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- FQE0!: R ZM, CHUND| LM (SNP), YOS (haplotype), AZEH0.

1. M2

FAgA oA PP (allele) )L} AR (genotype), QAT (haplotype)oll 712 g #-AAs} 2
HW7kel AF@A B (association analysis)-& Wl 2% 2B F ot HFAHBAARAN FA
£ 293X (microsatellite) WA} £82 ALF Hou, HIe FdF7)thE 4 (Single Nucleotide
Polymorphism; SNP) w}#A7} 8ol A5 3 glet. SNP& 47)7} 7l dutet @2k 4= g DNA Ao
AT FAfe|2A, RE 5 A dPFAE 7HA W, i d Aoy A BA g vhe 5 AAA
2 Xpol& 7HALE o] 2 4 Qlth wEhA o) & o83t 7 AEs EF A @}z-"} Agd
AP stz she A7) B2 A FFHIL Yot

AW AR dBAYL BAsY) <3 wpjoz Oﬂaﬁg-&@ (linkage disequilibrium; LD)o]y} Ab
-tz 24, 7Mi(pedigree) 4, £RA(trio) £4 FolA S8l 742 H=9} ¥hgo] ALEHT 9)
o} (Laird9} Lange, 2008; Saito 5, 2006; Zhao, 2000). =38t oJ] Q7A o3 74719 PP
& AL37] A% =2a9o] AE= ck(http://linkage.rockefeller.edu/soft/). Laird$} Lange
(2008)2 7}&71ABA B4 g 2z = 0)(S/W)EA APL, PDT, FBAT, PBAT, Golden He-
lix, QTDTS] 45 24eFs] v e v} A} 22y} of7kA] BREAE AFdes S/ We $83] &
R A Repgey, 2 S/Wrt AlFdhs AP oE o7} 9t

2 2oME F37 938 E4E FDA7) AT {population-based study)} 71E719HATE (family-
based study)2 Vrol, 24749 53 o2 EEE 273, B 58Y S/WE nz2sy
o] =EL 2007d%E ARAY(ZZIAAAR H£dF7zAAYgE)LE 2R ATATY YL o}
A5 915 (KRF-2007-531-C00018).
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2 dolg EAQEE FRt A-EAWAT A 2752, 3E A
2 sh7|Az 2% 024 FBAT, SAS/Genetics, SAGE, RIIA A2t
7t z2a9d 54L& AR WA TLR 48 vladIE HE

2.1.1. YCFHY HYRe 7z vpAe] §4& V9 WA 7 vixe RE g¥38dy 3%
Fof i3t Aul=E A A Hel =3 o} F A TA (heterozygosity )Lt THE A 2 8 (polymorphism
information content; PIC) $9 ARHRFE EA%r}L. oFFTAEAL Ao A FHo]-gdwa 3
¥ (Hardy-Weinberg equilibrium; HWE)S 7148 o] 2292 449 Age] $3430] o834
4 EE55 vy, AR (PIC)S B/2/AY AR o] FoRE uf FojF REAAA o}o]
oA 7‘4"]5]“ HPFRL TEE 5 gl FEL oujdc). o FFTY N} duFHEo] 242 AR
go] ¥& npAZa ¥ & gl

el
st

Z A (locus) ol A HLEERE W
ez F3olglxw it d]-ghoy
747 "t} (Sham, 1998). =3 Ak
o]

2.1.2. BICI-2AQAHIEE 3 HABAE o4 Al

F Y gL AR S0 He olH £ 3}-

1 BFL AdMg o} G, o]F, B apel 23]

vl 22 o} e (subpopulation)©] A AU AEHE] d@Ao] & wo= TASA HEZE o]

FEZL F83 2A7 2 £ o AARE AP 252 dF vehe A7 Beld, Helde

;ngo] 71 8 Ao g ARHT Yok - w g ol i3tk p-gho] Wl Fod, P
SAANHE AST B A} sol-gelagde] A3 IsiME AolAF A% AR}

Flsher«} ABAA, Guolt Thompson (1992)] FEHA Fo] ASHT)

AN EFHL B FAAFA Y NEFARY NS e A0 Qe dEaAAe UEs &

g olx ol HEolty. T FARF 4, BolA Ao Ve YFA3Ae BEEES pas,
FAR el tHFARNEE 2 pas) psl B, EFY AFE D = pap — pappE 3

o¥ith. o] e iy P e vz uel Huigto] 2EAEE, o]R = W7 —194 1407 =

£ %F3)3 Lewontin®] D' o|u} "”’474]4\— r’o] £z AR AMFEE ©]F AHEhd & Ax:

0c] At} dwido= LD 28 F HARETL Ayt 7igtia & 4= 903, LDV 00l T faxs

7} GAAArolA] Hel BojA] qivin AZdEh A4 Ao LDE F3h= olf+= LDt uid Y

4 f19le] 5= SNP7F A% =¥ A sivleks 23E SNPL] LDE 84 1 EFE 22 4
9l-& Zolel= 7t wjF o]t} (Balding, 2006). 8 Aol tf 3t LDE 2z tjg@ Akl D' EE r24

4 HBEow BASAY, e AR TE 1¥H A LD map & FEAST} (Barrett 5, 2005).

g
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QA FY LAY Sk DAY e IS 23 Al nﬂ—nﬂ——s—el

