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Abstract

Pleiotropy means single gene can influence multiple traits. Detection and understanding of pleio-
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tropy are statistically and biologically important. Mutually exclusive test under composite null hy-
pothesis is a suitable and convincing approach. Without loss of generality, we mainly focus on ana-
lyzing summary statistics of two traits in this study. We compared our methods with IUT, PLACO,
DACT, and MAIUP through simulations. Simulations show that the type I error can be controlled
better by proposed method compared with MAIUP under specific situations with maintaining the
statistical power simultaneously.
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B MRS HE AR F A OCEC . M5 36T Schaid 55 AFE H 17 FIAT BAE B E R 55 N [8145 HIR T 1 H Rk
WA TR SR 7 i A R R R MR, MIRA B TIEIE, 46 4 J7 i s ) R i
IFEE 2 8, DG R 30 A M D8] 22 R PR B AL 1 A 7 I 72 7 1)

£ Schaid &8 NIRRTV, S 5R A — MRS B AR A X — T BCs Ny, fEESE — R4
TR 25, HEENSH Schaid 55N M) 771250 PAE R STt 1 otk o At A28 USR8 L
S BIC S5 AHIRHAIRSS T IR B 5 23 U RS AR AN R R, e f5 380 AR A i A AR, 45 SR
NI 1S B PR SRR D, BROE LA IR — KA R R &V

B ESRTTIEAT SRR AE Joy PR A, L7324 2 = A0 R AN /K F- Bt (B 2 Jn B DR 2R L R bR 5 R A S AR »
B KFEANFEAGE R, FreUZEINEIER S Z M

VLRSI B I I R U 13X — e, FG 32 A BN AR S A R AR 22 ] SR BB K
[ A TR 22 DA S PAE S B 615 B o fEIX — 15 BoRIRISCRE T, MR T 2 5 TIL AR & A
ZRMERIS T . FEH BN R A Debashree Ray 55 A[91#2H ) PLACO (pleiotropic analysis under
composite null hypothesis). Zhonghua Liu Z5 A [10]#2 H #) DACT (divide-aggregate composite-null test ) LA &
Ting Wang 5 A [11]# H # MATUP (mixture-adjusted intersection-union test for pleiotropy test)ik. #A<3 F %
BEXTIX SRR TV T X LA, IR 7 — sk

2. FEENXN

FEAR MR RTSE N, ARSI BRI ST ST IR B T I AR B 15 0L

BB T AN IR A AR DB SR BEREAR B s my BIME, Wm =0, =n, BAME 0 50, ZIH
ML, EIWFRZ A EEMEA. ¥, (k=12)10R5 b MEIRIE, X RS, A pyfh R i (E
BRN: Y, :(ym)’lza'”nym) 0 0 :()’21»)’227"'5an) Yy (i=1,2;j :Lza'”an) TRk BRI i
WIE: AR RRERAUERTRA: X =(x,x, X)) x(i=12n) RRBEEE. &5 EREER R
FE XA AL H IR 2 A PE(SNP), AMARIFERI R 0T DUBUE Y 04 1 81 2. NfFE I, BAMERRAAFLE b
Ap e, I R R AR ZE G I IR b ) i AR B R AT 18] UR 45 2 T AN B AR B MR, AT AR 5 M e
FAR— Rk o RV TR 72 45 RAE A AR HEAL K, {2 Broadaway KA [12]58 AT FLR I E AR
M) ke A S5 B M 1K A R

T g e R AR, A bR AR AR R IR

n=Xp e, y»=Xp+e,, 2.1

o, B (k=1,2) &5 K AMERIGEERSE, & ~N(0.1,07)+ &~ N(0.1,07), 1, FRA n HERLIHE.

Wald Krsedeit-fise s 7, = 2o 3o, o, =se(B)r B RET p BRI o, RICHRHE

O
HIi Tt
FET FIRBIAURIG 2 S R R 56 15 E R«
Hy: B2 RGN BANE vs Hi: B20HB 20 (2.2)
B SRR I e X, AT L R AR W Hy R =N EF TR Hyy ~ Hy ~ H,p AR Rl
Hy:p=p,=0 )
H,={H,:8=0,+0 @ vs H :p#0Hp,#0, (2.3)
Hy:5#0,8=0 ®

MIE Hy=HyUHy, UH,, > T H, AREREATERE SR K 2 A HIF 0L
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3. P {EMME
3.1.1UT 3%
ExeaRe3)a gl H, = HO UHY . Hr.
HY:p =0 vs HY:B 20 3.1)
St B KISH S — AR p (. B TR H, 10 p AE 38 3R B 0 ] 0 A
p=max{p,p,}. (3.2)

