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Q. Single nucleotide Molecular
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detection
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A Heuristic LD approach
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MHHR7ZE Bayesian methods

C Bayesian fine-mapping Bi%:

Esensarma 5 EE e RETERERITR
O . 2R, NRECEMREIRIIEZRARRE,
0 09 EEOMYEZANER, WEETT
® o I f#, eQTLE,

o . : 1 SNP 53etliZ (posterior

§ f B inclusion probability, PIP) , UAK
ple e 1l | %, FTEIIART SRS SNP FrEER
0 __el_ll__l_l_ll- iEH NN I_]Illl._.o /J\ SNP EE (Credlble Set) o

LD

-log,,(P)
|
|
|
|
|
|
|
|
[
|
|
|
|
|

* Credible set based on SNP PIPs
X5 F 3 EE, EESNPHANN TRBEHRSPIPRISNP,
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TGGACCTGACCGT

. i N
coding s 11T m c.odlng -
: W |
Intron [ ma—-— intron

conserved [N

conserved (M M N N N mm

t 1 t N

most relevant SNPs

-logl0P
O
O

Kichaev et al. 2014 PLOS Genet

Chen et al. 2016 Genetics <
Wen et al. 2016 AJHG

Mahajan et al. 2018b Nat Genet
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- 5 PEFRE, JLAEREIE SNP RIFIEHIE,

. EETEEIE SNP 1EX45EREE SNP 18EE, izaA TR/ 8 SNP fEABERYS

- EURRER, WHHES ARSI TS Z 2 Bl FA0AET (A FREL,

- MHHEMEEVET SNP NEAERN, BIIEHIEARANAY SNP, I2ENEER/INE
MY SNP g98e1].
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I NBHSHESRL Trans-ethnic fine-mapping

d - B - i
olelis =T . N e SHMIREZDTES T EESFEARPEEYS
it Bpis IERY GWAS 58, FJLUBIEFIA LD =\ HraYFH

E © ee o TR R R B ENL
O

— T AL
[ METASOFT, PAINTOR, CAVIAR, SuSiExZ,

----11-J||II1IIJI_1-.0

* Leverage ethnic differences in LD at a given locus

51



Em‘%lh‘m ‘¥*= |/ = . -
Bioinforﬁe:ticis *%gEEIZ?{lL FI ne-ma p pl n 9

Rl

7 101
Rz ——

i

B EMEMEREE, BEaHEMNERINAREN

TGGACCTGACCGT

coding T T W

intron [ 11 n——

open chromatin (= = = = =
H3K4mel = mammm = -

Cis-eQTL T T mm [ [
LD B
®-e i
o® o
O 5
el o[B8

B | --Iillj-o_n

I e ]

= Annotation 1
- Annotation 2

Genomic region (coding / intron / promoter...)

Chromatin state (DHS / predictions)

- Histone marks (methylation / acetylation...)

Conserved regions
Enhancers / super-enhancers
Bins of minor allele frequency

LD-annotations (Levels of LD, recombination rate...)

Cis-eQTL SNPs
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QTL

ERA MR B B &/HhERE B/ MR

—>

GWAS
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FRMRICREREE eQTL 01

eQTLAHT: HRAMARER SEESIKES MXE, SESEREAIKTEESEAREETR

—> Histone modification

Gene A expression levels

Enhancer Insulator

. Py &
/[’
; J el
Silencer/ ()
=2 Repressors
| TF

| TF

\ T
&,

N

Promoter $ Promoter
non-coding RNA Insulator

FEREETE: (1) BaiF, (2) HEE, (3) A

T R SEMEMRAIDNAREL, (4) TIRT. MHITFHEET,
LAR (5) JERRIRNA,

SNP X Genotype
— TEYIQTL
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= -eQTLs (cis-eQTLs)
=(-eQTLs (trans-eQTLs)

1 Mb 1 Mb
< » TSS < + JInz(-eQTLs ((BEET1MbLIRA)

BELbRT-eQTLsEGEE A
———.—E——— U
Gene A

Y [ A

U/ . REEFRTEREDTEIR -
, eQTLs_E.,
cis-eQTL
trans-eQTL
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Bi?iLfor?al?}*cs i%j_(%lz ri’lk%@z eQTL wxuz/

KEXSIHhr: Lel%m])IEE
Y=pX+C(C,+¢€

Y KEREERLE,

X %0, 17F0 2 4mi5HY SNP,

B AFREMETFRER, KT T SNPIERFRIABIEHEIN

C AMMEZERZE, SFEHAIERD, 88, HalNFEFENEMBENEE.
¢ (RFRIEEDL.

