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Overview

Variations in biological sequences
— Species, individuals, cancerous cells, immune cells, (protein seqs/structs)

— Substitutions, indels, inversions, duplications, repeats, rearrangements,
fractals

— Dependencies/independencies/patterns of variations
* SNPs, TFs, domains
— PRACTICAL STUDY DESIGN ;-)

Models

— A stochastic single state model:
* Optimality, matching
* Phylogeny, PAM, BLOSUM
— Indels, gaps
* Alignment, dynamic programming, BLAST
— Position-specific scoring
» Stochastic finite-state automaton
* Hidden Markov Models, HMMer, multiple alignment
— Chomsky hierarchy...



Variations in biological sequences
and beyond

Proteomic
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Variations

Phylogenetic — Species (multi-cellular: ~10°)

Inherited — Individuals (humans: ~1019)
— Genetic (SNPs, CNVs,..)
— Epigenetic (e.g. methylome, histone )
Somatic — Cells (in humans: ~1014, ~101°, <bacteria!)

— T/B-cell repertoire (in humans: ~10*2)
— Cancerous cells (in humans: ~1019)

Proteomic — Proteins
— Alternative splicing
— Post-translational modifications

Metabolome - (in humans: ~10%)
Glycome (carbohydrates/saccharides) (in humans: ~oo )



The monophyletic view of life

e C.Darwin: A history‘gg‘(aﬂie world, irgeerj_ectly
kept and written in"a changing dialéct. Of this
history we posses the last volume alone. Of this
volume, onlj here and there a short chapter has
been preserved; and of each page only here and

there a few lines.”
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Genealogy and variations
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Mutation rates

Error rate in DNA replication is 107°/107/
with/without mismatch repair (consensus belief
is 10712 site/cell generation, but in certain genes
can be as high 107/,

Note that the human body contains 10*3 cells
with limited lifetime...).

Average rate in mammalian DNA is 10~
substitution/site/year, but mitochondrial is 10x,

Functional constraints on mutations.



Population genetics

Locus is the genomic location of a gene, alternatives (1%<) are the alleles.

Natural selection is the differential reproduction of different genotypes (through different
phenotypes). Fitness of A1 A1,41 A1,A2 As diploids is denoted with w;; or 1 + s;;. If the
frequency for A; (old) is p and A3 ¢ = 1 — p, then the Hardy-Weinberg equilibrium is

p?, 2pq, ¢°.
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Random genetic drift is the consequence of sampling a small population (fixation or loss).
Fixation probability for 1,1+s,1+2s
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—% Fixation time, conditional fixation time (~ 4N)

Generations



Some terminology

Point or segmental mutations (deletion, insertion,
inversion, duplication, repetations).
Homology(common ancestor)

— Orthology (speciation)

— Paralogy (gene duplication)

Point mutations can be

— transition/transversion within/between purins (A,G) and
pyrimidins (T,C).

— synonymous(silent)/nonsynonymous:missense/nonsense(preter
mination codons).

— non-degenerate site or 2/3/4fold degenerate site
— Frameshift mutation (reading frame, open reading frame)
— Alternative splicing, miRNA, transcription factors,...



Quantifying sequence similarity
* Distances between strings: edit distance

— Hamming/Manhattan distance

— Levenshtein distance: minimum number of
insertion, deletion, or substitution of a single
character

* Cost matrices: PAM, BLOSUM
— Distance in simple case: d(x,y)=>.d(x,y.)
— Alignment

* Global, semi-local, local, multiple (*BLAST*)
* Hidden Markov Models (profileHMM,...)



g
=

(Semi-)Hidden Markov Models

v

end

1
S5

JUTRf——|Poly-A

Genescan ProfileHMM
(for gene detection) (for protein families)



Molecular phylogeny

Goal: pheneticist vs cladist
Goal': topology, labeling, extinct characters/sequences

Sources for phylogeny: phenotype based, paleoontology, geologic,

Molecular phylogeny include/uses molecular relations in the

reconstruction:

* Immune response (1902),

» cross-hybridization of denaturated genomes (1950<),

* protein sequencing (1960) =» Molecular clock hypothesis!
* rate=substitution/2xTime
» substitution =-3/4In(1-4/3 Difference)
«Zuckerkandl,Pauling: homologous proteins

Recall: standard pointwise approach, pairwise alignment, multiple
alignment, PAM, BLOSUM, BLAST..... From multiple alignment to
phylogeny: are the implied distances from a multiple alignment
consistent?
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Construction of phylogenic tree

Data: characters and distances. Characters can represent not just genomic, but
phenotypic information as well. Distances can represent (dis)similarity-score?, |difference],
surrogate distances such as |substitutions|, unit-time, time. Note the easy
combination/fusion of distances.