W py, p, M SHOBT Wald B35 Z, (k= 1,2) 7€ B FIRMFRHEEAS MG 545 . B
TUT JPEWBRR N RCR p (V5B G B MR R0 13].
SR M EAEAE A IRFEA B RIIEOL T — R RS IR T IR, JCIHR 2 H oy BOLIH%, SRR
T
BB RIS, WA p, M p, RISLH), FrLAA
Pr(p<a)=Pr(p <a)Pr(p,<a). (3.3)

FEHMRFEART, H, AP (p <a|f =0)=a, HHPr(p,<al|p, #0)<1, FILLH
Pr(p<a)<a: [FFAEH G TR,

SRIMAE H 23 B AR 1 J5 DAL «

HT Pr(p <a)=Pr(p,<a)=a, WHEPr(p<a)=a’, SMEEM ae(0,1) . FEIAELFEHL F—
FKHRZ IR -
3.2. PLACO %

N T RENS B TUT J73E R — SREE R I ORSF I, [N 25 18 22 20 kn 56 (1) 52 - R Re 4, Debashree Ray
[91#&H T PLACO, W5 iR AN EZ AAE T8 A WM T p (8, TR T Z M iR it & s MR % (3.1)
AR BROR I,  JEAR BT A S A

H,:Bp,=0 vs H :BpB,#0 (3.4)

T EHRE 7, *Z, 046, "W LMED) Craig [14138 2106 T AR a,b J07 HIIRMN T IEE 510,
M%&%%%ﬁ@%ﬁ%ﬁ%%ﬁXW%%@ﬁ%:f@ﬁféﬁ,ﬁ¢m$0%%:%WMﬁ%$m
(A% 1F D12 R e 4

BA)EYE, BCH W N Hy BOLES, Z R Z, S HIRAF N (0,1) s Hy BOLEE, 2, F0 Z, Jh
SEHA IRMT N (0.0) BN (01473 ) s Hyy BOZES, Z, F1 2, 3057 Ay SUBRAT N(0,1+23 ) BTN (0,1)
BOSAED R T Hyy BOLEIBE RN 7,y 0 Hyy YA 7y FIMEZRR AL, H ) MRS 7, SL, W Z, AR MARE IE
BOAEN(0,1) 1M Z, fEL E A g, TR N(O, 112) HI3R T, IR N (p4,1) B0 A1 o FERLAB T p (B THERN:

Pz, =27 Py, (lez > |lez|)
=2%{P(Hy) Py, (2.2, > |25,|)+ P(Hy\ ) Py, (2,2, > |22, )+ P(H,y) By, (2,2, >|2,2,])) (3.5)

00 Hoy

z,z z,z
ZHOOF(ZZZ)-i-ﬂ'OF 2z + 7, F il T
] 1 \l1+rzz \[1+z'12

oo 2 Bz, L, ELF () =2 7 (x)d AL HE TS TR L FE A
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W, AT

BRI, 1277 1% B ERE I gy M gy BB, DR TR = AT R BT RE O IR . PLACO
7130 1 B B AN AR R AR B (R BE P MR S SR 5 A 3 1 Y SR O PR 9, e AR 4 Huang YT [15]
g B TR AEANE B Al TR NS B R AT LUK p (LA At 9 :

o mF|z e |4 F| e |- F(2,2,). 3.6
Pa [Z var(z, ) " var(z, ) (22.) 3-:6)
3.3. DACT %

5 PLACO A, DACT BH#EZANTF=ANF BRIt 2k AT FEAR IR 1) P AR IS
FE R

TSI m AMREA, AT m MBI R TI H,y : BB, =0vs H 1 B3, #0 o FERIAHL
AU RT3 — MR TS KBS BRI m MRS : HY B =0, FEIRFERXT S8 AR AT
FENBH B, RIS m MRAGH: HY: 0, =0, KB (1< j<m). A HD GIT H? 7R nk)
SE SO S FIBENLAZ &, B SR8 HY R W H D = 05 i B8 HY WL W HD =1, (1< j<m)
BRI SO R e 2 1 T LAAS 3 Hﬂ1 FUHP RS S FRE—AER, @RGPk
% g (0 p 16 p,, KA B, B pAE py;» (1<j<m) o

th Efron [16]f8 P(H) =0) =7, P(H =0)=x, 5, S¥a) RE— MRS ZR LR
SOMAAE SR R I, 2 R ES T AMRRAN SE A SR D S 7E SR A h i LR . BT (2.8)51
BOA Pr(H =0,H =0)=zf 7> s THORQA Pr(HA =0,HP =1)=7) (1-2): THHOH

Pr(HP =1,H? =0)=(1-z) ) s FEBA Pr(HP =LH? =1)=(1-2 )(1-7) -
B B

AR i, 2 A R Q.8 1= A PRI LRI A @ =D,

P P
wz=”0](lcﬂoz), co3=(1 ﬂc) s ababs w (1=l )+ (1=l )l

Seiy R R EAG T 22, 22 BI0] o @I Jin R Cai [17]5& H8FH 2 30 4RFE R Z5ORME B 20 MR 1
FFE B BT E, HFHRRETRLE B =0,8, =01 Z Gt &RET . WA m A Z RR5%

