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Single nucleotide polymorphisms (SNPs)
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* Most common genetic variation in human genome. Occur every
1350 base pairs on average in genome

* Genome-wide SNP maps now available (millions in database)

GeneChip® Human Mapping 10K Array

Figure 2: Genome Coverage of Mapping 10K SNPs by Chromosome. Black areas represent

gaps in the human genome sequence, primarily centromeres and telomeres.
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GeneChip® Human Mapping 10K Array

Figure 1: GeneChip® Mapping Assay Overview.
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Laser Capture Microdissection

Prostate carcinoma: Formaldehyde fixed,
Embedded in paraffin, H&E stained

© M.E. Lieberfarb




How the GeneChip® HUSNP™ Array Calls Genotypes
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Reference A
Sequence _GGTGATTATGGACCT#.CTAT_ .

Probe Sequence

Alead CCACTAATACATGGATGATA wmuA
CCACTAATACTTGGATGATA pua
Alolep, GCACTAATACCTGGATGATA rvB
CCACTAATACGTGGATGATA wmvB
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dChip PM/MM data view

[ display range:(0,46152), Call:a, P%0%

[Gene 1322 WIAF-2671] [B741]

Model method: Ph-only model

[ display range:(0,46152)
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dChip Variation View: Unsupervised clustering may
recognize different PM patternsor SNP genotypes
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WIAF-2671, Breast cancer data




dChip SNP view: project probe data of a SNP to 2D

* For each MiniBlock i =1 ... M, compute
Diff_A = max (pmA —mmaA, 1)
R, = Diff_A / (Diff_A + Diff_B)
* The data of one SNPin one sampleis (R, R,,... Ry)

* Use principle component analysis (PCA) to project S data
points (for S samples) into two dimension to visualize
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L oss of heter ozygosity (LOH)
by SNP array

Genetic evolution model

Cancer is caused by
deregulation of
growth controlling
molecular pathways.

Normal
intestinal @ Adenoma o Carcinoma Qﬂ
cell

APC KRAS HMAD4 E-cadherin
B-catenin chr. 18 loh others
Tp53
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Motivation

» Despite apparent locally confined disease, up to
30% of prostate cancer patients undergoing radical
prostatectomy will develop recurrence.

* Initial Hypothesis: The differing clinical outcomes
of prostate cancer arise from differentially
expressed genes

* New hypothesis. Correlating gene expression data
with specific genetic alterations may identify
biologically relevant gene expression patterns.

© M.Meyerson

|s there evidence that a genetic
lesion can produce a global
alteration in gene expression?

- BRCA
-Mixed Lineage Leukemia

-ALL, MLL, AML

- Upregulation of genesin MLL (FLT3)

- Expression profile classifies independent
tumor set

© M.Meyerson




Chromosome Alterations

Non-reciprocal translocations
Aneuploidy
Chromosomal amplifications
Chromosomal deletions
- loss of tumor suppressor via a point
mutation followed by a deletion

© M.E. Lieberfarb

L oss-of-Heterozygosity (LOH)

If amarker (SNP, micro-satellite) has
heterozygous genotype in the normal
sample but has homozygous genotype in the
tumor sample from the same patient.

| ndicates chromosomal alteration; often
related to tumor-suppressor genes




Paradigm for Tumor Suppressor Gene
Inactivation by Allelic Loss in Cancers

Normal First genetic hit Cancer

2OR
—> S S —>
A B A B A

A A
L oss of Heter ozygosity

(LOH)

© M.Meyerson

Six ways of losing the remaining good copy
of atumor suppressor gene (Rb)

HEALTHY CELL WITH ONLY 1 NORMAL ARGENE COPY

mutation at locus normal Afgena
in maternal chromosome [ in paternal chromosome

POSSIBLE WAYS OF ELIMINATING NORMAL /AGENE

3 08 80 6l 6l ol

nondisjunction  nondisjunction mitatic gene deletion point
{chromosome and recombination conversion mutation
logg} duplication

