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ABSTRACT

Human DNA sequence contains several kinds of genetic variation and the single
nucleotide polymorphism (SNP) that was found in highest frequency. Haplotype
consists of a collection of the SNPs. International HapMap Project used
high-throughput microarray chip technology to completely analyze human haplotype
map of the major ethnic groups, and revealed varied degrees of linkage disequilibrium
between SNPs. Therefore, to identify a representative group of SNPs just to detect a
large fragment of Haplotype information. The representation of the SNP is called Tag
SNPs.

The problem of selecting Tag SNPs.-was-proved to be a NP-hard problem, so
heuristic methods may be useful'to effectively solve. this problem. This study proposes a
Triobjective optimization to solve the problem of selecting Tag SNPs and to identify all
the minimum pattern of SNP Haplotype set. The past researches put emphasis on
improving the efficiency of solution finding method, but didn’t evaluate the distinctions
among optimal solutions. In order to obtain the three goals which are minimizing the
total amount of Tag SNPs, the dissimilarity of Haplotype and the diversity of Haplotype,
we combined the feature selection method with Intelligent Triobjective Genetic

Algorithm (ITOGA) to achieve the purpose of multi-objective optimization.

This study use ITOGA to search the global optimal solution, to optimize a large
number of parameters and has the ability to obtain the multiple non-dominated optimal
solutions quickly. Moreover we apply it in the problem of selecting Tag SNPs. The
characters of ITOGA are 1) minimizing the total amount of Tag SNPs, 2) maximizing
the dissimilarity of Haplotype, and 3) minimizing the diversity of Haplotype. The
proposed method can indeed choose small amount but influential Tag SNPs, It also can
improve SNPs coverage rate and avoid choosing the duplications of SNPs. Moreover,
compare the performances of ITOGA with existing NSGA-2 to verify the efficiency of
the proposed method.



The experiment was applied to select the vitamin D receptor gene Tag SNPs. In
977 SNPs, 50 important SNPs were reported in prior references. The results show that
18 SNPs selected by the ITOGA were the most significant group of Tag SNPs. The

three goals presented in this paper can find optimal solution more accurately.
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# % 2 @ ($4iE > Selection) £ *%53#42 % binary tournament selection $*:% !
Npop — Nps 18 % 4§ A+ X JKE §* R+ iE 1 Ng B 4 47 -
ERraEE e ? Nyo = Ny X Por F Npg > N> 14 Ny = N o

#2371 (£ » Crossover) %“ﬁf d Intelligent Gene Collector (IGC)i& 1% j&_
Npop X PAE A o & = IGC ¢ £d OA £ 2 %] (8l A +)
MAA L oA s L E A BF N4 r TE o

#H 2 (R > Mutation) {295 Py $ 5 B %338 (7 R #4841 -

# B~ (¥ 2k % 2> Termination Test) B3k © & &gk i 2 ¥ &k jF 8 >
B 2w Do e
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r ~ B

41 FHFHAE

5 Sy KR 5 FE E A Bl 4§ 4 2k (International HapMap Project)
PEE o dedk 49T o

i

% &

TJ,

-l
i

o 4 RIETH [8]
Released by HapMap Bulk data Perlegen

% ¢ M 35
A fE % + (CHB)
¥ B s (i ) 1034217~1034270
SNP & # 1032(722 useful SNPs)

#-53 B % B ek #1735 iF Haplotype inference(SDPHaplnfer 22 PHASE
SR8 [7, 31D FIE R 5 - B ARE e BRS04 & ¥ A F](major
allele) %% 5 0> X & ¥ =38 F](minor allele).ﬁﬁ'nﬁ% 1B 13 5 %BT 26
EoRigxdf] 4 3583 EAT P B aldcs 48 1 > SNPs
801032 B o (536 508 {5 ¢ 3] Haplotype ki v4E'L B -

S1 5 53 54 S5 S¢ 57 SS9 S10 Siom

ndividual, || [{lf[ll_/IHIINNNENR N
Individual, . .. . ‘

Individual, .. .. . .. .
- /ANEEEEEEE

|ndw.dua|43IIll. H_ NN

B 13 Haplotype # 3% 45 [§]
(Individual # -+ %8 ; S & -+ SNP)