« R Matrix EQTL, FastQTL, QTLtools ...

- ZUREZE: GTEX, Braineac, Blood eQTL Browers ...
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(A) (B) (©)

A C [o Genetic variants ¢ Genetic variants A Genetic variants
1 TN Pt LA | e PN U T o DTN AT T I > (Pt D aH At S SN SH ¥ gt AU T APV Hat y o 1 ot B Py S SN TS N

Genetic variants DDA DA A e niC

A 2] At 1 A (! A b ! i 3 A ' Ayt
< !Ci‘.z, s :.‘,'A\,z::; Mt '\'x ::,:T‘ PUTIND At / ettt g "i it gt WD \ DAPID
P, DN ) b Alternative splicing RNA editing Alternative polyadenylation
(A (B) (C) (D) iy
© ©

PAS PAS PAS RBP
v v

mRNA IncRNA iRNA RNA — —— AAAAAAA
o o | — e — I - AAAAAAA

- AAAAAAA

v

Genotype association

AAy o o a CG T :
UM A c@g@ e
ACYAAAA A gmlmg C TC % &
v ':ﬁmm l1 ¥ ”3ﬂ ';”h A Genotype association
AA "'”H:'}T...Hwn- “””h””' ccC OO

CCINANAAA

E iE: :
| A 3| L = e Ela T
T £ e 4 Ik
Genetic variants  Protein and PTMs Protein level PTMs A AA cc cC AA AC cC
P : . 2
; \ ® o Regulat
L S b4 gulatory
W '\* )1‘ ; . - « CC 8 ® (A) meQTL (B) element QTL
AN M \ 298 28 s . &
e 23 ) \\‘lfak -3 [ [
i J;‘u" 3\ G ' : 0 A
2 —‘> *A “} \\_/A —) c I, h T j J
7 . ! AN MDD AT
S

® Prosphorylation @ Glycosylation
© ubiquitination A& Acetylation
M Methylation S Sumoylation

Y el 0.
ML 12110 /

-Expression QTL (eQTL) -Methylation QTL (meQTL) -Splicing QTL (sQTL)
-Chromatin accessibility QTL (caQTL) -Protein QTL (pQTL) ... Yougiong Ye, et al. Trends in Genetics (2020) 2/
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Connect Genotypes to Phenotypes

Methods
- HENTTE

* (Co-localization

- HTEREENE

*  Mendelian randomization

- BERRIKER

* (Gene-expression imputation

Accoun

Progra i
Name Description t for e Operating system  Link
g Language :
LD
MetaXcan Gene expression Y Python Unix/Linux https://github.com/hakyimlab/MetaXcan
imputation
PrediXcan Gene expression N Python Unix/Linux https://github.com/hakyimlab/PrediXcan
imputation
TWAS Gene expression Y R Unix/Linux, Mac OS, http://bogdan bioinformatics.ucla edw/software/twas/
imputation Windows
COLOC Co-localization Y R Unix/Linux, Mac OS. https://github_com/chrlswallace/coloc
Windows
MOLOC Co-localization Y R Unix/Linux, Mac OS, https://github.com/clagiamba/moloc
Windows
Sherlock Co-localization Y - Web interface http://sherlock ucsf.edw/
Jont TL s : %
JEPEG s =g N C Unix/Linux https://dleelab.github.io/jepeg/
analysis
T
CAVIAR Co-localization Y C Ugm LA MEE O, http://genetics.cs.ucla.edu/caviar/
Windows
eCAVIAR Co-localization Y (&5 ng)umeL Mac O, http://genetics.cs.ucla.edu/caviar/
Windows
Mediation Unix/Linux, Mac OS, " .

A\ 3 : o/ 1 _org/web/ S
GMAC aiatya N R Windows https://cran.r-project.org/web/packages/GMAC
FINEMAP Co-localization N ed Umix/Linux, Mac OS  http://www.christianbenner.com/

NEO Structural N R Umix/Linux, Mac OS, https://labs.genetics.ucla.eduw/horvath/htdocs/aten/NE

s Equation Model Windows o/
Mendelian Unix/Linux, Mac OS, .