IR B Z, - N(u00 ) (1S jsm) o KRRATEEN 4, =4, =0,07 =07 =1 %Er{ j KT
S B B H 1T A — B

7 = {OS,SS;ig(m)} { [ —|§|)(Re(t//m (1, 2y, 2, )exp(=imts + 00 t°¢? /2)))d§} 3.7)

IEAL Re(a) R a ML, Hority, AARAMERI, Ny, (1) = Zaﬁﬂ) LU 0 7

AT Bt 28 2l DRI E 0 0, o .

1A AL R S5 BRI i XS F IR AT 2 2 R M 7ER S 5, 20 FL B, =0
R R B p, KK B, =0 BIAT, SCREN B 205 FEERK S =0H 8 <00, HF
B#0, FTELRREER p, KWW B =0 BT, XHF B = B, = OKFIENL, HERR 4 M B, REWIE
T EAEREMKFa T, % MarP =max(py,.p, )< B, BEIAIFNG . % 0 T
B=pB, = OB R, T MaxP FRA B(2,1) 50, HETI5IRAISSI 50, TRIEAE SRS B T p (EI0A
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WFEH, 2%
(MatxP)2 o
BRI p EHITHEA:

2,
pry =(MaxP,) 5if B =B, =0
p=9Py; =Py,3if f,=0,5#0 (3.8)
P :ppzj;ifﬂ1 #0,6,=0

R FAR R p [ETHE RN
p=@p, +a,p, +a,p, . (3.9)
3.4. MAIUP 3%

5T IUT MJ7ER, JEHRAER IS 2 200 TR AN R 5 0 — MR A0 DX — A 38 (i e, AT
PAF — RER AL TR . N TIEIE IUT 7R3 R 2 AR — 28R R 57 %, Ting Wang [11]32H T
MAIUP HJ /5%, MAIUP 3 TSRS AL, CAAAL) p (EERRNE, FHEET RV N
43 H1[18] (mediation analysis)HEZE T M2 H i —ANHT A8 . MATUP B ZE IEAE T8l L& =247 R R
WA, ¥ 2 BRI 1 B2 A R A 30 R TR U AR B 5 PR AE N, AT B A U RIS HEPE I p 1 -
{6 5 <, MAIUP #3808 TUT F9J5 TSk AGH I S ER] 22 28k, 9 HUFH — X R 24 [ N8R AL s A p (B
B p )RR E B E R BACkY, A IUT 7k i DR —4A p., (/=12,-,5) 5
(S FRFERNED . BEIT, AT T H I 0 2 1 105 I35 0 A, @i A5 A R A b s
FED A AU SR TR T IR BRI LL ], JF il & = T R R BOR & A R p,, BT 20
fi. B

Pr( Py S| H,, )
=Pr(pmaxﬁj £t|HOl,j)Pr(Hm’j)+Pr(pmaxqj §t|H10,j)Pr(H10’j)
+Pr( Py St Hyg ;) Pr(Hy )
=7, Pr(plj gt|H01’j)Pr(p2j St\Hou)+7rloPr(pU St|H10,‘,)Pr(p2‘,- StlHlo,j)

+ 7Ty Pr(plj. <t| Hoo’j)Pr(pzj <t HOO,].)

(3.10)

:ﬂ'mlPr(pzj £t|H0Lj)+7r,0tPr(p2j £t|H10’j)+7r00t2

EBOTHTSRAE py, A p,, PIEINL, Jort, 7y« g, A1 7y ARG L B =4S 5 BR B BT L A L 451
1 FEVPO 2 RO B R E N B . RIS Pr(plj <t HIOJ)I%E1E/%& H,, , TE4E B, =0 KT %,
I Pr(pzj <t HOl,j) ARG Hy, , MRYE B, =0 DR . SRR RILECR, WEET 1,
Wi A G IRAR R 7t + gt + mropt” o

EVHE EAXBE T E TS 7y, 7, 7y - WA James Y. Dai [18]H1 John D. Storey [ 19142 H (4t i+ 77
%, ATRABHT B SEHIE TR Bhor, (4) Ry g, = 0 R BT BB BAL I EL ), 7y, (4,) Rom
N B, =0 BT BB BROL I L. BRI 7y, (4,) A 7, (A, ) AT RAORST ROty

;;(A):ﬁ#{p,j >ﬂq}’ a(%):ﬁ

Hrp S RORNEMHTHRERNIEEHE, 4,4, RPN EIES S, T W R0 p (EE SR A R

#{py, >4} (3.11)
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VL. LRI oy, AT DA A