Individual,
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SS Si‘ SS SQ SIO 51032

Individua, 0 1 1 0 1 1 1 1 1 1 1

Individual, 1 0 1 1 0 1 0 0 0 O 0
Haplotype Individual; 1 1 0 1 1 0 1 0 1 1 1
patterns o

Individual, o0 1 1 1 1 1 1 1 1 1 0

Individual,, 1 1 1 1 1 0 1 0 1 1 = 1

Bl 14 7 %78
(Individual % -+ %8 ; S % 57 SNP)

42 f1r FEAS P HRAFIREZPFREREL

e 4l SRFTREBBE  AFER T v B R SE ¥R IMOGA
21 NSGA2 ;w7 & 2 »T RE BB er1Tag SNPs 2 8 & 5 Bk Tk S p &
- %] it Tag SNPs > B f& =—:Tag SNPs % 455 & ~ i* » P #+= ! Haplotype
R A S L p e Haplotype s % $& #.8 /] it o

% 5 IMOGA £ NSGA2 fdicik 2
Sk &
$#% % 57 (Representation) = &4 % (GF & 7 iF)
¥ + /| (Population size) 200
2 fie & (Crossover) Pe=0.7
Bit-flip % % : Py =1/l
(¢ | &% &% % &7 SNPs 3 #)

% % % (Mutation)

% 1t i% ©# (Termination) 500 =x % &
3*= i g (Evaluation) 25000

dRISE P -2k 3% 5#% > § P #%- $35 > Tag SNPs f2
B p5> P #- Haplotype # 5% # SNP it 4 L4 € 3 4c> 72+ 5 £ > Tag SNPs
AL Ao ATeS B PR S A ApiBER o Tag SNPs f2 B & 32 /| >
Haplotype #t;' ® SNP i 4 FHL 74 & ¥ < o
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Obj1 vs. Obj2

¢ IMOGA K NSGA2

tolerance >
N w

©
*

0 2 4 6 8 10 12 14 16 18
Number of Tag SNPs &

B 15IMOGA £ NSGA2 9 5% $ > X #h 5 P $&— ~TagSNPs B#kc Y #h i
P #& -~ Tag SNPs 7 4%

B 16 P#—- 2 p =5 5% § P th= F5 > Tag SNPs f2 & pF >
Haplotype 3% 2. B B304 02 PF » & 22 %] 3 o iF 59 Tag SNPs » #71ie B
BT 3 4p 7R o0 Tag SNPs 2 & & ¥ /| > Haplotype T 35/% PP jE3 & 3 + o

Obj1 vs. Obj3

®IMOGA K NSGA2

e
~

Q
)

1 8

Average of Hamming distance =
o © o o
= (] w N

o

0 50 100 150 200 250 300 350 400 450 500
Number of Tag SNPs <«

B 16 IMOGA £ NSGA2 F Z+ &> X #h% P~ ~Tag SNPs B Y #h 3
B {&= ~ Haplotype T 32/ P jE31
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B 17 PH-2pe 3 5S8R P k- f& > Tag SNPs f# & pF >
Haplotype # 5 + (7SNP % B & = A 712 T frdck F B E A FIHR L
F e ﬂlﬁxé mTag SNPs » F]pt » Tag SNPs f# & & ¥ -] > Haplotype ¥ £

I

/ﬁﬂgﬁﬁdﬁi ﬁﬂ%bgzp £ 12/'\5_3??;&)“"
Obj1 vs. Ovj4
*IMOGA * NSGA2
0.035
\
g 003 —x
% 0025 *x
® 002 \":_ :
E 0015 | ® f%f
1] N
‘:':6 0.01 ‘ Xx Aorx
S ey
g 0.005 LS O AT v
'.\ /) f< < X
g L TR VPV ovey “we 6% ¢ o4
& 0 50 100 150 200 250 300

Number of Tag SNPs &

B 17 IMOGA ¥ NSGA2 7 St gieo X fh s Pt~ ~ Tag SNPs B #c > Y $h 5
A% 2 (~ Haplotype % £ /2 P fE3E

