The 3rd Annual Conference of the Korean Society for Bioinformatics (KSBI2004)

LD-based tagSNP Selection System for Large-scale Haplotype

and Genotype Datasets

t]-8%] Haplotyped} Genotype®|o]Elo] th3 LD7]%ke]

tagSNP A& A|XH

Sang Jun Kim !, Sang Soo Yeo!, Sung Kwon Kim *

! School of Computer Science & Engineering, Chung -Ang University, Korea

“To whom correspondence should be addressed. E-mail: skkim@cau.ac.kr

Abstract

In the disease association study, the tagSNP selection problem is important at the view of time and ¢ ost.

We developed the new tagSNP selection system that has also facilities for the haplotype reconstruction

and missing data processing. In our system, we improved biological meanings using LD coefficients as

well as dynamic programming method. And our sys tem has capability of processing large -scale dataset,

such as the total SNPs on a chromosome. We have tested our system with various dataset from daly et al.,

patil et al., HapMap Project, artificial dataset, and so on.

Introduction

1 7Hhuman)oll Al VHERE T} A (variation)
2 aAe A RH(genome) oA AR
SNPell o3} vebdtin deld A1)
AANS SNPH iAol gk d#dATE
& gl ¢ 309972 FAHH= DNA
sequence s 27 A dCH W
22 A "o oY H&
THESNP (tagSNP)S A &3}
A dF7F Hojea it
71¥€9] Kui Zhang®] HapBlock[2]®} #2

e
=
AN
| Y

2 d7e @5 A BA7=AT
(R01-2003-000-11573-0) P 2.2 FAHANE.

279

o] uiH

- O

tagSNP Selection A| 2B &2 A4l
9O 2 tagSNPS selection 3| gkt

B =RdAe 7|E&e A4 AW
LD(Linkage Disequilibrium)& &3l A&
&A1 gnE Fosn v

T3 533 A= (complex disease) ] A9
chromosome @91 9] & SNPE°] Z3 =0
A=y 7]E9] Al 2B large-scale data
of g AHel7} E7lEsld chromosome &
A Jdve SEAFEWLES 9" dot Ay
Ak

2 =delA Agste Al&EE 703k )
¢ SNrel WEAME At Jhedia
genotype HIoJEle] wdk XX Haplotype

Jg(_:



4 ™ ™y

ct
LED Tel o Gl0|Ef 8. Genotype®i 2l 29
SE] threshold 2/ & Haplotype Reconstruction
N— U : Y
—_— , : |
Haplotype3® O[|0]E{ 2 8 H
[e] =2 plotypes
SNPUIOIEN #S § <= |" sample 4t SNP4 B0l
\. \
=y 5t == =22 A
tr =) = =
e F LI D A e MEIE S5 S0 SSEIHI0IS
371 At L Aot A
meddl | , )
o= us Common haplotype Al &t =2xsts Xel = 3 HE
=" = L y
' )
Dynamic programming 22|52 0|8
ZH =25 33
v &l M)
- EH 25 20llA Ml
TagSNP A€ ( A 2 Oll Al tagSNP

J8 0 AIAEIESE

reconstructions 8te] 7}5&}7] wfFol chro-  potential block®] FE A, AAFH

mosome 9] 8] FR {3 £ o] 7h5 3t potential block<™¢] A7 EF @Xé g o] &
< AAste dA ot

Methods £3] DALE §3 LD E5S vl o
2 dataoll E£3¥ missing datadl] i3ty F3

A| 2" T4 HE @z QA A7 Aol £FE.

Atshe Al&EE Tl R0l F 4

gAY A& AMA tagSNPE A HEHA 3g BEEE

A} ZE potential B-Fol 3ty EXg4 fle)

Z AlAts 39 1 & dynamic programmi-
&S 539 optimal blockES 4
o

dataF Ej9t 1L E 3} thresholdES ) Ashs @At
3z, YdEEE data®] sampleT 2} SNP
=

golsl= dAlolt). dataB E7} genotype 457 tagSNP 18]
£ phylogeny “HE[3]S $&% 3 ZAAHE  optimal blockE ZH-E
haplotype reconstruction@ 4|5 1A haplotype entropy WH-E ©]-83t tagSNPsE A9 3}

o2 F3 Fo 2vA|ZE dogtth £ wAlel
28, EEE o8 27] At D& ©]-§& LD blockAd
SNp<ol diste] BE AHS-9 EF AVE Linkage Disequilibrium(q¥ 239, LD)2

o

SA3soF st ol D} @ANS St AHET SN @A /A" FEFE

280



FE A Xxo|t}k. 9 2904 (a)= locus A
o locus B SNPS @71 fAHE ol
711 LD7} 9.2.7 recombination®] & oji}=]
et (v A$-= HE LD7F EA5HA
9k 01 recombination®] dojyteE HF-EQ A

S HolEn.