-% 53 AR & ¢ gonz, QAP F3E 3 k. FAPHLE Clark] &
-;‘-;-oh/} EM ¢38l&, dlo|A ¢ g 5 }/\F%QE} (Clark, 1990; Stephens 5, 2001; Zaykm =,

2002). QujAIHe} NEIL R FAY W] F3} 2oW LDE 00] HEE, T A7 dsj7 el
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Ae-tlz2d7e 2ol AFBATL gle ARS S dAeR st JBINATE E7IRAT HF
A uad gA 228 7 2 Y B vk a2 opRe] ¥4ez g o Al(spurious) A&
< 2077 41, B2 A7/ AFHA P=rh= 217} It} (Hirshhorn 5, 2002). @Y 3
H(e1RA)ol, FAR(AF) oIl wet E4 o] €2}r}. Balding (2006)2 271 A#A79] 3

£ RS 2 BAWES =9sgod, Saite 5 (2006)& 4373 dBA4ETY RIE 9% 3
HEE AAE v} gt

4

O AR Ao f/F9) 2 oJF H A (binary trait)o] thgt SNP7]B}-/] AAE
FAY RIEE vjxdt=tk, FAY R E vlasteel mEl 2 x 2, B 2 x 3 B8R
HEZ o) FAAF o gk AlEl- ‘3“7‘ i i T 7]'°]Xﬂ:"7q7§°]‘4' RAEEE, L
5 ‘?J_’?}"—??_ BEY AR ARSEE B4E A8 ¢ Joh AFFH PP ERE dolR
g o= Armitage®] AFRRE ANFNE &"/P <7 712 dgFdFde 2= AR, mAY
B gl 2 x m BERE BAAY /et AP 2 tig B8R E4olu tE)
2 A% A4 (multiallelic trend test)& 488 4 Ut} (Slagers} Schaid, 2001). oj&] 7} u}A

BHSE SAY, #38A7] A5AE, Adolv A7 59 3HHE TFI] A =X
A= /‘}%Q‘:} AR 719ke] BAAAE k7R Al g el AR, 2 A ok o
Fol 2AHE 2 x k EEE BT B4 AT £ Yo} B A B QuiAge 33}
= Al A2 UHJ—:'“HH—J AR =g £4E = vk F 3¢ EF HWES] 7Aoo 28
sjor. WEA} S e LAAF] G2 Wels 015717 FoIM Y MR VEAAY, BF AA
Skal 4872 ek g A dis) § ol4ke] daiAlF e wiRE FEshaA dBRAE s Y
= M e} (Zhao 5, 2000; Fallin®} Schrock, 2000).
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2.2.2. 2H YA AR QY AF 57 2L FEH < P (quantitative trait) Y W& 2+ SNP2] §
AAYE 2B RE oo, AT Y 2L USSR I AL BA4EAE A4 4
Art. AARHL FAAF LN 53 AP o) R AdA whe} 0, 1, 28] e 3, BAENL 2
SRR 2F o2 Hste] RAs Qrh

2.3. JIBI|Y gy 24

71T 2¥e 7K AR 29 JEd giE FAREE o8] 2 HAANY dF
& 54‘15]": otk ol e WP JEde] o Aol vk 2FE I8 5 glew,
HE2Es 23E 427 93, AR Bx FAA-8370 2534¢ A ¢ 5 ke Zol
A 83t} Zhao (2000)& 7AE71HARA AFolM ThFe WS AelE vl ov, Ewens &
(2008)2 ¥4 BAL w9 7l Adel tisl QTDTS FBAT 7| A A ALgHE Wis 5
Ao Hwdkuf gt

2.3.1. 0|17 HEQ AR o7 JHel AT AANA dlE:A ¥hEL TDT(transmission/ dise-
quilibrium test) BA}, 8x1e} $x19] Buo] o8 $AXNYL 25 ¢ 4 gon, By & syge o]ag
Y of ALE) o] by dFe] YL o Aol 3 FAH o suEgen, upH e} AW



98 01Ed, HUA, o}

A7) A4t dFol ZF ¢lokd i) FAL LR Az o2 A FA Fol(transmit) Tt
= AANA E9stgct. o] W BxlAR Hols e vtAY AN HolH A o= vpAY AL vlas}
o BARsA s, N1EAH A FFEAFL o5 2r)
(b—c¢)?

b+c '

