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© By SNP:

Estimate genotype and copy number for each SNP.

@ Within a sample:

Borrow strength between SNPs to infer regions of LOH
and copy number changes.

© Between samples:

Comparison between normal and disease populations to
find chromosomal alterations associated with disease.
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SNPchip S4 classes and methods

> merged <- subset(merged, samples = 1)
> summary (merged)
$NA06985
Chr 1 Chr 2 Chr 3 Chr 4 Chr 5 Chr 6 Chr 7 Chr 8 Chr 9
mean copy number 2.06 2.07 2.09 2.15 2.08 2.09 2.09 2.06 2.06
sd copy number 0.45 0.45 0.43 0.46 0.45 0.46 0.45 0.43 0.45
% heterozygous calls 0.26 0.26 0.27 0.27 0.27 0.29 0.28 0.28 0.27
homozygous calls 0.73 0.72 0.72 0.73 0.72 0.69 0.71 0.71 0.72
0.01 ©0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Chr 10 Chr 11 Chr 12 Chr 13 Chr 14 Chr 15 Chr 16 Chr 17
mean copy number 2.04 2.06 2.06 25ll 2.09 2.02 2.00 1.98
sd copy number 0.45 0.45 0.46 0.46 0.46 0.43 0.44 0.44
% heterozygous calls 0.30 0.28 0.25 0.27 0.26 0:25 0.26 0.29
homozygous calls 0.69 0.70 0.74 0.72 0.73 0.74 0.72 0.70
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Chr 18 Chr 19 Chr 20 Chr 21 Chr 22 Chr X Total (autosomes)
mean copy number 2.09 1.98 1.98 25190 1.92 2.13 2.07
sd copy number 0.46 0.44 0.43 0.47 0.44 0.44 0.45
% heterozygous calls 0.26 0.24 0.30 0.27 0.26 0.26 0.27
homozygous calls 073 0.74 0.68 0.72 0.72 0.73 0:72
no calls 0.01 0.02 0.01 0.02 0.02 0.01 0.01
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The structure of the data we observe

— At each SNP, we observe a noisy measure of the true
copy number and genotype (and possibly also measures
of confidence in those estimates).
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Another HMM...?

Novel (and we believe, important) HMM features:

© Model the observation sequence of genotype calls and
copy number jointly (Vanilla)

@ Integrate confidence estimates of the genotype calls and
copy number estimates (ICE)

QuantiSNP also models genotype calls and copy number jointly!
Colella et. al. (2007), QuantiSNP: an objective Bayes hidden-Markov model..., Nucleic Acids Res 35(6): 2013-25.
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The Vanilla HMM components

@ Observations (/:l\\l and (/fl'
@ Hidden states

@ Initial state probability distribution
@ Transition probabilities

@ Emission probabilities
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Transition probabilities

Following suggestions in the literature, we model the transition
probabilities as a function of the distance d between SNPs.

Specifically, let #(d) = 1 — e~2d denote the probability that SNP
i is not informative (I1°) for SNP ati + 1.

For example:

ool = Plew|cid}
= P{ei,!|0i,d}+P{e@i,l1°|ci,d}

= P{Oi+1||a®i7d}xp{||®ivd}+
P{ei]l°0,d} xP{I°|c,d}

= P{e}x0(d).

]
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Emission probabilities

We assume conditional independence between copy number
estimates and the genotype calls.

For example:

f(CN,GT|®) = f(CN|®) x f(GT|®)
t{en|\}xt{cTIo}

INCIPTNG,S
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More information

— The confidence in genotype calls can differ substantially
between SNPs!
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Integrating confidence estimates for genotype calls

Let S+ be the confidence score for the genotype estimate.

We can estimate from Hapmap the following densities:

f{S/—\ | HOM, HOM} f{sm\m,HET},f{s@T\HET HOM} {SHET\HET,HET}.

f{SHOM\HOM,Q} ~ f{S/\\HOMHOM}
— Note:

Q

f { Sygr | FET, 0 } f {SHET | HET, HOM } .

]
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Emission Probabilities - Loss

Recall that

f(CN,GT|®) = f(CN|®) x f(GT|®)

t{enindxe{cTIo}

o {6}, {67}

If the state for a particular SNP is Loss, we have

B, {6T.sg} = f{GTIo}xi{sgzICT0}.
Q
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Emission Probabilities - Retention

For retention, the true genotype can be HET or HOM:

b {67 57
- eI gy o)
= {610} (f{sg HOM|GT, 0} +1 {S5 HET | GT, 0})
— 1{6710} (i {55 [HOM.GT, 0}t {HoM 6T, 0) +1 s | HET, 5T, 0} 1 {HET |67, 0))

= f{é? [ 0} (f {Sé? | Hom,é?}f {HOM | é?,o} +f {sa | HET,a'}f {HET | é?,o})

]
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Copy number for chromosome 1
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Copy number for chromosome 1
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Copy number and genotype calls for chromosome 1
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Vanilla and ICE HMMs for genotype and copy numb
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Many HapMap samples
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De novo deletion
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Homozygous and hemizygous deletions
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ygous and hemizygous deletio

(=}

Grandfather Grandmother Mother Aunt Brother Sister

AB 0.01 BB 0.05 AB -0.11 AB -0.32 AB 0.06 BB -0.02
AA 0.27 NC -5.52 AA -0.48 AA -0.45 AB 0.12 BB -0.42
AB 0.15 NC -5.04 AA -0.20 AA -0.24 AB -0.09 BB -0.49
AB -0.03 NC -4.59 AA -0.40 AA -0.24 AA 0.30 AA -0.72
BB 0.20 NC -2.46 NC -0.38 BB -0.28 BB 0.22 BB -0.45
AB 0.03 NC -6.14 BB -0.28 BB -0.42 AB 0.09 AA -0.70
AB -0.05 NC -5.02 BB -0.17 BB -0.34 AB -0.22 AA -1.06
BB 0.01 NC -4.04 BB 0.04 BB -0.68 BB 0.14 NC -0.98
AB 0.17 NC -4.06 AA -0.27 AA -0.33 AA -0.03 AA -0.76
AB 0.01 NC -4.70 AA -0.67 AA -0.52 AA 0.16 AA -0.80
AB -0.10 NC -4.42 BB -0.25 BB -0.62 AB 0.13 AA -0.58
AB 0.01 NC -8.29 BB -0.17 BB -0.15 AB -0.15 AA -0.29
BB 0.16 NC -5.73 BB -0.64 BB -0.46 BB 0.10 BB -0.52
AB 0.06 NC -7.48 AA -0.23 AA -0.33 AB 0.07 BB -0.47
AA 0.17 NC -3.70 AA -0.50 AA -0.52 AB -0.06 BB -0.48
BB 0.02 NC -5.00 BB -0.34 BB -0.45 AB 0.13 AA -0.55
AA 0.21 NC -6.10 AA -0.43 AA -0.40 AB 0.20 BB -0.40
BB 0.05 BB 0.11 BB 0.15 BB 0.29 AB 0.13 AB -0.01
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