%MAJ»=§H:5H;gﬁhm>AJU>@} (3.12)

B A 7y, 70y VIS SR
T ()= 0 () =7 (A2 ) 3 70 () = g (A) = g (s ) (3.13)
&8 James Y. Dai [ 18I HIEE SR, ALK 2, =4, =0.5 . ¥ EiRTHE R A (3.10)F, BIA3RAE

B4
3.5. FiiiERY P 1E

DACT J7 3 ZE A v = AN T IR B ELAGI IS £ F 7 JS7 F P2k BT 4% £, T 26 MAIUP J7 bl if =
AT SRV 0 A5 B S AR S 550 R 502 T LATE T R VA R Sk O EL 9 64T HLES R 3 MAIUP 5

EAR B Ee ) S o, DRI SR MATUP 732 vk = A7 AR & I EL G E 8 DACT i+
SRR L B0 70y, 7,0 T2

—~ 1

wldoh) = Py > APy > ;

oo () = gy P > Ao > )
Zor () = 70, (A) =700 (4 22) 3

—

70 (4) =0 (A) =70 (a2

— 1 — 1
e, 7[()+(A1)_S(1—_ﬂ1)#{plj > A} ”+o(ﬂa)—m
AHH, 4L FRHENEESE, BT WRAIN p [R5k A FREEN. 51 James Y. Dai [18]

o~ o~ o~

#{py, > A} IFH S TR NTE ST D REA I T

HOBA 2 3, AR A =4, =05 . EIEAFEBRNEN @ =22, @ =20, g =20,
C C C

e~~~

C 272'00 -|-7Z'01 +7Z'10 o
T4 B B & RRE TR NSO p HEUA R DACT Jiik. RIERES B 20,8, =0iX
I R B p, KR B, =0, RN B £0: FEERR B =08 08, HT A 20, FiLl
N EIWE p fH p, RIS B = 0BIAT; X B =0, 8, =0 XFHELL, T 2R g A B, R EHAES, 1E
JH:%#JT%YRTEX(MaxP)Z o BRI p EHITHA:
i, =(MaxP,) ;= §, =0
P=\P2 =Py, 5 =0,5#0 (3.14)
P3; = pﬂz] 5 ﬁ| * Osﬁz =0
[R5 AR 15 1 p (I B 2T BN :
P=0Op; +@,p,; + 0Py (3.15)
4. ERRLE
4.1. ENEE
T PPAR I e 22 ROPEAS 56 ) 5 VR B — SRR DL R IR e e, ASCEH T I R AL . BTN
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XL VA AR S Gk R R AT I, R IRATT B SR € I — 0 IEAS M AGTE & Fh 1 AR
WIS PR Z Giit R BRI, 76 H o W6 T LAz, MIRER AR Z GiiT 84 BVN((0,0),2) , 76 H,, 1
R LAz, MR AE R 2 G5t 8N BUN((0,040,).2) » 76 Hyo $6 T F B o, MR B Z Giit N
BVN ((4,0).2) » BHTE H, B LAz, MIBERARL Z Gt ah BUN (1 1),3) o RIS BE T REACR
% S v 100, 1000 BE 2000, 1 = p, = 4 = w, HEIUE A 4. 10 8020, FEHE T 2R RE, FH
DI E 7, = 0 FI FAR I35 ] — R G O, DA E 7, # 0 R THHUK Yo SULFI 4, (5K g, ~
R gy YR/ REAR T R R 5 PR 2 TR ORI PR S B RN, BRI S 5B . [RIIN T IEZS 43
A AL Z Giit B WO R p (H. TEFBERBIRE S, KX W N RO [F
IS BEAT T 53 — U 78, DAVPASTE 238 IR T AR FEAR DG SR RINIE T, R 90 2AH R J5 AIAS 25 AR S
I (R 3% B8 705 ) — SRR R R D R R R BRI, SRS 56 A DG G ] 5 M 3% 8 5 T AR 4 5 4 22 281
WOTEIITERE . S S AR T R e RAERE, DU SR S e v i B

Xof T I 2% — AR AR A DR VRS, AR E BRI 1000 K, R4 DL EE 45 R
BT BMENE R L A5 R

4.2. LEBMETTECE

FATE Sl B EAEA R AN AN IR R EEEL DACT A1 MATUP PRI T
TR I T, BAASE R 1~10, RK T X AFETE.