SMR S C++ 5 http://cnsgenomics.com/software/smr
randomization Windows =

GSMR Mendel{an R ngx/Lmux, MicOS; http://cnsgenomics.com/software/gsmr/
randomization Windows

Note: TWAS, transcriptome-wide association study; JEPEG, joint effect on phenotype of eQTLs/functional SNPs associated with :
CAVIAR, causal variants identification in associated regions; eCAVIAR, eQTL and GWAS causal variants identification m associated 1
GMAC, Genomic Mediation Analysis with Adaptive Confounding Adjustment; NEO, Network Edge Orienting; SMR, summary-dat:
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GWAS - log1q(P)

eQTL -logqo(P)
=

IRIE

[
(=

r593?9379

o

-

20— @2k 430 s
chr6 (Mb)

HEMDTELITE GWAS (REB1) &
= QTL (FRB12) BEMNRERELMER—
EREXEBRIEEHTER, FEITGWASES L
R RIEE R ERAFRHEREN FITTE
NI eSS S =t

eI Colocalization 21015
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h[—)pr mco:ﬁg:lra?—:)nm num prior P(thD) o< z P(DlS)P(S) i'\zziul—GWAS, %EL_JZ-QTL
0o 60— xlI SESK
e ) HO: FR HIFEAL SEA BRI AR SNPAIA
Hi{ & O o - xXn P1 %ﬁ%*ﬁ;éo
e s se e . H1: FE1 SEANERAXIERISNPAI AEERR,
Hy; | O—@ SO —CO Xn D2
H2: F82 SENERAXIGHISNPREERBX.
(& 6o oo pip2 : N
Mooy = >><'n(n—-1) P1p2 H3 i‘é’__ﬂl *D ;E;_—:Flgz '—5%/I\EZE|XEJZE"JSNP1M,F‘I—:—'\E
28X, (ERAFENERZERM KK,
i : e o H4: BN N R SENERAXIBHISNPALRE
41 © O——O— X1 P12
218X, HRE—ERZRARIXE.
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A C
chi: 116354581 I ¥ n '
e " "
fy che2 20068519
n !
"';;r.":." £
.l T 3
°j s . b e a2l h
.?"Euag;a . ! f:ﬁ-.ﬂ-:ﬁ s &
‘-" - i - :E"'I ¢ : ‘* "‘. Ha
somifa o ddeaiu
B D
{8 PP3 = 99% cr.-ﬁnglﬁm I 0 PP4 = 82% Gnraztfﬂm n N =
R i . - PPH4 {EATEEIEO - 1Z2[8],
T %

N 5 ¥ . 24 PPH4 AF 0.75 Bf, $2R7T
RN D GWAS #[] eQTL EE—EFA X1,

— MATHE

62



EMERF FIE ) : . 4t
Bi?Lfo;;ﬁ*cis T ZI/RBEHAL, Mendelian randomization i%l@,]}j:ﬁﬂzd/

- TETSXFEEMERFPNEENA. SNPUARFSERMNFEXR, FaZReXNEEER
REFEAT, 1SRG ERISNPURIFATERE, aTLAIMERMERFRRIER KR THERT

.« BENXTERIZIE (Randomized Controlled Test, RCT)
-—-ZHly, KEX, WE

o TIRERRAEIRG 4P AnER ARG A HhE PRI aaRE N IHRRI IS
FEHERIHLE (RCT) RERENE (MR)

e Ib |

REA X ERLH
B NN

BERA
EREF

BERE
EREEF
EERFRARINE R/
64
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sSSF 1FiE \ : .. SID
E?.Lfo;;ﬁi E?%;.T’\Blﬁdzﬂ:{’t Mendelian randomization wﬁﬂ%,,

BItR/(Ris

R

8
T AT/ (SNP) - SR - ZhE

fizig 3 X

Rifl: XEXIERIR, BITEZESEERRZAEEEXRMN
Rif2: IR PERIR, A TEZESRERFARZIEEIRUZAT
fRif3: HHbERIR, B TETEREETEERRNERE/FH
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BPATRES

Confounders

/N

Variant Mediator v Outcome
— E—
G ‘\3/\4/ M Y

By

Confounders

/N

Mediator Y Outcome
e
M Y

AY AY AM
— > & —
AG AM AG

B,=v-B,

ﬁy'izy-ﬁM’iJSiSp

W ZEN (inverse variance weighted, IVW):
LR p NMEETEZTE (instrumental variables,
IVs) RURA, IREEETEXNERTERE

VRIS T
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ERBEHATAETE, NMRIWERERREREZBRIRIKACIRERER

~

Causality [Transcription

.[ Phenotypeq .
4

\ 4\ N
|
Causal variant

\

Pleiotropy [Transcription} [ Phenotype J

A4

|
Causal variant

MR-Egger
HEIDI

Linkage Transcription Phenotype .
v [ i ] [ » J « Harmonize test
/ + MR-LDP
)
Causal variant 1 Causal variant 2
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EEITRESHURSHIEE

