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v < jr% 34
L L ERF > 2AF MM~ T (genome-wide association studies, GWAS) @

et B Ag R A o M EDE - 3L 7 311E (single-nucleotide: polymorphisms,
SNPs) » 5 % =t & i T_B (next-generation sequencing, NGS) Hjreie+ - 1F @ & 7
PEMYAAFOLI M FERRINL FEEL o R EFH BB LTS
(minor allele frequency, MAF) -] %% 1% % L3 % £ (rare causal variants) i jbr
EF S T
PORMS R RO ARBRE B ke BAFE N R bl4e
w S ‘% i# (backward elimination procedure, @A TBE ) fr P Eift g &2
(adaptive combination of P-values method, ## "ADA )> & F = }]%#;1 11 ADA -
E IR R g EL e (signal-to-noise ratio) B 3 BE 2 o A D TO B
1% &% , (adaptive combination of Q-values, f§j # " ADAQ ) M- # k% 3 %
RRpBREDWT - R b &/

annotations) R 0 E A K ABRINREA LR RSB HE AR RPEH

L & :Lf% (Synonymous / non-synonymous

£ & * Benjamini-Hochberg i# 4 %] #-3 &\ 1P & #45 + O & (fj 4£B-H O-values)-
i g QR FIHRG T

,lvm\r

% ¢ = %32 (neutral variants) o

S fiE > ADAQ ks (435 Bl B (positive predictive value) # ADA { % -
JLoksE 4 ADAQ ¥ TIiE @ A 45 1 84 17 (GAW 17) sh7 4L+ >4 1. ADAQ
#ADA { sc § prd ]z B (false positives) i #ic® & 2 23 (L IE R E -

Flpt o F L R R G e &/ RLfEm 0 2 A fL KR Y ADAQ ki B B F
LRpREE -

Mats 1 ¢ = RE JFARE I RBEE s ZER A RB SR REE o
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In the past decade, genome-wide association analyses have identified thousands of
single-nucleotide polymorphisms (SNPs) associated with complex diseases. With the
improvement of next-generation sequencing technology, geneticists have observed more
inherited information on human chromosome. Searching for rare causal variants (minor
allele frequency < 1%) gradually becomes possible. In order to pinpoint rare causal
variants in a large number of variants, statistical approaches such as the BE (backward
elimination) procedure and the ADA method (the adaptive combination of P-values
method), have been developed. It has been shown that the signal-to-noise ratio of
variants identified by ADA is larger than that of variants identified by BE. In this study,
we propose an ADAQ method (‘adaptive combination of O-values method’) to further
increase the probability that a finding is genuine. With synonymous / non-synonymous
annotations for variants, we first allocate all variants into a non-synonymous group and
a synonymous group, and transform two groups of per-site P-values into
Benjamini-Hochberg Q-values, respectively. We then remove the variants with larger
O-values that are more likely to be neutral. Comprehensive simulations have shown that
ADAQ has an even larger positive predictive value than ADA. Moreover, we applied
ADAQ to the Genetic Analysis Workshop 17 (GAW 17) data sets. It controls the
number of false positives more effectively and generates a larger positive predictive
value than ADA. Therefore, we recommend using ADAQ to pinpoint individual rare
causal variants, when synonymous / non-synonymous annotations for variants are

available.

Keywords: Neutral variants; rare variants; causal variants; non-synonymous variants;

next-generation sequencing.
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- i EX —“Ff [ = I RS S SRS 31
Bl= & 5:"‘]!-,z TE R BFHTE B ettt ettt sreena 32
Ble @ #HX —“Ff [ = USSR 33

T I EE S QEREYFHE (Bmax) 5 0340035 2 2R i 34
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Fo CHHRA Y AR R/ P RSB BEZ R s 25
FoZ IO AEHERERT o B R (1) RS B Q B Y (Omax)
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— B E BB IR 29 s 28
27 GAWIT T AT 1 Q4(F St ax BT Rkan®E) &2 QL(F% YT 39
BRI AR P R ) et 29
2 D GAWILT FARA AT QL 29

vii

doi:10.6342/NTU201602253



-3

EE AP B EEH > bde D S % 2 A (Next-generation sequencing,
NGS) » A FIZ B et 2 { 4cf 22F > T/ 3 A4 X 5K o f 3t Hoieen
FE - REIF PR (DNA) Bolic- - 3B - AF 53 P B - apse
# i (complex diseases) ¥2 DNA 5 7| 7 dg 7k %t (base pair, bp) % & 3 B o5
[Cirulli and Goldstein 2010; Shi, et al. 2009; Sullivan, et al. 2012] » £ 47 32 7 ﬁfﬁ”ﬁ =g

BREVHALS A ¥ A% E (common variant) 22 F L% 2 (rare variant) o

W A2 AFEMIBEET T (genome-wide association studies, GWAS) ¢ » %
MTHFALRRE AR HRa MY ATRGRHEBAFHES (minor allele
frequency, MAF) =3 S% %R - Zigfenpd MB Gy LR 8L RS 1
4o ¢ B8P 30 B 0 APOE $F1% AL %] [Bertram and Tanzi 2009] » gt ¢k » T 8 8
BT R EARA BT M blAe i T A B F R GRM3 AT LR R a4
WA Mg~ e iR RE 2 P RigE G %749 ¥ [Schizophrenia Working
Group of the Psychiatric Genomics 2014] » ¥ % % f (4 2 @ .@%‘i’)} (Psychiatric
Genetics) f2ibt - FARBU A AR LB HB AT 1% %R - 5 &
WFARENARARY PIFFLL £ [Cirulli and Goldstein 2010]- &+ #-5 B

AP F LR Lfﬁ % 2 (rare causal variants) fhsiit A 473 jF o

WEPF LR FHE BRE B (locus) iF - TFH B W 2 B3R T
S D e A P ORIREHROEERE > S HonR S A B - AT (- 49 R
) NI BRETN AR LEAT (BEAIUES) LI EART M2
> 27 #% 3 # T4 [Han and Pan 2010; Lee, et al. 2012; Li and Leal 2008; Madsen

and Browning 2009; Morgenthaler and Thilly 2007; Morris and Zeggini 2010; Price, et
al. 2010; Wu, et al. 2011] -

e BERPMIBFAREFTREEASIZTREL LA A - A
"burden-based methods ;> 42 £ A KNE BANZREP HF HF LY R Bl
e Bt T e e MR E (traits) 2 FF c04p B [Han and Pan 2010; Li and
Leal 2008; Madsen and Browning 2009; Morgenthaler and Thilly 2007] - % = + #f &

"kernel-based methods ;> p iz ¥ L 55 B R =g fd - B A HIMFE (score
1
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statistic) » f£ #- & =B b e feiit BT 2 e 7 4o e [Wuy, etal. 2011] o ¢ A f&°
PEEA ’ﬁﬁlﬁ.%i’ﬁlﬂz-bﬁﬁ"v}zm%%ﬁﬁbﬂ A2 35 §—ﬂzu4jﬂ\f’} L
4 Frengg T %3t £ [Derkach, et al. 2013; Lee, et al. 2012] -

R - REPN I BRERERF > EVHELE Y FEFE? = 2 (neutral
variant, § ¥ 5 }}%ﬁ Mg B) gge (noise) 4 » o burden-based methods | ¥
"kernel-based methods | enitzh ik £ 4 € Flip » fen A "% X o Yang ¥2 Chen [Yang
and Chen 2011] 1333 % £ «0 P & (P-value) ' & ;2 [Fisher 1932] &2 £ é7d ~ P &
1872 [Zaykin, et al. 2002] » # P &+ >+ 0.05 e R 5 12 P “,ﬁ% o #X0.05 ¥t it 4

5

FAREH 2 BBy o Lin & £ [Lin2014b; Lin, etal. 2014] %3 & TP f&if

[l

T

4+ % &%, (adaptive combination of P-values, @ 5 "ADA ;) JI* £ 5%
(permutation) &7 3% > fdig id P EREF I I P EF R EP R
(FIRWF e B 2P 2% R) gt ke B bk @4 o ADA P48 B 3 J2 7105
74+ [Lin 2014a; Lin and Liang 2016] °