T = =
T

=

Locus A Locus B Locus A Locus B

CTAl Il ) A C

1A G[ )

CTal_ 1)
(a) (b)

O 1 o8

Bl 3t = locus A, locus B 27]2] SNP
ol A1 Major, MinerZ locus A%l A A9} a, locus
BolA B¢} bt HE WAt YHHE
X E haplotypeol] thaled locus A9} locus BH
ol 4] AB, Ab, aB, ab%] 79| frequencyE
Aakele] AA sampleT™ NOE
L}70]  Pap, Pay, Pap, PE 720

IH3AH

A a
B Ngg N,g
b Nap Moy
N
08 2 HEegsdkd gss

D = Pyp x Ppp — Pyp X Fop
D> Omin(PaB,PAb)
| D |max=

D<Omin(PAB,Pab)
| D'|=D/| D |max
A1 |D'|HY

LDAlF D& f19 FA1AH BFgE 3§t
€ D=0°]#} |D|°] thresholdZ 72

281

o %H Y W 4EYHoz 2

<]
A%t A5 T o

30

Rl

=
A=
T

)

%

Potential 55 24
3 W2 Dynamic program

7t 7

methodE Ab&38le] EE blockell ©idte 7l
e @k AW el NP A
A& 753 blockel Wig A& Fo F
A zasel Ao AL AN HEZ A
AT o] W H&7 Aol LDEFolT)
& atl

16-01 1121113111111

16~-01 1111131111111112

16-02 211111111311111

16~02 1111131111311111

16-03 2112411111111

16-03 1101111111111

21-01 211111111111

21-01 11111111111111

21-02 21111111111111

21-02 1;_1}.}_1111111111

1Dt calculate base on window method
(@) ID7 1Al
lifID’l < LD threshold
Blockendpoint

I a+l I

[ [»r}

{b) Blockendpoint tableZt&

|

Startpoint [0] €V : T O R O
Jo T |
™~ vt
Poszible block range
v
Endpoint [0] [11\ @[] L
‘a l | | ILastSNP I
{c) Blockendpoint table= HIEC 2
Startpoint table 3t Endpoint tableS &4
D& 3 Potential EEZF 21els
LDEEE &2 02 recombination®] A
ol ¥Eow 1 REE AME BA S
At 394 DRI BEEe b5d
blockEZ o] A & g1, o] HE& o]&
sto] Aelsiol ¥ BEe) #¥ FYUh 2



2290
=7 =2

249 A potential AAQste guEF
< Holx gt

A5 SNP a 9 SNP at+19 [D’|o] LD
threshold 2.0+ 2FE& o Blockendpoint tableol]
a7t AZEch ZE SNpel wiste] LDAA
o] ¥4y Blockendpoint tableZF-E A 4HE]
o] Startpoint®} Endpoint tablé®l]
blocke] Az Exo] 747} A7e] A},

Endpoint[x]¥ ul, Startpoint[0]%-E] Startpoint

potential

x]7FA19] B9-7F 242t potential E5-& ©]F
=3

o]#A AAE potential EZL AAAFL
2R F2x9E ANGFE Fole EHE
A A AT

SNP :SNP =

A LD Fe +=

B :ZELD H2H0l &8 SNP+

Diffrence= (B—A)(2SN11 —(B-A)+1)

#4] 2 Potential ST 22 MJI= AME X0
SRR

Ae BRI BARrE Al
dynamic programming ¥18&& F3td FH
29 tagSNPS ZtE EFo2 oA A
A dlo]E19] tagSNPFE AlAFsHA "k -
2|7} AlAl8le &2 < common haplotype
FE o)gete Wdd tie 4 33
.

o

single cormmon haplotypes® < (l-haplotype threshold)%ample number &

7 =540

=

common haplotype <

24 3 SHYLTO

[e]

21 g4 ZAL common haplotype©]

EAste A9t
thresholdZ A%+ SART T2

258 et 4

<
T

G450 haplotype

A5 A

oA A2} 717]

St BE=E
oFtT ==

282

o

A3 ARt A ek
haplotype®] BoiE AL HFEZL EF3

5738 2 Xer] gEolnh.

usoE

Py
1.

common

o] 8-3F tagSNP selection

EE UlolA common haplotype]

2 9 SNPoz HEA T

SNPES 97|t
[2]3[4]

EntropyE
tagSNP

[o)

nor

O

-
™

|

g

==

rr

i

Y I E T SRS | AP I

-0 AI- -0 0N 0001w

faa

1

ollooo|Frrllrr e >
>l el e eller e »le
Q0000 E>rorr2p
T TS SS
S SO NN=~N~- OO0
TR R TS
aolloaalzrr|rrre»|-
S B R BRI
P | N [ | I N