Any ultrametric distance is tree-derived (see proof of Ultrametric Tree Learning).

Tree can be reconstructed correctly with the UPGMA, but it can fail for not ultrametric cases.
For additive, but not ultrametric distances the neighbour-joining method can reconstruct

the correct labelled tree.
Two further opposite families are the maximum parsimony (without evolutionary theory and

time labelling) and maximum likelihood methods (with evolutionary theory and time

labelling).
Methods:

1. Ultrametric reconstruction
UPGMA
neighbour-joining

maximum parsimony

s L

maximum likelihood



UPGMA

UPGMA: unweighted pair group method using arithmetic averages.

Define distance d;; between clusters C';, C'; as the average of between-pairwise distances:
1 , , , , ,

dij = EAIEn] ZPE( g ECs dpq (variants use min,max instead of arithmetic mean.).

Require: pairwise distances
Ensure: topology and labelling
Ini: Define a cluster C; and leaf at height 0 in tree T for each sequence i
fori=1toL-1do
Select pair of clusters i,j with minimal d;;
Define new cluster 'y, = C; U C|
Define a new node in T to be the parent of i and j at height d;; /2
Remove C;, C; from set of clusters and insert Cy,
End: Insert root for the final two clusters i,j at height d;; /2



Discovery rate of single nucleotid
polymorphisms (SNPs)

dbSNP rate of growth, all organisms
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HapMap Project

Phase 1 Phase 2 Phase 3
Samples & POP | 269 samples 270 samples 1,115 samples
panels (4 panels) (4 panels) (11 panels)
Genotyping HapMap
centers |n’[erna’[i0nal Per|egen Broad & Sanger
Consortium
Unique QC+ 1.1 M 3.8 M 1.6 M (Affy 6.0 &
SNPs (phase |+||) llumina 1M)
Reference Nature (2005) Nature (2007) Draft Rel. 1
437:p1299 449:p851 (May 2008)

HAPMAP.ORG




Phase 3 Samples

label population sample # samples | QC+ Draft 1
ASW* African ancestry in Southwest USA 90 71
Utah residents with Northern and Western
CEU™ European ancestry from the CEPH collection 180 162
CHB Han Chinese in Beijing, China 90 82
CHD Chinese in Metropolitan Denver, Colorado 100 70
GIH Gujarati Indians in Houston, Texas 100 83
JPT Japanese in Tokyo, Japan 91 82
LWK Luhya in Webuye, Kenya 100 83
MEX* Mexican ancestry in Los Angeles, California 90 71
MKK* Maasai in Kinyawa, Kenya 180 171
TSI Toscans in Italy 100 77
YRI* Yoruba in Ibadan, Nigeria 180 163
1,301 1,115

Population is made of family trios

HAPMAP.ORG




Basic Concepts

Parent 1 Parent 2

A B A b A B
A B a..b OR a B A B
A
2.0 a B
A B o) A B
etc...
High LD -> No Recombination Low LD -> Recombination

(r2 = 1) SNP1 “tags” SNP2 HAPMAP.ORG Many possibilities



Basic Concepts

SNP1
alleles: Al/a
POP allele fregs: A (80%)
a (20%)
genotypes:
Person 1 Person 2
AA AA
BB Bb

~~
N—"

phased haplotypes (

A B
A B

> >

HAPMAP.ORG

SNP2
B/b

B (60%)
b (40%)

o >

Person 3

Aa
Bb

OR

O



Haplotypes vs. genotypes

* Problem: loss of information!

— For a biallelic SNP the (unphased) genotype is
* 0: wild homozygous
e 1: heterozygous
e 2: mutant homozygous

Haplotypes

AG AG AG AT TG TG
AG AC AGTCor ACTG TG TC
AC AC ACTC TCTC

Haplotype 00,00 01,10 or 11,00 11,11
Genotypel 0 1 2
Genotype2 0 1 2




HapMap Glossary

For a pair of SNP dlleles,
it's a measure of deviation from random association.
Measured by D', r?

