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Variant set analysis
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Variant set analysis
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Complex variant sets

Mixed effects

2010 Kang




Variant set analysis
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Variant set analysis

« 20 years

« Gene burden

« GWAS for every metabolite x1000
 Complex variant sets

« Mixed effects

* Both variant & sample covariates

] « Multi-omic variables
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Genetic association with disease

Genetic variant - disease
 Include other biological info in model

Potential multi-omic data

Clinical
features
Metabolites

& Proteins
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 Include other biological info in model

Consider variant effect
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Genomic variants

March 2017 Nature 544(7648)
DOI:10.1038/nature21429

Chromosome
territories P



https://www.researchgate.net/publication/journal/Nature-1476-4687
http://dx.doi.org/10.1038/nature21429

Example: Cystic fibrosis (CFTR)

« Known mechanism quantified
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https://doi.org/10.1016/j.jaci.2023.01.035
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Example: Sepsis susceptibility

* Purely statistical
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Pathway analysis

Archipelago Plot

Variant Set Association Test (blue)
with individual variant contributions (alternating yellow/orange)

dua cont Purely statistical

and contributions for significant VSAT (black) ]
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Pathway analysis
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Multl variable combination

Aggregated Cauchy Association Test (ACAT)

U;=assoc score stat of SNV j
—\P —\P,,,2772 J
Burden= z:J' w; Uj SKAT= z:j wi'Uj p=# of SNPs in APOE enhancer

Powerful if SNV effects on Powerful if SNV effects on
LDL in the same direction LDL in different directions

Transform p-value to Cauchy

Powerful
correlated [ ‘
pvalue  ACAT= Y&, w; tan{(0.5 — p;)m}
combination ]

methods . Yaowu Liu
Weights (Liu, et al, AJHG, 2019

A

ACAT can be used to (1) combine SNV-level p-values for a SNV-set test
and (2) combine p-values of different SNV-set tests using different weights. ‘

Dr Xihong Lin



Variant-set in silico analysis

STAAR: Use Multiple Functional Annotation Scores to Boost Power of

RV Association Analysis Using ACAT

For a given SNV mask, e.g promoter of APOE

Weight MAF CADD - - Eigen  APC-Epi APC-Con APC-Protein
RV Test pl pz ------ pm pm+1 pm+2 ------ pm+n
P-value

Cauchy f(P1) f(Pz) ------ f(Pm) f(Pm+1) f(Pm+z) """ f(pm+n)

N

TSTAAR
Pstaar [=] 1 _@chy (TsTaar)>
ACAT: Li | e
: Liu, et al, Accurate Super Fast

2019, AJHG

Dr Xihong Lin



Pathway analysis
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Dynamic incorporation of multiple in silico
functional annotations empowers rare variant
association analysis of large whole-genome
sequencing studies at scale

XKoo L0, Tikn U 0™, Mudeng 2how', Shela M. Gaymer”, MWMM Ryas Sus’,

TECHNICAL REPORT
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Model components
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Model components
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Model components
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Model components

Covariates
(Clinical features, etc.)
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Model components
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Model algorithm
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Model algorithm

hunk data

Score statistic
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Model algorithm
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Model application
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Detour: Genetic association test

Subject | Phenotype (y;) | Covariates (X;) Genotypes (G;)
1 0 X11, X125 00y X1m | G11,G12 -+, G1p
2 Y2 Xo1, X292, ..., Xom | G21,G22,...,Gop
i Yi Xi1, Xi2y ooy Xim | Gi1,Gi2y ..., Gip
n Yn an,XnZa---aXnm GnlaGn2a ---aan

Subject | Phenotype (y;) | Covariates (X;) | Genotypes (G;)
1 High BP Male, 45, PC1 | 0, 1,2, ..., 2
2 Normal BP Female, 30, PC1 2.0 Lsens D
3 High BP Male, 55, PC1 L 100
4 Normal BP Female, 40, PC1 0 22,71

vi=ap+ o' X; + B'G; + ¢




Detour: Genetic association test

G Matrix

2

Ol=INO

DN = | Of =

1
0
2

Subject | Phenotype (y;) | Covariates (X;) Genotypes (G;)
1 Y X1, X12,.., X1m | G11,G12,...,Gip
2 Y2 X1, X22, ..., Xom | G21,G22,...,Gop
i Yi Xi1, Xi2y ooy Xim | Gi1, G2, oo, Gip
n Yn anan27'--1Xnm GnlaGn2a '-'aan

