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Abstract

Summary: The analysis of human genetic variation is one of the key issues for the understanding of the
different drug response among individuals and many programs are developed for this purpose. However,
current publicly available programs have so many limitations such as time complexity problem for the
analysis of large amount of alleles or SNPs, difficult manipulation for installation, data import, and usage,
and low-quality visual output.

Here we present workbench for SNP anlaysis, SNPAnalyzer. SNPAnalyzer consists of 3 main modules: 1)
Hardy-Weinberg Equilibrium, 2) Haplotype Estimation, and 3) Linkage Disequilibrium. Each module has
several different widely-used algorithms for the extensive analysis and can handle large amount of alleles
and SNPs with simple format. Analysis results are displayed in user-friendly formats such as table, graph
and map. SNPAnalyzer is developed using C and C++ and users can easily access through web-interface.
Availability: SNPAnalyzer can be freely implemented at http://www.istech.info/istech/board/

login_form.jsp
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AZF FAA Heloh I fAE Avs  wI, 4 Tzame o @upRwe B4y
o ol &He ZEaYe dA ®el U duEEFs FHEsn v mEd Mz o
Atk EH 2% (Terwilliger and Ott, 1994; 2 U3 E7re] ulm, BAMo] oy}l E
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#<l SNPAnalyzer E 7§
3}tk SNPAnalyzer = 49 dlojg] 32ag
AYH ez 2 E genotype N HlolE
43t Ag FAsAl she] oy WP
ol AL Ao QA shel ALY WYL
Zdl AlZAt}. Haplotype estimation & 3|4
This work is supported by Ministry of Science ¥ Clark’s algorithm (Clark, 1990) 3} EM-
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based algorithm (Excoffier and Slatkin, 1995),
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Gibbs sampling-based algorithm (Stephens et al.,
2001; Niu et al., 2002) & A|7}x] ¢ &E&
gt Z+ duES I3 s A
€ ¥, E4% 5 3A 3o Linkage
disequilibrium £3& $3l4= D, D, D', A,
A? 9] 57}7] index (Hill and Robertson, 1968;
Hill and Weir, 1994; Lewontin, 1964; Devlin and
Risch, 1995) &} Fisther’s Exact P-value & ©]
43} 21, four gamete test AT B 83}
et =3, GAe A A8 JHsskA
3 ¥4 A%E 9 2= JdHz Ug
Wl @il setd 4 WA = 5 AE

Methods

Data

4L $3 dlolEl= traditional serological
alleles 7} molecular (SNP) #oA Aolg
human HLA region 2] haplotype H°|E]& ©]
£33t 12 B4 o] &8 deolHE
dnsta gk o] do]ElE= NCBI ¢
dbSNP oA F-3}%1.2.1, United States W]l A
AYAE A2 African American, Asian
American, Caucasian, Latin American, Native
American 9] 57]9] ethnic group &2 FE3
% haplotyping 3 Z3jo|t} B AFAME
African American ¥} Asian American ¢ ¥ 3
g2 dder BEAsgid 4 Jue 77
24, 25 749l JHFulolHZ FAF o] glon,
Zt PSS R B, A 3 oz T4
o ot & AFME 71EH S 1A
#E B4 EE ol&Egiyl wWEd
African American &2 7219 7§21, Asian
American J&2 7589 Jidez FAH

M2 £ Tl Fdoezr Hu &4
3l th. Haplotype < RE FdelA Fdst
A 31702 SNP 2 o]Fo]A 3t Y,
7} A dAdos SNP §4 MEE I
3t 3 biallelic 3+ SNP S diAo 2 3ty
haplotype & AA3en, AAH
haplotype & ol&3] 2 JAEE TAsI=
MANE2] genotype = TFASSATE ol & A
T4 genotype <+ haplotype
algorithme &3] Y22 haplotype 9 A4
3} s E A3t} AA haplotype T2 H]
taict.