Estimated distribution of SNP
alleles. Alleles transmitted from Mom are in same
chromosome haplotype, while Dad’s form the paternal
haplotype.

Minimum SNP set to identify a
haplotype. ré= 1 indicates two SNPs are redundant,
so each one perfectly "tags” the other.

HAPMAP.ORG



Linkage disequilibrium and recombination

For a given locus A and alleles A, A,:
Hardy-Weinberg equilibrium: independence (pa1a,=Pa1Par)
For two loci A, B
they are in linkage diseqilibrium, ,,LD”, if not independent.
D=pap-PaPs
D’=D/min(p,(1-pg), pg(1-p,)) if D>0,
otherwise D’=D/max(-p,(1-p,), -Ps(1-pg))
r=D/sqrt(pa(1-p,)pg(1-pg))
D’=1: complete LD,
r=1: total LD (allele frequencies are also the same).
Centimorgan (cM): 1% chance of crossing over in one generation
(~1Mb in human).



Distribution of minor allele frequences (MAFs)

e every point mutation compatible with life is likely
present in someone, somewhere”, McClellan, J., and

50 King, MC. (2010). Genetic Heterogeneity in Human
Disease, Cell
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Blue: Proportion of MAFs, singletons (gray). Orange: Proportion of SNPs with a given MAF.



Allele frequencies in subpopulations
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dbSNP

Google: dbSNP
http://www.ncbi.nlm.nih.gov/projects/SNP/

Select MAFs for SNPs in your selected genes.
E.g. OXTR: rs11706648



Recombination rate

Mean recombination rate within category (cM Mb~1)
0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1

e M1 %11
Defence/immunity protein (269) [l

Cell adhesion molecule (268)
Extracellular matrix (262)
lon channel (264)
Signalling molecule (627)
Protease (394)
Receptor (1,158)
Transporter (474) ]
Select calcium-binding protein (190) [__]

Cell junction protein (77)
Hydrolase (508) []
Cytoskeletal protein (547) []
Miscellaneous function (591) [
Transfer/carrier protein (230) |
Transcription factor (1,322) |
[] Oxidoreductase (461)
[ Select regulatory molecule (821)
[ Transferase (614)
1 Membrane traffic protein (249)
[ Lyase (112)
[ Phosphatase (197)
[ Kinase (513)
I Nucleic acid binding (1,567)
"1 Synthase and synthetase (170)
Isomerase (107)
[ Ligase (305)
N Chaperone (128)




Recombination rate (cM Mb~")
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Recombination, haplotypes, and genes
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CHB+JPT
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Figure 15 | Length of LD spans. We fitted a simple model for the decay of CHB+]JPT analysis panel, by plotting the fitted r* value for SNPs separated
linkage disequilibrium™ to windows of 1 million bases distributed by 30 kb. The overall pattern of variation was very similar in the other
throughout the genome. The results of model fitting are summarized for the  analysis panels® (see Supplementary Information).



Proxy and tag SNPs
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Table 3| Number of tag SNPs required to capture common (MAF = 0.05)

Phase Il SNPs

Threshold YR CEU CHE+JFT
r:'! =5 627,458 290,969 277831
r_j =0.8 1,093,422 552,853 520,111
=10 1616,739 1024665 1078959




1]

Proportion of SNPs (%)

SNPs vs. sequencing
(HAPMAP-Phase I.)

¥a3 1,577 BB1 1,031 835 G788 639 816 813 657 512 SHPs

100 2=
BO
mOzF <05
G0 0.5 <075
0.75<r < 1
- =
40 W | dbSHP
20
L]
Singletons 0,0 0.1 0.2 0.3 0.4 0.5

Minor allele frequency
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Copy number variations (CNVs)

0.4% difference between unrelatea_ ze_- 3
individuals S {F
Database of Genomic Variants  § # £
CNVs: 66741 SRl e
Inversions: 953 s{ El _ | p—
InDels (100bp-1Kb): 34229 i
- il &
X length= log(heterazygosity)
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CNV map |l
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Phenotype

HTG lemls
Type 1 diabetes

Plazma HOL and
TG levels

Plazme HOL lewvels
Folate responss
Blood pressure
Plazma HOL lavels
Colorectal cancer
Pancraatitis
Tuberculosis

Biil

HTG laials

Heart dizease
Plazrms LOL levels
Plazma LD b=wvels

Plazma LOL levals
Plazrmia 40T levels
Plazma HOL lavels
Colorectsl

udu-n-nmu

Complex|

Method Sample
size (cases
WErsus

controls)
CAST 438/327
CSand FET 4807480
FET 3,551

?

