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Three-dimensional structure reconstruction of yeast chromosome based on Hi-c data

FENG Jihua, MOU Jin, GUO Yaru
(School of Electrical Information Engineering, Yunnan Minzu University ,Kunming 650500, China )

Abstract; The prediction of the three-dimensional spatial structure of chromosomes by chromosome interaction

frequency data (Hi-c) has been a hot topic in epigenetic studies in recent years. It has been shown that the three-

dimensional spatial structure of chromosome plays an important role in gene expression and regulation. Three-

dimensional reconstruction is the basic way to study the process of cell metabolism. According to the statistical

characteristics of yeast Hi-c data on different chromosomes, the mathematical model of the distribution of the cross-

frequency data of each chromosome was fitted, and then the gradient ascending iterative algorithm was used to

predict and reconstruct its three-dimensional structure. The evaluation index of the model was established.

Experimental results showed that the model has high repeatability and prediction accuracy.

Keywords : Hi-c data; Three-dimensional structure; Gradient ascending algorithm

Dekker % AT 2002 4F5EFI H 3¢ HAR FHTH
P EERE YL AR 2 [ 2540, i T 32 BR T 24 i i R
00 AT AT T Y AR DX 3 N — X — B R LA
FWFse, AERE TR LB T 4c™ 5¢7,
Hi-c LB TCC AR, SRy Yoo A = 2i 5 1 5% 24 1
TR, 4C J2HF DNA R H2 B 32 AR 5 H
L5 PCR 5Wi#E47 )15 PCR, F50F H = My k47 40
15 BN e A BAE R ; 5C HORJZAE 3¢ il |
HET W0 e, 32 TR O Y AR v R S
[E45H) . T Hi-c 3R #ije—Fh7E 3C Sehl 1 &
JEE 11 v 20 00 e o R 4 R PR 4 ) 38 BB B AR )
FESEROR, B RN A E R TRAREE, A1k B

5 B .2018-12-31; &[5 H#.:2019-03-05.
E£WAH . HERARFAELTH (No.31160234) .

e A A B PR /e — e R bl LASOR
AE = A M R BRB T L 5 — 5T, AR T
iy 3C ATAEELAR , B Hi-c BRI E 1 4 L A
A EL S ) P A R I A — A s (R A
S ftt T RIRE A PN S R A R AT 5 AL e R
PEARGE A WEFEN 5T LS R A ) R A ) 7 I
AR LA B e L33t % v i LSS MR TR A
A Y ORI = 4R F X T 5 B L AT S H A
BRE S, RAE HRTHR o e (A i) 2 Z S5 A m] L
T BRI TS R R TR AR
FEL R AR BAR ; TH AR M R A R e AR A
R B AR = L5 B ORI T 3T 4k

EB R Akt I BIBER  BTFE D5 ) A )15 B2 E-mail : feng_jihua@ 126.com.



553 1

FYkte S LT Hi-c Ul pOmERE L GIR =425 M

183

FREENNENTTRIN A

SCHfE ) Duan 558 BI04 T B 55008 A
AR ARYEEERE 16 AU AR Hi-c B0 H T 5005
GEit oy AR A e S A b ) A R AR Ak Ak
ozl T EELE Y R = LS
1 g5k
FIIH Hi-c $ AR GRS 1Y 35 R 41 v 3l & Y o R 58
PRI 8 2 R AR AR AR N R R 2 5 [ 4
A 2 AR G 0 A — 2R 55 P38 ok SR IR i o )
TR EE 5PN Hi-e 80880 — LA B Hi-c 504 7%
A A I 8 2 R e 5 4 R — G AR AR A 2%
RoHraE, Hr | Lieberman-Aiden 55 AR5 X 4 8,4
AN R B A i e L DR 2 D R s T B A
TIHFOIPERTST , &I YL AR Fr B 1) i 4 fal g %