estimation

]
=0

Vi

¥ 1. Ethnic group ¥ sample % ethnic group
haplotype & Aol AL SNP i

Ethnic Group Afr Asi
Sample 4= 72 75
SNP 74~ 22 22

Note: Afr & African American, Asi © Asian American <

#7} ojv| g},

Development Environment

SNPAnalyzer = <7|WtollA] A== SNP
B4 T2 a3 o|t}, Microsoft Windows 98 ©]
el &4 AA et Explorer 6.0 ©]°39] §] B2
A7 EAE pe A HHom Hiyd
T}. SNPAnalyzer & ¥12&2 C CH &
o] g3} s|3tth. SNPAnalyzer & A3}
7l e s 200 AL AA F
YAy dgstds I b wow
"ot AA 23 A3 Al8x7E A3
Hdg e pe oA ActiveX & o8&
& Aao] "Hck 23 12 SNPAnalyzer 9
At yiE 74 ZES vEz
1=
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Hardy-Weinberg Equilibrium
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Aq7]1A, 0i & i¥MA genotype 9] #ZH Wl
Lol Ei £ 7Itjxe|th HWE 7t A §3t7]
A% 2= e TS AE Utk 1)
RAE G LARAClleE B 2)
d& F gtk 3) ol o]Fo
RXs T %’iq‘. 4) dPFHzE Ade] A 1
A wet Eels|ojop gt 5) rdigte
AR TEFEe] 37171 dids] & o
of dalAw AFst 6) MATAE A
o] Z-g3kA SNPAnalyzer <+
genotype H|o|ElS] EE SNP o o] HWE
g FA H2ES Zo y? #F povalue

2e dol Fejz udzo

o).
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Haplotype Estimation
28E B3 waAe e Yubyez &t

A (haploid) 7} ob'd <=4l (diploid) A<
KB genotype Hl°|El o]t} Genotype H|©]
El¢] & phase o] ™3 Hr7F g7 =&,
A o] EX3= haplotype A9 1.9}
haplotype =¥ #FHE3 FAZHY WHez
A (estimation) 3 4 ¥ro] fich o]y &
haplotype estimation o A&-E+&= gdm2]EFo
2 Clark’s algorithm, EM-based algorithm,
Gibbs sampling-based algorithm %] Ut} £
AF) A= Clark’s algorithm ¥ EM-based
algorithm, Gibbs sampling-based algorithm <
25 H83l9  genotype THIOJHEPH
haplotype A2 NEE FA}R 1, FHL
Zstel AA haplotype HlolEI%te] H|WE
Tl EHY AYFEE X3 it

Clark’s Algorithm
Clark’s algorithm (Clark, 1990)
e Agae] e FAE

rule-based

N

“haplotype & 3t a2 A7A syt

£ et F, BE site 7} homozygous
& 71 genotype E& H S F 7} sample
o}t haplotype & T8t olRA FAH
haplotype 9 W®WEFE g  sampled
haplotype 7/43& #13] o] &3t Hhyelt
Clark’s algorithm < U3 E|&F

3t Z+ sample 9t} haplotype & AFAE
g Aok FHel sUAR site 7}
homozygous 3tAY @ 1709 site T
3l haplotype < 2.3k f19]
S8A3] FAAYE sample ©] U= A
Fole ALe #7F qlvh. = heterozygous

(o] =%
3E fxnds BB

heterozygous

0) =
PA

3k site
haplotype & TAE 4 ¢l& sample ©] A
Attt dukA o g Clark’s
A& EM-based



algorithm ©]1} Gibbs sampling-based algorithm
o HlsiMeE BT Holxle Gl 3l

o}

EM-based Algorithm
EM-based algorithm (Excoffier and Slatkin,
1995) & likelihood-based H4]-& o]&-3}te]
Aol EIE 3= haplotype &) HIEE %
s wow dgZo] nudy Hd:
M Ao AFgEx AT wepAR A
ol &4 71538 EE haplotype °f thdt
HEE FAsE ol7] wWE FFH
£ wet BAE 4 AUe SNP F9
7 vl AgHe A FhE
EH T2 7% (Terwilliger and Ott, 1994; Ott,
2003) o 79 1071 °]3te] SNP & 7IA&
genotype BIoJE{qF £ 7}53lt), EM-based
o33 -2 E-sstep ZF M-step
9] F7HA] FAHLR o] Fr}:
1. E-step: Expectation formulation of Q,
0(0,0") = Ellog p(1 Z,Y) | 6", Y]
Y : observed data

Z :unobserved data

F{E 0.1.4

i

U

sample

algorithm &

@ : parameter concerned with Y.
2. M-step: Maximization of function Q,
maximizatin of Q with respect to 6.