- B3THTE (weak instrument)
HETRERERARZAEBEIKR,; RIETRNERNoHRETR
—RiENAREAE, TETEME > 10, “EEINERLERE, S8 NMEEEEHN
- 1EEZSWIHE/REM (horizontal pleiotropy/heterogeneity)
RR e R MBERZNZ N OH, (FATETERATNEERRZBARSEEZ
BRI RERT, BEAELIENMRERZNEN D ESEREZENRERXR

o EIAES (linkage disequilibrium)

- ABfSE (population stratification)
« Beavis$Z (Beavis effect) : Winner’s curse & TEZSE2%MW

« Colliderfwf& (Collider bias) : REFNERER TN HETETETE, SEEBREE
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L2 RE/REBHN{ Summary-data-based Mendelian randomization (SMR)
—FEERIMROMT, EERAATFFHGWASCE2EE

b@/
l l
Instrument bZX Exposure b)O/ Outcome
z X y

In an MR analysis, b,, (definedas b,,=b,,/b,,)

b4/
(GWAS
J ! b '
Instrument ZX | Exposure | ~xy | Outcome
X y
(QTL
SNPs ) expression/ phenotype

methylation
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5
Reference Panel (g\g‘ﬂ &g‘oev.
& & Coe/

Individual TWAS A B
i
)
)

s |
o‘)eq 2 Q\%@e 0?“
s G

al»|ala|>|X»

S - T I (S
=

000000 %,

A: ERSEERFRISMN A/ NEEFTUERNFFERRRE, FUEFRNRIASIEIRZ BRIXEX.
B: 5%];!;& Sale\IP MERFREMIR R/ NRIIIR LI HE, FESERE SNP Z/ERY LD, [EEAEI FNZRIAFOER
Z[BJHIRER.
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Bioinformatics
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¢ INOOE
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SF3B1 TSNARET
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o5 A o ‘é‘ .g“' C
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&—— LRRC37 A2 '
S o / Pexi fDCLKf* WDRS2 RP5—1112 D67 JKAMP <l /
RP11-70 113 / . LA FAM114A2 S.FTSU2 ASAP1\C90T"31 . RP11\13J113_rHYKK \Cborﬂﬁ RANGAP1 /V
HNRNPA 1P46 \\NSG1 CMAH P \HISTIH3A NDFIP2 ——= Spites
VPS4s  C20rf16 PCCB HIST1HAH o2 ) / -
THOC? PAK6 EFTDIPT™ e .
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Table 2 A summary of thirteen TWAS approaches examined in the present review

Methods Design Tissue Daia type  Pleiotropy Model assumpiions URLs
PrediXcan  Two-stage Single Individual No Elastic net htips:Afgithub. comvhakyvimlab/PrediXean
S-PrediXcan Two-stage Single Summary  No Elastic net https:dfgithub.comhakyvimlab/h etaX can
TWAS Two-stage Single Individual No BSLMM htips:dbogdan.dgsomouclaedu/ pagess
IS ATy twas/
DPE Two-stage Single Individual No DPR httpfwwwxzlaborgfsoftware. html
TIGAR Two-stage Single Individual Mo DPR https:#github.comvanglab-emory’
fSummary TIGAR
CoMM Likelihood- Single Individual Mo LMM https:fgithub.comfgordonling 10822/
based CoMM
CoMM-5°  Likelihood- Single Summary Mo LMM https:fgithub.comfgordonling 10822/
based CoMM
PMRE Likelihood- Single Individual  Yes LMM https:#fgithub.comduanzhongs hang/PME
based fSummary
UTMOST  Two-stage Multiple  Sumnmimary — No LASSO & Ridge https:fgithub.comJokes-Jerome!
UTMOST
MultiXcan  Two-stage Multiple Individual No Elastic net https:dfgithub.comhakyvimlab/h etaX can
fSummary
TisCoMM  Likelihood- Multiple Individual No LMM https:#github.comXingjieShyTisColdM
based IS ATy
fQTL Two-stage Multiple  Summary  No BVSR https:dfgithub. comdyparkd/gtl
FOCUS Gene-mapping Muliiple  Summary  No htips:Afgithub. comvbogdanlaby focus
genes

EIRE A

BAMERZE  (PrediXcan)

MR R S 1RE
(BSLMM)

KFeEIFEMRT (DPR,

TIGAR)

ZEREEIT (CoMM,

CoMM-S2,PMR)
MHZEE1%REA])3
(fQTL)

Huanhuan Zhu, Xiang Zhou. Quant. Biol. 2021, 9 (2) : 107-121
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GWAS5PheWASHIX R :

GWAS: S EtFEREEXHNFRINEET R, Phenome-wide association study (PheWAS): M EX1i&E
BRERER, RRESSHRIFIINEREKER.