TDT =

A71M, b FRAY 128 71 RRAAA BXARZ A 10] AolsE F0]1, e FA 27} Ao
¥ FRA o] BA) AFE 1¢] FIAFEREE et A& o] 839 FA ) o= tFdUH
Ao i X s 4% vl 9tk (Spielmani} Ewens, 1996).
Hiol 84488 FRE 4 U2 wols Hli(sibs)e) FRE o] LFF|E STt Curtis (1997)2) ¥
He 71EY 98 dujr) 9& ul, 91§ F AAAF ] P ELXHE 3 B9 Aol Y& Fug
3ol Y= FuiREE o-&3H= dhgeltk. ¥ Spielman Ewens (1998)9] S-TDTE o] gl
£ Puie} FFo| gl Fulzl 184 glojof 3, AR} A o] FLaiAE dHrhe Heed
& 7+3Z o) ok 3t} Horvath$} Laird (1998)¢] SDT+ S-TDTE} uta7tA el H4 8740 275 =6 7}
Z9 Z77t & A9E FEIH, 59T AL A e B8 ¥ FRE o8t ¥
# Knapp (1999)-2 2 % 3h} £ F 39 FAAYE ¢ 4 ¢l& o AEY FAAE & o83
o] Byo $ARYL ATE3HE ¥del RC-TDTE AAFGn), Monks 5 (1998)= thEo g3
o} th3t multiallelic S-TDT-E A3t vl glvh. Bre}l Fujo) to]E & o] &3t whjes= TDTS
S-TDTE A3t Hujo] AHE P85t ¥y o2 C-TDT (Spielman¥} Ewens, 1998)7}F ¢t} o]
o £ Xug} George (2007), Martin 5 (2000)2] 5o 29 o] vlolEE o83t Wil
t}. §9 Hogl Bailey-Wilson (2000)-2 X- g4 4] ulA e thdk TDTE AIA3H5e™, Horvath 5
(2000)& S-TDT, RC-TDT& X-g4x)49] wpAd ofs] 738 XS-TDT9 XRC-TDTE AlRIsH4
123
el PL o183 S ] dBA B4 207 Clayton (1999)2 IdWiAIHE FASY /M 2T
5 & A3t T TRANSMITolgh= m23d8S /Eslgsr ol:
WAESR e Aoz <At Zhao S (2000)2 TDTHE S E-g &gsto] A
g/udgd 3 28RS BET o9 AL AR IR duiAFd o ARy
S Aetgich. SAS/Geneticsoll Al o] whe] 28k A& AF 8t Horvath 5 (2004)& 7H&3)
B 2AR Z2PEL 594 A9 3 2AYY Bxo A g2 ARPEE Adgen
FBAT =210 2 33}

o

2.3.2. 28 SZEI0 24 A JIAA o) SRR BAEbE o2 4 Allison (1997)2 AR
ol 7128 oA AR EASE AAEgLen, George § (1999), Zhu$t Elston (2001)% A
8w AA ST Fulker 5 (1999)& 229 FB7F ¢l Fvidel] dist B J& W ¥
HE AANSgLH, Allison 5 (1999)% o)2st Aol tisf Fue] s AR 5, FAAL
AL, FUEFES 1Y 5 Y= P WUFAT =T Abecasis F (2000)= #7150 g
FHPE ABY AR PP oRA 2R FRAEU Fujo] o} AAGle] AT £ e
QTDTE =2333 37 AA P (http://www.sph.umich.edu/cg/abecasis/QTDT), Monks$}
Kaplan (2000)& 529 $AREGRA e Al 7B BAZE AAFAT APl SAS A7
B0 2 Horvath 5 (2004)9] o] FAFA A4 7Hesitt.
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% 3.1. FBATOIAC) (B Ana oE XY e

Command Option Analysis Trait/Marker
afreq allele frequency (EM)
hapfreq haplotype frequency (EM)
-d LD(D, D)
fbat statistic binary, continuous,
allele frequency(EM) censored trait
Mendelian error check
multivariate trait test (FBAT-GEE) multiple trait
fbat -t linear combination test for multiple traits
-m multi-marker test (FBAT-MM) multi-marker
-1 linear combination test (FBAT-LC)
-p min-p test (FBAT min-p})
-c fbat statistic for age-onset disease censored trait
haplotype fbat statistic binary, continuous,
hbat haplotype frequency (EM) censored trait
-C hplotype fbat statistic for age-onset disease censored trait
-pH# compute p-value using Monte-Carlo samples
mode biallelic[b], multiallelic[m], bothla]
model additive[s], dominancel[d], recessive[r], genotype[g]

sdt sib-based TDT (SDT) binary trait

3.1.1. FBAT FBAT(family-based association test)2 u] d#=tjste] HEF AT A A
S/WEA 7geo} FuasE vxe oz Fuyo 7HAd] did dojeE& /‘}%‘a Qe ]
A¥A 9 FA ¥F, F=ED(time-to-onset) FZ o] e B0l BF 7153t} (Laird, 2009)

A /o598 A (biallelic/multiallelic) vl 2 AA e o3k FA F-A 28 (additive/ dom}nant
[recessive)& LT AR 7Fsdith. 2 wpAY YAXAEIL Ux map fileo] ok AFFAAA
H(genome-wide association) AT 7Fsslt). & 3.19 AF3EE EAo] AlE o] glow, 3.280 A
7 BAEE 2712 49F Aotk

3.1.2. SAS/Genetics SAS2] Genetics EEojAE 7]2EALS $3% PROC ALLELE, PROC
HAPLOTYPE® vlE3ld, Ag7ul 478 A4 24¢ 48357 93 PROC CASECONTROL,
ST $1E AP BAL A8sks PROC FAMILY 5 AFS ¥ 4 it} (Ceika S, 2002; SAS
Institute, 2005). Version 9.1%E+ PROC htSNPE 53] haplotype-tagging SNPs& &8 = ¢
o, 1A W AL (inbreeding coefficient) & A4} F+ PROC INBREED+E SAS/STATZ
SAS/Geneticso| A 2% A3 F53sth. PROC PSMOOTHolAE mHA e 95¢ ddd AA 3g
& E 23 E’ﬁ—% %% FDR& Xﬂ-a—ﬁﬂ—‘r‘?} (£ 3.2 F=).