WA Fr Bz )25 8] ) B R R s b oG & BRIV ] B
22 3 D2 AT 3 (B A, 2 ) S 0 2 f 41 3 A
AN FE R AR T LR B B O R
Fi'F, >0
D, ={""" (1)
T oo, HoAth

(D), D, RFRERQ AR LR BLZ
[F) (308 ok 4 ) 25 (I BE (R, F, RORBERE gL iR
QNN S LGRS e
1.1 EEEFEM Hi-c HIES G REEE

TG, T B AR AR I B e R S R N
TP AR it , o3 B AT RERE 16 250 (1A 1Y Hi-c
B o A TG DU AT = LA, % e 2 e G IR 1 B A
FATER 535 5 il 8 AV & REGH TG,
PR A B UG $8 45 SSE, RMSE, R-square iz i
%) e ST A% PRI, o 2% 1 B PR B ) 400 8 b 4 SR
F 1R,

®1 16 ZFREERSHERR
Table 1 Fitting of 16 chromosomes

P ik Gaussian 1% PR %K SSE RMSE R-square
chrl Gaussian7 0.014 60 0.013 59 0.999 9
chr2 Gaussian8 0.044 60 0.024 22 0.999 8
chr3 Gaussian6 0.083 67 0.031 94 0.999 5
chr4 Gaussian6 0.178 20 0.046 61 0.999 6
chrs Gaussian8 0.063 94 0.029 01 0.999 7
chr6 Gaussian6 0.036 26 0.021 03 0.999 8
chr7 Gaussian8 0.013 94 0.013 54 0.999 9
chr8 Gaussian7 0.069 66 0.029 70 0.999 7
chr9 Gaussian5 0.114 70 0.036 73 0.999 4
chr10 Gaussian7 0.077 19 0.031 26 0.999 7
chrll Gaussian6 0.079 78 0.031 19 0.999 7
chrl2 Gaussian7 0.042 01 0.023 06 0.999 9
chrl3 Gaussian8 0.101 10 0.03647 0.999 7
chr14 Gaussian7 0.062 22 0.028 06 0.999 8
chrls Gaussian8 0.166 90 0.046 87 0.999 5
chrl6 Gaussian7 0.064 58 0.028 59 0.999 8
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Fig.1 Fitting map of distribution of chromosome Hi-c data
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Table 2 Parameters of yeast chromosome Hi-c data distribution model
Yefa ik n 1 2 3 4 5 6 7 8
a, 2.584 00 0.136 60 0.713 80 2.270 00 0.263 40 1.361 00 0.170 10 /
Chrl b, -0.047 81 -0.004 417  -0.084 74 0.010 22 0.328 50 0.129 80 0.554 00 /
c, 0.046 68 0.028 39 0.041 40 0.077 79 0.071 33 0.139 50 0.118 90 /
" -1.329 00 6.907 00 -14.990 00 0.257 80 -0.022 28 0.871 40 1.801 00 17.990 00
Chr2 n -0.103 50 -0.084 14 -0.039 26 0.004 12 -0.070 95 -0.051 57 0.000 291 3  —0.040 40
c, 0.098 32 0.024 67 0.026 49 0.019 29 0.004 019 0.310 90 0.108 80 0.028 28
" 5.027 00 3.475 00 3.858 00 0.287 90 1.191 00 0.219 40 /
Chr3 n -0.054 91 -0.014 60 0.079 87 0.036 27 0.076 01 0.236 20 / /
c, 0.030 14 0.038 95 0.024 37 0.027 17 0.091 18 0.299 50 / /
a, 18.010 00 33.550 00 0 1.506 00 0.745 60 2.258 00 / /
chr4 b, -0.086 25 -0.050 79 -0.016 72 -0.001 73 0.092 01 -0.019 14 / /
c, 0.015 07 0.005 481 0.000 656 0.054 69 0.158 10 0.009 90 / /
" 4.609 00 0.714 80 3.101 00 2.125 00 0.461 70 0.280 70 1.168 00 0.289 40