- DREFRAL Rotak. DUER
- EEEREL HEDT. ER3
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2 2 X2 <A 3R

FTELAFE HEEHE H[HE B CEE

RS B MR L ABASE, - ) s 7 S B R AR £
{m%%$a&mﬁﬁﬁ#ﬁﬁ {*EAWWW@M&E i} {Eﬁﬁﬁ@ﬁ(ww)

& R T4 L PR ST

IRET RIEF RBUHE BB

& — SNVE E A I ST IR, | o EREITENE RS
[mﬁﬁrﬁiyﬁihwﬁ {%%ﬁﬁ*er%Eﬁﬁ } [E%%mﬁﬁﬁﬁﬁﬁﬁﬁm

EERAREKIAR S ERELHKREKAFRAIXILL
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PheWAS Assessment
rs12203592, IRF4

FRRIRENLRAYZ RN (pleiotropy)
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- HFEERERRESRBEXIEHERK, BT
FAERBBUN,

« — P AREEXIEEEFE XS

BEENAYLR,

BEERRT, BAMMIETIX

FNERHERZ.

Controls

OO0
OO0
900 6
OO0

90, ©
80 66
® 000
SO0

e &

26 6

80 @
LOS0O
OO0

OO8C

O

(D ) : &) & () S O O) ()
() ¢ ; @ () )

() 2 TR

() ©) & ® ()
& & &) O @ PO

Alleles: Low risk @ High risk

Locus
oA WN -
&

SRR R 7 R R
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PRSEYITE

m
5= z X P
k=i

S TMINZEMNEIFES, m 2 SNPEE, x, RS £ SNP BIXIfE
FEERINE, BERYENO. 1812, D3IFRTZSNPEFOT. 117821
SENVERE. S 2IZSNPRIZINNE (EH KB GWASHIZIN A/N)

PN AR
- WEEIEE,;
- TERANRANANFE;
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somtormatie  SEFERPEIES polygenic risk score 0T

PRSEYITE

&5 mi%: MRAGWASHRTERINLRNXINMAYRIN E1H1TPRSITR
> REEARRFHNEEEM (19)E1)
> RE[ELDZEM) (a)2)

B iE—: RE+EEZE (clumping + thresholding)

> BHE: TR RFTERZERIEXY; ARBREESE— NN RES; TR
HAEE LIuE, EERENRESES,; 7R+%h T al,

> RE: EELDIEREERISNP, HIFREREBMELDXZERISNP (A]=110.1, 0.3, 0.55
AEIRE) ; EEEZEZERISNP, HIFRERBBELDARZRRISNP,; BEEMCEE, B
RESITE, RN TaRE2,

> BERE: EENREESNPHEAREIEEAR; B—XRiE—NM5S, o
BERESZ NN EIL(ES.
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BaHEE=: MHEZEREFRN (Bayesian Polygenic Prediction)
> RNHITERERIE, AR E]FRE,
> BR—IESDHT BAZNIESS R, BRIGHmRATEIRENEEEM.,
i
+  SNPsEIHI7HY
B SNPsERZREISRAY
+ SNPRIN AK/NEIESDT
«  ZFEIISNPsAFHEE RBIFAEERRL A/

Article ‘ Open access ‘ Published: 16 April 2019 Substantial mass around zero
Polygenic prediction via Bayesian regression and (modeling null signals)
continuous shrinkage priors Z
7 X i .
Tian Ge 9, Chia-Yen Chen, Yang Ni, Yen-Chen Anne Feng & Jordan W. Smoller ,/’ So Heavy polynomial tails
o , o ol Ns_ | (retain large real signals)
Nature Communications 10, Article number: 1776 (2019) | Cite this article ’/,/ . J t o \\\\ ¢
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= MPRSF T IS HIFUAEERI LA KRB =

- REERERE IR

+ GWASHIHAEMNIARER, LUEFTSNPRIRIA/IMETTHYEREME
BirSUESRIFAERFERB K, LIRRIME SRS

- BEHISNPEE (IKTTATRE)

- JIIEREARS Bt A Z ERIEIIE
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SIS SIS ESEEIF P CEF S SO OIF P
¥

| J Vo V
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—>

GWAS
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