3.1.3. SAGE SAGE(Statistical Analysis for Genetic Epldemlology) Elston groupei A} 7§28}
2208 A F 16709 RER F45 gon (F 3.3), 7|€5ARE 259 A B}, 2aE /6]
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E 3.2. SAS/GeneticsOIAMY M2

E3 AB U

Module

Analysis

PROC ALLELE

frequency (allele, genotype, haplotype)
marker informativeness indices

HWE

LD

PROC CASECONTROL

Chi-square test (allele, genotype, haplotype)
trend test (genotype)

PROC FAMILY

Mendelian error check

DT

RC-TDT

sib-based TDT (S-TDT, SDT, combined SDT/S-TDT),
multiallelic TDT (SDT, multiallelic combined SDT/S-TDT},
X-linked TDT (X-TDT, XS-TDT, XRC-TDT}

PROC HAPLOTYPE

haplotype frequency estimation (EM, Bayesian)
association test (marker-trait, haplotype-trait)

PROC htSNP

haplotype tagging SNP

PROC INBREED

inbreeding coefficient (coancestry, covariance, inbreeding)

PROC PSMOOTH

smoothing p-value (Simes’ method, Fisher’s method, TPM)}),
multiple testing (Bonferroni, SIDAK, FDR)

¥ 3.3. SAGEUIAS 24283 Xg US (5755)

Classe Module Analysis
PEDINFO summary statistics
MARKERINFO Mendelian inconsistencies
Summary RELTEST relationship testing
FREQ allele frequency, inbreeding coefficient
Preliminary DECIPHER haplotype frequency
analysis Aggregation FCOR multivariate familial correlations
and SEGREG commingling and segregation analysis
Segregation ASS0C heritability estimation
AGEON age-onset distribution (binary trait)
IBD " GENIBD IBD distribution estimation
Analysis (single, multi-marker)
TDTEX TDT,
Generalized TDT (autosomal, continuous trait)
Family- ASSOC Quantitative TDT
Association based DECIPHER haplotype estimation (EM; autosomal, x-linked)
analysis LD (D)
) haplotype-trait association test {(binary trait}
Population- TBD* population-based association
based _
SIBPAL model-free analysis (sibling pair)
Model-Free LODPAL model-free analysis (affected sib-pairs)
Linkage RELPAL model-free analysis (relative pair)
analysis LODLINK model-based linkage analysis (single) .
Model-based - - -
MLOD model-based linkage analysis (multiple)
Design DESPAIR linkage design (affected relative pairs)
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H 3.4. RO =30 2M2E XY LS
Package Analysis Version
catmap meta-analysis (case~control, TDT) ver. 1.6
data quality control (missing genotype, HWE, Mendelian error) ver. 1.6.0
fbat frequency (allele, genotype)
family-based association test
. gene-environment, ver. 0.6.2
fhati " .
conditional gene test (family-based)
sample size calculations ver. 1.0-20
kinship calculation
HWE, LD,
gap Manhattan plot, g-q plot
TDT (biallelic, multiallelic)
haplotype estimation, haplotype-trait association test
GenABEL genome-wide association analysis ver. 1.4-4
frequency (allele, genotype, haplotype) ver. 1.3.4
genetics marker informativeness indices
HWE, LD, LD plot
GeneticsDesign study planning tools (power, sample size) ver. 1.13-0
hapassoc haplotype-based association (GLM) ver. 1.2-2
haplo.ces haplotype relative risk {population-based) ver. 1.3
haplotype frequency (EM) ver. 1.4.3

haplotype-based association (GLM)
haplo.stats s . .
haplotype association design (sample size, power)

sequential haplotype scan association (population-based)

pbatR PBAT software interface ver. 2.1.5
powerpkg power analysis (affected sib pair, TDT) ver, 1.2
SNPs-based whole genome association analysis ver. 1.6-0
descriptive statistics (missing data patterns)
SNPassoc HWE, LD

association test (haplotype-trait)
GLM (binary, quantitative traits)
tdthap haplotype TDT ver. 1.1-2

24 44 24, 988 5 $9E 5 Jok sk ke eles AR, RE &
Aol M HEE gho] ARl Sirk. 244 dlolele 7HA A5 FA3 gl Aol glol 4
g 2ol QolA FdA el % =t} (Elston, 2008). o3714= AAEAE 913 PEDINFO, MARK-
ERINFO, FREQ 2&5} 484 £4¢ 9% TDTEX, ASSOC, DECIPHER ¥ 932 A4%9% 2
ojth

X,

3.1.4. R RS BEAA7} 71580 2A% FANEE A&7 B2 T1a4S 2% 7Fssigs =
Ae Ady. g2 A F718 AU Yol AgAle 27T R w9 A4d o] sbsEith
FHAEALYL AHIAE d7 FHF|ASo] 75 ¢ th(http://cran.r-project.org/web/views/ Genet-
ies.html). AT F2T 242 A% B9 J7|AZ genetics, gab So] You, AAY B3 7
dE A7IA 2 gap, tdthap, powerpkg, catmap §°] 2741 e}, o] YolE 7571 B4 B4
< A% fbat, fhati 37]2] Fo] ALHUE (& 3.4). RE FHold 2AF2 752 AFshd, JAVAL
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I 3.5. ZF S/WE| AI8EZLIR