Slaallonallaaa onnnoﬂ

(b)
18 4 tagSNP2l A9

—_
i)

~—
—_

ad 594 BRo] @A 4714 SNPE
H] L 3f B 47}2] 9]
g Atk AT (o)
Hage | 47k

=

BT %5
haplotype .2 73| &
A7 270¢] SNP
o] common haplotypeS T3] ¥ = o)
12 H9E tagSNPE FE AEIS of
common haplotype s 25 743 o o]},
$-2]19] WA= tagSNPS A 3eHA A
5171 9138 Entropy'$#& AHE-3H3ATH
Entropy= 549X/ SNP(E)2E comm.-
on haplotype®] T-EHA= ¥{EE HE
o 29 69 (@% &2 54 =5 d
59 @AE B2 J¢ ZE SNpoE TE
i3t
entropyE T8¢ ¥, 1¥ 69 )AH EA

2]19] SNP(£)9 entropys AE=FFHEZ A

common

KX
=

&
standard

5]+ common haplotype®l

=TT 6



AF&te] standard entropyll 7+

¢

tlo alo

threshold a%°]4 Apol7F Y&
tagSNPE 3] 9]o] wpge uh

=
1 234

¢

SN0 N|l AN ]e 2
el rrrrrr|s &

OOQQQF PP »
g g P R
SN NNn-Ea-S-nnNnnnn
b e e S S

[cooaa][rrrrrrrr]|d
AEEE N e

(@) b)

02 5entropy A& 2102lE

tagSNP 2]
threshold a%°lWol <4 & W7}HA]
a2 w9 tagSNPF7F BT E59
2 AAHAY. Entropyc
Eia=y

FE entropy’} standard

SEU £F X NHE 22 28] LT n2l2] common haplotype
OllA i#1FH common haplotype@! frequency% ARt BtRE W

Entropy =— ZA <log,A4,

A
_I_é!

4 entropy &2l

© Missing Data®] o X

387k AHgsre

data= o1& missing dataE©o] X3E o] T}

22l & missing data®l] 2|3 YEIUYE G+
Aok =o)7] 98 LDZ o] &35t} &
b AR PelE DS At wAZ

A}, o] uWl missing SNP-S ASIH <%

o] SNPE st 3709] SNPEEZ D’

=

FrAbEE SNP
tagSNPO. 2 Q17 gt} tagSNPo] A = A
] 2] entropy®} standard entropy®] tagSNP
JIH=E

entropy2]
F7Hs 2
tagSNPS*
T2 49 o] A

haplotype data$} genotype

lo

283

Akt A ol 44 5% 2k
AND 4 gz A3 we AU
XS 7+= SNPLE missing datas WX 8l
o}
"__ ' !
| D'l= (Pypx| D'ly) + (Ppc x| D'l2)
Pos : 3 VIS ¥R SNPO| MajorJt LISTS 290 #3
Py : 5 ¥IH. Al P1RH SNPO| Major Dt LISt Z 0] 2t
1Dy : 34 R, & ¥R SNP2te| ID’]
ID'1,: S ¥R, AL ¥R SNPRIS) 1D']
4=l 5SNP 3OHY W [D'| Al&
Haplotype Reconstruction
PHASE Problem
Genotype data® 948 EZ+ 2719 oiH
97z 49 Atk 942 m=y] 9F

3l haplotype®] 73
o] 25NF 7}z °] o}

Possible
Haplotype

A-T-G
A-T-C
A-G-G
A-G-C
C-T-G
C-1-G
C-G-G
C-G-C

Genotype

Phase Problem
A/C-T/GG/C

18 6 Phase Problem

7}538 haplotype pairs SOl A ofd
haplotype pair’} %t A E i
A} phase problem®] 2+l gt} 98] pha-
se problem phylogeny A 2.2 | A3}3i).

g FE3

rr

Perfect Phylogeny Haplotype
Perfect Phylogeny Haplotype< 7} %} haplot-

ype pairs 71ES] FASHH WRet &
A @i ASLNE gFer HIE A
=3 "ot} 7bsA A& haplotypeE©]

phylogeny treedl] AX|EE A4S 23 89



A Bl
Phylogeny treedll YR & A|AA AAY +
9\1‘— o'T‘ TE 0137—-

odE %83} haplotype pairg A7 gttt

maximum likeliho-

Haplotype 0: common nuclectide

00000 1:rare nucleotide

01000 00000

01001

11000 01000

11100 01001

11110 [:> 11000
11100

11110
Phylogeny tree

12 7 Perfect Phylogeny Haplotype HE X%

Experiments and Results

H 23S o] tagSNPFE BRI T blockd®

7} Aol $-g WHoZ Z2 tagSNPo] Ak

97 PuRT E 2 blocko.2
v

o % 9t} oRe 9
the Ao 2lel7 gle,
CIRnAsiES #Block | #tagSNP Note
HANAHS
Zhang(2002)[2] | 2,575 | 3,582