JHPF AREMBR TS AT LI MRS LIER ) - LR A TS
BT Mo T oY L Téqaﬁ'@wm%iﬂ% * £ [Lin 2016] -
Ionita-Laza % 4 [lIonita-Laza, et al. 2014] # 4,7 = {&#1* T/z‘ (backward elimination
procedure, f§f fiLi "BE ) > ¥ ik & iE & A FIp ?F)*Jrﬁ)irs NELFR —?ﬁ),?’%
#2 & ehifmE £ Tburden-based methods ; % # > B|# "BE-BURDEN | i# ; & § )]?e
#& & ehis8 2 Tkernel-based methods ; % # > Al "BE-SKAT ; ;# (SKAT 2 #
% Tsequence kernel association test | ) o ¥ ¢t > Ionita-Laza % 4 = & 1 - F& & -7
meMmewLﬁﬁérHMJ)%%%’%%?%w%ﬂﬁﬁ%ﬁﬁ@’@
HM = 2 RSB EBPER > X AT I REPIEG " TR - HEEFA
ARBRBEAY 2P o BT Lin & 9004 ADA 2 ki 9B BT L IO % B
bF AR 2T 0 5 R F IR ADA R MIFE R E (positive predictive
value, PPV) #& BE = /# 3 ¥ % PPV + #% % 5 : ADA > BE-SKAT > BE-BURDEN
[Lin 2016] -

&gfﬁuﬂﬁ ﬁ"ADA;‘z{,E‘JX%m—’iﬁ«lﬁlﬁ@%ﬂ,i()%%ﬂinb% ’l"—?sbti ‘H')

% B ch#t iy 31f2 (functional annotation) F 34 » » 477 [Byrnes, et al. 2013]> #- ¢
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{7 dg I F ﬂ,i’(.‘)}%%;&,ui#kﬂﬁgé >R ¥V AiEd TR oL B4
¥ Lin v Lee [Li, et al. 2008; Lin and Lee 2012] #% &1—- TigL 5 & & &2 47
(Prioritized Subset Analysis, PSA) = /% > § ¥+ % £ 7 LB *@# (prior knowledge) F¥ -
w2 et Dig i S B & (prioritized subset) » A7 BT i B A HT M LR
AR E R THIRF F & o £ 8t kg it % Benjamini {- Hochberg 2
" 45323 % | (false discovery rate) [Benjamini and Hochberg 1995] =41 #- P & #&
F QM MIEE S ERERD o B 2 R PSA R A H DS 2 LB AR T
4 [Li, etal. 2008; Linand Lee 2012] - H 32 5 » 3 F & PR A FI B v & T 4
& 4 | (borrow the strength of others) h P & Q47 > # (7 T B3 E & | pen®
PRILECQEAO BEF):a "F4eF 5L DO ERL 1 &7 K
F)e n & AFILH G F PSA ﬁ*ﬁ”k—— Ytk 74 [Li, et al. 2008; Lin and Lee
2012]
STHNLEFIRRARE 2 ] RROF RIS WAL B
T o5 TR s A K- TQ @B &% | (adaptive combination of

T

O-values) » fif- "ADAQ jo d * 45 B F LR 2Bk - AR T BN B
AP FER AT B - PR AR A FY R A M AT (B R
F2LEA5); F2FRE @7 ADAQ 5 i b B AR TN A g 01 B ] 3
ARBERERE (BN E=FA8) 2?2 A3 Bk S @ F A Bk >
Rendiiiifdka#  UEFHIETFARBERE NPT o
B ARGk S F AR T F A ADA 2 2 8 A v 3% e ADAQ
% enE 5% (true positives, TP) & #~ % H5 |+ (false positives, FP) 1 #icfrfs {57
BIE ogh by 2 A PRl 2@ % S B A 451 178 17 (GAW 17) ehF 42+ [Almasy,

etal. 2011] » M3ER & = 22 AT o
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FoR YRTAE

e T ﬁvwgkﬁ—%;‘; v ARl & 2] AR AT S AH
(gene-based) B Tk € > 2.2 & /4 Hheed - AFIP 0l F R Ky A B uHF
LRRBED -

21 MAFZAPEH DM G T

- HFLEEIEAROMBERE > A RY D225 A4 - &5
BURDEN # %_ (#* 5 % — #f <" burden-based methods ) ¥ — #& 5 SKAT # % (¢
% % = #gn [kernel-based methods | ¥ X PhP 03 j2) o o] 44 2iea A4
1772 o

R - AFIN (M- RIS P RRALAROMEE P
i kEFmatr - F3 nBBH > T R-AFIN T mBRECR £ XS RE
P P& % L%, (minorallele) s b #iset (BAEAnXm)» ¥ B A &R H
FheT ol

gIEX)] = ap + Ga +X;B > (1)

He g(): @ 2a# (link function) » V; 2 % @ BRI RE » qp 2 RFER > G =
(Cip,Ci, Cip) 5 % @ B p BEHH (do: B> BuEAFA) a=
(an, ) 5 ¥Rt §F Gl Xy = (Ko, Xigy o, Xim) 3 % 0 BRI m B R B =
B X RS AT E (TR E0,1,2) B= (B, ) B AP H i A
BiE - b BERT > em BRALARTEAME  Hef =L Pn) =0-

. BURDEN & T ie2 2T » R By, -, By FAF > £ 2% 5 wify» &
Pw AR RBREFABOEPRARLBE (W ¥ F BRESMAF L
£) & () FF P H S glEMD]=ao+ CGa+ B Xt wiXiy > R m & B
Ho: B= By, Bm) =0 3 5 Hy By =0- 12 > BURDEN f £ L3 & B
A AFINF G SRR HBATEA RS 0 B R IHIRA O, wiX)
g1 2 B B T o

md Wu % £ 914 3 enSKAT # 2 [Wu, etal. 2011] B 2_B3K By, Bo oy B &
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~=h
D2
'

SR PHEY L 00 A REEERE wito HY owy FRE
L2 g &

Iﬁ AWM Hy: B=0>FF @it i Hy t1=00d 35 B RI_A5
E

' T5 % B #ics (> (variance component) o fjh & BT 0 om B %

BN ‘L@ =
&
\» Tt

AP B AR T E R G5 0t Lee & 4 [Lee, etal. 2012] &

s
> Ht
™

v

S

Qp = (Y —1o) K, (Y — i) > (2)

B¢ K, =XWR,WX » @ R,=(1—p)l+pll' 5 — B ¥ 2 # e jn B % &
(exchangeable correlation) “E* » ¥ & &M ¥ 5 1> 228 L my 5 p > W=
diag(wy, =, Wp) 52— B ERIELIHEEL - 2 Y 22 FALER > My 3
BEBATYORFE,FY &2 A4 0K o B EBERT Y=1 5 DRt

Bedp=1m % Q) TR

n
j=1 i=1

(Y — mo)Xy| (3)

2 %% BURDEN # 2 entt B o B BT » 1 (3) MREA d B 1 et = A%
(chi-square distribution)ed &~ p d B m "% 5 1> 3% 3 #% T+ [Lee, etal. 2012; Li
and Leal 2008; Lin, et al. 2011; Madsen and Browning 2009; Morris and Zeggini 2010] °
Bp=0F > 2) "B

m 2

Qp=0 = Z w}

j=1

n

Z(Yi — 3,0 Xij

i=1

: 4)

T 5 SKAT # Tz [Wu,etal. 2011] » >t @ & BT » 34 (4) JRE- R E

~

+ =% & % (mixture of chi-square distributions) » ¥ ¢ Davies #73 11 e03 2 %3+ 5
@ [Davies 1980] °
< }EL b 443t BURDEN # %27 SKAT # %7 3% % ' -3 [Basu and Pan
2011] ) §AFIPRE 2o - REF (e 257 THEL 25 %% 32) > BURDEN
Ee

G T RSKATR 4 % B2 2w 3 2- X (3 T2 RERRE I E3- AFP)>
SKAT 4 % 4 #& BURDEN % - 7] BURDEN # 243" #84 T %8 2 g &

5
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Bk g R f A2t ¥ FRERE AATIN A S0 bl ] P SKAT f
¢ ' BURDEN ## 4+ [Basuand Pan 2011] -

22 43 BB 6T TR R B A 41 5

2L EHNEARRETMOAT] (P F I BRE) BT - HRWZATFIND
NEA T MOBE R AERALI BRI FARBEE DA K-
i 5w 841 % (backward elimination procedure, i # % "BE ) [lonita-Laza,

etal. 2014]> 2 BURDEN g SKAT t3*+ & 17 5 firg R8> & B fL 5 "BE-BURDEN |

fv TBE-SKAT ;- %= > ;25 P @it &2, (adaptive combination of

P-values, #ifii= "ADA ) [Lin2016; Lin, etal. 2014] -

d Jonita-Laza % A & 11 ehBE 2 27 d — A F|p e 5 F R T A NmpRE-

¥ BT

HI- A RTIN RSB D BRE (WAoo r=200 X B E Vo= (v,
@t * BURDEN # SKAT 5 &3 8B P i s Py -