F&2 FBAT SAS/Genetics SAGE R
User-interface CLIL o o o o
, QuI X X o SEP RN
Windows O O 0 0]
Mac O O (6] O
08 Unix O O O (6]
Linux O 8] (0] (6]
F/E= =1 T3 2R 7S
F Al version Ver. 2.0.3 Ver. 9.2 Ver. 6.0.1 Ver. 2.9.2
http://www.biostat. http://www.sas. http://darwin. hitp://www./
Al E harvard.edu/ fbat/ com cwru.edu/sage/  r-project.org

default.html

C++ 59 dojst egisolart Zlssitt a8y 93k 248 3 A7IAE 277 43 g &
olgl, v]AE Al 22 0% FAdo] offule B E YT vt B dFoAs Al B4 2 ¥
A EAL 3 YJEZF 9 3}7] A Q) genetics, gap, tdthap, hapassoc, haplo.ccs, haplo.siats, fbat 5

9 #7117 AF= A3t

3.1.5. J|E} o] wo] o] AMEEE S/W=EA PHASE, Merlin, HAPSTAT, SNPalyze So] ¢
th PHASE: HlolA¢t SAMHES ARt AHBA7 = AA #4238 A5=7E 9H4
& AFAet, AzxEES F35 259 FAAE ARE 74, AT 5 At} (Stephens F,
2001). SA] Wlo| A%k AP YL AHBhe fastPHASEE PHASERT O 2 A2E OE S Y B
o} e AAE 298 FAT, AxFEE 2N FAE Yerh (Scheet 2l Stephens, 2006). F Z
29 25 uA4LER AREA] 8t ZEE the-2E g 4 9 th http://stephenslab.uchicago.
edu/software.html). E=3 Merlin(multipoint engine for rapid likelihcod inference)2 Z1AZIEZ
e dARe F49 0, FAAY L/E AL €2 HAE 7R ARAA 2eF /vEs
A AEAe A S Z2aOYogA FA FF diF A#4 £4, IBD ¥ A A (kinship
coefficient) 4 5 438 4= Ut} (Abecasis 5, 2002). LY SHZNA AFE715531 FAlolE
i 27 thgrc 1S 4 gth(http://www.sph.umich.edu/csg/abecasis/Merlin/index.html). &+
¥ HAPSTAT2 SNP % WAl cieh J&4y £4< AT =T, fAA-873 4258l
HE FAel 7hsdts A=t el FEHL S5 3 Z2IWE FEE ATEE F 3
th(http://www.bios.unc.edu/~lin/hapstat/). SNPalyze:= u}# 9] t}3gd H R HWE, LD 24 9
EM QuaZe o188 LAY 34 2 A BzdToNe fAaBEae AFaRAT, 7157
vk R o] get AFEATSS ok FEZEIY )Y, FAlEA HEMNHE REERS 5 3
t}(http://www.dynacom.co.jp/e/products/package/snpalyze/index.html.)

3.21. 25 A Z =233 tig AL dEFelx AF FE et ERF, AY 34
($/55), AN A 2 E90]x FEE= & 3.59) Zr}. FBATH SAS/Geneticst CLI(command
line interface) ¥21¢l WA, SAGE+E CLI &+ GUI(graphical user interface) WAl2 2 FTHE W,

R-2 2R CLIONY 92 5)7) A (fbati, pbatR)ollA] CLI =& GUI ¥leg IHHAL. RE =227
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nm MSH L4 Mﬁ Q?P 9252 pﬂ'l 9S23
11BN R B1111113222223111

. 1
k1’i150ﬂ16$11112122 128
5 R IHTe IMIF TR Y1111 2 2?1121112
I?ﬂ?0§281§11122221121112
5"3‘“?’5185!!!21121172’22‘5221311

(a) 714 3+Q(*.ped) (b) ¥¥ 9L (*.phe)
% 3.1, FBATOIAM ¢iadTilel of

Aol tpekek ZHWE(Windows/Mac/UNIX/Linux)o Al +57F53lth. FBAT, SAGE, RS #8582 A
FH9 EFF oA A theRE e 4 gk

3.2.2. Ol0lE12] U3p £3 FBATY 7|2 ¥3dL2 7HARE 59 *pedd} EEIAE #Y
*.pheojt}. *.ped® A o= niA WS YEen, ] FEE pedigree id, individual id,
father id, mother id, sex, affection status, markerl_allelel, markerl_allele2,...2] ¢AE S v}AT
F A d5Hog JYsolok grh Az REAFRI)L ¢l o) father id9} mother id+ 08 YHT
th sex®E BAE 1, AL 22 311, affection statust= Ao & Wl 1, 92w 2, ¢ = S o)
0o 4yt Z npAS PIAL A5 JE3y, 254 vt 08 ¥ AF{FAAIRE
& 7] A 2 vhAL] AP R o 9l map file(*.map)E Y& $E U], map fileo] A
£ W AHARlE 3Py A Poll vpA ol E °] ‘?J‘zaE} o]+ ¢ Hrt. AL A AR 5149 affection
statusol, U2 FRAoW 2 FPg P & * pheol] JBaok 3tn] A7)AE A o FAEY o]2
T UEstn thE Mgy 24 °}“E‘r 5 ‘ﬂ’f‘ﬂ 3 o]Zo= A THE pedigree id, individual id,
traitl, trait2,... 9] ARE 7 218 L3} DS AW} X s ¢hsojo} it 2 A= I
o7 R (29 3.1 FR).