Gibbs Sampling-based Algorithm

Gibbs sampling-based algorithm (Stephens et al.,
2001; 2002) & YFS MCMC
(Markov Chain Monte Carlo) &xg]&oa =
AF FEFEYL W o] &3t
Zt 7H19] haplotype & A3k, AFA
E haplotype 9] AFEE FAs= ol
t}. ol Stephens et al. (2001) ©| A|A| s
PGS (Pseudo Gibbs Sampler) & 18] & 0]t}

Niu et al,

- sampling &

1. Choose an individual, i, uniformly and at
random from all ambiguous individuals (i.e.,
individuals with more than one possible haplotype
reconstruction).

2. Sample H I.(m) from Pr(H, | G, H E’:) ), where
H (? is
individual i.

3. Set H}”‘)

the set of haplotypes excluding

= Hj(.') for j=1,...,n, j#i.
A71M, G €
ojx, H, & i¥A sample ] haplotype ©]
t}. Gibbs sampling & &3 TZaWF9
3}1}Ql Haplotyper (Niu et al., 2002) = Clarks’
algorithm ©]4} EM-based algorithm ¥} ©]x &
o A SHAAM A2 F3 10070
o]e] SNP £4°] 7hsdithe el sl
WHE sampling & 37] wEel AAbA
ol =t @] Utk

FMEe] s SNP B4 Zzagse o
& 9HE haplotype 4% 3 genotype
el zt Zzael A oA ¥¥
A AT ok gttke Aot A dlolg

2E sample £9] genotype

A gt

e FHFe BUHEd Z2age] "Wasi

£ EAEH U2 AR ME FRZEY
Wgto] Wasty] e AbEA SHqAE
Axtel Mo HA7F ¥vhe @Fe] Ao
SNPAnalyzer & Clark’s algorithm, EM-based
algorithm, Gibbs sampling-based algorithm A7}
AZE 2] interface oA EF T3}
At w2t EU3 genotype HlolE e Z+
dnEFE HLH Ut 4 ARE A=
v 24 8 4 uke FHol o =3,
4 2345 vz MIA3RE F8std 2
3 s o] goldtAl st} olytell, AFA
F haplotype X & 3|2EOHOE FHF
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haplotype 7te] RHIEXE HA Lol £
A 3F3lev] phylogenetic tree & ©]-&3}e]
AT haplotype B+ Mzlol& Al
Hog wetdty] H4A Fok. Y 2+
SNPAnalyzer & ©|£3F9  haplotype
estimation & 331& we ¥4 AT 390

1Y 2. SNPAnalyzer 2 haplotype estimation 3+ 23}, 22
Mol sNP 22 AALlE haplotype < 7FAE African
American 72 W& U442  Gibbs sampling-based
algorithm & A &% Zdeldt. 1Y 4% F4d
haplotype M 23 £X& Yehdy 228%& 129 &7
o tish ATAE haplotype M H5E L ebd
ot olel®:  Ia#lZi =AY haplotype E3HY
phylogenetic tree & M o]F1 Qlch

Linkage Disequilibrium

3lte] chromosome ‘3ol YA 3 F loci 3F

o #HF AFFAE F oloci 7HY
recombination fraction & ©]&3le =3 :l’q'
(Wu and Zeng, 2001). SNPAnalyzer = ¥z &

o] o] &= 1 Q)& linkage disequilibrium index
% 5709 index (D, D’, D7}, A, AY) & o]-&3}
o FHF AHBJAE YA B 2

biallelic 3+ SF7lel loci 2 TAAIE
haplotype Wlxzo] g FEH Ydas
Hehllz glon, oL o]&3td Fi

loci o] &A}3l+ linkage disequilibrium & &

g w7t o okdllE B 28 o] &3A

A2+ linkage disequilibrium index ] o]tk
(Devlin and Risch, 1995).