Subject | Phenotype (y;) | Covariates (X;) | Genotypes (G;)
1 High BP Male, 45, PC1 | 0, 1,2, ..., 2
2 Normal BP Female, 30, PC1 2,01 s 0
3 High BP Male, 55, PC1 1; 1,001
4 Normal BP | Female, 40, PC1 | 0, 2, 2, ..., 1

W Matrix

vi=ag+o'X;+B'Gi+e€;

0 |0
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0 | 2
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Detour: Genetic association test
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Detour: Genetic association test
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Detour: Genetic association test

Projection Matrix (P0)
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Detour: Genetic association test

-log10 (p-value)
- (V)

—log10 (p-value)

Archipelago Plot

Variant Set Association Test (blue)

with individual variant contributions (alternating yellow/orange)
and contributions for significant VSAT (black)
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Detour #2: Variant interpretation

* Joint consensus recommendation on the standards
and guidelines for the interpretation of sequence =T
variants (Richards 2015). '

« Standards and guidelines for the interpretation and
reporting of sequence variants in cancer (Li 2017).

« Technical standards for the interpretation and

reporting of constitutional copy-number variants
(Riggs 2020).

.b,g,lglli,l’lm.u. i |§1

wiv
)

 Effective variant filtering and expected candidate
variant yield in studies of rare human disease
(Pedersen 2021).




Detour #2: Variant interpretation
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Detour #2: Variant interpretation
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Detour #2: Variant interpretation

Variant annotation
1 1
1 A S1
1 A
1 A Sn
2 A S1
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2 A Sn
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4 B Sn
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SO B O O B O O B O O = O

Cohort
AF
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Detour #2: Combined

Variant annotation TeSt: Single Variant

(7] o
= > [a)
E . 8 £ o x 5.93 @ 8§ = =z £ 8 e
= [ 2 = =™
= £ 5 o ) £z > = T s = @ o < ’
NNl = < 4 57T g © £ £ '3 2 82 s
ACMGuru = a3 5 | F £ %8 5
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Cauchy distribution in variant analysis
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Cauchy distribution, the sample mean (/i) and standard deviation (&)
fluctuate widely even as the sample size increases, illustrating the lack of
consistency in mean estimators for distributions without a defined mean or
variance.



ACAT main steps

Multiple
annotation-aware
tests per variant
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ACAT main steps
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* W, are non-negative weights.

 P-value calculation for
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Pathway analysis
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Pathway analysis
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ACAT for multi-variable association
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Tests
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Tests

« RNAseq GTEx Analysis 2017-06-05 v8 RNASeQCv1.1.9 gene_median_tpm.gct
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Final result
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Gene function

KIR2DL4, KIR3DL3, KLRD1: Regulate NK cell
activity, central to innate immune response.
LILRA1, LILRB1, LILRB4: MCH class |
TREMLA1,2,4: Pathogen recognition

SIGLEC1: Pathogen recognition, macrophage
activation

SIRPG: immunomodulation; can lead to sepsis'

hallmark overactive response.
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SPHN RDF Schema: Sequencing assay
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Genomics analysis report: Sample_id - SPHOO123

Germline variant 2:.888G>A (p.Ph Terl5) AVPR2 was
identified as high confidence disease-causing.

1. Based on evidence from all known relevant databases. this variant was interpreted as a
disease causing frue positive.

2. None of our critical databases had missing information about this variant, thereby reducing
the likelihood of a false positive.

. No alternative candidate variants were ignored due to a lack of evidence, thereby

reducing the likelihood of a false positive.

All genomic positions where variants are known fo produce similar phenotypes were

checked and were not found fo contain such variants, thereby reducing the likelihood of

false negafives.

. Al other genome-wide VUS were inferpreted as being unrelated to disease, frue
negatives.

P

o

Read more

frue positive
critical databases
missing information
false positive

false negatives

true negatives

Was this analysis performed adequately? See here
Were the evidence sources used up-to-date and reliable? See here
Next steps See here
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Figure 2. Basic excerpt of the schema for the (gen)omics process flow.

https://doi.org/10.20944/preprints202312.0373.v1
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