SAS/Geneticsoll Al AAZEAE A% P X4 AL FHAF A5E 3 vpA 23 5 AL ALY
BE)E A e, 4 PP A AsE 7 W%“&Q«J ARE RA By FAE 29 ¥
Aol Fgok grk. P RE vehle F AL A didle 3389 FH2E dgssht </
9} 2L FEAZF 23t PROC ALLELE® PROC HAPLOTYPEL tig8d £ $A2139
ZAZ T YolE FA T, Jd7 A3 24 S uls 28 §5S s 88 W4t 9e st
7HE71 AR B8 AL individual id, father id, mother id7} $7}2 B 2% individual
id7} 7HAIZ] 2t pedigree id7} glojok dtn] ZE AANA id W5ES gro] Qojof Bt A&
g 3ee “reg 2AR F UEdd F shuels glod suels upAe AR 229 AL
2 k33

SAGES] 712 4¥5td-e 7H std(*ped) & BASY EE dAdude] AZE A85E B2 5 I
th 7 stdofE Qe 7B FRE Yehfl: pedigree id, individual id, parent 1, parent 2, sex$}
EEYE, vbA, 39 5 EE A2 2390 744 999 ,_-)1\—‘53 AEA7E QR FoF 5

i3
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islindnars = At
bplininer wode » Yaiogla”

inddvidual mizsing velue « "9
ex code, sale » 17 Lensle = CP0,umknown * 7O

medigree 3d = “p_ 34"
| lendivadual, td = "3a®

e, FARLE = Nora”

Lol & Yafent™, Binsky, elfyvted = VBT, wnelf
axker » TEIGHR, s.&lela L Geliniver « /", llielg‘@g
axhar « “RAY, elinle Jelimiter =
arkes @ PR, aiisle déliniver = f'f‘“
LIS ";ﬂ?"’, allsle_delisivax =
2, allele delimiger = 40

(2) 7HA) 3+ (*.ped) (b) Shekule} 5+ (*.par)

3% 3.2. SAGEOIM =dutalo| SHE|

B 3.6. 2 S/Wel Y5 Wy
FBAT SAS/Genetics SAGE R
. *.ped, *.phe, * sas7dbt *.ped, *.par ** (population)
Basic X - * ’
Input (*.map) .ped, *.phe (family)
External Text file (0] O O. O
Excel file X O o] o]
Basic *log * st *.out, *.inf * Ok
Text file X O X O
Output  External Excel file X o x o
Graph X X X O
deov 74 sd-g el u 7 W sgsE Haee BB (pedigree id, individual id, parent 1,

parent 2, sex, trait, phenotype, covariate, marker, allele, trait marker, text® A& €A
g FBAT g3 g Ao Ag Bx =} T3 2 dfo suss e 8258
Aeshs gAoA d8E AR 54, & WAL T3 7, 25 ARE vehie 3 59
ol 98 ke AR AF AT ¢ o) AR Yol fAdgel S £2 SHE AW
. SAGES E T}E 7% 4usiae sejnls s (tpan)2, 71 Hde) 2 Age] dRsEs W
o 8% R AR YE8 Yohe AIL W A5 44 A8t AU mﬂ st B 3
2T Yo (2 3.2). FIE FLo) E O J)5E LA A5 A 5 99 ¥
Pgstaa @ o A4 =299 @ 4 9k Aclth SAGES] B4 dnt 71 Aoz &9
A(*out) 2 A= v (RE W} *out 9| £/ SHotd YY), B4 T Bn H 22
2% B2 AR Y (tinf)ol] AT

R z2a%9] 4&9 59 44 9 FA5Y Jef 25 7Hesha, ksl dej2 A4de SNP vl
Az (o: AFED 99: 11, 424 99 1/1, PR 19 A% 2ol e P D A4S o]
g3jo] Wdko] ZF5aiT) 7S 74 QB4 BEAL 98 dEXE Yelt FBAT =239 5980
£ 362 2 5/We 4&8IEE g Aol '

3.2.3. AIRI2A FBATS Zt vpA9 dg3d W=} vpAES duiAd N=S z%sﬂ ek =3
FukA 7F LDE #7339 F9, 94 3L gaea] F2Y 4 Aok SAS/Geneticst= PROC AL-
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Preliminary Analysis FBAT SAS/Genetics SAGE R
Mendelian error O C O O
allele (6] (e] O O

Frequency genotype (6] o X O
estimation haplotype proportion O O O O
individual assign X 0 (¢] O

Informativeness PIC X 6] X O
index Het X (8] X O
HWE x O X O

D O O X O

D’ (o] o] O O

LD r X O X O

LD plot X X X (6]

LELEA 7z} vt 2] AR EAGE A2, HWEY td 7oAlE 382233 Guost Thomp-
son (1992) AA-& 23t =3 F upx 7 A¥Al 3 ¥59 LDE $48A% LD plots} 2
£ 28o g AEsAE g=th PROC HAPLOTYPEAIA = 2+ /1919] AR08 FAS £ Y=
7hs 8 Ao A e MER AABLT 2o e BEe A28 SAGES PEDINFOREL 714 =
BoA 71, gl, 7FAE 7]l tigk Z1eEAFE 2 1Y BAY ¥ ue £~ A3t MARK-
ERINFOEEME dd ¥Ho] m2x] g 25 th3t AR E AFsl7, FREQEENAE /A7
EE o]&%td ¥ v ¥ dFYR W= JULE2FZE AT FARY v A
ATHA Pon, djAE NE 23L& DECIPHERE B AZdc) Rols AAELLS AQ5
€ A7)AE0l 4 7| EA3h=tl, genetics HF)A A FAAFY L QuiAF 7Y FE P}
7] 913 g5l A2, APHAA ¥l 23, HWE 2 LD st 23 9 A4 So] 7153t}
haplo.stats F7] x| ol A= LA S B2 AL E324F L EM €85 o83 Hjeeigek
Aito] 7bgstch. =g SNP ubA 7F LD AR AZ3 8 ol A B4 Aol of3 ae=3ls)
7hsith & 3.70) 2+ S/WHE X 95 & AR A& e sigit)