D =(7y =TTy ST Ty — ATy
D
- D>0
D, _ mln(nl+”+2'ﬂ¢l7[2+)
D
- D<0
min (nl+”+l'n+27t2#)
D
A =

1/2
(”l+”2+”+1”+2)

SNPAnalyzer & ©|& index ¢ TE9
Fisher’s Exact P-value ¢} four gamete test 2 3}
E ANzt o2 ¥4 Aete] wlwrt 7t
TotA 3tk 2% 32 loci €39 linkage
disequilibrium &% ZA3E Jehds 9lch

X 2. Haplotype ¥ markerallele Q1= 2] 2x2 ®o] &

Marker Locus 2
Allele Allelel | Allele2 Total
Locus 1 Allele 1 b M2 T
Allele 2 Ty T2 T+
Total %) T2 1

T vy

wuten b xsste {7

il vaetwe

Moy Tisevron Rorh

Locwt

2t i 2
13 3. Linkage disequilibrium Z 3}, Z} index ¢} Fisher’s
Exact P-value, 7}o]AlF HAE ZAE eolE FHao
2 Uit 3d oldle  dERy
disequilibrium mapping ¥} four gamete test A#}Z L}e}
ot

linkage



Results

Hardy-Weinberg Equilibrium

¥ 32 African American, Asian American /%
2] biallelic 3+ SNP o] t]&] SNPAnalyzer &
o] 43 HWE Hl=EE ¥ A3} F 4+E
HAF ik F Qb H& SHE E F
o] p-value 7} 005 o]3d  AF}olot.
1s2308479 ¢} 152308484 ol ME FFES
0.052 F3tS ul, African American & 7%

p-value 7} 0.004 ©|2& HWE 7} A 93=]
k89 < 4= glth Asian American o] A%
dE 152308673 A HWE 7} A H&=] &
on 0.029 o]t} o]ite] A=
#F SNP oA FHH ®ol7t d&s F4
& den Ze 929 sNP 9
allele 33 2¥7F 5 AgoA Aolg}
¢ F Aok o2 $1A9 SNP 9 F5-e
B p-value 7} 0.05 o]A4+S Hlth

p-value &

E3E

¥ 3.HWE H2E A3z

Ethnic Group
SNP No ID Afr Asi
21 rs2308479 0.004 0.607
22 152308484 0.004 0.607
25 rs2308673 0.97 0.029

Note: ID £ NCBISNP Cluster ID & ¢} wu]$tc},

Haplotype Estimation

African American 3} Asian American & 7] 9]
Akl thelA] Clark’s algorithm, EM-based
algorithm, Gibbs sampling-based algorithm &
283} haplotype estimation & 3}HtTh E
4= FIle] A F African American ol
thaiA haplotype estimation ¥ ZAIE e}
W32 21t} Gibbs sampling-based algorithm 3%}
EM-based algorithm 2.2 F3A3 A3 F 3

o 2% Z 15709 AA haplotype oA 14
Me] & & haplotype & FA3I5 e, A
A haplotype W1E9 FAH Hzeto] Abo]
g ax gskoh =23 FJds FAS
Zt 7§ele] haplotype & ®]W3IE
Ag 25 2 @7 Ao & HAAE
gk v, Clark’s algorithm 2 Affican
American, Asian American & F gl o3
Z+ 370, 2 7§9] haplotype & HE FAHIS
o0} AA haplotype R1ZES} F4 W
Aoz thE T fagFel vl

At Ags FAse 2z

haplotype &= African American 2| 73
167, Asian American 9] 7 $-d&= 229

e M

il
'S
[

=
=2

N
==
re
o ¥

T,

o
2

tlo
fob oL i

o

5 A3tk Haplotype estimation 2

58 £33 ) 94 9o 2 T}
2 WFEE 13t} (Stephens et al., 2001).