B 18 P - 22 p k=3 5 firRP 42 % Haplotype t:3% #» SNP it £ &
#17% 4> P 4% = Haplotype # 3% 2. ¥ 5 SNP i 2 1§ #4% + & & sh Haplotype
¥ 3 —Y;j‘}c.géﬁfygﬁé‘ S RS L N ;iug« » #4710 SNP e 7 45 chid g +
P P v & 4 5 7] Haplotype %34 ¢ SNP # gt 2. B eeidp 0 & o F]pt » SNP
e R E & % ~ > Haplotype T35/ P FEA & 3 + o
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Obj2 vs. Obj3

¢ IMOGA KNSGA2

o
~

7

%%
3
%
G
S
s
é
¢
4
$
f
¢
o

o
IS

o o
(o N

Average of Hamming distance -
o
>
>
X
. x
:
:
>
o
>
>
>

0 20 40 60 80 100 120
Tolerance =

B 18 IMOGA ¥ NSGA2 @ &%\ fie > X fh s P - ~Tag SNPs %45 > Y $h 5
B {&= - Haplotype T 32/ P jE3E

Bl19p - 22 p e 5 S@R P = 5 Haplotype ;% ¥ SNP #7345 >
P #% = Haplotype ;% (n SNP & B & # A F| T T fr> 4ok & B X 2L 7%
B+ o4k 5 SNP FRd# 4 - & R B Haplotype 3¢ f Tag SNPs e
%> #7020 SNP iy 7 45 5hid = f% 2 ALi%& ¥ Jg T Haplotype R 5% ¢ SNP &
Ak F 2 B enenT fmo FJpbo SNP 7 45 12 & % < > Haplotype % £ 8 P jE4
2F )
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Obj2 vs. Obj4

¢ IMOGA X NSGA2

o oo

Q

c

.E 0.015

ke

&

‘E o001

§

T YK XK

8 0.005 | KR X XX*_?Ki(%’ *o o0
o XK *

2 R ewen ae o0 W

o 0 - : . _ ‘
> 0 10 20 30 40 50 60 70

Tolerance =

B 19 IMOGA 2* NSGA2 ¥ ' # > X #hs B - ~TagSNPs 7 4 > Y #h 3
P &= - Haplotype % & /3 P’ JE3E

P2 p ke 5 5@ R4 P %= Haplotype #;' ¥ & {F4p i1 Tag
SNPs 4% % » P| ¢ @ ;2 45 4! Tag SNPs & i& ji# - 4t} & 3 SNP eh% = 3 F]4p i
MR $RMEF i K@ Tag SNPs 22 - # ¢ > Haplotype L 23
PR fE & & ¥ + > Haplotype % 2 2 LIRS & ¥ /] o

Obj3 vs. Obj4

¢ IMOGA X NSGA2

0.035 )g
0.03 %
X

0.025 -

0.02 - -
0.015 - g
0.01 - 3

0.005 - X y /

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Variance of Hamming distance &
(=]

Average of Hamming distance 2

Bl 20 IMOGA £ NSGA2 F % # X #h & P &= ~Haplotype T 32/ P? JE3E »
Y $#h 5 P {2 - Haplotype % 3 /3 PP JE3E
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43 BERE

IMOGA £2 NSGA2 -4+5 B B P HPE T bdp b 7™ T #c2 h2 R
730 =x 7 2% » 4] * % E P £ (coverage metric) [32] A BIFE F AF X

FHRATE R GfREE DR o E S 2T

B ikt Fefiz Ak A 55 4 fechiicp (12)
Beind 4k L e fi bk 4

c(A-B)=

C(A>B)=1%7%} B2 it fejapit3n AsiLpe C(A - B) =
O %7 F B ek fefadh Fit i 4L A S5 L Je o 30 X F S %
C(IMOGA, NSGA2)fr C(NSGA2, IMOGA) g #l % se3* + 4 * =1443] Bl (box plot)
B oo A48 3 BE 21 28 22 7 %D C(IMOGA, NSGA2)4%:i3+ 1 @
C(NSGA2, IMOGA)##:T %+ 0+ 4 77 NSGA2 17 4 % fie f# B 4% 41 IMOGA 33 &
fe > IMOGA #1% i fefiz % i % # NSGA2 33 & fic - IMOGA #f £ efiz
B & % %R NSGA2 3 4 -

1

R
09k ! | : I I il

08k -

07} L L .