Chr5 " -0.059 92 -0.025 85 -0.085 76 -0.011 04 0.044 20 0.071 33 0.071 49 0.215 50
¢, 0.031 60 0.024 93 0.027 49 0.050 34 0.022 26 0.019 88 0.099 86 0.247 80
" 5.670 00 36.310 00 3.134 00 -36.310 00 3.312 00 0.257 00 / /
Chr6 . -0.068 88  —0.009 226 0.044 94 -0.004 862 0.050 81 0.223 50 / /
c, 0.040 54 0.064 13 0.044 30 0.069 90 0.094 92 0.365 30 / /
a, 37.610 00 7.107 00 0.179 00 3.009 00 -33.120 00 0.711 10 1.009 00 0.814 60
Chr7 " —-0.090 28 -0.076 39 0.292 50 0.021 80 -0.090 00 0.029 31 0.063 57 0.126 40
c, 0.021 74 0.030 16 0.165 40 0.048 12 0.022 89 0.024 37 0.037 62 0.072 40
a, 3.663 00 2.570 00 2.392 00 2.418 00 0.563 50 5.042x10° 0.200 30 /
Chr8 N -0.065 26 -0.040 29 -0.083 21 0.033 38 0.174 20 0.089 01 0.351 40 /
c, 0.030 20 0.041 53 0.025 62 0.087 36 0.074 70 0.000 95 0.146 80 /
a, 3.196 00 1.875 00 2.607 00 1.302 00 0.498 00 / / /
Chr9 b, -0.044 98 0.008 176 -0.077 96 0.071 34 0.190 50 / / /
c, 0.042 16 0.050 92 0.034 90 0.095 13 0.222 30 / / /
" 7.070 00 6.229 00 2.217 00 2.477 00 0.861 60 0.934 60 0.409 10 /
Chrl10 . -0.073 00 -0.091 79 -0.043 94 -0.019 28 0.036 15 0.080 43 0.154 20 /
c, 0.020 75 0.017 60 0.022 06 0.035 13 0.028 92 0.056 29 0.221 70 /
" 1.032 00 3.394 00 3.199 00 4.540 00 0.618 40 0.372 60 / /
Chrl1 . 0.085 24 -0.062 56 -0.020 49 -0.086 44 0.044 88 0.166 50 / /
c, 0.083 07 0.033 05 0.045 97 0.026 50 0.040 11 0.182 30 / /
a, 5.079 00 0.334 30 -41.300 00 0 1.966x 10" /
Chrl2 B -0.087 81 -0.076 83 -0.084 93 0.022 86 -0.096 29 -9.492 00 —-5.480 00 /
c, 0.011 57 0.020 82 0.066 10 0.018 79 0.074 05 0.246 50 1.098 00 /
a, 15.050 00 -19.130 00 0.708 70 4.386 00 0.250 30 22.190 00 230.600 00  —15.990 00
Chrl3 b, -0.089 07 -0.092 47 -0.026 57 -0.014 35 0.050 71 -0.089 06 -1.040 00 -0.106 80
c, 0.023 99 0.030 51 0.020 26 0.048 43 0.026 52 0.045 76 0.503 00 0.098 51
a, 4.384 00 5.024 00 2.214 00 -0.120 80 0.908 50 1.034 00 0.349 30 /
Chr14 b, -0.084 27 -0.061 02 -0.023 00 -0.130 50 0.018 52 0.073 63 0.183 90 /
c, 0.022 38 0.029 09 0.044 02 0.001 404 0.058 27 0.088 54 0.216 70 /
" 6.840 00 3.419 00 2.256 00 0.597 10 2.458 00 -0.217 00 1.13500
Chrl5 ,l -0.095 73 -0.079 43 -0.057 06 -0.014 46 0.059 60 -0.088 90 0.165 00 0.086 58
c, 0.015 51 0.019 14 0.028 23 0.045 69 0.021 39 0.001 572 0.037 91 0.137 70
a, 4.423 00 4.334 00 0.840 00 8.403 00 2.760 00 0.442 50 -5.894 00 /
Chrl6 n -0.091 25 -0.066 14 -0.008 09 -0.348 20 -0.077 04 0.047 17 -0.145 30 /
¢ 0.019 00 0.044 61 0.032 23 0.324 80 0.021 25 0.022 71 0.111 50 /