154/102
564
3.125
05,05
B01/089
216/350
1312
370,378
1100472

3.363

3.543
512

8 88434444

=
-

178

i T
519

MNP 1245483

Hd%

Observe Pooled

Rare variants

Genes or Variants Variants

genomic found

regions
sequenced

4 187
10 212
4 43
1 MNP
1 14
3 135
1 51
1 61
1 20
5 179
58 1074
3 MNP
1 i

4 17
1 2

1 i

1 43
3 MNP
4 MNP
103 845

associated
with
phenotype
154

4

NP

3
5
30
i
NP
16
NP
MNP
10

1

1
NP

.

11
NP
NP

151

Comments

Associsted variants soross four genes
Four rare variants in one gene
Riare M5 o 5MFs more frequent in low TG subjeots

Frve carriers so far are variants with low HDL
Funotional evaluation of M5 mutations

Rare mutations affect blood pressure
Variants in ABCAL influenos HOL-C

Riare M5 wariants in patients

Riare variants common in patients

Flare MG variants in tubsroulosiz cases

Fare M5 variants in obese versus lean

Single common variant combined with rare
variants

Riare variants associated with lower plasma LOL
PCEED variants associated with low LOL

Wariants in MPC1LI associated with low
cholesterol

Two miizzense mutations associated with low LOL
Rare haplotypes axsocisted with high A0T levels
Uzed oollapsing of rare varisnts

15% rare variants are in cases versus 12% in
controls

MMore [kehy deleterious variants in complesx|
deficienoy

133
n
134

135
136
137
136
139
140
141
141
143

144
145
146

147

45
148
144

150

Statistical analysis strategies for association studies involving rare variants, NRG, 2010
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1000Genomes - pilots

1-low
coverage

e e E
Egswnt somoge e gee—— W

[EE s me =
3 -gene

w regions

Purpose

Assess

strategy of

sharing data 2-4X
across

samples

Assess

coverage

and 20-60X
platforms

and centers

Assess

methods for
gene- 50X
region-

capture

Coverage

Strategy

Whole-
genome
sequencing
of 180
samples

Whole-
genome
sequencing
of 2
mother-
father-adult
child trios

1000 gene
regions in
900 samples

Status

Sequencing
completed
October
2008

Sequencing
completed
October
2008

Sequencing
completed
June 2009
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Population Total
e Utah residents (CEPH) with Northern and Western
1000Genomes — final goal  &mermeoed
Toscani in Italia (TSI) 100
British from England and Scotland (GBR) 100

Finnish from Finland (FIN) 100
Iberian populations in Spain (IBS) 100
|TOTAL European ancestry 500
Han Chinese in Beijing, China (CHB) 100
. |Japanese in Tokyo, Japan (JPT) 100
Han Chinese South (CHS) 100
Chinese Dai in Xishuangbanna (CDX) 100

s 50 BTl

Kinh in Ho Chi Minh City, Vietnam (KHV) 100

TOTAL East Asian ancestry 500

H . H Yoruba in Ibadan, Nigeria (YRI) 100
Final goal: 2500 samples in 4x depth. s i Wiebute. Ko (L) =
Gambian in Western Division, The Gambia (GWD) 100

Ghanaian in Navrongo, Ghana (GHN) 100

A| ms: Malawian in Blantyre, Malawi (MAB) 100
" 'TOTAL West African ancestry 500

L AI I Vva r|at|0 nsS a bove 1% gAfrican Ancestry in Southwest US (ASW) 61
. African American in Jackson, MS (AJM) 80

i I m putatIO N African Caribbean in Barbados (ACB) 79
. " Mexican Ancestry in Los Angeles, CA (MXL) 70

i PO pu Iat|0 N StI’UCtU re Puerto Rican in Puerto Rico (PUR) 70
Colombian in Medellin, Colombia (CLM) 70

" Peruvianin Lima, Peru (PEL) 70

TOTAL Americas 500

e ——————— R __ _Ahom in the State of Assam, India 100
e s K@vadtha in Calcutta, India o

Reddy in Hyderabad, India 100

Maratha in Bombay, India 100

-=-=-=-='=E=:== -HPunjabi in Lahore, Pakistan 100

TOTAL South Asian ancestry 500

| TOTAL 2500
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Functional constraints?