HIS D EABErBRES - RRE Gl BB F ) BREP FIT PR
st el &5 Vo= {vy,~,vj_1,Vj4q, -, v} & & * BURDEN & SKAT

kP HEHSROPE A Py o

It

o

D Emin(Py_,, Py ) S Py R Vo= {v, 0" 5k BRE  H

k=argmin(P,_, P, ) > @ F1 T h % R+ eh £V =

Ve, Ve Vkgn o v}

H e P EAFHF - fr= > & 7] BURDEN & SKAT o P gz £ { ] 52k > b
FEEEE V B E B sy -

-SARTRP GETRREFEIERIPRIRH LTS EPIFE 0
FERERA UL ERRT- A FUEX20 BRGNS NEFL LN BRE
fFdet e B2 8 (bl4et B=1000) > 55 & B=x @ dehefy > 3555 BRE D
SBEw e £ A5d | Bl B A+ v (Expectation-Maximization, EM) = j*

[Benaglia, et al. 2009] #-izt R B w I Fh A 5 F s F o &2hn BFEF®
6
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pd TREAE  fe TR &4 | AF TREE ) GETHIVTLIREEE

#2853 Lin % 4 SHR N ADA B 0 Tt - ATIR TS B RES et
G 2 B REFNRBEED o S LHATIN o BREA YR B P
P1,D2s wes P > RS 20 P 6 & # 2 [Fisher 1932] 0 #-m BB eh P
-2, logp; (ﬁbgﬁﬂfﬁv ﬂm?ﬁkﬂi“c‘ CHR) RREYELFL
%8 i £ [Cheung, etal. 2012]> 1" f o bl o 2 4R o s M- B % A 5 T 9
wFEREE T RERE RS ERREOPEA UL R LG

I
IS

=k
w
i
Y

P+l (FEFRAFPRE 7 2 HBE) L ADA LR EHF R hPE2 5 >
EHEHPBELT - UL Y ADAZ % Yang £ 4 @ * - B FH 2P B U2 0.05
[Yang and Chen 2011]> @ &% & 11 B P & # %78 :0.10,0.11,0.12, ...,0.19,0.20 -

e TRBE e RERREPEABE LT

1) % T’ﬁfl]};Pnaé‘u gL (4 % f)7'f’l’;'rav W’J%‘ﬂ Pi

[t
fis
W
FIES

j=1

Be & AhBSE £S5 BRI e ZORBR & 30130503
Ipj < 6] 54ptddic: & pj <0y ~2R I[p;<6] 21> w; 2%%;B%
£ 2 € > w8 § SKAT # % [Wu, etal. 2011] #23X e Beta(MAF;1,25) > 4+ 5 4% 1
BASHEEATWI BRI A MAF, 5% BRE DL HBH A TS o

(2) &% fB PEREH (45 6) 27 > Ao BEAREL P EIE S

Sf_=‘z¢j'1[PJ<9f]'Wj10ng ’ (6)
=1
R g ShBEEOER BRER S Ao REAREE ¢ B0 A5 0

HA R At (5)

= (5) &5t (6) AulRD ST g So ot ARATFIEMRLE G T/
FEDTF BT oA IR EEFIAY B P EAUET DR TN E S =
max(S5,S7)  f =1,2,..,11 « ¥7 & {7 B =t 7] (permutation) » & =t £ 7| 324

7
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ERBEDERE (traits) > AiE D Am & BT A TR R Bk g o B F
A RAeR A (ARG EREORA) BB RBELERA 1] B P EASEET ME 5
BH ORI TEATIEERE LT AN o EF - i B2 A BT Rk
A ZE RFHRRAFF o LT D G ERARD  FIEREATES 1]
SIIREE LT R

A E R R AL MR R oz P EREH o L5 Tl P ER R (the
optimal P-value truncation threshold)e #7 % £ i %] P -] > i P B8 %72k

H e s F o chiop # & (possible causal variants) ©
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B A AR OTAET o dota M A FY 4 R ] F
AERpRE - F T 3K 2 AT § 24t T [Fisher 1922]; = 7
A e A MR RIS AR ARG it Ry R AT R R 2R

KEF n BB mBPR % BRREDAFAT N 5 GG, Gg gg B
4o G h 2B ¥ AT (majorallele) » g 5 =t & 1% & F] (minor allele) » P| % j T %
Pz X BB AFOEL B T e 0,1,2-d R - A K AR
TR T m BRREE-BFAHT o

HEjBREA T Fpoled R HRATSFF T HBEY X RHD L
Fleawgp oo RIfES- RS THe TRE 04X *—%%%&’w%@wgﬂﬁ
EHBAFEBE aC L pbler BB O EHBATRBE a LRHbE
HRE? XL HBAFNE B O pile? BRI OB AT RER R
bllefrdier HBAFRBES to T AT

bl ¥R e SRR
ﬁ%&gﬁi?%ﬁl res £ tes ¢
BRRBRT M RBLAHEMM 0 HER LY FPE (mid-P-value) 3
%ngza“)+PLX>a“)=%Q§J(ﬁgzzm)+ ji g@i%i;;),(ﬂ
(tcs) x=ac+1 (tcs)

9
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BB R PESORFIL £6 5 a PERBIEOPEE R LD A IESRAR
WoFEHE oa B P B M ™ F kRS m A B o ik B it R
P o

Bk FHY BEEA D oHREY IREB AT F Wl =
Egm AT IS RE L TS RERE 0 L X 5o R NE S A%
PRad TRHBAFIEBHE oS HRE? BAEI DT EHB AT BE a 5
Rl e TR HRAF R B (T HREY LRI DB ATRE
FonpilefrRe HRATIRBES o bn A BT LRI EA KA
Moo HEWZ P B PE (mid-P-value) 3

() (o —gen) 0 (e %)

1
EP(X =a")+PX >a™) = 3 +

(2T

RN (7)) AR (R) AP ENBUBE PP E (S E A MiEm BRE A

(8)

"2t % % 2 | (non-synonymous variants) ¥ I = & % 2 | (synonymous variants)
AE MY D TR RRE | FHkA AT C~G ane o §d 2 %Af@A 7|0
g on TRESE | Z#A AT C-G ot 7 Rig SR B 7| e
[Ramensky, et al. 2002] - £ ¢ * Benjamini-Hochberg ;> [Benjamini and Hochberg
1995] #-% e ph e P g s Bk S Q@ (AL TB-HQ-values ) #2LF Z %L 7
My B 0 EIEEALT & 5 = IIW%??

,755}!5, DR PEd R PySPoy < <P,y °
HF= A PEAHEDO BT PP Q{Pon,y) = Pomyo °
HH= wmAEE P Es 0@ Q{Pep}=min[Pgyx "/, 0{Pun)]

Mys— 1, Mpg—2,...,1°

43 QP # € %3 QfPuyn) s Q fE ¢ X Ik Feh P
T4 R4 hkd oty > FRAREF (m—my) B &M Z B
,%%Pfﬁﬁ#l’?é‘;Qfﬁ’@%—i%ﬁ%iQ@_@é—%ioﬁ%é—ﬁﬁ%l/%Q{Eﬁi«kiﬂz,'}‘]_:_El_‘ﬁfi

FPREEY 2B EAL R F B Q BEEPE 0;,0,,,0p o S0 B b

10
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pREHRETHES > BREHTA L T TRE 2 T RERE 81
B ERE DO RS (5) HF(6) AHIFEE (B (5) &5 (6) ROPEFF
#5Q0iE)e

B3 (5) B (6) An RS S S; o R AFIEM LA T/
FHAF F BT o BRAY R BEEFI LAY B Q ERWET TR S =

F_*

max(SF,S7) > f=1,2,..,F #a 27 B x5 5P E R G R
A Al A AR T AT LR RN - 6% S B 0 BRERT R
BRI AR B R S, & B A Aok ey g 5,50,

Y s : P v Zb 1 ( ()>Sf)+1 v . -
g v RN S B P B o e (0 & dp RS T o

B+1

508 1o % kxprlfrmpeas g 50 #dv (B-1) 45

Zpail(5772577)+1
B

L s 2 PSS k G 'z s ¥
s R TR S ke P k=

PRI AL F B Q EEKPIEY &l 5 P 55 MnP=

[ ZE= (b) ZSf +1 1-/— 2 PEN \ ya v
\sfer 1&;,) ’ TR L F B Q ERUFEY S H P ES

(b) (k)
Minp® = min Zb::kl( ;2Sp )+1

LefsF - o i MinP ¥ MinP®, k=1,2,..,B > &4

B I(MinP®)<MinP)+1

w8 T P (adjusted P-value) 3 il ok R B F B
Q BEUFIE? FHATEBF 12 L85 Ribh A F i g RFHEF
Ko REAFIESERARD  FIELE AT | RS

AR AE MR R g% O BRYE L5 TEiE Q BERUTE ) (the
optimal Q-value truncation threshold)e #73 % £ ¢ %] Q & ] >t $if Q B 472
'_'FT e T w miml%%ﬂ e

RRUFEE AR R > E A % Besag v Clifford #4160 T B 7 5 +
%% | (sequential Monte Carlo method) [Besag and Clifford 1991] » 4 # > £t 5| =t #ic
Bin & 10 50 » B £ 5] X 8By & 1,000 =0 0 %0k 512 5

B
Z I(MinP® < MinP) = (c? + B™)™' » & B = B4y

b=1
1
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v HP ¥ e 50250 A7 TAFLEPE ) SRR LHES025 B 0%
GAFE > RIFRRL b e o TR 7k 6

o TR P B iR

be o

e (B) ik A ARk
WEF on BB FAT R E A o £ B EARE > § A
WEBERERE 2 A GO e T

E(Y) = ap + Cia + X;;8; > 9

.