1. A4S FAHste 72 7199 haplotype
reconstruction (Clark, 1990).

2. A o] X3 haplotype BE
(Excoffier and Slatkin, 1995).

%7

A

o)

AWF HFE errorrate 2.2 AHAEF F2
3l dte=d, A W AA sample 7o diF
haplotype ©] ZE ATAE sample 9] H)
& Yl FAH. FHA HEE
discrepancy = JTW el A haplotype Rl
X9 FAE haplotype W1E9}e] zlolE U}
EhAc}, ol@lE discrepancy & T8t 4 9]
=3

==

D=231F,- 1.

Nk 9 4%

f, € 44

=

frequency

471A,
haplotype

sample

o1

haplotype frequency ©]1T} (Stephens et al., 2001).
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I 4.NCBIdbSNP 2| African American72 & Tl A A haplotype 812} 2 haplotype HI L
Haplotype dbSNP Gibbs EM Clark
No freq freq correct freq correct freq correct
1 0.215 0.229 Y 0.222 Y 0.132 Y
2 0.174 0.16 Y 0.167 Y 0.257 Y
3 0.08 0.09 Y 0.09 Y 0.069 Y
4 0.09 0.09 Y 0.091 Y 0.083 Y
5 0.09 0.09 Y 0.09 Y 0.0 Y
6 0.083 0.083 Y 0.083 Y 0.069 Y
7 0.069 0.069 Y 0.067 Y 0.042 Y
8 0.049 0.049 Y 0.048 Y 0.042 Y
9 0.042 0.042 Y 0.041 Y 0.035 Y
10 0.028 0.028 Y 0.028 Y 0.007 Y
1 0.021 0.021 Y 0.019 Y 0.014 Y
12 0.014 0.014 Y 0.013 Y - N
13 0.014 0.014 Y 0.014 Y 0.014 Y
14 0.014 - N - N - N
15 0.007 0.007 Y 0.007 Y - N

Note: Haplotype No = A | haplotype 0] THal YTHIZE mj7!
= EM-based algorithm, Clark = Clark's algorithm
M, correct & 4 A haplotype O]

3
2%

I 22oil Sle

=
=
o

=
jn

D:l n Y",

¥ 55 African American ¥} Asian American
5+ kel dlE]A haplotype estimation 3+ 2
Hsh AA dolEstel AREE HnH

2

ol

o]t} Gibbs sampling-based algorithm 3} EM-
based algorithm 2] 7 -$-of== AER 3} DIS T
7HA 25 0.04 WRES YERD Sl o)A
< 2 A haplotype 3} %% haplotype A}°]
o ¥ Aozt flegd v|dd. agxT
Clark’s algorithm 2. = haplotype estimation
¥ 79l AER, DIS 25 0.15 ©]49]
& Hola 919 haplotype estimation 2]
=7 UnA T g3 Fe] vlE] doil
Oz & 5 o

Zlo]th Gibbs = Gibbs sampling-based algorithm, EM

18T} freq = JA| ATl ISE haplotype HIEE <015}

E 5. Haplotype estimation 2] &=

“N" 2 UepATh

Ethnic
Afr Asi
Group
Error AER DIS AER DIS
Gibbs 0.021 | 0.028 | 0.017 | 0.027
EM 0.018 [ 0.028 | 0.033 | 0.027
Clark 0.156 | 0.222 | 0.162 | 0.293

Note: AER & Average Error Rate, DIS & Discrepancy &

o] ghek,

Linkage Disequilibrium
Linkage disequilibrium E|2EE 3}7] 43
EM-based algorithm & 283} 7742 SNP
2 FTA5E haplotype & FAsct 2¥