W.K. Cavenee et d., Nature 305:779-784, 1983.
Albertset al. 1994 Molecular Biology of the Cell, 3rd ed.
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Loss-of-heterozygosity
analysis of small-cell
lung carcinomas using
single-nucleotide
polymorphism arrays

Kerstin Lindblad-Toh'*, David M. Tanenhaum?4*,
Mark J. Daly’, Ellen Winchester!, Weng-Onn Lui®,
Anuradha Villapakkam!, Sasha E. Stanton?,
Catharina Larsson®, Thomas J. Hudson'$,

Bruce E. Johnson2?, Eric S. Lander!’

and Matthew Meyerson4

"Whitehead Instit
for Biomedical Rese
Dana-F
el *Pathol

the SNP array, stained with streptavidin—phycoerythrin, and
assayed by fluorescence detection. The principles underlying geno-
typing with SNP arrays were described in an e 1 studyt. Briefly,
the detector for each SNP locus contains four rows of 25-mer
oligonucleotides, two of which contain oligonucleotides that per-
fectly match either SNP allele A or SNP allele B, whereas the other
two contain single-hase mismatches at various positions. The allelo-
type at a locus is determined by fluorescence intensity ratios in an
automated fashion. The approach dramatically decreases the work
involved in assaying 1,500 loci, as well as the amount of DNA
required (to a total of only 120 ng DNA, corresponding to ~20,000
iH.

ould be

diploid human genomes) in comparison to both SSLPs and ¢

The call rate (the proportion of loci to which ge mm;
assigned) was 80.7% + 3.0% over all sample: 205 SNPs
scored per sample (Table 1). The rate did not differ between normal
and tumor samples. Many SNPs performed in a robust fashion,

Allelic Not
A imbalance/  Retention  informative
LOH

s EmEE
A EAA
T m E E

W\AF-\HEHE W\AF—G387 W\AF 76>

Lindblad-Toh et a. Nature Biotechnology 2000

Compare normal and tumor samples

Uninvolved SV (snap frozen)
Normal

! 1

Genomic DNA
Purification

S

paraffin-embedded tumor

3

L aser-Capture Microdissection

! 1

Genomic DNA Purification

4

SNP array analysis

© M.E. Lieberfarb
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Making LOH calls

Normal Tumor
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SNP and SSLP-based Analyses Give Comparable Results

90% p-arm —

50%
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O O 10
%,>l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

90% gam

—

50%
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% of tumors showing LOH

Lindblad-Toh et al., 2000

Global Effects of Purity on SNP-based
LOH Analysis

Cell line mixing experiments

100%

Global SNP fraction 80%
(of true LOH calls) 60%
40%
20%

100% 90% 80% 70% 60%
Tumor purity

Lindblad-Toh et al., 2000
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Retention

Non-informative
No Call
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SNP Markers in chromosome 10

Observed LOH events

No Call

Non-informative

Retention
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dChip Chromosome View with proportional distance
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Compare LOH based on SSLP, HUSNP and 10K SNP
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Hidden Markov Models

Markov: ‘xl - x, > o X,
HMM:

y V3 V

1] ]

=

1
8]

(8]

2y
— We only observe the y’s;
— The z’s governed by a Markov transition rule
=P(z,=j|z,, =i)
— The y can be viewed as a “noisy copy” of the =
yilz ~ fClz)

— Example: 7 indicates intron or exon; y; observed sequence

© JunS. Liu
An example
» Occasionally dishonest casino
1. | U6 1: 110
2 | U6 95 0.05 9 2 | 110
3 | U6 /\ | g 3 | 110
4 | s \a 4 | 110
s | ws / ./ s [0
6: | 16 ’ 0‘1 ’J 6: | 510
Falr Loaded
Simulted a sequence of 100 “die usages”
11112222221111111111111111111111111111111111111111
21621665666352321264622533314315136163516312314636
11111111111111111111111112222222222222222222211222
513356135546324162542442123263066645622466146342646
Question: what’s the long-run fraction of each type?
However, we only observe the result of the rolls of a die: can we tell?
© JunS. Liu
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How do we find the most probable path?