06 L |

05}

04 |

03¢ -

02k -

01k -

0

Objlvs.Obj2  Objlvs.Obj3  Objlvs. Obj4  Obj2vs.Obj3  Obj2vs.Obj4  Obj3vs. Obj4
C{IMOGA, NSGAZ2)

B 21 44 B C(IMOGA, NSGA2) & % | &
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I ~22 % D<A T Tag SNPs HacE B2 fiy

*

51 %2 4% DSHWATIMHA

a4 % D % %8 (Vitamin D receptor ; VDR) /4™ 1% X %8 (nuclear receptors)4z
FOEITEIRL A TR L4 VDRs dume AT EF Y0 LR o
oA 'Wﬁe ~ w7 ’inlffﬁﬁ-‘fr'%"“fféﬁ-:%ﬁ o VDR %82 ke 3 4 oimie & (b > & B
BGE kMo - it T e 2 B imr s VDR A GE 1 i~ B 8L T
TS MR o R AT AR R A [33] 0 ATH A 6

2 6 2 ZDXHAL

. " . A Ensembl
AT LM & F e ] 4T
a4 2 DXH a4 % D3 % 12q13.11 ENSG0000011424

VDR: Vitamin D 1,25 # ¥ % %

dihydroxyvitamin D; %8 > i & E#

Receptor(NR111) P BB B
XH 2 RE
e AR

52 54 4 DEWAFRHFHRLE
F S By KR S RS H Y Bl 4 % 2k (International HapMap Project) >
Yok T AT e
# 7 HapMap3 Release #2 (Phase 3)

%7 % 12 5
A 7] “4 % D4 (VDR)
M- 46521589..46585081
A F8 & % (CEU)
EH A K 121
SNPs & #& 977

4.1 F & > % HapMap 7 #L ¢ ik F14]5 iE Haplotype inference
(SDPHaplnfer ¥2 PHASE #ic 88 [7, 31]) #8434 5 = 241508 FTH %m > 3
1 & % 4 F)(major allele) % #g 5 0 =x & X = & F](minor allele) ¥ 5 1 2
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P& PR EcE 121 B > SNPs B #c 977 B o

5% 7 L¢84 > S.Karami et al. [13]~J.B.Egan etal. [14] % J.Ahnetal. [12]
e;gw HIEL S F DRMAF L TagSNPs» 5 7 2 i e o v A1k
F|eh€ & Tag SNPs» #- S.Karami et al. ~J.B.Eganetal.# J.Ahnetal.)2 Ref.1 ~
Ref2 % Ref3 %% - {23 2 % 8 5 = j ¥ jpr ¥ “Tk F| £ & ¢ Tag SNPs > Tag
SNPs B #ci % F 70 % > Ref.l ~Ref2 2 £29~ 4 11 % > Ref.1 ~ Ref3 2 &
45 3% > Ref2~Ref3 w #3845 2 % > Ref.ll ~Ref2 Ref3 22 %73 2
o AEAFF 32 B

Ref.1

B 23 a2 % D XA T 4 Tag SNPs 2 &

Ref.1-Ref2~Ref3 > f ¢ 3 = & & ¢ Tag SNPs> 4 % &_rs11574026
22 rs1544410 ; 4 8 TR I iE = B = }F*J% v 97de FleE & Tag SNPs o

% 8 k¥ Tag SNPs 2 &

2 fr Tag SNPs rs#

Ref.1 ~ Ref.2 ~ Ref.3 % 2 rs11574026 ~ rs1544410

¥

Ref.l-Ref2 2 & 11 154760648 ~ rs2853564 ~
1s2254210 ~ rs2239186 ~
rs3819545 ~ rs2189480 ~
rs886441 ~ rs2239179 ~
rs2107301 ~ rs2239182 ~
rs11574077

Ref.l - Ref3 2 & 3 rs4516035 ~ rs731236 ~
rs10875695
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Ref.2 ~ Ref3 2 & 2 rs11574143 ~ rs7299460

Refl X2 & 13 rs10459228 ~ rs10783219 ~
rs11168292 ~ rs11574077 ~
rs11168287 ~ rs222857 ~
rs3782905 ~ rs12717991 ~
rs2239180 ~ rs2248098 -
rs2239185 ~ rs3847987 ~
rs12721364