BV, LRI BRAERE > a 5 BB > C = (Co,Ciprr Cip) 3 5 i BRI
BERT (et E o R ER ) a= (a0, @) b H I G X 5
BB BEB R AL HRATEE R (FRE0,1,2) B

Meenit jF hfele - Am A BT > 5 BREEABAM  Hye f;=0° it T

3t # (Wald statistic) T, = SE‘Z?)

VJREA D An—(p+2) i A o A F

s L

(Student’s t distribution) > B, jBER ey Gl B T ) T
# g pink & F 0 SE(B) 5 E, R o

I

RN BUBRLHPEZE AR Tm BREERALL 22 E%E & TR
Z%2 | A o 4ok (A) /] & 97it @ * Benjamini-Hochberg ;* [Benjamini and
Hochberg 1995] #-3 2 p P g~ Wik S O @ (74 "B-H Q-values | ) o & %
R cni fF e <3t 00 RIFH S T RAPRER 5 F 10 00 RN

ST M RPR B3 BRBEDOERS (5) 258 (6) #HIFEE (Y ()

B (6) MNP ERFHE QE) BEA R (A) ] E it o

R A) SR B)Z 2 0 2 A AR L O B LS £ (adaptive

combination of Q-values) > @ £ " ADAQ -

12
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7 rj‘p*g_ Fotidt 0 I AP RAIRMKATHET o #* %= F AR S s
FRAEGotH PR RL P NI D NTARERE 4L ERAN L
HARPF O ABR T 042 8 it 2 22 2 e R 43 & R R % o

WHERY 0 2 AR R ¢ WA TR A kg iR 42 (coalescent process)
[Hudson 2002] ¥ # * Schaffner % 4 2. Cosi #25% [Schaffner, et al. 2005] & & 4 ¥
ALo gt Cosi 258 @ H thde A * K A 5 A F] & K 7| [Byrnes, et al. 2013; Lin, et
al. 2013; Lin, et al. 2012; Peng 2015] - & 4 #& * Cosi £ = 1,000 # & 7| F4L & > &
BFALE A 2 10,000 F PRl THSRGE Y A5 MEEE R (region size) 3
20,000 i & 78 ¥+ (20 kilo base pairs, 20kb) 38 % 3] (haplotype) Filod 3t &< i
EHFAnEFZ AR Ty L“:}*E",% MAF = 3t 5%y L% 8 > & * MAF /] »" 5%
L R A

FEEDIELRBEE DS o F A MAF 4 0.1% & 1% %R ¢
EWERF T FLREAROEE > RWE G L/ RERE L RO EE G
(causal percentage) 5 7.5% & 15% > HAeTE ¢ =% -

P TR 2l L TRBE 2B g% o KEARE S5
20~50~80 %2 100 > H 4 (100—Ti5)% Bl 5 FHEFR 2 5 o A WEKE B T/
PR R R FET §F ¥l ' 12 (population attributable risk, PAR) & 0.3%3#¢ 0.5% >
F 7 fie B ﬁ[ﬁa? LG 03%2 0.5%F FE S G T/EERR 0 RET FE L
LA B EREY AR 2 5 (incidence) T EFFIT R - ke Bt b o

dORETFFIE GO TE > 2ATHES b B L/ERE AT AN
7 % 1+ (genotype relative risk, GRR) % :

( PARh 1)(_1)Eh

GRR +
"7 \(1 - PAR)) - MAF,

’ (10)

H ¢ PAR, fv MAF, ~ 83 % h 3 3/ERE S ET[FF %P2 B2
13
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HBATHESF 4 % h BREZFHREF & X1 53T %EF § %
0058 (10) » 2 43F % 2 }F*Jeb'ﬁ%”* [Li, et al. 2010; Lin, et al. 2013; Lin, et al. 2012;
Madsen and Browning 2009] -

4N RBE 2 A g _Cosi B8 2 2 4 = chge 234 10,000 15 H 2
Al¢ > EERS EH 27 H ,Hy, 1A= - BRELFA] - f@:%@gf’:ﬁ:}}%;}%@;g?

Li % % [Li, et al. 2010; Lin, et al. 2013; Lin, et al. 2012] 2 3% #Z_> f‘z%ﬁ/}%mﬁﬁ?
2 d
PaqfamaquHg::ﬁ)xI_II]GRRﬁ”M;WJ, (11)
r=1 h=1

HY fy 5 AM®E % (baseline penetrance) » Z 4 &P Cheung % 4 & 5 1%
[Cheung, etal. 2012] * H,, & % rif (r=21,2) E231+ % h B3 T/FERE Y
BRAF g, 25h B T/FERE L HBATAL R T/FELER DB

I() 5dpthdilice €47 e BAEE I 2% 500 B 022 500 B4 5 0L o 2t &

/e BB BRFEEGSLEA- P HEER CF A ?‘}F*L; [Byrnes, et al. 2013;
Ionita-Laza, etal. 2014] » K € o3 T/FER R > 2R ZRLE 7L a0t 5] 5 0.8 9
RARR Flane g > RRFR{OV RS TR

09 d 2L %R ¢
2 B HRE T G055 033047 0 0.56 ¢

Thad 2gid o

AT Q BB

FlOEEY PEirsthaiak ¢ PEBEL QBN ER
v P EA %M (0.10,0.11,0.12,...,0.20 [Lin 2016]) * # % £t - p 0.1042 > &
LA BE QBRI Opa) 5 0.1540.20~0.25~0.30 & 0.35° % 6,,4,=0.15
PR 6B Q EEYMHE: 6,=0.10, 0,=0.11, ..., 05=0.15 5 d &= #74% den
<MMQ%%W$%’Q—EQE§IHMiEﬁiT’Sﬁemxiﬁﬁﬁﬁ%%
Hcd 5 [Receiver operator characteristic (ROC) curve] 2. 2 % od Bl- I Bl ¥ 3
FE/RERRE L RA T ¥ R ot b (causal percentage) ~ EFHF ﬁﬁ?_’ﬂ;’é %t~ 1%
B ROC W Mg 334575 L3 2 MgH -

Foi- B Q BERUTFEERF > Z A g T A ER

14
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(I) #zg & (sensitivity) *c4¥ £ & (specificity) & 4 * £+ ;
(1) ROC & S}t gl (Opay) EEHL = b & [BIRE(0,1)] g 2g4 -

o MER (1) TR % S HE A A QERETFIEL 030 £ R
DOER] () T o bt O BREFHED 035 FA RS o Bfs o 5

£H 032 03578 BidF > T AHE 100 €4 > VIRTIDEHEEBE - G5

\\\

B He TR o ERIT T 0 ok Q ERUTFES 035 FF 0 BB LB

Beit g Q ERUTFH 03 FF Y o BB aoBaElry 3F 5 R IR EHR
Mo i A RBEY Ph s Q BEREFHES 030

m(B) ¢ A

4‘3’%’}:};1} ‘}lj\/g‘lp\?’ﬂzm(A) ifam-ig%g&fk‘&}iﬁé 20kb » & 4 A%

MAF 4 01% 2 1% % B¢ g ER/FF FLE 0 BB kg R o 2 ¢

Bor 7% B vt b (causal percentage) 5 7.5% & 15%  HATEL E P 2R o
BSR4/ MR R B 2 el o S AR R 2 B S g% T K E A Y
% 5~20-50~80 %2 100 > H 4 (100—Tig)% B 5 *5 (ML R 200 5 o

B RBFAGERE L

e Wu 4 [Wu, etal. 2011] < 3 4 i 3% 2

He G W#HE-2FYN2 (o 2 - HEEAFR ) L HIREEET &
Ao C, 508 1P #F L L0522 AL r MR BRI ) i E
LREEBEF AT B, 5 cl|logioMAF,| X (=1) $h» £ 5

FF h BogrE i
e E'J#ﬁﬁ%u&;ﬁx Ep L FEMAMPE S & F 00 mBESREK
PXEL02:

04 (27 04 5 [Wu,etal. 2011] ~ 42 iR ) Bdcs 7 B
FEER R ED 8 MAF 3 0.005 -
Xi, X5,

FoewBL 02 BB g5 04602
XS5 H 1B S m BRE Y e b oo Wt Ay 1,000 4 o

15
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4.2 3 F v
frrt(A) = A ik

% &2 otk I e ADAQ %2 2 ADA 2 % [Lin 2016] 0 2 ¢ ADAQ -
Eikdi - HERE/FASE Bl S AR > %A L ADAQ-1ADAQ-2-ADAQ-3
ADAQ-4 ~ ADAQ-5~ADAQ-6 - L% &4 iR T (4 ¢ WMHHER S 20kb> 7 2
JEEFRE L RAITHRE A 5] 5 T5%E 15% HHT FFE L 03% & 0.5%;
FTEIRBL G I/EERE 2B 5%~ 20% ~ 50% ~ 80% 2 100%) o Af F ok # %
50010 v = 2 ehig T4 (power) ~ BB i BB o 43
BIE o BF-KEXR S 001 ek FlE_ 0 B3R 547 % I 4 o Bonferroni &t > &
FLL5AFR BERERRE L] o 2 UEFE (permutation) - P & eh
ADA #2 ADAQ Z i 5 FF/F » )l 2 A RIE- B A3 2 5 - e 5 ke d
AT R A RMMA T (0¥ - § 2.1 & 4 % BURDEN # % SKAT #
Lo ¥ H#Ef#1T P o analytical P-value) 5 ¥ = Fg & @ % ADAQ i3 > 5 s b 5
AFIP I BUnF ARBEZEE (HFZF48)

ADA = ;= &_d Lin 4 &t http://homepage.ntu.edu.tw/~linwy/ADAprioritized.html
AT 2 RABEN BT A 7o~ ADAQ & /2287 ADA = 2 3 & 7 | ehibs & b
e BHREE-RFLIE 0 ADAQ p r» $ B NF MBS IT L TET NP EA D
R RXSRPEERASEPESE > @ ADA X AR P BITA o

B ER L ADA Bt ek s P A g d 1,000 5 A A ADAQ
2R L0 MG B PR 5% Besag v Clifford #73& 41 enf B 55+ + %2 | [Besag
and Clifford 1991] » 3% % &/ #7]=x# 10 = > £ % 1,000 = ¥ ¢ » ADA = ;£ %
211 B P e % rPiEs 6,=0.10, 0,=0.11,---, 8;,=0.20 ; @ ADAQ - ;% %_21
B QO BEREMHEL 6,=0.10, 6,=0.11,--, 6,,=0.30 -

frm(B) ¢ A AL Rk
e fin(A) 8 * &< 3 119 ADAQ-1~ADAQ-2~ ADAQ-3~ ADAQ-4> ADAQ-5
fv ADAQ-6 = 222 ADA » 2 ' i o LB A7 PR T (¢ MFHEHE R 5 20kb >

Bt/ MR SR RS ITHE b5 7.5%S 15% »cfgEskdic s 0.2 2 04>
16
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RGP R R/ R R R 2 B 5 5% ~ 20% ~ 50% ~ 80% & 100%) 0 &F
FoRER S 0010 S S Rl T4 - BB Ec SR

FERIE o

17
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43 HiRL %
SHAP BEES QBRI - 24 E4F 100 Xk F RO T KB
Fend 2R LuEREPEL O

Jrm

I MMBIEEIRBERELE  MNE-F 5B
e (A) ¢ =~ Ak

Bl»fr®l- 55 F/FERE P ECL DI Q B(TA)HET > 5 B~ el
SP AR PELI QESH CADA ZHP B R YRS L 02[Lin2016]; @
*2 T ADAQ # Q ERUTF IS S 5 03 2 A FHRQ ] 3 03 chf T/iRHE
KRB (CPWPESD0255 T/FERER) R QE]F03 AP 2R
REL7 (P PEA?W 0257 2 fR) 0 i2d T ADAQ 47 JI'g L 7 izt
14 (false positives) °

HAFIAPHE B &1L (GRR) K 20 2 A 5% 5% (10)0 FIH = 7 5 v jrof
$ * [Li, et al. 2010; Lin, et al. 2013; Lin, et al. 2012; Madsen and Browning 2009] - X
Ao R RET 0 BEAPRIEFFFF SR (PAR) 2 R $H A FPE
(MAF) 5> R B drcpE g T8 L@ #P ¥ L [Lin, etal. 2014] -
A7 B 1 Wang ¥ 4 2015 e A RAGRBFEE A g i > AR FF

LFREMER TR LA - (S RERE S T REA R UEE o 4
[Lee, et al. 2012; Wu, et al. 2011] & F FRFERIEE > FERRE DR ER

3 EREREFR A0 7%+ BURDEN & € >t SKAT & 2enfi ) s { B L
[Wang, et al. 2015] -

FEFR AR ERS > ] P BN S TRARFHEALF RAES
o g ¥ T4 @ 4 | (borrow the information from others) i+ 2 QO
BE3 033 TREFPORERE PEERFERERFL » (il QL
Py g 030

(B) T A R
E]—J-ﬂfr'E]J-— éi‘éﬁ*c/“% M kFERE P E(FDE Q B(T )it > @ Bt
18
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SR Z AP 2 RBPEL QESMRN c ZATVHERY 2 RBHPERIGER
3523 &~ % (Uniform distribution) » 2 S #g4x 5 Q @8 > QB3 03 en? = R
@i o ik T ADAQ 2 #F PR 1 5 ehis Bt -

FAIMREY 259 D RREPF
Fin(A) T 2 A R
AELREMTEAY 250 2 RB 0 Al AR EBRT ) 0 L4

%'@‘0‘}@"@*4‘1(/5 500 l@;}f}\‘il}l |22 500 B ¥pe - Batzt e x5/ F & P! ‘E‘ﬁi~ﬁ° » 2b
Fa%E B FER%¥E BHE (NS:S) /+* Ionita-Laza % * [lonita-Laza, et al.
2014] #Hek #2061 122 4 p 1,000 B Cosi B 7| FALEY > X BAEFIFTHE S
7 EAFHER 100 = 0 s F 10 F = (1000x100) £ 4F 0 37 2 A F -k E 5 001>
Z A EaiE 10 g = TAF P Fg)‘a, g;@; P& | Jv*@;.‘:g}\@ 0.01 a0t By > 5 A -

4 35-% (type I error rates) °

d &2 ¥ 5> ADAQ &2 ADA |- 45385 % 2 B ¥ -k 0.01 #3147 2
aﬁﬁiﬁ&?ﬁﬁﬁommmoﬁg%ﬁw%&ag»MMQ@RﬁAmxﬁ

- X
i (B) i A AR
ZAL A MBEES FERB /MR SR AR AR E BORT hF) o

TAFEBAE 3 Jci% 1,000 BB o B A/ FARE BRI > BN
(A) 48 o 2 4 4 1,000 B Cosi BAIFTHEY » F BAEAFTHE Y &7 LR
100 =% > ¥+ F 10 &= (1000x100) £4F > A F k¥ L 0.01 > & L3 E3iz
10F=xE45¢ TAFEPE, PR FREO00L a0t by » b 5 3] &35 o

d #2750 ADAQ & ADA 93— &35-F ¢ 2 % k& 0.01 3237 > 47
AR YR AL B HILOBES T 0 ADAQ 7 F] ADA thz A2 - -

19
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FAIMEFEY 2 2LV 2 RREE

HR(A) | = )

FARLLASHMEERY T FFRBEE > LIS EHZ ERT O £
W BAEE 3 % 500 B b2 S00 B - AR A/ FARE BRI R 4

AR S-S S A IF*J% [Byrnes, et al. 2013; Ionita-Laza, et al. 2014] - 2
A p 1,000 B Cosi A7 FH &P > N EFHEEBE2ZT  FBAFTREFEF
EAFHHR2 & 0 &£ 2,000 % (1000x2) €47 » 37 2AFF-KE S 0010 & 43+
i 2,000 T E£A4F Y TAKE P E P YEEFRE 001 gt b ik Ed o ¥
bt TR RES P | [ R EORIE 0.01 SRR T 0 R AT A TR B R