* Optimal probability of the observed rolls V,V, """V,

‘f.(z)zP(y. :.—~)><max 1. @)PGE =2]z, =2)]]

V %
: fiz) 1s the optimal
prob value for the
o iy first 7 observations

B T with z, =z

. Traung backward to ﬁnd the optimal path

2, =argmax_{f,(z2)P(z,,, =2, | z, = 2)}

© JunS. Liu

I Ve 1: 110

2 | V6 - . _9 = 1710

3 |16 \/—\]'/ 3 |10

4 | ve 'j/j 4 | 110

s | ue : fJ s | 110

£l Fair \/ Loaded g |50

Simulated a sequence of 100 die tosses
21621665666352321264622533314315136163516312314636
22222222222111111111111111111111111111111111111111
1111222222111111111111111311%817031131121123 11281111111
51335613554632416254244212326366645622466146342646
1111111111110 1111111111111112222222222222222222222
11111111111111111111111112222222222222222222211222

© JunS. Liu




Hidden Markov Modd to infer non-informative markers

Retention
Non-informative
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No Call
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0.23 0.75 0.75 0.23 0.02 0.75 0.02 0.75

SNP call data
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Comparing LOH obtained from paired normal
and tumor samples and only tumor samples
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1 yorew ge

1 yorew ge

yorew ge [l
18122
18122
8Tz [lu
1L€6T
1L€6T
se6T [l
166ST
166ST
66sT [u
EVTT
EVTT
erTT e
1,00T
1,00T
00T @S
18TT
18TT
28TT [lu

a9y s68r
T a9y S6%L

Chro 10

21

© M.E. Lieberfarb

Retained
Tumor/Normal Pairs
The SNP markersarenot directly useful assingle variables

L ost

Finding shared LOH regions

Physical
L ocation




Finding shared LOH regions

» Shared LOH regions might contain tumor
SUppPressor genes

o Complication:
1. Markers are 300K b apart, and many of them are
non-informative
2. Call errors, mapping errors

3. Observed LOH events may be due to genetic
instability of the tumor and are not cancer-related.

LOH LOD score
M. Newton et al. 1998 Satist. Med

Tumer ID LOD scare
- M We ;o ~N® o5 Az = [ & @™ @
| t
IR . o
|
€5 ETIN LT S T D) 00 (e ) DIMI3 -
|
i MYL2G-
T 3 e e DiMgh21-
§ : i DAIMILS .
— | ==k | ==]=]=]= — D1kigh 107
-uﬂux_:._.-—'—:rk DiMit16
- DriMiE31 -
:-m—::l:—!.—!_=?--f DIMItE
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LuzaF 53

Theinferred LOH status of 40 samplesin chromosome 13, with
LOD score curve on theright (gray areafrom -2 to 5)

LOH LOD score

1341412 clear fragile X mental retardatio... 1 11 1 i SNP_A-1518873
L | general transcription factor IIF, pol.
tumor protein, translationally-contr.
12q14.13 i 1 imin SNP_A-1510520
q KIAAD0853 protein 11 1 imns SNP_A-1509269
L-plastin 11 1 i SNP_A-1519087
hypothetical protein FLJ21562 11 1 imii SNP_A-1518752
11 1 SNP_A-1508089
5-hydroxytryptamine (serotonin) r. !
i iryp ¢ ) 11 1 SNP_A-1516451
11 1 SNP_A-1512840
11 1 SNP_A-1512262
SNP_A-1514700
succinate-CoA ligase, ADP-formin L 1 -~
HSPC126 prot 11 1 SNP_A-1514285
astom nclnding osteos.
13q142 Punnergic receptor (family A grou
cysteinyl leukotriene CysLT2 rece
mii 1 imii SNP_A-1516996
KIAA0970 protein
hypothetical protein FLJ12577 i1l ] imn SNP_A-1511691
CLLLS protein
hypothetical protein BC013150
CLLLG protein
deleted in lymphocytic leukemia, 2
i 1 SNP_A-1519117
mii 1mnin SNP_A-1515025
hypothetical protein FLJ11712
hypothetical protein FLJ30707 L LR SNP_A-1510629
DEAD/M (Asp-Glu-Ala-Asp/His) b
WD40- and FYVE-domain contain. /