Ref2 X 2 & 13 rs121721364 ~ rs7968585 ~
rs757343 ~ rs7967152 ~
rs2283342 ~ rs2239181 ~
rs1540339 ~ rs10735810 ~
rs2238136 ~ rs4328262 ~
rs4334089 ~ rs4237855 ~
rs3890733

Ref3 X2 & 6 rs11168293 ~ rs4760655 ~
rs4760658 ~ rs11568820 -
rs7310552 ~ rs7970314

% 9 7 fefHE T % PR SNP 20748 (rsID) 5 . _%iiéil?et’ #IEBPELED
Tag SNPs -

% 9F & @4 3 D44 T} 4 Tag SNPs

VDR Total Tag SNP

Analysis of SNPs and Haplotypesin 29 rs10459228
Vitamin D Pathway Genes and Renal rs4516035
Cancer Risk [13] rs10783219
(Ref.1) rs11168292
rs10875695
rs11574026
rs11574027
rs11168287
rs4760648
rs2853564
rs2254210
rs2228570
rs2239186
rs3782905
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Vitamin D related genes, seru

vitamin D concentrations at
prostate cancer risk [12]
(Ref.2)

| U

rs121721364
rs7968585
rs11574143
rs757343
rs1544410
rs7967152
rs11574077
rs2239182
rs2107301
rs2283342
rs2239181
rs1540339
rs2239179
rs886441
rs2189480
rs3819545
rs2239186
rs10735810
rs2254210
rs2238136
rs2853564
rs4760648
rs4328262
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53 &3 =

d 42 &8 p - B pik- 324 % 0 4} Huangetal. [8] #73& )
ST E i RE D IR Y T A F RN PV IMOGA 4e it R s
BRSPS PEFE 2RI RERE-B24 2 FET =

M-=zvnrdg=

PEAFIFE 2

P A FE 2 (ITOGA) S 428 » 3= fe A= 4o i » ¥— X F B A HE—- ~ P &=

2 pthe o

Start
N

Initialization

. 2

Profile generator

Evaluation

R

L

¥

Obj1

minimizo:e"S‘1 ”

Obj3

maximize H

Obj4

minimize Var(H)

General Pareto-based Scale-independent

Fitness Function (GPSIFF)

-

NO

Update Elite Gene Sets

W

Selection

R

Recombination

W

Mutation

@?J > 1 Npop
Ps
Pc
Pm

B 24 4

i
- %
/\~

7

¥

S el

=

& Gy B8
O

bt
B LN )

A
& % ¥

)

Pl

o

End
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T

E AL Fe iz i

%ﬂ]—— PR TR Y E 2 A i‘bﬁgi%m!é:%nﬁ—ér—f :

#HF— 1 (d 41 o Initialization)§t i A 2 A4t % FHCE Nyop B % 4
W2 a3 Bt AFEL - BEE; - BEE -

#H 2= 1 (3% 474> (@  Fitness Evaluation);* ¥ 5 ¥4 2304 ¢ 495 7
p 1@ S HciE o T ;ﬁd GPSIFF ~ fie# (54 & 41— BTG E o

Ha= Frig 4 A F1E & - Elite sets)#-A 4% £ fiz(non-dominated) 7%
5 %ﬁm@ NEGeE'  RiSFEE o S REY chvid 44 88
A & fe(dominated) s & §8 45 “,f o & Nperficg ~ *t | & 97K
THE o R REGED “Til;@féﬁﬂi"?/w\ °

#H Fw 1 (P4iE o Selection) A FFAL* binary tournament selection $*iE !
Npop — ps'ﬁ'/jll“g o T KER Pl psl$ﬂ35%§ﬂ/é—
fefregle o ® @ Nyo = Ny X P> % Ny > N B4 N, = Ng e

#2311 (€2 Crossover) ;ﬁ d Intelligent Gene Collector (IGC)i& i% j&_
Npop X P& % oo #28 IGC ¢ £d OA £ 2 %] (8 A )
4'7{&‘}';,{ﬁaﬁvi{bé W E A S N4 r TFE o

