Origin and the spectrum of rare variants
— —lesson learned from Autism and Psoriasis study
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Picture spectrum of rare variants by
psoriasis study

Psoriasis is a chronic, potentially
disfiguring, immune-mediated
inflammatory disease of the
skin.

Affecting up to 3% of individuals
of Western European descent
and 0.1-0.3% of individuals of
East Asian ancestry.




Genetic research of psoriasis

* Linkage analysis: PSORS1 through PSORS10

 GWAS study: Identified over 20 susceptibility
loci for psoriasis, but less than 20% of disease

variance is explained



Design of psoriasis project

---------------------

GWAS loci of
immune diseases

A\ 4
565 candidate
genes

57 candidate
genes

T

GWAS loci
psoriasis

---------------------

':1J> Targeted capture and sequencing

--------------------------------------------

Exome sequencing
(781 cases and 676 controls)

A 4

109k nonsynonymous SNVs

association analysis association analysis
(MAF 2 0.1%) (MAF < 5%)
v l
133 nsSNVs 742 genes

with P < 0.05 with P < 0.05

--------------------------------------------

E Single variant Gene-based

(1326 genes; 9,946 cases and 9,906 controls)

l

82k nonsynonymous SNVs

Single variant Gene-based
association analysis association analysis
(MAF 2 0.1%) (MAF < 5% & <1%)




Association analysis of rare missense SNVs

Sequencing Combined
Chr Gene SNVs (hgl8) Allele Function Stages MAF MAF
P value OR Pvalue  OR (95%CI)
Cases Controls Cases Controls
i 0 0.00149 2.14E-01 0.00
1 TARBPI chr1:232631799 A/G c.G2857A 0.00028  0.00157 1.28E-05  0.18(0.08-0.43)
p.V953M ii 0.00031 0.00158 3.81E-05 0.19
i 0 0.00149 2.15E-01 0.00
1 TARBPI chr1:232649343 A/G c.G1963A — 0.00047  0.00183 4.19E-05  0.26(0.13-0.52)
p-G655R ii 0.00051 0.00185 1.16E-04 0.28
c.C271T i 0.00418 0 3.18E-02 NA
19 FUT2 chr19:53898296 T/C — 0.00192  0.00053 5.51E-05  3.61(1.85-7.04)
p-RIIW i 0.00175  0.00057 6.32E-04 3.08
C516 i 0.00199  0.00074 73E-01 2.69
19 FUT? chr19:53898541 G/C ¢.C316G ! 373 0.00066  0.00010 2.92E-03  6.92(1.57-30.45)
p-DI72E i 0.00056 __ 0.00005 3.99E-03 10.95




(a) Distribution of SNVs with different MAF of exome sequencing data

MAF #of SNVs Proportion
Singleton 203,596 37.15%
Doubleton 55.436 10.12%
(0,0.005) 340,322 63.20%
[0.005,0.01) 27,003 4.93%,
[0.01,0.05) 53,274 9.72%
[0.05,0.1) 25,295 4.62%
[0.1,0.2) 31,881 5.82%
[0.2,0.3) 22,996 4.20%
[0.3,0.4) 20,755 3.79%
[0.4,0.5] 20,452 3.73%
All 547978 100.00%,

(b) Distribution of SNV's with different MAF of target sequencing data

MAF #of SNVs Proportion

Singleton 61,193 13.44%
Doubleton 40453 B.8R%
(0,0.005) 439,080 96.43%
[0.005,0.01) 2,894 0.04%
[0.01,0.05) 5,296 1.16%
[0.05,0.1) 1,934 0.42%
[0.1,0.2) 2,296 0.50%
[(.2,0.3) 1.430 0.31%
[0.3,0.4) 1,273 0.28%
[0.4,0.5] 1,111 0.24%

All 455314 100, 00%%




Prediction of demographic history in
1500 exome of Han and Danish

Han Danish(1449)
«—634—> T:S,O?.lfb:ed_f: «— o —

26,829 |—— 10,063 —> —— 10,085 ——| 44590
v fixed fixed !
e—3,171—t | 5031fixed |  [—2677—
| 9955 17,827 — e 10706 —>| 18364 |
6,965 4,389

A

-

1,167,850

Best Likelihood through
1000 times of
optimizations:  -3850.54

254,983

Best Likelihood through
1000 times of
optimizations: -4007.94

Puny Model




Novo mutation originated every generation

P1 <_;| P2

® 74 de novo SNVs, 3 de novo indels and
0.02 de novo CNVs per genome

* 1 de novo mutation per exome

* 1 out of 20,563 protein-coding genes are
hit by a de novo mutation per generation

F1

F
\J

J. A. Veltman, H. G. Brunner, Nature Reviews Genetics 13, 565 (2012).



Explore origin of rare variants by
autism study
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HOFFMAN CRUISBg#

“ Prevalence: 1/55 children in US

-

Causation: environment,
epigenetic factors and genetic
components

De novo mutation plays an
important role in Autism
Spectrum Disorders




10 quad families, monozygotic twins
concordant for autism diagnosis

validated
germline
mutations

-

581 germline DNMs in

10 families

high-coverage (~40x), paired-end
whole genome sequencing with
lllumina

-

DNM validation with
Sanger sequencing and
Sequenom genotyping

putative
germiine
mutations

668 germline DNMs in

10 families

Workflow of identical twins
autism genomes project

&»J:-»

alignment
.+.
variant
calling

>

alignment with BWA and
variant calling with GATK

4

« forestDNM

DNM calling with
forestDNM, a custom
machine learning tool



Paternal age and genome-wide mutation rates
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Non-random distribution of DNMs in the genome
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Determining Intrinsic Properties of the Genome

DNM sites

that Influence Mutability

Sequence
features and
elements

7

Regularized
logistic
regression
model

mutability
index (Ml)
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Disease Genes are Characterized by High Mutability
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Exonic Mutations in MZ Twins are Significantly

Associated with ASD
e N

Larger exome

Seven mutations of five
genes were detected in

This stud datasets on 962 cases
l, y and 590 controls from
recent studies of ASD
e ) N \_ . J
Exonic DNMs v
impacted 29 protein- 1,035 mutations in
coding genes 969 genes in cases
4 N
0 exonic hits were reported
é . @
in controls
. )
4 )

cases
\_ L
( N
Two genes (KIRREL3 and
GPR98) were hit twice

\. J

v
significant genetic overlap

/Total number of \

hits (P = 0.006)

Number of double
hits (P=0.005)

Number of genes (P

(0.04). /
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Whole Genome sequencing in
autism identifies hot spots for
de novo germline mutation.
Cell 151, 1431-1442 (2012).

Hypermutability
in Autism Genes
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