR PR Sk S A (MR
U1 23 o) S e R 126, 0 B SN Bk R ) | SR g T R
RIS 2] (R AR 30 AS Bl B 5% ) v i) 3 R 067 8 i
TSP 2 BN 5 e PR T 7 e e R o SRR Y
AL LR AN L k7 5 FED IR 5% (W B0 il e 5
(CHE)TFH

R TAREI DL E AR — D 42 (hot
map) , B 5G5 BIHE B 2H 3 DR e AR R DR B /N3
AR st 348 11 D U 247 HE A, O 4R B A S Y
Hu 5 XREFRAT45 3] 4% 21 ph 4 35 DR 310K 5L ] A7
{14 35 DR o7 B 5 . LR 27 i i 0 S 55
TR R SR 1) 22 A%/ M o 7 R B 5 H2ALZ B/
[UNIOMER v €10 I { 2R 7 R R 7 NI s k2 K523~ 7S eh]
U 85, AR RN JE R s A8 BB RO T Ui
£ Nbp P BE 1 B A A% /MR o 67 22500808 5l 7E i3
FEIN 2 H2A.Z /MR IR S (8580 300 N1 D 0 o 45
IEEH R 20% 1) Fc < SE S B0ME B Jm
(BEHEAT rpuC X 55 (L C R0 5E PR 19 B3 4 2
i iz b B ) HEF , X RE A B T A2 A s
X S A/ IR 0 7 5 5080 B 5 BRI T —
Y21 (hot map) , FH AR B T 4520 3 PR o0 X6 57 1Y
/IR 1 2 A PR
1.2.4 K

X B hot map ZKRITEZH DI 240 — 42K
(hot map) ,JB/~ T —B W) A SRR/ MAHE

A 1.0
500 0.9
g 1000 03
% | 1500 0.7
% | 2000 06
o0
£ | 2500 05
[+
£ | 3000 04
= 3
3500 0
0.2
4000
: 0.1
4500 |8

500 1000 1500 2000 2500 3000
TSS » TTS

2

Increasing gene size

A, AT FZ U AN E] P DA T s AR
Uity | Mo o 5 TR e A R PR 2540 W0T L A 18 A% /I
A T L A SR G2 0 SR B R

MNP 2 A AR B S (4 LI 3] R FR 3 TR 5 Ak
40300 55 8 i B M U R IR 3 i 10 R R R K
X— 5 Cedric Vaillant %5 A )26 TRk 4R B K]
R — B, RIFEAZ /MA I 2R X 385 (NFR) 1)
B 3 A 5 A/ MASE G L FERZ N
PRBC XBR(NFR) JE R 57 S W AEAE S 7 D%/ MA
FIRE IR 25 L7 SR, 1 2B rf BT S Ok 1 SR
WA PR BL TR 4 vhoCs o5 L T H2ALZ B/ MR f I R
R 5 A AT S 3N 37 S i A R A R
SRR, L R0 B A — B, X — i S R R 3 Y
SEAANE, AR, — A H2A.Z B/ MR 5 3
DRl SR G, I LA 1] 58 A3 7 ELAT B S 3 1k 1)
LA 53, HR AR SR I v B 3 A7 A 3
DR 5 S /A B2 X sk ((NFR) 5 36 (K] 37 S /iR
B DX (NFR ) W HL A R A5 H s = 0 2 80 H
AHZER H2AZ #Z/MA , Bl 5t % /MR B it
e R

O A AL A ) 3 22 40 A ] G 25 S
TREL T A= A AR . AR IRAR Y H2A.Z
BAMEST A E SR AE W R Z A 0 2
225, JRPTE T 2 R R R AL TR A 2 7 B B R
— BB SL RN A6 Hie K T FR T PR AE I TOER 5 D)X
L T RE R AT, BT B AR MR LR
A TR T R 52 AR e L IR R AR AL PR L, H2A.
7 1/ NARTE RS B o] REAE S p RS 31 T3

N

B <
2000 &8 =
4000 E8
6000
8000 [EEE—
10000 S

12000 S

200

100
TSS

300 400 500

» TTS

B 5RBEEFEPOREE H2AZ %/MES T

Fig.2 H2A.Z nucleosome distribution around the center point of genes in Yeast and Drosophila
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Notes: A :nucleosome distribution around the center point of genes in Yeast ; B:nucleosome distribution around the center point of genes in Drosophila ;

Genes are ordered from the TSS to the TTS.
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Fig.3 H2A.Z nucleosome distribution around the center point of genes in silent gene of Yeast and Drosophila embryo
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Notes: A: Nucleosome distribution around the center point of genes in Yeast ; B: Nucleosome distribution around the center point of silent genges in

map graph to observe its characteristics directly.
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Fig4 The occupancy rate distribution of all nucleosome around the center point of genes in yeast and silent genes in Drosophila
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Notes: A: The occupancy rate distribution of all nucleosome around the center point of genes in yeast; B: The occupancy rate distribution of all

nucleosome around the center point of genes in Drosophila embryo.
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