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Applications of Mendelian randomisation
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‘Mendelian randomization’: can genetic
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Outlines

* (Causal inference

* Mendelian randomization
d CACNA2D4 as an example
* Summary-data-based Mendelian randomization

A two-sample Mendelian randomization method
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Causal inference

Average treatment effect
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Causal inference by MR

]
o | . Mendelian randomization
E] Randomized clinical trial Mendelian randomization
mRNA levels
eQTL
SNV
GeneA ———
IR .
T
1 Nodrug i (_:C
2| o 8| ..
= ey a O
= i Drug s £ CT/TT
=< | % 38 5| i
§ '.}' 5 ._}. \
o i = ‘9.
g & 3
i SNV genotype i
Samples Samples
Randomization Random allocation of alleles
Placebo Drlug Clc CTiTT Independent of environmental confounders
Protein activity Lower protein Expression Lower
unchanged activity unchanged expression
Disease incidence Higher/lower Disease incidence Lower/higher

unchanged disease incidence unchanged disease incidence



SNP (DNA variant)

Chromosome 9
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Genetically predicted exposure

e CACNA2D4 in brain_naive (ROSMAP)

* cis-eQTL data
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* Assumption
1 Strong association between SNP and exposure

 Linear relationship between SNP and exposure

* Genetically predicted exposure
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Genetically predicted outcome
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e GWAS data

[ Association between SNP and
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e Assumption

1 Linear relationship between SNP
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Lam et al 2019 Nature Genetics

* Genetically predicted outcome

Y = ziV + ex(j)



Summary-data-based MR

. @ Randomized clinical trial Mendelian randomization
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Proof of MR estimate

ea

E(BSMR) =7/6 = (7x6)/(6%6)
« SNP-exposure association: § = (z7z) 1zTx
SNP-outcome association: ¥ = (z'z)"1zly

* E(Bsmr) = 7/6 = (7%x6)/(6x6) = =p +

e DNA variants are independent of environmental factors, z'e = 0

E(Bsmr) = B

xTPZy xTPZe

where P, = z(z7z) 12"

xTP,x xTpP,x’
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SMR — CACNA2D4
| Gene | SNP | A1/A2 | Data | b | SE | P-value
0.0186 4.1E-128

UL 0.447

IO\ VIIIE 151044825 G/T (blood)
(schizophrenia)

. 7 00377 _ 0.084
ﬁNS_ 0.447 ~

—> P-value = 2.0E-5

A YA\2 [var(§) wvar(y) 0.45 \* [0.022 0.012
SE(B) ~ J(E) [ 52 2 ]z\/(—o.m}) [o.452+(—0.04)2]=0'020
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Causality/pleiotropy versus linkage

* Causality/plelotropy

> One causal variant

» No significant difference

* Linkage

» Multiple causal variants

» Significant difference
« HEIDI

Causality [Transoription]_,[ Phenotype ]

AN

|
Causal variant

[ Phenotype J

\/

Pleiotropy [Transcription]

|
Causal variant

Linkage [Transcription] [ Phenotype J

N/

!
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» Heterogeneity in Dependent
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SMR/HEIDI — CACNA2D4
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SMR/HEIDI —- CACNA2D4
T T T T T

rs1044825 G/ cQIL 0.447 0.0186 4.1E-128
(blood)
.GWAS : -0.0377 0.0087 1.3E-5
(schizophrenia)
cQTL
rs6489330 A/G 0.211 0.02384 9.5E-19
(blood)
LD r=0.413 .GWAS : -0.0378 0.0108 4.7E-4
(schizophrenia)
rs1044825, B; = —0.084, SE(S;) = 0.020 rs6489330, f, = —0.179, SE(B,) ~ 0.055

Difference, d = 8, — f; = —0.179 + 0.084 = —0.095
SE(d) = Jvar(,[?z —B1) = Jvar(ﬁz) + var(B,) — 2xcov(By, B) = 0.050
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Software
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< C @ yanglab.westlake.edu.cn/software/smr/#SMR&HEIDIanalysis hix *» [3 e
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Bookmark added

SMR GCTA GSMR OSCA Name SMR | Yang Lab

Summary-data-based Mendelian Randomization

Folder Tutorial v
Overview SMR & HEIDI analysis
SMR & HEIDI analysis More... Remove m

SMR

¥ sMR

SMR and HEIDI tests in trans regions

[https://yqnqIqb.westlake.edu.cn/softwqre/smr/#Overview ]
Multi-SNP-based SMR test

# run SMR and HEIDI test

SMR analysis of two molecular traits

Data Management [ smr ——bfile mydata —--gwas—summary mygwas.ma -—-beqtl-summary myeqtl —-out mysmr ——thread-num 10 ]

SMR | lot
ocus plo --bfile reads individual-level SNP genotype data (in PLINK binary format) from a reference sample for LD estimation,

Query eQTL Results i.e. .bed, .bim, and .fam files.

MeCS
--gwas-summary reads summary-level data from GWAS. The input format follows that for GCTA-COJO analysis (

Options Reference )
http://cnsgenomics.com/software/gcta/#COJO).

Download

Data Resource smr ——bld mybld --gwas-summary mygwas.ma ——beqtl-summary myeqtl -—out mysmr ——thread-num 10

Command line: --bld reads LD information from a binary file in BLD format

v NATIONAL CENTRE FOR REGISJTE} =
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Data resource

C @ yanglab.westlake.edu.cn/software/smr/#DataResource M N 3 e
B3 Funding [E3 NCRR_Genetic [ Tools [5 dbGap [E3 Imputation [5) Datasets [5 NCRR_register [ Conference [E3 Uni [3 Visa » | B3 Other Bookmarks
|
SM R GCTA m GSMR OSCA CTGforum YangLlab
Summary-data-based Mendelian Randomization
Overview Data Resource
SMR & HEIDI analysis
Data Management
SMR locus plot I sQTL summary data
Query eQTL Results # BrainMeta v2 sQTL summary data (n = 2,865)
MeCS We developed a method, THISTLE, which uses individual-level genotype and RNA-seq data or summary-level
Options Reference isoform-eQTL data for splicing QTL (sQTL) mapping (Qi et al. 2022). We applied THISTLE, in combination with a
Download complementary sQTL mapping strategy, for sQTL mapping using RNA-seq data of 2,865 brain cortex samples from
Data Resource 2,443 unrelated individuals of European ancestry with genome-wide SNP data. See below for the link to download
the full summary statistics of the sQTLs in SMR binary (BESD) format. You can also query or visualize the sQTL
sQTL summary data . . .
summary statistics using the BrainMeta portal.
eQTL summary data
mQTL summary data BrainMeta v2 cis-sQTL summary data (Qi et al. 2022) in SMR binary (BESD) format:
caQTL summary data BrainMeta_cis_sqtl_summary.tar.gz (hg19) (9.0 GB)
These are pooled cis-sQTLs identified by THISTLE and LeafCutter & QTLtools. Only SNPs within 2 Mb distance from
sQTL — Summary statistics of splicing QTLs
eQTL — Summary statistics from associations of gene expression
5 mQTL — Summary statistics from associations of methylation
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Summary

* Mendelian randomisation 1s a method for causal inference.

* Mendelian randomisation uses DNA variants as instrumental variables.

* SMR assumes a single underlying causal variant (e.g. gene expression etc.).
* HEIDI can identify potential linkage SNPs.

« SMR&HEIDI can be used to 1dentify gene targets.
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