The 3 Mb area with peak curve value contains the RB gene.
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Permutation to compute p-value of cancer-relatedness

Chro 10 AR BE AR eSS RS RRERR AR AR RAARETAGTERCaqEiiR i REcH
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M. Lin et al. Bioinformatics, in press

Clustering samples and chromosomes
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Correlate LOH data with expression data

Wee O —0— O B—x O— N Ot 8 SNDE —O g ONO B O

NWEM O NSO MO DWW 0000 = = =N @ =

Chro 5 oo R s o v O O o R e 1
lymph nodes
Tumor type
MBR grade

ER - review
PR - review
HER-2 assessment

p53 impox

"12 23 WIAF-1331
gm 3 | WIAF-852
p132.3
pi13.1 l- WIAF-3342
q11.1

124 Wl AF-2999
9 WIAF-1049
313 3 WIAF-1869
143 I I WIAF-3553
q15 WIAF-4558
q;; 5 WIAF-2723
9 WIAF-1804
q23.2 WIAF-3210
q31.1 WIAF-3559
432 WIAF-1250
9332 — WIAF-4587
434 WIAF-2859
q35.2 lI . I WIAF-3137

‘lymph nodes” is negative: 846 (all. 13/30, PYalue 0.0029)
‘ER - review” is n: 66 (all: 11/30, PValue: 0.0008)
PR - review" is n. &6 (all. 14/30, Pvalue 0.0051)
'pE3 impox” is pos: 546 (all 10/30, PYalue: 0.0088)

Correlate LOH data with expression data

lymph nodes
Tumor type
MBR grade
ER

PR - review
HER-2 assessment
P53 impox

25



Applying supervised clustering using an LOH
asaclassdistinction

LOH X Ret. X

High in Tumor

C?Novel < B ::

Target

Low in Tumor

C’? Poss. <

Tumor _
Suppressor i e

© M.E. Lieberfarb

Array CGH by SNP array
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dChip PM/MM data view

[ display range:(0,46152), Call:a, P%0%

e T

-

[Gene 1322 WIAF-2671] [B741]

Model method: Ph-only model

[ display range:(0,46152)

54.03%, Rd:3,Am:0 Pro:0,0ut0

I e §

Making signal of AB and AA comparable

P display range:(d,4614), Call:AB, P%:0%

| ]
3
E)

[Gene 4635 401565C] [1007]

Model method: Pt difsrence model

[V display range:(0,4083)

M

[ display range (0,4614), Call:t, P%:0%

[Gene 4635 401565C] [1147]

i octel method: PMMM difference model

' disnlay range:(0,4083)

Al

[ dlisplay range:(0,4614), Calla, P%:0%

3
) 0 S 0 S ai

e

[Gene 4635 401565C] [BT474]

Model method: PMMMM difference model

' display range:(0,4083)
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Copy number analysis using SNP array

*Normalization and model-based signal for each array
and SNP

*For a SNP, the signal values of al normal cell lines
were averaged to obtain the mean signal of 2 copy;
observed copy number = (observed signal / mean signal
of two copy) * 2

*HMM to infer real copy number by best path

Copy number analysis using SNP array

*Emission probabilities: for a SNP the observed signal values are
random values drawn from (Sgnal - Mean-Fold
Sd-Fold

*Transition probabilities; The Haldane's map function ¢ = %(1‘ e
convert the genetic distance d between two SNP markersto the
probability (2*theta) that the copy number of the 24 marker will
return to the background distribution of copy numbersin this
sample and thus independent from the copy number of the 1%
marker

) ~1(40)

eInitial probabilties: The proportion of chromosome regions that
have a particular copy number is set to fixed valuesin the first
round (0.9 for 2 copy, 0.1/(N-1) for copy O to MaxCopy except 2)

28
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