3.2.4. THEOYE AZAHEEM FBAT #7]4& Jd7int QBZEAL 2934 g itk SAS/
Genetics= ©]% B thF d93 L npAZ 934 £4& & 4 glon, CMH 33S 53 338
Holuh e2ulE 78 4 ok EF AuiA¥Y NEE FAHN 2 ugo] AH-UzE e
Agk 72 AuiAFH 2 IWAFL AL oix QujAR vlgo] T 27 OER AR 4 9
ot SAGE Z2I39] /¥ £4& 93 2E TBDE M Fo2 ofd AFER gkl R
gap 7 A AR 4B Q7N 27 BRS Al sy SNP 2 9uiA¥d ®
YY) ABY NS A% 2F0] FAA (Schaid 5, 2002), LujAige] 24 3FEA (Zaykin
- %, 2002; Xie$} Stram, 2005) §& YT} haplostats HFA = JujAPE APHss =
olAYA W FHFA GLM EAo] sbsslt) (Lake £, 2003). GLM B4 $ARHe 78
g 5 glow AR} U FEAge) td B4 AFUT} haplo.ces HFIAE= Alg-t)
2 47X FeEA2E IAE ol4sle] uiAY ¢ FAF] A9 YEE 2%} (French
S5 2006). SNPassoc2 FAZRHAIBAEAE A% A71A2 ol =& F2JF 2 574x A=
% (codominant/dominant /recessive/overdominant/log-additive) ol Wa} GLMod)] 7123 QAL
< AN, DA E) B 934 2% 7F53lth (Conzalez 5, 2007). & 3.8 Ag|uk 8B4



106 S 0127, HUX|, Yot

H 3.8. 4 S/WOIAM K#oks AT T8 22 AU I

Population-based Analysis FBAT SAS/Genetics ~  SAGE R
Chi-square test X O X O

. i Exact test X X X O

Binary Trait Trend test X o X 0

» Logistic regression X X X O

Regression X X X O

Quantitative Trait ANOVA X X X O
GLM with interaction X X X O

o Hhsf AlFs = B4 = Aotk

3.2.5. JIE7|¢ ARHEAM FBAT si71A: o] fhatd} 7 ALFE AL ARE3le o],
A4 9 SEFAHAY U3 ARFAE EF £EY 5 k. TDTY O gojabge] o3 240
2 S-TDTE A3y, thE vpA A2 2A Rakovski 5 (2007)2] FBAT-MM(-m&4)%} Lange 5
(2003)9] FBAT-LC(-1&-4)¢] 4855, -t Ao} FBAT-GEEE AH&3le] TR 7153t}
g o] AF AR ot FAY P de AT 47530, tloj8lE E8E vl (load command) -x &
AL A AFEE X-GAA %) ttAE B4 4 itk WHo] hbato 2 o)A 4 94, 529 3
Ao} oisl dapA P AB3FR 0] F5sth. FBATAA W3S BA3ux & o= =2 799
B, & SASY 7)E ~ZEJo]2 R TP A E SPAFE 3L FHAFE o)A YA E=
FA AR sl 2X2H FARY £+ AYIARFL A FH 2 2AE 2 AE Y A
28 ¥R YHA fbat BPHolE TS5 ok sk ‘
SAS/Genetics?] A% 7}E719k AgolA wpASt o|AYAL A#AY S TDT, S-TDT, SDT, RC-
TDTZ ARE + A, 7159 Felo ujet A9 AAPHES 44 248 v AAFAZS 2%
sto] AAS= A% 7F58ltH(combined test). E3 XLVARE-E o838 X-linked u}A ] A=
& AAHES 2F AYE 4 vk duiAEY A9 EMI Wo|=FARE 048 2R AL oY
o} FER A Eﬁﬁﬁ*ﬂr‘f“'ﬁrﬁ AAE AFIHAE gon; til PROC FAMILYYA] outq=datasetS
AL o] g3t ZbulA Y o Za A digt Aol 4 (transmission score)E WL th;, SAS/STAT A
ALBAE A7 AR zraddshe Aoz /R
SAGE®S] TDTEX® TDT 4% ¢33l ZEE FGAA9] nlAd A o)A Zd tigt E4oz #)
. 7S 3 AL A Reo] 199l F2ol g 2 AF TDTEA ¥ ollg)t A&E B9l A
o] 7] Hel H-%, 292 A F 190] AR B¢, A F o7 o] @A 3¢ 59 AR
7H g A vl g8 A vbA xpge] of 3t 4uksl TDT (Curtis® Sham, 1995; Rice ¥, 1995) &4
= A YEr}t. TDTEX 2ES o] &3 B4 A F4& o] 8310 o] A2 71A19 482 Bl R
ol o~ 2 AZE B g9 #F F4E B AFL & Uk ASSOC BEEL 71F 4Fo] EAske
249 7HA AsolA ¥R A3} 8 A olabe] 3 ko] dBy B4-E AAE (Elston 5, 1992;
George 5, 1999), Q¥4 242 3 7= 4% 7= € AL /P8 3 247 24490 39
For A4y A5EZ W 0] A5 T 5 Yoy, $28 FFL 53 A o f94
< %713tk DECIPHERY A= o218 el A diiAlBe 434 23S AlFshch
R T804 7578 AFAEAS A% A= old Astdeltt. tEA H7|A 2= fbat,
fbati, gap, pbatR, tdthap, powerpkgZ} It} fbat ¥j71A= FBAT 214N == B4 5
ARE AP gon, B BEAE 9T 7 ARo)A NEDTAE HrIEololof 3 2 47
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Z 3.9. 2 S/WOIAM X@ot= 7t5 J{8F HagMutdibiy
Family-based Analysis FBAT SAS/Genetics SAGE
Basic TDT
Sib-based TDT
SNP Combined TDT
X-linked TDT
Multiallelic TDT
haplotype agsociation test
Basic TDT
Sib-based TDT
SNP Combined TDT
X-linked TDT
Multiallelic TDT
haplotype association test