186 4 #H

& % %17 4

2 BRI

R T VAR G o A = A S5 A B Y A M FRAT
i H Pearson #H5& R %L ( PCC) | Spearman A& R %
(SCC) XS HAE R IEMFatr ., B P EIAL
RO B E R 4, o {d, ..., d, L B on AME, ST —
¥k | D,,...,D, | WH nAMH, 4 DPCC DSCC
ATDME DL AR TR

(1) FEES Pearson #H5¢ 2% (DPCC)

TSR

(d; = d)(D, = D)

i=1

DPCC =

(9)

S (4 -0Y (D, - D)’

Fot, d R D, FRE A BB A, n R
BB A%, d A1 D 4y B RIE B Y R, d =

1 & - 1 ¢
;;di ,D_;;Dio

(2) H5 Spearman #¢ R %L (DSCC)
TESLH

Y (X -0 - )

i=1

> (X -0 Y (Y, -v)

DSCC M2 7 A = 4 &5 #4 P58 30 18 1% FH 8L
. DSCC {HAE-1.0 1 1.0 Z[a] 284k, DSCC i #%
1, 3K A S R AR L

3 SLEaE R

DSCC =

(10)

HRPEIER: 16 FRYL AR 1) Hi-c B 27 55 1Y
O3 REL, 7R BLSERN A H AR Rk, SR 5 R R
TR A Y (K Hi-c 2035 bR ek Btk %
R, EARBY IR 2 000 W, TSR (B 1% B N
0.000 01, FERE 16 A% Y4 (oA H A ok 50 S5 th £ an ]
2 fR,

. ; i
Chrl Y84 il £%
——— Chr2 Y4
-200
Chr3 Y8k i 2k
—— Chr4 Y84
-400
Chr5 Y8k ih 2%
Chr6 Y8k 2k
-600 [
Chr7 Y84 gh 2%
Chr8 Y84 ih 2%
@ -800 :
s Chr9 Y8k i £k
o / Chrl0 Y8 ih 2k
o -1000 [
‘ Chrl 18 Hh 2%
Chr12 S il £k
41200 ~
—— Chrl3 Yxgih4
— Chrl4 sz
-1 400
— Chrl5 Ygiihgk
— Chrl6 Y giih4
-1600 |
-1 800 | | | 1 l 1 l 1 l
0 200 400 600 800 1000 1200 1400 1600 1800 2000
ACIRAL
B2 FEEE 16 &£k Hirm &

Fig.2 Convergence curve of 16 chromosome objective functions in yeast
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Table 3 Spearman and Pearson coefficients of 16 chromosomal structures

EXi0 Chrl  Chr2 Chi3 Chrd ChrS5 Chr6  Chr7  Chr8  Chr9  Chrl0 Chrll Chrl2  Chrl3 Chrl4 Chrl5 Chrl6

Spearman 0.961 5 0.997 1 0.972 9 0.998 0 0.994 0 0.965 2 0.997 9 0.995 7 0.992 4 0.995 0 0.996 3 0.996 9 0.996 8 0.997 1 0.998 0 0.998 1
Pearson 0.687 9 0.716 7 0.680 7 0.732°5 0.680 7 0.642 7 0.734 2 0.698 2 0.741 8 0.701 8 0.751 0 0.710 5 0.743 7 0.700 1 0.776 3 0.746 3
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Fig.3 Charts of 16 chromosomal structures
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