Proportion [%]

— Non-synonymous
0.25 + — Synonymous
— (Ref)

0.20 -

0.15-

0.10 -

0.05-

0 -

| | | |
0.05 0.1 0.2 05 1.0

Li et al.:Resequencing of 200 human exomes identifies an excess of low-
frequency non-synonymous coding variants, 2010, Oct., Nature Genetics



Summary

e Basics: LD....



Tumorgenetics

Virus/Viral origin: HPV, hepatitis-B, ..
Carcinogenes: smoking

Number of ,trials”: life span, breast/ovarian
cancer

Heredity vs somatic mutation

Dominant vs recessive model?

Evolutionary modeling / population genetics?
Multicellular level?



The multistage cancer model

Fisher: ~1930

Multiple steps with
different

" I ) P
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—+— Breast cancer, female -«
—a— Lung cancer, male
= Lung cancer, female

Colon cancer, male
—%— Colon cancer, female
- e« B1io 1 slope

Two-stage model: Loss-of-heterozygosity, LOH research




Barriers

Proto-oncogenes, oncogenes
Tumor suppressors

DNA repair pathways
Growth-related/signal transduction
Telomerase related

Cell death related

Cell cycle related

Immune system related

Proliferation

— Leaving the host organ + metastates



DNA damage and repair

* Endogenous (replication/mitosis)
* Exogenous: radiation/UV-A/B, mutagens, viruses
* Repairs:

— Direct

— Single-strand damage

* Base excision repair (BER)
* Nucleotide excision repair (NER)
* Mismatch repair (MMR)
— Double-strand breaks
* Non-homologous end joining (NHEJ),
* Microhomology-mediated end joining (MMEJ),
* Homologous recombination (HR)

* Global responses:

— Senescence
— Apoptosis: ATM/ATR... BRCA1...P53



Driver vs passenger mutation

; : . 1 . Chemotherapy-
= ? : Early clonal Benign Early invasive Late invasive p
Fertilized egg  Gestation Infancy Childhood  Adulthood expansion i e Earoae reri?jlr%ta%ncte
ikg\@/ \
Intrinsic 1
mutation processes Environmental
_ and lifestyle exposures Mutatar
< Passenger mutation henotype
_ ) R B Chemotherapy ===
Y7 Driver mutation
Chemotherapy
resistance mutation 1-10 or more
> driver mutations
10s-1,000s of mitoses 10s-100s of mitoses 10s-100,000 or more
depending on the organ depending on the cancer passenger mutations

cancer other processes, for example DNA repair defects, may contribute to
the mutational burden. Passenger mutations do not have any effect on the
cancer cell, but driver mutations will cause a clonal expansion. Relapse after
chemotherapy can be associated with resistance mutations that often
predate the initiation of treatment.

Figure 1| The lineage of mitotic cell divisions from the fertilized egg to a
single cell within a cancer showing the timing of the somatic mutations
acquired by the cancer cell and the processes that contribute to them.
Mutations may be acquired while the cell lineage is phenotypically normal,
reflecting both the intrinsic mutations acquired during normal cell division
and the effects of exogenous mutagens. During the development of the



The clonal architecture
in leukaemia
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P53 — inherited SNPs and LD
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BRCA1-inherited SNPs and LD

chrl?
| | | | | | | | |
38450k 3R4E0k 38470k 38480k 38450k 38500k 3B510K 38520k 38530k 3E540k
Genotyped SHPs
-y’ -3 3 F Yy F & A F-3 A A AL 4 & AMAL b A ASONGUDS A ¥y & F F¥y & F F F 3 & Ab & A& & A&