#H 2 (R Mutation) 1395 B, K B 22338 (7 R #4841 -

#H 2= (¥ b iF o Termination Test) 3K 3 i &% ok 5 & ¥ i2 b g

YT L

5.4 FEA = p EAFFE 2 K% VDRTag SNPs & i 2
k&

4% &80 p - B %3.1_: 3 % A %R % Tag SNPsiE B~ /| pF >
Haplotype #: ;% ¥ SNP il & FAL 3R> 7 € 3 4v > 4 F iF P~ Tag SNPs A% + pF >
REFHEDES gH5 0 F 2 ’lﬁg"ﬁx © e Tag SNPs » #7% & e 45 B4 €
A% kA% o] o

#H > NEZBPIEETT NI T TagSNPs ek i3 f3 8 & » 2 5 E P
-~ PRz 2 PR o5 d FFEA 2 P RAFIF E (ITOGA)Z2 7 17 Tag SNPs
Bdjal e F25 5= P 5 H o P - x5 Tag SNPs chsicp - ¥
|5 B = y $h 5 Haplotype L3528 P jE&E » % < ; B 2 z $h 5 Haplotype
RREFPIEY > H ) o7 ¢ BEINA L Pareto B iFfRE L A F o
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Three objective (obj1 vs. obj2 vs. obj3)

Variacne of Hamming distance

0.55

0s 300

i i 045
Average of Hamming distance 100 Number of Tag SNPs

Bl 25 FEA = AL FF L 2R % 3D ¥ 5 B

278 d e Tag SNPs i B2 % 14315516~17~18~20~24~28 >
4o 10 7] d13E B~ 3] e Tag SNPS & & 5 AL88 F A|$% 4 5 Tag SNPs & 3 f# & >
W14 fR R G b iE f2 B AP {rs4760648 +rs2853564 +rs2254210 ~rs12717991

s00

0.03

0.025

0.02

0.015

0.Mm

0.005

rs2239179 »rs11574143 ~rs757343~rs1544410 ~rs11574143 ~rs731236 ~rs1544410 -

rs11574026 - rs10875695 - rs7299460} » &2 52 & & ¢ < }I%v’ #FenE £ Tag
SNPs> 553 vt #4178 #1718 2 enTag SNPs 1sID % & = ),;Je ® #73% $| e Tag SNPs;
ARz P B EERT > AP e [TOGA = p s N
U5 P TagSNPs & iz f2 8 & -

B 26 % ITOGA #78 §| £ Tag SNPs 42+ = #ic 542+ 15 ¥ B~ | t Tag SNPs
B AfRE LY BT ¥ 14chf2 8 £ hTag SNPs I IRAF F b B B 5 £ & o
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% 10ITOGA B4 % D % 484 7] Tag SNPs % 4 j2 & &

Selection Tag
SNPs (ITOGA)

Tag SNPs

14

15

16

17

18

20

24

28

41

rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36
rs4700648,rs28535645rs22542105rs12717991,rs2239179,rs115741
43,rs75734 31815444 10;vs41574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238

136
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740

26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480

rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480,rs4328262,rs381
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43

45

56

58

9545,rs10735810,rs7299460,rs11168292,1rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,1rs2254210,rs4328262,rs4760648

rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480,rs4328262,rs381
9545,rs10735810,rs7299460,rs11168292,1rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,rs2254210,rs4328262,rs4760648,rs2

238136,rs2239179
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,1s757343,rs1544410,rs11574143, ,rs1544410,rs115740

26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480,rs4328262,rs381
9545,rs10735810,rs7299460,rs11168292,1rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,rs2254210,rs4328262,rs4760648,rs2
238136,rs2239179,rs3819545,rs2283342
rs47600648,1s2853564187254210rs12717991,rs2239179,rs115741
43,rs757343,1s1544410,rs11574143, ,rs1544410,rs115740
26,rs 1087569518 /299460:xs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,1rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1s2239179,rs10875693,rs2189480,rs4328262,rs381
9545,rs10735810,rs7299460,rs11168292,1rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,rs2254210,rs4328262,rs4760648,rs2
238136,rs2239179,rs3819545,rs2283342,rs7299460,rs2239186,rs1
1574077,rs10875693,rs1540339,rs2107301,rs2853564,rs4237855,r
s2189480,rs10735810,rs11168275
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,1s757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480,rs4328262,rs381
9545,rs10735810,rs7299460,rs11168292,1rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,rs2254210,rs4328262,rs4760648,rs2
238136,rs2239179,rs3819545,rs2283342,1s7299460,rs2239186,rs1
1574077,rs10875693,rs1540339,rs2107301,rs2853564,rs4237855,r
s2189480,rs10735810,rs11168275,rs10459228,rs10783219
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62