Binary trait

Quantitative trait

O[O C O OQIOOCOO0OO0
IR el ool e e R o)
HO OO OI00O KOO0
A o X XK OI® OO0 O

A gl 2R ABNA FFo] glolof 3k 279 H P& 71 vpA o BsiA FHAR G e fbat
SAEE ALY 5 ok fhati A7) A= o|ANHEA wpA ) ofs] FHA-83 FE2E AHES <9
3t} (Lunetta 5, 2000). E3F gap H}7]12)& 7H&7)8 A7 (TDT, ASP, ASP-TDT) ] AA A &3
e 28 3718 A F3 (Risch® Merikangas, 1996), A@E o] 274 o] wpA o] & TDT
2 QTL 52 AYs) &t} (Sham, 1998). pbatR-2 R =279 oA PBAT =2 147}¢] ¢l s o]
28 9% J7]A 2, PBAT =219 £829E (E5Ho7 98 4 gloy 13L& &334 Q)
tdthap2 UuiAIHe] 3 TDT B4, powerpkg= TDT 2 ASPoA dAAAL 93 PowerE 3
gt & 3.9% 2 S/WHEE ZE7AFARA Y AdARE AT Zolth

4, EQO

o wt

#4494 BAL A% 4] 2239L LAY, FBATY 39S DU ¥H) S Aao
el o12/Fd/FE9uE Y33 At AR FAY 5 ATk ASNRAE SlAE 7
% gl AgHE ZRaYolekn T 4+ glom wlwd A7) 4tk SAS/Geneticst o7 Fol
el ARt Fu 24, 57 242 44 $9F 4 glon, 298 A58 AL
SAS/STATHIA A5 & thbdt $4g 2712 AT 5 Y+ 20 ek vlolgs] g2 &
AAve] Bugae] AR, V)& e adFPAL MR JouE SASY A3 ZAAZAE
AL Beld 2Pl 2et f8old, BAPEY dulolE ST} kol o}l $RE BAY
He FHIT IA FSThe Do) Itk SAGEE YEYol By S Witdos degsiel
YBAo= $9Y 5 Yo BAAAT Z AU A Amel v ANE A EARE AR
oA AH8A7} A BEE @ ol B 4 Ak 2ot QAEAT Ge) A4 RS 93 2EL oY
g WA g Aol wob Agol A@Aolth RE B4 FANA B4 AHgol HE ASEE A8A
7 AFEA AT 5 Yol BH FA40] wou], T AAd BE BE 27 24 W AHY B
A= 7gse] ok RS S TARD ME Gulo 27} Fhssed A4 e A8 4 ok
ok R} AL 4FY RE 22392 Pehshe Ao] 845k oJ7)xE CRANS B84 gt
Z2IYH F71E Bol A ZRIANFE Belaig)

3% 412 BB 2 24 U8 2 BANE A5® 22I9552 B9 A0l Be A= B
718 Aol 24 Z2aYolk. 0|9k Zo] 7 §/Wi BAe] AREL AT §87 %
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SAS/Genetics, R, FBAT, SAGE 1| SAS/Genetics, R

Mendelian error Informative index .
HWE (&

SAS/Genetics, R R, SAS/Genetics

R R | FBAT FBAT FBAT FEAT
SAS/Genetics {SAS/Stat) SAS/ ¥ SAS/ £ SAGE
(SAS/Stat) R R

SAGE SAGE

3] 3k R Falrh. wepx BudA AN EHxo FAst 7 AFle] £Ho et A EE
Z2I3%& AEske 2ol 9488 Zoth
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Abstract

Recently, there have been lots of study for disease-genetic association using SNPs and haplotypes. Statistical
methods and tools for various types of data are developed by many researchers. However, there is no unified
software which can handle most of major analysis, and the methods and manners to deal with data are
quite different through softwares. And thus it is not easy to researcher to choose proper software. In this
study, we devide analyzing procedures into three steps: preliminary analysis, population-based analysis and
family-based analysis. We review the statistical methods for each step and compare the features of the
FBAT, SAS/Genetics, SAGE and R as major integrating softwares for genetic study.

Keywords: Genetic association, SNP, haplotype, softwares.
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