MEERE AT LUK, %5 T DACT T3 LUl vk RS 0 2 2238h T MATUP J7E3RAF R LU it ROk
el 5 B sE gl 2 IRl 22 5E K, (RIS ) DA Y MATUP ke KT 6 Wit Ao, (A
I B 25 RS A 0 A T BRSPS IS ¥

Table 1. Estimation of ratio of sub-null hypotheses (100 genes; 7,, =0.8, 7, =0.1,7,=0.1,7,=0)
% 1. FEERNEL AT EENER 100; 7, =08, 7, =0.1,7,=0.1,7,=0)

Hoy B 7oo_pacr To1_pacr 7o_pacr Too_marup To1_marvp o _marop
2 0.005 0.063 0.062 0.934 0.030 0.036
4 0.012 0.096 0.096 0.862 0.064 0.070
6 0.013 0.100 0.101 0.860 0.064 0.072
8 0.013 0.101 0.102 0.860 0.064 0.072
10 0.014 0.102 0.103 0.860 0.064 0.072
12 0.014 0.103 0.103 0.860 0.064 0.072

Table 2. Estimation of ratio of sub-null hypotheses (100 genes; 7, =0.04, 7, =0.48, 7, =0.48, 7, =0)
% 2. FEERMLLHIETEBENER 1005 7, =004, 7, =048, 7, =0.48, 7, =0)

Hoy B 4y 7oo_pacr 7To1_pacr 7o_pacr Too_marup To1_marvp To_marop
2 0.474 0.214 0.215 0.233 0.367 0.369
4 0.280 0.248 0.250 0.058 0.456 0.458
6 0.269 0.249 0.251 0.058 0.456 0.459
8 0.268 0.249 0.250 0.058 0.456 0.459
10 0.266 0.249 0.251 0.058 0.456 0.459
12 0.265 0.249 0.251 0.058 0.456 0.459
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Table 3. Estimation of ratio of sub-null hypotheses (100 genes; 7, =1, 7, =0,7,=0,7,=0)

# 3. FREIZMELAIEITHERNHR 1005 7,=1,7,=0,7,=0,7,=0)

Hor B Zoo_pacr or_pacr 7o_pacr oo warur or_warr To_waror
2 0.000 0.019 0.020 0.995 0.002 0.003
4 0.000 0.019 0.020 0.995 0.002 0.003
6 0.000 0.019 0.020 0.995 0.002 0.003
8 0.000 0.019 0.020 0.995 0.002 0.003
10 0.000 0.019 0.020 0.995 0.002 0.003
12 0.000 0.019 0.020 0.995 0.002 0.003
Table 4. Estimation of ratio of sub-null hypotheses (100 genes; 7,, =0, 7, =0,7,=0,7,=1)
# 4. FREIZMELHEITHERNHR 1005 7,=0,7,=0,7,=0,7,=1)
Hoy B Too_pacr 7or_pacr To_pacr 7\ _pacr o0 _sarup Tor_marvp 70 marup T mawp
2 0.111 0.222 0.223 0.444 0.030 0.147 0.148 0.675
4 0.000 0.017 0.017 0.965 0.000 0.001 0.001 0.999
6 0.000 0.009 0.009 0.982 0.000 0.000 0.000 1.000
8 0.000 0.010 0.010 0.981 0.000 0.000 0.000 1.000
10 0.000 0.010 0.010 0.981 0.000 0.000 0.000 1.000
12 0.000 0.010 0.010 0.981 0.000 0.000 0.000 1.000
Table 5. Estimation of ratio of sub-null hypotheses (100 genes; 7, =0.1, 7, =0.05, 7, =0.05, 7, =0.8)
5. FREIGMEEGIETHEBREAN R 1005 7, =0.1, 7, =0.05, 7,,=0.05, 7, =0.8)
Hoy B Too_pacr 7or_pacr To_pacr 7\ _pacr o0 _sarup Tor_marvp 7o marup T maop
2 0.307 0.249 0.245 0.198 0.137 0.156 0.157 0.549
4 0.028 0.140 0.140 0.691 0.090 0.057 0.057 0.796
6 0.133 0.133 0.025 0.709 0.090 0.056 0.057 0.797
8 0.025 0.133 0.133 0.710 0.090 0.056 0.057 0.797
10 0.025 0.133 0.132 0.710 0.090 0.056 0.057 0.797
12 0.024 0.132 0.132 0.712 0.090 0.056 0.057 0.797
Table 6. Estimation of ratio of sub-null hypotheses (1000 genes; 7, =0.8, 7, =0.1,7,,=0.1,7,=0)
# 6. FREUZALLHIEITHER MR 1000; 7, =08, 7, =0.1,7,=0.1,7,=0)
By B 7oo_pacr To1_pacr To_pacr o0 _matvp Tor_marup To_marup
2 0.007 0.076 0.075 0.847 0.071 0.070
4 0.011 0.095 0.095 0.812 0.089 0.088
6 0.012 0.098 0.098 0.812 0.089 0.088
8 0.012 0.098 0.098 0.812 0.089 0.088
10 0.012 0.099 0.099 0.812 0.089 0.088
12 0.012 0.099 0.099 0.812 0.089 0.088
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Table 7. Estimation of ratio of sub-null hypotheses (1000 genes; 7z, =0.04, 7, =0.48, 7, =0.48, 7, =0)
% 7. TEERMLHIETHEENER 1000; 7, =004, 7, =048, 7, =048, 7, =0)