Coverage 80%

BEHY2
MarSel v1.0 1,840 3,851
. LD threshold 0.8

*20 samples, 24,047SNPs Patil data A}-8-

H 2 Zhangdt MarSel v1.02 ZtHiW

MarSel HapBlock HaploBlock

#SNP v1.0 v3.0 Finder v0.7

#Block | #tagSNP | #Block | #tagSNP #Block #tagSNP

24,047] 1,840 | 3,851 [ 4,135} 9,754 | 3,453 7,826

100,000 7,761 | 16,228117,378{40,472| 14,303 | 33,138

120,000 9,226 [ 19,305 F3AEF 17,384 | 39,470

olr

700,000{54,329(113,591| 3 E 101,976 | 231,238

AF&87
o7 7t Fde A A (MarSel)2] AlsH7}
Z ¢]8} dynamic programming methodE ©]-§&
3} HapBlock v3.0[5]%} greedy methodE ©]-8-
%+ HaploBlockFinder v0.7[6]& AH&-3}31th
PRI A Ao
MarSel v1.0
P4 3.2GHz(HT)
HapBlock v3.0 512MB Windows XP
Xeon 550MHz(Dual)
HapBlockFinder v0.7
768MB Linux

E 1 agaz

091

AY data
B =AM AASE AT Patil data[7]
¢} 100,000SNPs, 120,000SNPs, 700,000SNPs<]

F datad o] &3te] HYF33UTh

43

¥ 2904 Kui Zhang 9] H4H3HA

r o]
oL
i
a

* Sample3==20 LD threshold=0.8 coverage=0.8 tagSNP threshold=0.9
** HapBlock-> LD thresholdth 419]| fraction of strong LD pairs 12 13

H 3 D Z2#2 dataX2l@ Hlw

¥ 33} I¥ 201A& MarSel, HapBlock™}
HaploBlockFinder] Ho|E] A 2] gFe] oigh 4
ga%s xoh agez sz Yok
HapBlock®] 73-$- 100,000SNPsell o]4+oll
A A7t Bre e, greedy methodS
A}8-3+  HaploBlockFinder7} 22  tagSNP9]
ko] & tagSNPS MarSelo] 23Tt
71€9 HAAEAQ i DS 283}
AEE A= 89 ol
diole] Aege] A7} A9
B 7MY & ATE AAES A9

=

o

4B




b o)} 2= o
A A & F AT
01 HapBlock BHaploBlockFinder  OMarSel |
250000
200000
<+
¢ 150000
4
2]
=1
8
ol
&3 100000
50000
o LMm—
24.047 100.000 120.000  700.000
212 SNP

27

% 8 Hln ZEIY & dataxicl@ Hliwl

Discussion
2]+ genotype data®} haplotype datas <
2o g WholA optimal tagSNP selectionS T
3t MarSel S 713ttt MarSel2 7]&
o] Wi 3= 22| D’|9 phylogeny methodE
A gt AETH nE F AT
g MarSeldl 948 7Fs3 SNPY F =
700,0007] o)A .2 M chromosome™t$] &l A
T ATE JhestAl "HAoh SRk opF
o7 W g iF HZFE FIA F

&= ol Rasteld Lk

Acknowledgements
2 d7e @5 A3AE 547297

(R01-2003-000-115730)A Y o2+ A S

References

[1]Xing Wang, "HIT: a Haplotype Inference
Testbed", CAPSL, 2003

[2] Kui Zhang, Minghua Deng, Ting Chen,

285

Michael S. Waterman, and Fengzhu Sun, A
For

PNAS,

Programming  Algorithm
Haplotype - Block
2002(99): 7335-7339

[3] Dan Gusfield.

Dynamic

Partitioning,

“Haplotyping as perfect

Conceptual  framework and

phylogeny:
efficient solutions (extended abstract)” In
of 6"
Conference on Computational Molecular

Biology (RECOMB2002), 2002

" Proceedings the International

[4] R.C.Lewontin, “The interaction of selection

linkage. L
heterotic models”, Genetics, Vol.49, pp.49-67,
1964

[5] http://hto-b.usc.edu/~msms/HapBlock

[6] http://cgi.uc.edu/cgi-bin/kzhang/HaploBlock

and General considerations;

Finder.cgi

[7] N. Patil et al., "Blocks of limited haplotype
diversity revealed by high-resolution scanning
of human chromosome 21," Science,

294:171923, 2001.