N

BEFR > 25 12 ADAQ ¥ ADA i\;}ﬂ RN e s 23;}%%@_ IS TN
PRl RHEBEE BEIERIEL ¢ Hk FHRTHSE] LA

dRS e (WK RG 3/ R RATREL T5%) SR (KR
WAF T/ PR AAFTRE L 15%) 0 & A7 F B2 ADAQ $5 N inE B 12 1B
ot ADA K8 i BEEBEL Y 0 @ @ ADAQ B AR B4 0 ADA (B
HRRE I ) o d - 7 oo
NALR BB DAY 4 A5 ADAQ-4 > ¥
gt p)) HEE 09 (Gt op

e 8B o1 ) dut b)) 2R

=

/‘Q

+igplE © d ADAQ ¥|%7 5 RopREF 0 HE LK
2 E/FEZEATFAIAFE T

d A

Pysic (%eF 3/WERE P > 2L 3

R BT e
[Byrnes, et al. 2013]) 5 @ Pygnc (® = %3¢ >

T

W

AR

1033 o & " ADAQ-4 1% {HIE R &% 20 H T fe

Ir—g-

o

s

Fi(B) f Al G

FALASMELSY TG RN/ NREE A A ERT S
A0 EAF R BAEE T4k 1,000 BB & o 2l B/ K% B BH Y 2 FIRA)
Jak o & 4 1,000 B Cosi B FHE Y » 5 BHEEEZ T 5 B A A TR
BreF eI % 0 w2 2,000 % (1000X2) €47 » 37 XA F K& % 001 -
FAGE2 2,000 R EAF Y THEE P E LB FERE 001 Gt b 2 Rk
T4 oo Ry 2 TR P SR ORE 0.01 hfFRT 0 R A A TR R
LR E G AFAPM > A 2 ADAQ &2 ADA kg B HHFE AREEE > E X
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AANEHE B BB BEIEREL Y ke

d Bl A (B T e/ MR R R RS REZ T5%) 2R+ -
(Bok T 4o/ MR R R L AT R 2 15%) > 2 4 7 5 182 ADAQ 45
BB B ADA R0 > e BHEL S > €% ADAQ I MIE R E B
W ADA - b > FlE AR AR/ FRARERE TAMAREE 0 &k ADAQ4 i

BRI ER " HvEREFR -

21
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FIR Brag@dsdra iy 17 FH
Z AE* 3§ A 471 i¥5 17 (Genetic Analysis Workshop 17, f§ - &
"GAW17 ;) ® /] it kg3 = (mini-exome) 54 7| F 4L [Almasy, et al. 2011] »
OERHEL R A A F et F (1000 Genomes Project) [Abecasis, et al. 2010] » # &
PEFERAAFIREKE Fo Rl Y £ 697 ik A A2 BAEZ & &
MAETE o~ ARFF B E o L5 22 $HHE R 4 R0 3,205 B A TF] 0 K 24,487 B ¥
B2 A047a BRFI LR QL& Q4. b #h > GAWLT B & 45 B 4 chil 5]
A 24 200 K EAF R E 0 2 A F 200 2 QL & Q4 7 E enfrl o

B GAWI17 erficgk =@ » B8 Ql v Fli & kg _u_? R4 E TS
(vascular endothelial growth factor, i it " VEGF ) ¢ /% (pathway) > § %+ 3
39 BRBE KRR o gt GAWLT BFf 5 ik ’Q‘Ej‘?i?ﬁ%ﬁ T2 - B
Fomda- R QA AR aERRER BT RNEKE - 2 AHRIFA A
R kA4 Q4 £ Q1

K- M- BB AT L 2448T BREE- MY F A4S BRER
"

AT g BRI Aet (9) T 0 KRR S ERER AR E 0 d B

Iy

£ (Wald statistic) H IR BN BR PiE > 55 24487 B P> LEFNA P LK

I (Bonferroni correction) 44 " A48 45 :2-5 | (family-wise error rate) *+ 0.05 (7= ¢
Byok®x i 0'05/24487) » & Benjamini 4= Hochberg i# $74" 45t .5 (false
discovery rate) ** 0.05 (#§ # " FDR-BH ) [Benjamini and Hochberg 1995] -

®35 - WA F L H =# 7 SKAT & BURDEN % %> £ 11284 9 £ fe o

(Bonferroni correction) #7241 " #4845 225 | (family-wise error rate) >* 0.05 » 7% T &g
Foiog s 00575, 000t B S FIR 41 ADA & ADAQ # 45 B LR 0% B
ADA 22 ADAQ Z & hipw| P E7rd N (9) m 7 £ 870 5 BB RF L4
40 Tt £ (Wald statistic) F 3SR enBw| P iE o

A1 Q4 g kA& T

A e Lo

] -3 o722 R & £ K%
H R 200 EAF A S0 TIHE R EAF € DR 0.065 BB (75T 230200

Iy

SEARAFR 13 BEEE); E- %8 24952 FDR-BH £.7 %2 » 545 200

22
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S E4fa T TE

ek

A€ NI 1.665 B HE M (77T 238200 = & 4F AL IR
BIBEBH) A ReES AL F2 W L ADAQ FH LR ik B4
Bt ADA 2 > 8 - RO R - R o

AT QLR AT D EAVFIE - R AT E XL R LA
e BB RS GBS0 B- %8B A% 4 FDR-BH 505 112
Bl Kvg o P RRBEBRERIE R F o wd T R o RE- RS
& FDR-BH 3 @ 5 & fvd= § 00k - enE B iic o 031125 Hep] /1020
A9 L fe 2 FDR-BH 2 fF o {ug = 27 ADAQ H 453U % & cnf B {2 G 13
MR MY ADAGE o - RaRE S - R oo

- FnE s 222t a T QL e BN G BV B B

Kil>

S 2135 4
GAWI17 en4 4538 2 — 3k [Lin, et al. 2011; Tintle, et al. 2011] » # it & F]€_GAW17
BpEA* e gp A2 EFFRE R ITFEQL HRE - G FipT 39 BEE
Qlithen®g &> RE v AR LWL AR Z ALY 2% E) Irre 39 BRE G
hARBEYE o By > 3t 24487 BRE Y F 17 10,000 B 4 5 %R (private variants >
R B AN KB RIEN 4 ¢ A% T)) [Tintle, et al. 2011] -

Mmoo 2 AR nBE R FEwE N RB QI Rk E e BAFE P
(% %%~f GAWLT7 MIj < & [Almasy, et al. 2011]) » 1 F 5] 5 B =44 {7 SKAT &
BURDEN # % ¥ » & FLTI 22 KDR 3 Fles 2.4 £ 3% 10% > % = 7] 3 gt = & Fleh
AR (B BREQLMATR TS E M I ERT LA IR ) o

AVEE - RHE- RNESE 0 TT > ADAQ hE BB Hn: b 3t ADA e

Iy

%1% |4 B B ADA > { 5 » % 17 ADAQ 1% 558 & B 5 ADA o
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PR BWAHW

WA RTAEFTHRI N BT ARBEREFF A L TH - RE TR
dFARRERRI|chilic: S A R EHR TS MK BRI S R R A
PRIE > RI{THNIHINE T ORFERERE - F N FLFTHEIAES
SRS B - P ERAMATFIZE S N EM B T (FHEF o SKAT &
BURDEN & ©) > #5 21247 fe o § M Pk Bl & 2 PR B BB % ek 796 1
ADA # ADAQ 4 17 » kdg 1B W F A RBEE o A2 0447 GAWILT F AL pra B~
SR PEEL e 58 @ % BURDEN 4k 8% SKAT 4k %% #2747 328 5 B 5 0L 7]
B g ADAQ kdp I B ST ARBER o 2 A F RS FRDTE B
H- %3 o47588 T#E#RS, £4] (¢2° 45 TFDR-BH ) [Benjamini and
Hochberg 1995] -

Ao &1 ADAQ = j# R ¥ ADA S i3 (51t fi 0 RUF) S B g 4 IR [Lin

-

2016]° ADA = ;2 * Ionita-Laza & A #% ) e {89 ",f /% [lonita-Laza, et al. 2014] 4%
ADA F % il (IR B Rmat HPER > F]0t 0 A R 27 ADA TEIL e

Wi N BN HF ARBEEE L 0 ADAQ WA e K/ KR T T L
ADA { 7 ¥ 4GB BE . © 4G Y ADA { § BB IR E > 7 d
ADAQ H M RANERFRFPIPF L IRFEREE > S P FH LRk -
Flot 0 F LR A/P AR BLGE ER . E A fE R T ADAQ Rip B hE AR
FRE
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’f' F/IRERALIR | BB ﬁ? B NS:S* PNS|C2 PNS|NC3

AR R e bl

(causal percentage)

o K e ADAQ-1 0.57 0.8 0.33

(~7.5%) ADAQ-2 0.97 0.8 0.47
ADAQ-3 1.36 0.8 0.56
ADAQ-4 0.58 0.9 0.33
ADAQ-5 1.00 09 0.47
ADAQ-6 1.40 0.9 0.56

B e ADAQ-1 0.66 0.8 0.33

(~15%) ADAQ-2 1.08 0.8 0.47
ADAQ-3 1.47 0.8 0.56
ADAQ-4 0.70 09 0.33
ADAQ-5 1.14 0.9 0.47
ADAQ-6 1.56 09 0.56

- tERATY O ARAR/FARE B

UNSIS  (ChRAREBEC FAFEBE) T EAHRT 2 T35

2 Pusic s BF F/HERES 0 AR R R

[lonita-Laza, et al. 2014] 2z ¥4 H 5 % %o

R R Lo

3
0.