Ho B 1y Too_pacr or_pacr To_pacr oo waaiur o1 s o warwp
2 0.146 0.235 0.237 0.220 0.383 0.385
4 0.277 0.249 0.250 0.050 0.469 0.470
6 0.270 0.249 0.250 0.049 0.470 0.471
8 0.268 0.249 0.250 0.049 0.470 0.471
10 0.267 0.249 0.250 0.049 0.470 0.471
12 0.267 0.249 0.250 0.049 0.470 0.471
Table 8. Estimation of ratio of sub-null hypotheses (1000 genes; 7, =1, 7, =0,7,=0,7,=0)
# 8. FREIZMLLEIEITHER MR 1000; 7, =1,7,=0,7,=0,7,=0)
Hoy B 1y Too_pacr or_pacr To_pacr oo _wsiur o1 s Mo s
2 0.000 0.013 0.013 0.998 0.001 0.001
4 0.000 0.013 0.013 0.998 0.001 0.001
6 0.000 0.013 0.013 0.998 0.001 0.001
8 0.000 0.013 0.013 0.998 0.001 0.001
10 0.000 0.013 0.013 0.998 0.001 0.001
12 0.000 0.013 0.013 0.998 0.001 0.001
Table 9. Estimation of ratio of sub-null hypotheses (1000 genes; 7, =0, 7, =0,7,=0,7,=1)
# 9. FREZMELLGIEITHER MR 10005 7,=0,7,=0,7,=0,7,=1)
Mo Bty T paer Fopier  Foswer Fioier T wave Fowmr P waoe T e
2 0.040 0.160 0.161 0.638 0.031 0.147 0.146 0.676
4 0.000 0.018 0.018 0.963 0.000 0.001 0.001 0.998
6 0.000 0.010 0.010 0.979 0.000 0.000 0.000 1.000
8 0.000 0.009 0.009 0.981 0.000 0.000 0.000 1.000
10 0.000 0.009 0.009 0.981 0.000 0.000 0.000 1.000
12 0.000 0.010 0.010 0.981 0.000 0.000 0.000 1.000
Table 10. Estimation of ratio of sub-null hypotheses (1000 genes; 7,, =0.1, 7, =0.05, 7, =0.05, 7, =0.8)
= 10. FRBIEIEEHIEHEEAN K 1000; 7, =0.1, 7, =0.05, 7,, = 0.05, 7, = 0.8)
oy B 4 7oo_pacr 7o1_pacr 7o_pact 7 _pacr Too_marvp To1_marvp 7o marup T marvp
2 0.027 0.138 0.138 0.696 0.142 0.158 0.158 0.542
4 0.027 0.138 0.138 0.696 0.099 0.051 0.051 0.799
6 0.025 0.133 0.133 0.710 0.099 0.050 0.050 0.800
8 0.024 0.131 0.131 0.714 0.099 0.050 0.050 0.800
10 0.024 0.131 0.131 0.714 0.099 0.050 0.050 0.800
12 0.024 0.131 0.131 0.715 0.099 0.050 0.050 0.800
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4.3. —HEBIR

e RS — R e — AN EE M EIRAR, ERKKT R 0.01. 0.05 ~, FRATRELAFKY
B FERAECL ST IR AEA FEL ] N34T 1 AN — R R RS B 11, % 12 14
FHH New_method FRINHHNIER] p (H 715

Table 11. Comparison of type I error of different methods (significance level is 0.01)

= 11. FRIGZET—EIERMLEB(REMKFH 0.01)

TR B L VM HERE IUT PLAO DAT MATUP New_method
(0.80,0.10,0.10,0.00) 0.000 0.019 0.001 0.028 0.017
(0.04,0.48,0.48,0.00) 0.007 0.024 0.022 0.019 0.016
(0.34,0.33,0.33,0.00) b 100 0.004 0.020 0.012 0.020 0.017
(1.00,0.00,0.00,0.00) 0.000 0.009 0.006 0.019 0.009
(0.80,0.10,0.10,0.00) 0.002 0.022 0.004 0.013 0.015
(0.04,0.48,0.48,0.00) 0.009 0.027 0.025 0.011 0.014
(0.34,0.33,0.33,0.00) b 1000 0.006 0.023 0.015 0.011 0.015
(1.00,0.00,0.00,0.00) 0.000 0.010 0.006 0.011 0.010
(0.80,0.10,0.10,0.00) 0.002 0.022 0.004 0.012 0.016
(0.04,0.48,0.48,0.00) 0.009 0.027 0.025 0.011 0.014
(0.34,0.33,0.33,0.00) b 2000 0.006 0.023 0.015 0.011 0.015
(1.00,0.00,0.00,0.00) 0.000 0.010 0.005 0.010 0.010
(0.80,0.10,0.10,0.00) 0.000 0.034 0.001 0.027 0.018
(0.04,0.48,0.48,0.00) 0.007 0.028 0.024 0.018 0.018
(0.34,0.33,0.33,0.00) 10100 0.004 0.025 0.013 0.020 0.019
(1.00,0.00,0.00,0.00) 0.000 0.009 0.006 0.014 0.009
(0.80,0.10,0.10,0.00) 0.002 0.036 0.004 0.013 0.013
(0.04,0.48,0.48,0.00) 0.009 0.031 0.027 0.011 0.014

