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Cell, chromosome and DNA




Human chromosomes
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Tumor genome alterations (SNB-75 cell)
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Different types of alterations
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Aberration score (alteration LOD score)

Tumaor ID
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Evolution of a cancer cell
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Evolution of a cancer cell

MNormal cell

Carcinogen-induced genetic change
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Single nucleotide polymorphisms (SNPSs)
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Genotypes of a SNP
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Affymetrix oligonucleotide microarray
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Affymetrix oligonucleotide microarray
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Affymetrix oligonucleotide microarray
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Affymetrix human SNP microarray

Affymetrix Inc.



From array image to genotype calls



Loss of heterozygosity (LOH)
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TSG: Tumor suppressor gene

Devilee et al. 2001



Making LOH calls using SNP array



SNP genotype call view in dChip
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Observed LOH calls from pairs
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Hidden Markov Model for inferring LOH

Go to: LD

Beroukhim et al. 2007



Transition probabillities

Prob(2" SNP is LOH | 1t SNP is LOH)

— (1 PN ) is the probability that two SNP
q = have independent LOH states

d in the unit of 100 megabases (Mb) » 1 Morgan
P(LOSS|RETEg:P, (LOSS)

P(LOSS|LOSSEg:P, (LOSS} (g )



Transition probabillities



Emission probabilities

Emitted symbols are genotypes:

Homozygous (Hom): AA or BB

Heterozygous (Het): AB

Prob(Het | Loss) = 0.01 (genotyping or mapping error rate)
Prob(Het | Retention) = Heterozygosity rate of SNP (~0.3)

Prob(Hom | Loss) = 1 - Prob(Het | Loss)
Prob(Hom | Retention) = 1 - Prob(Het | Retention)



Forward-Backward algorithm to infer P(LOH)



Haplotype structure

A: AA Go to: HMM

B: BB Go to: New
Transition



Extending the HMM states

Extend the underlying LOH states to 4 types:

“Hom Loss”: Homozygous genotype in normal, LOH loss in tumor
“Het Loss”: Heterozygous genotype in normal, LOH loss in tumor
“Hom Retention”: Homozygous in normal, LOH retention in tumor

“Het Retention”: Heterozygous in normal, LOH retention in tumor

“Hom” and “Het” refers to the genotype of the unobserved normal sample

New emission probabilities:
Prob (Heterozygous | Het Retention) = SNP heterozygosity rate
Prob (Heterotzygous | any other 3 states) = 0.01 (genotyping/maping error)



New transition probabilities
PU,,, = Homy, = Hom)
PU.,, = Hety. = Het)

Go to: LD

Estimated from a set of reference normal samples of the
same ethnic group

PNV, =RET|V, =LOSS asin basic HMM

Based on independent events of Hom/Het genotypes in
normal and LOH Loss/Retention status in tumor:

PU,.V,.q [UV) = P, U))P(V,, V)



LD-HMM (Linkage disequilibrium HMM)



LOH from paired vs. LOH from only tumor



LOH score from prostate tumor samples

Beroukhim et al. 2007



Obtain signal values from SNP array

Go to “MCP”

AB

AA



Raw copy numbers



HMM Iinferred copy numbers



SNP-array copy number vs. Q-PCR

Zhao et al. 2004



Copy numbers distinguish two LOH types

Zhao et al. 2004



Correlate LOH data with expression data



Correlate LOH data with expression data
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Integrative genomic analyses identify MITF

Garraway et al. 2005 Nature



Integrative genomic analyses identify MITF

Garraway et al. 2005 Nature



Defining Major Copy Proportion (MCP)

e The parent-specific copy number (PSCN) at a SNP

locus in a sample is defined as the copy number pair
(C., C))

Go to “signal”

» C, Is the smaller parental copy humber and C, is the
larger parental copy number, unless C, is equal to C,

« MCP = Max(C,, C,) / (C, + C,)



Extends LOH to measure allelic imbalance

The MCP is 0.5 for all loci in a normal sample (one copy
for the each of the two parental chromosomes, PSCN is
(1,1)

1 for LOH: PSCNis (0, x), x>0

Between 0.5 and 1 for allelic imbalance: PSCN is (X, y)
where x . vy

Undefined for homozygous deletion: PSCN is (0, 0)



Genotype, MCP, LOH and copy number data

0 0



Transition probabilities of HMM

The probability that MCPwill return to the background MCP
PO — (]_- e ) distribution in this sample and thus independesfMCP,

d in the unit of 100 megabases (Mb)lL Morgan

. The backgroun probabilities, set non-inforneti to be 0.9 for
Pb The back d MCP probabiliti infornedyi to be 0.9 f
MCP of 0.5 (normal locus) and 0.1/N for the red¥IRP states

~ R, *R(MCB if MCP,* MCP,
P(MCR,| MCR) = <

(1- R) + R »< P (MCP If MCP, = MCP,

N~—



Emission probabilities of HMM

P (RAP |[MCP)=  B.. (RAP (G,G,))/ ) * P(G,G)
(G1,G;)

1 (G .G )=(A A

MCP If (G,G )=(B, A

1- MCP if(G,,G, )=(A, B)

0 (G .G )=(B,B

RAP ~ Normal(, ), and (G,,G,) =

RAP: raw allele A proportion: R/ (R, + Ry)

(G,, G,): unobserved ordered genotype pair for the mindrraajor
parental copy



Comparing to allele-specific Q-PCR

Sample
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54.606
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PCR A
Copy

25.18
2.42
135.92
1.23
58.46
0.06
0.06
17.32
4.86

1.03

PCR B PCR

Copy MCP
1.68 0.94
38.37 0.94
1.97 0.99
6.03 0.83
3.39 0.95
7.58 0.99
7.12 0.99
0.03 1
0.17 0.97
8.36 0.89

Q-PCR Data from LaFramboise et al. 2005



Mixing tumor and normal samples

Zhao et al. 2004



Mixing tumor and normal samples



Genotype, MCP, LOH and copy number data
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Shared LOH and MCP score

10K prostate data generated by Rameen Beroukhim



Conclusions

 SNP microarray can identify genomic alterations such as
LOH and copy number change

« HMM iIs a natural model for SNP data, and can be
flexibly extended for tumor-only LOH analysis

* Integrating SNP data with expression data is fruitful in
cancer genomics studies

* Major copy proportion extends LOH analysis by
measuring allelic imbalance.
— MCP/total copy number captures the same information as allele-

specific copy number, but it's easier to estimate MCP or use it in
downstream analysis
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