R I

0.8 i * f

9% p [Byres,etal 2013] 2 #

3 PN5|Ncé Bl B AR RERR AL Gt By

etal. 2014] 2 HEHFHE K 2o
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(RER+FER (§+ §5)

4 Q E& ¥ E (Omax) 0.15 0.2 0.25 0.3 0.35

1IRRET 2/
BERR LD

(risk%)
4 ¢ 8 EEE B=20kb 5% 1.0110 1.0161 1.0230 1.0357 = 1.0265
’ﬁ FIFRERE L BRATEE o 5]=75% 20% 1.0174 1.0213 1.0295 1.0438 1.0306
] EF ¥ & % 14=0.3% 509% 1.0372 1.0467 1.0586 1.0708 1.0487

80% 11026 1.1159 1.1331 1.1589 1.1434
100% 1.1418 1.1589 1.1806 1.2009 1.1908

¢ BEEE AR=20kb 5% 1.0298 1.0358 1.0480 1.0765 1.0938
FE/RERE L RAFRE P 5=T5% 20% 1.0455 1.0552 1.0723 1.1008 1.1225
HHT $ F] % % 14=0.5% 50% 1.1060 1.1247 1.1463 1.1735 1.1776

80% 12203 1.2461 12724 12914 1.2869
100% 1.2754 13033 1.3350 1.3619 1.3636

¢ HEHEER=20KD 5% 10205 10294 10404 10534 1.0160
$2/RERR FRAFRE 0 5=15% 20% 10243 10320 10408 10604 1.0108
HET AR HE0.3% 50% 10593 1.0736 1.0904 11089 1.0695

80% 1.1469 1.1629 1.1859 12010 1.1810
100% 1.1911 12112 1.2322 1.2493 1.2448

24 T EE AR=20KD 5% 1.0355 1.0479 1.0682 1.1003 1.1011
TE/FERE L RS RE e =15% 20% 1.0518 1.0693 1.0912 1.1170 1.1177
EET I % /5 % 14.=0.5% 50% 1.1333 1.1598 1.1875 1.2080 1.1974

80% 12566 1.2820 1.3082 1.3297 1.3430
100% 1.3055 1.3292 1.3560 1.3754 1.3890

% ¢ WFEE AR=10b 5% 1.0150 1.0216 1.0304 1.0500 1.0311
FE/FERR IR ER 0 H]=75% 20% 1.0252 1.0330 1.0455 1.0695 1.0451
HHT ﬁF‘ 7] & % 14=0.3% 50% 1.0438 1.0535 1.0674 1.0948 1.0725

80% 1.0959 1.1205 1.1410 1.1707 1.1452
100% 1.1229 1.1469 1.1728 1.2028 1.1851

% W% EE R =10kb 50 10402 10537 1.0694 11049 1.1001
$IIRERE F RA R R P 5]=75% 20% 10551 10711 1.0891 1.1260 1.1321
HET 5 =05% 50% 1.1256 11480 11774 12096 1.2076

80% 12263 1.2604 1.2931 13171 1.3077
100% 1.2789 13178 1.3574 1.3888 1.3798

%7 W% EE R =10kb 506 10229 10330 1.0459 10551 1.0184
$2/RERR R FRE W H=15% 20% 1.0242 10368 1.0514 1.0625 1.0336
HHET R A% =03% 50% 1.0539 10691 1.0877 1.1057 1.0688

80% 1.1402 1.1623 11909 1.2031 1.1863
100% 1.1805 1.2044 1.2348 1.2540 1.2424

% ¢ WFEE AR=10b 5% 1.0394 1.0574 1.0797 11111 1.1033
FEIRERR I BLAFEL P H=15% 20% 1.0669 1.0880 1.1085 1.1358 1.1234
HHT ﬁF‘ 7] /& % 14=0.5% 50% 1.1485 1.1788 1.2065 1.2270 1.2108

80% 12717 13096 1.3454 13625 1.3604
100% 1.3314 13701 14035 1.4217 1.4199

Fo2 i AEHCRIERT 4R ER] (1) KRS BEA Q BB Bmar)

FRFEET 5 1,000 FEAF T2 T Z AT KLon b S Bk O BEETIE

(Qmax) ’gé ’fﬂéii“fif?fﬂfitﬁiéﬂﬁxﬂ’ °
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(1) 3 A 4 (0,1)2 38 (§ /) § %)
BAQEANPE (Omax) 0.15 0.2 0.25 0.3 0.35
IR EY
WEEE LB

(ris%)
44 HEEE R=20kb 5% 0.9864 0.9798 0.9715 | 0.9507 0.8351
$IIRERE A RE S 5=7.5% 20% 09792 09742 09644 | 09412 0.8445
ST §f 7] & H203% 509 09551 09446 0.9310 | 09099 0.8303

80% 0.8795 0.8638 0.8442 | 0.8114 0.7600
100% 0.8339 0.8146 0.7905 | 0.7611 0.7208

% ¢ WL R=20kb 506 09651 09571 0.9429 [10.9014" 0.7901
$EIRERRE L BB R v H{=75% 20% 09487 09373 0.9180 | 0.8794 0.7804
T T A % B=05% 50% 0.8821 08615 0.8375 | 0.8010 0.7539

80% 0.7520 0.7236  0.6944 | 0.6688 @ 0.6487
100% 0.6908 0.6603 0.6257 | 0.5929  0.5795

% ¢ WwEE R=20kb 5% 09745 0.9639 0.9503 | 0.9216 0.8287
TEIFERE L RA TR R A H=15% 20% 09716 0.9623 0.9518 | 0.9204 0.8466
GHT ﬁ? 7] % % 1+=0.3% 50% 0.9300 0.9135 0.8944 | 0.8656 @ 0.8306

80% 0.8244 0.8059 0.7804 | 0.7574 0.7396
100% 0.7712 0.7483 0.7246 | 0.7001 0.6854

% ¢ WEEE R=20kb 5% 0.9587 0.9444 0.9214 | 0.8729 0.7796
FEIFERE L RAITHR A 5=15% 20% 09411 0.9210 0.8968 | 0.8523 0.7927
wuw ‘F 7] j5 % 1#=0.5% 50% 0.8486 0.8195 0.7890 | 0.7562 @ 0.7405

80% 0.7045 0.6760 0.6465 | 0.6201  0.5965
100% 0.6430 0.6160 0.5857 | 0.5614 0.5419

% ¢ WEEE R=10kb 5% 0.9817 09734 0.9627 | 0.9196 0.8315
E/RERALRAKRE PV H=T5% 20% 0.9704 09613 0.9463 | 0.9031 0.8222
HHET I S 1£0.3% 509% 0.9515 0.9401 0.9246 | 0.8745 0.8096

80% 0.8916 0.8645 0.8411 | 0.7964 0.7538
100% 0.8615 0.8350 0.8061 | 0.7587 0.7132

# ¢ WHEE R=10kb 50 009543 09387 0.9207 |'0.8640 0.7863
$T/RERRE L RS FRE PN BST5% 20% 09387 09211 0.9006 | 0.8442 0.7699
HHT RS R AE=05% 50% 0.8653 0.8409 0.8084 | 0.7588 0.7173

80% 0.7556 = 0.7187 0.6832 | 0.6460  0.6266
100% 0.6997 0.6584 0.6158 | 0.5735 0.5599

% ¢ W% EE R =10kb 5% 0.9719 09602 0.9446 & 0.8998 0.8316
FRIFERE L AATTRE P 5]=15% 20% 0.9718 0.9571 0.9396 | 0.8960 0.8245
HHE 55 F] /& % 1£=0.3% 50% 0.9390 0.9216 0.8996 | 0.8540 0.8148

80% 0.8415 0.8170 0.7847 | 0.7546  0.7275
100% 0.7951 0.7684 0.7339 | 0.7001 0.6809

%4 ¢ %L E R=10kb 5% 0.9553 0.9353 0.9097 | 0.8469 0.7765
FEIIRERE L BA TR R e 51=15% 20% 0.9260 0.9026 0.8792 | 0.8225 0.7776
BT ﬁi‘ ¥ /5 % 1#=0.5% 50% 0.8386 0.8055 0.7739 | 0.7337 0.7222

80% 0.7013 0.6605 0.6206 | 0.5926 @ 0.5830
100% 0.6355 0.5932 = 0.5557 | 0.5294 0.5224

2zt AT o R (1) KV RS Bhot Q EREPIE (Oay)

E gt s 1,000 XEHF T T N A REATA S Bt O BRI
(Ormax) & ° > 2 AEEL (0,1) HHEdtE ® fh ¢ RS AEE (0,1) FHERT E -
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ADA ADAQ
= 3 AR
A - gk 0.010 0.009
BRI 23.0 12.0
L Gl S
A - gk 0.009 0.008
B BET D0 40.0 11.0