10; 1000
(0.34,0.33,0.33,0.00) 0.006 0.029 0.016 0.011 0.020
(1.00,0.00,0.00,0.00) 0.000 0.009 0.006 0.011 0.010
(0.80,0.10,0.10,0.00) 0.002 0.036 0.004 0.012 0.012
(0.04,0.48,0.48,0.00) 0.009 0.032 0.027 0.011 0.013
10; 2000
(0.34,0.33,0.33,0.00) 0.006 0.029 0.016 0.011 0.020
(1.00,0.00,0.00,0.00) 0.000 0.010 0.005 0.010 0.010
(0.80,0.10,0.10,0.00) 0.000 0.037 0.001 0.027 0.018
(0.04,0.48,0.48,0.00) 0.007 0.028 0.024 0.018 0.018
(0.34,0.33,0.33,0.00) 20100 0.004 0.026 0.013 0.020 0.019
(1.00,0.00,0.00,0.00) 0.000 0.009 0.006 0.019 0.009

DOI: 10.12677/aam.2023.124159 1541 IR Esid


https://doi.org/10.12677/aam.2023.124159

WFH, FEE
Continued
(0.80,0.10,0.10,0.00) 0.002 0.039 0.004 0.013 0.013
(0.04,0.48,0.48,0.00) 0.009 0.032 0.027 0.011 0.014
20; 1000
(0.34,0.33,0.33,0.00) 0.006 0.030 0.016 0.011 0.020
(1.00,0.00,0.00,0.00) 0.000 0.009 0.006 0.011 0.010
(0.80,0.10,0.10,0.00) 0.002 0.040 0.004 0.012 0.012
(0.04,0.48,0.48,0.00) 0.009 0.033 0.027 0.011 0.013
20; 2000
(0.34,0.33,0.33,0.00) 0.006 0.030 0.016 0.011 0.020
(1.00,0.00,0.00,0.00) 0.000 0.010 0.005 0.010 0.010
Table 12. Comparison of type I error of different methods (significance level is 0.05)
F# 12. REFZET—EERAELB(BEMKTEHR 0.05)

TFEEWEHE . R IUT PLAO DAT MAIUP New—énetho
(0.80,0.10,0.10,0.00) 0.007 0.060 0.022 0.074 0.071
(0.04,0.48,0.48,0.00) 0.044 0.121 0.120 0.061 0.082
(0.34,0.33,0.33,0.00) 109 0.029 0.094 0.075 0.066 0.086
(1.00,0.00,0.00,0.00) 0.002 0.047 0.036 0.058 0.049
(0.80,0.10,0.10,0.00) 0.011 0.060 0.025 0.056 0.066
(0.04,0.48,0.48,0.00) 0.047 0.122 0.122 0.052 0.075
(0.34,0.33,0.33,0.00) de 1000 0.033 0.095 0.077 0.053 0.071
(1.00,0.00,0.00,0.00) 0.002 0.050 0.036 0.051 0.050
(0.80,0.10,0.10,0.00) 0.007 0.076 0.022 0.073 0.071
(0.04,0.48,0.48,0.00) 0.044 0.147 0.125 0.061 0.083
(0.34,0.33,0.33,0.00) F 100 0.030 0.116 0.078 0.066 0.088
(1.00,0.00,0.00,0.00) 0.002 0.047 0.036 0.058 0.049
(0.80,0.10,0.10,0.00) 0.012 0.075 0.025 0.056 0.066
(0.04,0.48,0.48,0.00) 0.048 0.149 0.126 0.052 0.077
(0.34,0.33,0.33,0.00) 101000 0.033 0.119 0.080 0.053 0.073
(1.00,0.00,0.00,0.00) 0.002 0.050 0.036 0.051 0.050
(0.80,0.10,0.10,0.00) 0.007 0.080 0.022 0.073 0.071
(0.04,0.48,0.48,0.00) 0.044 0.152 0.125 0.061 0.087
(0.34,0.33,0.33,0.00) 204 100 0.030 0.121 0.078 0.066 0.088
(1.00,0.00,0.00,0.00) 0.002 0.047 0.036 0.058 0.049
(0.80,0.10,0.10,0.00) 0.012 0.079 0.025 0.056 0.066
(0.04,0.48,0.48,0.00) 0.048 0.155 0.126 0.052 0.078