4%  African American ] 3}
disequilibrium 3¢ A3 % |D’| & four
gamete test A¥E YERA Zo|th Linkage
disequilibrium 5% ZAil= GOLD T=E13
(Abecasis and Cookson, 2000) oA E &3 %
213} H)Z%=8}A 2-D mapping FAo2 JEh
WAt} LD mapping oA H2Mo2 EAE
5 &3 SNP E Alolo]A  linkage
disequilibrium F =7} A& vepdch Axt
Hog HYS o, 22709 SNP ¥ 2¥A Y
El 9¥ls]l SNP Apole] wWjmz &
disequilibrium block ©] AAFH JY&& &
T et 109 A} 14U A SNP AlolollE A&
T E.9] linkage disequilibrium block ©] A4 =
o ASE ¢ F Utk linkage
disequilibrium 7% Z3E four gamete test
A3tel A3 vz HYg HAFa gl

linkage

linkage

ek

1 2
a) [UNEE NS T ¢ WS S 06 S W W W 100
] o
] 000
21
b) 123 ‘ééé;p;‘.u"12‘3"15‘5"‘315203;2
15 IERE [ ()]
2 amln‘lnlnnnnll B
3 b evera 11 11 N/A
4 Hﬁﬂu%lII-Il I
5 i T 1T ]
i RRRERRRSeceN
B w=|ln&w =
9:  AEAREEE
18 sl RIS [}
n: fodiiid | | ]
125 | [ ]
13; R 1] ]
i o B L]
15 pd 11T
18 Illll=
7 [ 1]
18 1
122 l=l
: -

19 4. NCBI dbSNP 9] African American 3T
22 SNP el |@BA. a) Linkage Disequilibrium
mapping by |D’}. b) Four gamete test

Discussion
SNPAnalyzer 7H'#¢] 5 53L& 5714 o},
shte Azt A Welst ABRATE
dTsted AT o8 Z2aY 7159
TEAA HLoln, o]& A3l phase ol o
3 JBI} ¢l genotype HIOIE]E 3 o]
EZ wolE4 HWE HZE, LD 53,
haplotype estimation 5 o3 ¥4&
Ty 4 JA s °dE Fve 4
S 7Y A4E JLTEE Foln A}
22 YFNA BHEHE {4 HYHA
AT = A e Aot FHA 53
< H3A, & Z2aWeA SNP B4 &
A WA dole] ¥ HAe] A P
[8A ety =¥, T2 a9g 4444
A s es ato E3[T AR dapt
dag stglen o8 7ol &4 daz
F< H&s3n, &4 2345 aSd 59
-'—'LEH.:‘I_ FeE et 4 A9 A
=5 szl 9184 NCBI 9 dbSNP
ol Al 3t 5/19] ethnic group 3= African
Y, Asian American 75 %o tjgh
FY3RAT. A

do

American 72
haplotype ®|¢]E]2}e] v &
B uvlw  ZH3#  Gibbs sampling-based
algorithm 2} EM-based algorithm < AlA]
haplotype ElolEj&t A3 23T AARE
R$A T Clark’s algorithm & B3 AI %
7F BolAe AFRE BT LD 53S9
qME dA Bl AH2E e D, D, D),
A, A 9 5 7} index (Hill and Robertson,
1968; Hill and Weir, 1994; Lewontin, 1964;
Devlin and Risch, 1995) & o]&3lgony, 2
A4t A3E 2-D mapping FEHE YERY o]
Zt SNP 2te] A#AT} LD block AEE 4
A st & 4+ A AT
gamete test = F Ao $IINEE sl LD

T3 four
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mapping A& e}te] wlwrt 7HEdteE gl
=3

SNPAnalyzer & @A ZF loci 7} 712 &
ATrS 7HAE SNP Hol¥] 4wt 75t
t}. FFoE 2 loci 7F A oA &4
& 7He HelHE B4 + e
7t dAeltt. BE, §HAY dolET
< 7 EAst= A ol9fel sample ©]
A= trait F loci E3HY #AE FH3e=
QTL analysis 25X F7F3|A A3 oA
ojt}. Control-case AT& & = A& BHE S
et 7158 dolgrt e A9 °E
ol-§% 4 dumEFE MR AU oA
oz gt

7Ne&
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