A I REBRT(FIMFRAP AEPRBEEE) ADA 2 2 ADAQ & i 2 7

- BEFZ GBS

“BERERTS 001

b BT L R L 20kb BF o T iant o s ROERY NI enth IR B B o
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L F1 A H 234 7 SKAT &« BURDEN
- RP A W Ais 0 TREF A FIN 1L ADA &
ADAQ F 5 &R % 2
. SKAT BURDEN
Bonferroni | FDR-BH ADA ADAQ ADA | ADAQ
A1 Q4 0.065 1.665 0.475 0.470 0.605 0.570
% B pLenip ik !
A+ Q1 4.3 8.1 9.1 8.3 11.1 10.3
B enip ik
A2+ Q1 64.2 435.6 244 4 221.6 265.6 246.9
BEEORBER?
%27 GAWIT FH A7 Q4R H a2z BB % E) & QL (F% L F 39
BB P R B

1_,/\

ZEAT TR NGB B

P E X AT TSN T B

SKAT BURDEN
275 | Power! #(TP)? | #(FP)} | PPV * | Power! #(TP)? | #(FP)® | PPV*
FLTI | 1 ADA | 4.885 [5.665 | 0473 [0.995 |ADA |4.884 |[5.673 |0.473
ADAQ | 43 2.545 |0.667 ADAQ | 4302 |2.543 [0.668
KDR (059 [ADA [6390 |1.619 [0.807 [095 |ADA |[6379 [1.532 |[0.816
ADAQ | 6.178 | 1.042 [ 0.869 ADAQ | 6.147 |0.989 |0.874
%2 1 GAWIT7 T4 4% 1 Ql

1 SKAT/BURDEN -

2 A

B 28 F] FLTI 4= KDR #718 crifg &4 -

& 3% Flit SKAT/BURDEN 2| % 3 88 % eniba;™ (A ¥k 5005/, )

T s A TN A D B B Bl 1995 GAWIT Hk =0 FLTI A 5N 5 11 &
PP B R S KDR AFIN 5 10 BRBPEAEE -

RS
3 4y

# ¥4 SKAT/BURDEN 2| % % B ¥ ehlf2, ™ (A ¥ k2 5005/, 1) »
T ot A TR B G B B o

* %37k ¥l SKAT/BURDEN 2| % 5 8 ¥ ehif2~ (3% kx5 005/, )

T o A Fp O AR E o
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PAR=0.003, risk(%)=5% PAR=0.003, risk(%)=20% PAR=0.003, risk(%)=50% PAR=0.003, risk(%)=80% PAR=0.003, risk(%)=100%

05
05
(]
0.5
05

0.4
0.4
0.4
0.4
0.4

035

02

True positive rate (sensitivity)
0.3
|
True positive rate (sensttivity)
0.3
L
True positive rate (sensitivity)
0.3
|
True positive rate (sensitivity)
0.3
|
True positive rate (sensitivity)
0.3
|

01
01
o1
o1
o1

= = 17 e . = J. =
=1 = =] =1 =1
T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 0.1 0.2 0.3 04 0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 04 0.0 0.1 0.2 0.3 0.4
False positive rate (1-specificity) False positive rate {1-specificity) False positive rate (1-specificity) False positive rate (1-specificity) False positive rate {1-specificity)
PAR=0.005, risk(%)=5% PAR=0.005, risk(%)=20% PAR=0.005, risk(%)=50% PAR=0.005, risk(%)=80% PAR=0.005, risk(%)=100%
o _] o ] @ ] o _] o ]
o o =] =1 =1
w_ w W w W
F = s g ° F = ]
z E z E E
z o= z = . z o= | z o= z o=
5 © g = 035 o 3 = 5 o § ©
= = -7 - =, =
L ) ) 2 o 2 m ™
B s % s 7 2 = = = g =
2 2 2 2 2
=2 = - 2 =
P oo =h § 91 g oy g 34
2 2 3 2 2
(S - = [ (S - =
= = = =1 =
o | o | = | o | o |
=} (=] [=] o o
T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 01 0.2 0.3 D4 0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
False positive rate (1-specificity) False positive rate (1-specificity) False positive rate (1-specificity) False positive rate (1-specificity) False positive rate (1-specificity)

W K (R

A MHEER S 20k § E/RERE LA RE AN 65 7.5% 0 1 A8 T A2 RHT F I A GRA WK 5 03%E 0.5% 0 4 2
3t Tig% AR 5%, 20%, 50%, 80%, £ 100% o x phs 1B (1 - R R) y i BB F(RER) 0 F BBART 1 1,000 % £45 T
EHFTE2 BB T B3 Gl L B O BRETFHE (Opay) ©
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PAR=0.003, risk(%)=5%

0.6

True positive rate (sensitivity)
0.3 0.5
|

0.1

PAR=0.003, risk(%)=20%

04 05 08

03

True positive rate (sensitivity)
0.2

0.1

0.0

PAR=0.003, risk(%)=50%

08

True positive rate (sensitivity)
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0.0
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False positive rate {(1-specificity)

PAR=0.003, risk(%)=20%
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0.8
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=
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o
]
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5 o7
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24
2
= o
g o
2
= - 4
o
o
=
T T T T T
0o 0.1 02 0.3 04

False positive rate (1-specificity)

Bl &

NERE |

- ok

T T T
0.1 D2 0.3

False positive rate (1-specificity)

PAR=0.005, risk(%)=50%

02 03 04 05 08

True positive rate (sensitivity)

01

0.0

¥ P &
Bh20kb> § Z/EEHER TR E
L % AW G 5%, 20%, 50%, 80%, 27 100% - x hi R F(1 - B R) y#hi

Falze positive rate (1-specificity)

True positive rate (sensitivity)

T T T
0.1 D2 0.3

False positive rate (1-specificity)

Bl 15% 0 58 52

B T2 B T B el S Bt O BRI (Oay) ©
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PAR=0.003, risk(%)=80%

0.6

0.5

03

0.1

False positive rate (1-specificity)

PAR=0.005, risk(%)=80%

0.5

03

04

T T T T T
0.0 0.1 0z 0.3 D4

False positive rate (1-specificity)

EHT G AR BA SR

PAR=0.003, risk(%)=100%

04 05 08

03
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0.2
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0.0

0.0 0.1 0z 0.3 04
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PAR=0.005, risk(%)=100%
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02 03 04 05

0
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False positive rate {1-specificity)

0.3%% 0.5% > d =3

EHFOGTRR) F BT I 1,000 5 £4F T %

d0i:10.6342/NTU201602253



PAR=0.003, risk(%)=5% PAR=0.003, risk(%)=20% PAR=0.003, risk(%)=50% PAR=0.003, risk(%)=80% PAR=0.003, risk(%)=100%

0.5
0.5
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0.5
0.5

0.4
0.4
0.4
0.4
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0.3
1
True positive rate (sensitivity)
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|

o o] o o o~
a o = =1 =
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= |7 = 1. = = = 1.
=1 = =3 =1 =1
T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.0 o1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 04 0.0 0.1 02 0.3 04 0.0 0.1 0.2 0.3 0.4
False positive rate (1-specificity) False positive rate (1-specificity) False positive rate (1-specificity) False positive rate (1-specificity) False positive rate {1-specificity)
PAR=0.005, risk(%)=5% PAR=0.005, risk(%)=20% PAR=0.0035, risk(%)=50% PAR=0.005, risk(%)=80% PAR=0.005, risk(%)=100%
wo_] w ] @ @ _] @ ]
=1 = =3 o =1
w_ w ] w_ w_ W]
£ ° N z = z ° 0.3 z °
z 2 2 2 2
?z = . 7 o= E o= Z o= Zz =4
§ © 035 .° g © g © g © 03 3 ©
TR . o & . T, 0.25 @
B3 g 2 S B 39 402 £ 24
2 2 2 2 0.15 2
R g oo . T oo T oo g oo
8 o g o 03 2 e g8 o 8 o
2 2 2 3 g
(S - = 5 .- [ [ = =
= = %D%Q . = =1 =
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o | o |7 o | o | o .
=] (=] (=1 o =}
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0.0 0.1 0.2 0.3 0.4 0.0 01 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.0 D1 02 0.3 0.4 0.0 041 0.2 0.3 04
False positive rate (1-specificity) False posifive rate {1-specificity) False positive rate (1-specificity) False positive rate (1-specificity) False positive rate {1-specificity)

Rz X T EE R
AEMEHRERL 10kbe § Z/RERFE L RARB B E 75% 0 I AET 2 BT [FEE GRS NKE 03%E 05% 0 4 =

3% rg% A K A 5%, 20%, 50%, 80%, £ 100% cx fhi BB F(1—FRER) yih i BB F(RR R) & BEAET 11 1,000 X £ 45T

laN

BT AR AT 83 ol D kot Q EREPHE Oy ©
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PAR=0.003, risk(%)=5%
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PAR=0.003, risk(%)=80%
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2 a- & 2 o -~ . . o® —A- threshold value=0.35
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