20; 1000
(0.34,0.33,0.33,0.00) 0.033 0.123 0.080 0.053 0.793
(1.00,0.00,0.00,0.00) 0.002 0.050 0.036 0.051 0.050
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Figure 1. Comparison of type I error (significance level is 0.01)

B 1. —EERER(EZEMKER 0.01)

IR RRAEP A VARSI B 1S 2, IUAE LGRS BT PR PR AE EAH DG OC R I — SRR AE 22 AH G 1
(2 C DYFIAS EAHCHE (] 2 1 AL BYR/NEREBL ] 2 Fir I, AR 2 AH DG VRIS 1R — SRR 1R Bt 5 AH DG 1Y)
TnsEm AR K, Ui PLACO. A& p . MATUP JEJCNHE, L5 et )G, PLACO Jiikiets
AR F =A TR LB 38 0.8+ 0.1, 0.1 15T R 2258 M a5 (1 — 45 A Lk (&l 2w C
Fi ). BT p 6. MATUP J5:RERE U 4 Rf — 284505, (TN p [ERJEE D BRI E
NEEGE

4.4. ThHH

Dot e i b o — R A AR, £ T T SRERE, N RSN AR DR A
[RIEME AL RN 8 AN TR BT O, ik 13 4% 14,
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Figure 2. Comparison of type I error after decorrelation (significance level is 0.01)
2. —FEIR AR XML (BEMKTER 0.01)
Table 13. Comparison of power of different methods (significance level is 0.01)
F 13. FRIFET—EINMLLB(EZMHKTES 0.01)
TR AR ) Yl HEE% IUT PLACO DACT MAIUP New_method
(0.04,0.05,0.05,0.86) 0.860 0.878 0.860 0.874 0.876
10, 100
(0.04,0.03,0.03,0.90) 0.900 0.900 0.900 0.909 0910
(0.04,0.05,0.05,0.86) 0.861 0.880 0.867 0.871 0.878
10, 1000
(0.04,0.03,0.03,0.90) 0.900 0915 0.904 0911 0917
(0.04,0.05,0.05,0.86) 0.860 0.880 0.867 0.870 0.878
10. 2000
(0.04,0.03,0.03,0.90) 0.900 0915 0.904 0911 0917
(0.04,0.05,0.05,0.86) 0.860 0.880 0.860 0.864 0.873
20, 100
(0.04,0.03,0.03,0.90) 0.900 0.900 0.900 0.929 0.920
(0.04,0.05,0.05,0.86) 0.861 0.882 0.867 0.871 0.878
20, 1000
(0.04,0.03,0.03,0.90) 0.900 0916 0.904 0911 0917
(0.04,0.05,0.05,0.86) 0.861 0.882 0.867 0.870 0.878
20, 2000
(0.04,0.03,0.03,0.90) 0.900 0916 0.904 0911 0917
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Table 14. Comparison of power of different methods (significance level is 0.05)

= 4. FRIFZFET—HINMALLER(EZMEKFE R 0.05)

F IR AR LA PIH; HENH IUT PLACO DACT MAIUP New_method

(0.04,0.05,0.05,0.86) 0.860 0.902 0.878 0.908 0.906
10, 100

(0.04,0.03,0.03,0.90) 0.900 0.932 0.900 0.905 0.905

(0.04,0.05,0.05,0.86) 0.865 0.900 0.881 0.921 0.937
10, 1000

(0.04,0.03,0.03,0.90) 0.903 0.927 0.913 0.944 0.968

(0.04,0.05,0.05,0.86) 0.865 0.900 0.881 0.944 0.937
10~ 2000

(0.04,0.03,0.03,0.90) 0.903 0.927 0.914 0.965 0.968

(0.04,0.05,0.05,0.86) 0.860 0.904 0.878 0.908 0.906
20, 100

(0.04,0.03,0.03,0.90) 0.900 0.934 0.900 0.915 0.935

(0.04,0.05,0.05,0.86) 0.865 0.902 0.881 0.931 0.937
20. 1000

(0.04,0.03,0.03,0.90) 0.903 0.928 0.913 0.964 0.968

(0.04,0.05,0.05,0.86) 0.865 0.902 0.881 0.934 0.937
20, 2000

(0.04,0.03,0.03,0.90) 0.903 0.928 0.914 0.965 0.968
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Figure 3. Comparison of power (significance level is 0.01)

3. It (B & MKFH 0.01)
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Figure 4. Comparison of power after decorrelation (significance level is 0.01)
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Figure 5. Venn diagram of detected genes of different methods
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