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Variant Calling

( Identify ActiveRegions ] ( Assemble plausible haplotypes w
TATGAAATTGGTATAGGGCT Y O ¢ Y ¢S U
@ATEX . XAAT TATY — XG6CD) .
AT <c\> *”/\9> - ¢ |deal scenario: enough read
A T G} pruned
? § TArG.;AMTTGGTAT:GGcr depth
A T © .
T4 ¢hamout — ¢ (1) read processing,

N g (2) mapping,
¥ (3) calling

r Determine per-read likelihoods (PairHMM) W ( Genotype sample ] ° h | t | .
aplotype analysis:
= A T A o A T a .
e 7l e > 0/0] 01111 HaplotypeCaller in Genome
Tl T e T Al . :
roa o ml = Analysis Toolkit (GATK)
T e T 7 el Alld
= T a - @ T & GLs + annotations

Chuanyi Zhang (UIUC) Octopus 3/23



Motivation & Background Somatic Variant Calling

Somatic Variant Calling

Differences from germline calling
e Allele frequency assumption: purity, multiple subclones, CNA
® Low VAF vs. Artifacts

® Somatic vs. Germline: matched tumor-normal sample
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Overview
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Method

Haplotype generating

ALLELE GENERATION 15|
[ J [

PILEUP
ASSEMBLY o
VCF [ J HAPLOTYPE LIKELIHOODS
COMBINED [} [ L—
p(rul
HAPLOTYPE GENERATION

)
p(ri|—e———)
)
)

p(rail——)
p(rai|—e——)
p(rail————9—)
p(rai| —e—0—)

® build from candidate alleles

® haplotype tree
® prune, stages: (1) pre: haplotype likelihood, (2) post: haplotype posterior
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Genotype Prior Models

@ Uniform

® Hardy-Weinberg-Equilibrium (HWE)
©® Coalescent-HWE

O Trio

© * Cancer

For ploidy m, genotypes: g= (h1,..., hm);
for n populations inside a tumor, joint genotypes: g = (g1, , &n)-
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Method Cancer Prior

Cancer

8cancer = (ggerma gsom)

p(gcancer ’ Mcancer) = p(ggerm | Mgerm)p(gsom | 8Bgerm » Msom)y Mgerm can be
Coalescent-HWE prior model,

if there's only 1 somatic haplotype

|ggerm|

p(gsom ’ 8Bgerm , Msom = Z gsom ’ 8Bgerm,i Msom)

genn’

if multi somatic haplotypes: (assume all haplotypes originate from germline, independently)

‘gsom | gsom |

p(gsom | ggermyMsom) = H p(gsom,j | ggerm H

=1 ‘ggerm,j‘

|ggerm,j|

Z p(gsom ’ 8Bgerm,j,i Msom)
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Method Subclone genotype model

Graphical model & joint posterior

We want to know joint posterior distribution
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Method Subclone genotype model

Problem of computing

® This posterior is intractable Since ¢s ~ Dir(as) So the integration over ¢ is intractable.
¢ is latent variables.

¢ Using Variational Bayes (VB)
Approximate p*(x) £ p(x | D) (intractable posterior) with g(x). Maximize
L(q) 2 — Dy (llB) (not Dic(p" |p)), where B = p(x, D) = p*(x)p(D)

_ 1 I q(x) o
L(q) = —Eq ['og ;3] = / q(x) log > (p(D) dp(x)

—— [ attog 29— atx)1og () it

= —Dx(ql/p*) + log p(D)
< log p(D)
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ELBO

KL(ql|p)

L(q,0) Inp(X|6)

L(q) is evidence lower bound (ELBO). Maximizer is g = p*.

Chuanyi Zhang (UIUC) Octopus 12/23



1
VB cont

Bayes:

(D | x)p(x) likelihood - prior
plx| D) = AZIOP (post _ )

p(D) evidence

And by assuming this factorization

S

a(g, Z, ¢) = q(g) | [ a(Z:)a(¢s)

s=1

where we introduce the latent binary matrix Zs, q(Zsnk) are so-called responsibilities of
assuming haplotype k for read n in sample s. By this factorization (mean field) we can
optimize on them alternately. Moreover, if we assume these priors are Dirichlet, then prior and
posterior are conjugated. Categorical (likelihood) and Dirichlet are conjugate distributions.
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Calling Model

Assume 3 possible cases:
@ No somatic mutations, clean germline, the individual model with any germline prior
(merge) Ming

® Copy number changes, but no somatic, the subclone model with germline prior (e.g.
Coalescent-HWE) M4

© Somatic occurs, possible CNA, the subclone model with cancer genotype prior.
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Calling Model

Germline genotype posterior

p(g| R) = plg; Mx|R)
=37 ble | M R)pM. | R)

= p(g, ‘ Mind)p(Mind | R)
| Menv)p(Meny | R)
) | Msomatic)p(Msomatic | R)

where p(My | R) = p(Mx)p(R | My), and p(R | M) is the “evidence”; and

(&g | Msomatic) = g geg P(E | Msomatic), & = (&germ, &som), from cancer prior
Germline allele posterior p(a | R) = >, ., P(g| R).

+ p(g
+ p(g
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Method Cancer calling model

Credible somatic mass

psomatic(a ‘ R) — Z? p(é" Msomatic; Credible)
There are K somatic haplotypes, then the credible somatic frequencies satisfy

1 P
P(Psk > T | Msomatic) = / Beta (6’ Japr1, Y ozi> do

i=1

where ¢g ~ Beta(ayg, > a — ai) since ¢s ~ Dir(a) i.e. p(ps) = ﬁ T, gb?k"_l.
The credible somatic mass is

As=1-— H 1-— p((ﬁsk >T | Msomatic)
k
means the probability mass of 3 at least 1 credible in K somatic haplotypes.
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Calling allele

Then A=1-T[As. (GiA---Ads=P V- V)

Psomatic(a ‘ R) =A <1 - H Z ]l{a¢fg.germ/\ae§.som}p(g ’ R, Msomatic))
a

S

Might be a typo?
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Synthetic Tumors

Evaluation of somatic mutation calling is challenging
® Real tumor with manual inspected mutations
® Mix reads from unrelated individuals

® * Spike mutations directly into raw sequenceing reads from healthy tissue
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Synthetic Tumors

1. Select sample with known germline 4. Sample PCAWG tumour-specific calls
NA%M o ieoe ® Reads from NA12878 ~
L 1 .
— e - ' P e 300x — {30x,35x,60x,65x}
_. ] ) ) ® Assign and realign to make sure
2. Assign reads to germline haplotypes 5. Spike PCAWG mutations onto reads ) )
R — e spiked mutations fall on same
haplotype, and position
o — o — plotype, and p
— @ o | @ consistent
S e - L4 Sample mutations from
3. Realign reads to germline haplotypes 6. Remap spiked reads pan—cancer anaIySIS Of WhOIe
_ genomes (PCAWG) uniformly
e ' | - —_— Produce raw unmapped reads
. . —_—— -

(FASTQ) files.
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Somatic Mutations Calling Accuracy
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Synthetic breast (paired)

_ @ Precision-Recall curve: top-right

is optimal

® Recalls for each VAF, using
PASS variants

©® Most differences in recall is due
to low frequencies
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Low coverage

Precision (PPV)
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Result

Somatic Mutations Calling Accuracy without paired normal
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