63

64

78

rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480,rs4328262,rs381
9545,rs10735810,rs7299460,rs11168292,rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,rs2254210,rs4328262,rs4760648,rs2
238136,rs2239179,rs3819545,rs2283342,rs7299460,rs2239186,rs1
1574077,rs10875693,rs1540339,rs2107301,rs2853564,rs4237855,r
s2189480,rs10735810,rs11168275,rs10459228,rs10783219,rs1116
8287,rs2228570,rs3782905,rs12717991
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,1s757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480,rs4328262,rs381
9545,rs10735810,rs7299460,rs11168292,1rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,rs2254210,rs4328262,rs4760648,rs2
238136,rs2239179,rs3819545,rs2283342,1s7299460,rs2239186,rs1
1574077,rs10875693,rs1540339,rs2107301,rs2853564,rs4237855,r
s2189480,rs10735810,rs11168275,rs10459228,rs10783219,rs1116
8287,rs2228570,rs3782905,rs12717991,rs2239180
rs4760643718285356482264210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480,rs4328262,rs381
9545,rs10735810,rs7299460,rs11168292,1rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,rs2254210,rs4328262,rs4760648,rs2
238136,rs2239179,rs3819545,rs2283342,rs7299460,rs2239186,rs1
1574077,rs10875693,rs1540339,rs2107301,rs2853564,rs4237855,r
s2189480,rs10735810,rs11168275,rs10459228,rs10783219,rs1116
8287,rs2228570,rs3782905,rs12717991,rs2239180,rs2248098
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,1rs2239179,rs10875693,rs2189480,rs4328262,rs381
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92

9545,rs10735810,rs7299460,rs11168292,rs757343,rs10875695,rs1
1574027,rs731236,rs2239182,rs2254210,rs4328262,rs4760648,rs2
238136,rs2239179,rs3819545,rs2283342,rs7299460,1s2239186,1s1
1574077,rs10875693,rs1540339,rs2107301,rs2853564,1rs4237855,r
$2189480,rs10735810,rs11168275,rs10459228,rs10783219,rs1116
8287,rs2228570,rs3782905,rs12717991,rs2239180,rs2248098,rs22
39185,rs3847987,rs12721364,rs121721364,rs7968585,rs7967152,r
$2239181,rs4334089,rs11168293,rs4760655,rs4760658,rs1156882
0,rs7310552, rs7970314
rs4760648,rs2853564,rs2254210,rs12717991,rs2239179,rs115741
43,rs757343,rs1544410,rs11574143, ,rs1544410,rs115740
26,rs10875695,rs7299460,rs4516035,rs3890733,rs7136534,rs7312
36,rs1540339,rs2107301,rs2239182,rs11168275,rs4760648,rs2238
136,rs4237855,rs2239179,rs10875693,rs2189480,rs4328262,rs381
9545,rs10735810,rs7299460,rs11168292,rs757343,rs10875695,rs1
1574027,rs731236,1s2239182,rs2254210,rs4328262,rs4760648,rs2
238136,rs2239179,rs3819545,rs2283342,rs7299460,rs2239186,1rs1
1574077 ,1s10875693,1rs1540339,rs2107301,rs2853564,1rs4237855,r
$2189480,rs10735810,1rs11168275,rs10459228,rs10783219,rs1116
8287,1s2228570,rs3782905,rs12717991,rs2239180,rs2248098,rs22
39185,rs3847987,rs12721364,18121721364,rs7968585,rs7967152,r
$2239181,rs4334089,rs11168293,rs4760655,rs4760658,rs1156882
0,rs7310552,rs7970314,rs739837,rs7136534,rs2853559,rs1116826
6,rs2239184,rs11574114,rs6580642,rs7954412,rs11574049,rs1157
4029,rs11574038,rs11574032,rs11574015,rs11574048

43



The frequency of Tag SNPs
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