Entrez genes
NM_007 294

ERCAL: hbreast cancer 1, early onset izoform 1
MNM_Go7z295

ERCAL: breast cancer 1, early onset izofors 1
NM_O07 296

ERCAL: hbreast cancer 1, early onset izoform 1
MNM_Go7za7

ERCAL: hreast cancer 1, early onset izofors
NM_O07 298

ERCAL: hreast cancer 1, early onset izoform
NM_Go7zag

ERCAL: hreast cancer 1, early onset izofors
M_ Q07300

ERCAL: hreast cancer 1, early onset izoform
NM_007302

ERCAL: breast cancer 1, early onset izoform
NM_007303

ERCAL: hreast cancer 1, early onset izoform
MM_Go7 304

ERCAL: hreast cancer 1, early onset izoform
NM_007305

ERCAL: hreast cancer 1, early onset izoform

=

rs8176320
r1s12516
1s8176318
1$28897690 |
rs8176305

"
=
™~
(1]
[
L=
-]

(]

=

rsB176265

rs3092994
rs8176255

N
i \"&7‘\ E

Q”
X )

rs8176235
1
1 rs1799867
1

rs1799966

rs28897691
rs4793197
rs3737559
rs1060915
rs1800707
rs8067269

rs8176176

rs3950989

rs8176173

rs8176163

(]
=
(L]

E

®

%

b

‘ ‘ = rs4793194
-l
| -l

»

-
o

1
8 ! rs8176236
1

M
=

I
(30

"4

”m



International projects

The Cancer Genome Atlas (TCGA)
The Cancer Genome Project (CGP)

The International Cancer Genome Consortium

(ICGC)

Catalogue Of Somatic Mutations In Cancer
(COSMIC)

Cancer Genome Anatomy Project (CGAP)
Cancer Genome Characterization Initiative (CGClI)



Cancer gene census

rearrangement

Complete working list xls

Y Interchromosomal Cancer Gene Census
22 5
21

2

3 - 3

18,80 4o
17 fh} : Intrachromosomal i
i ;. rearrangement
- ; . Sorted By Number
i Amplification 15
Chromosome 457
;- 5 Frameshift mutation ad
Germline mutation Fi]
Large deletion 34
Missense mutation 126
SR S Monsense mutation 84
Figure 2 | Figurative depiction of the landscape of somatic mutations Other mutation 20
present in a single cancer genome. Part of catalogue of somatic mutations i .
in the small-cell lung cancer cell line NCI-H2171. Individual chromosomes Somatic mutation 415
are depicted on the outer circle followed by concentric tracks for point . )
; p : Splicing mutation L3
mutation, copy number and rearrangement data relative to mapping
pusitil?n in TJ'IE.gt'l'Illl'l'lt'. Ar.ruws': indicate examples of the various types of Symbol 457
somatic mutation present in this cancer genome.
Translocation 315




An optimistic(?)/sceptic

view
* Bert Vogelstein

— Overviewing solid cancers (for 353 cancer
subtypes): potential 130,072 mutations in 3142
genes.

— Conclusion: largely known

e 12 pathways
e 320 driver genes

* 10-100 mutations in each type of tumor



AML sequencing:
comparison

033124 Venter

Tumour

Watson

Figure 1| Overlap of SNPs detected in 933124 and other genomes. a, Venn
diagram of the overlap between SNPs detected in the 933124 tumour
genome and the genomes of J. D. Watson and J. C. Venter. b, Venn Diagram
of the overlap among the 933124 tumour genome, the skin genome and
dbSNP (ver. 127). SNVs were defined with a Maq SNP quality =15.

DNA sequencing of a cytogenetically normal AML, 2008



AML sequencing: filtering

3,813,205 tumour SNVs (Mag15)

2,647,695 well supported SNVs (decision treeg)

e
o

F s
2,584,418 present |
in skin (SNPs) 63,277 tumour-specific SNVs S
31,645 in dbSNP/
) - 31,632 new SNVs Watson/Venter
20,440 in /
non-genic regions
P 11,192 SNVs in genic regions o
10,735 intronic 4 216 in UTR

241 SNVs in coding sequence .
60 synonymous

181 SNVs predicted to alter gene function 7 Uﬂﬂble to
(non-synonymous and splice junctions) ~— be validated

e (technical failures)
14 validated 8 validated as somatic %152 validated
as germline SNVs (acquired mutations) as wild type
SNVs (SNPs) (false positives)

Figure 2 | Filters used to identify somatic point mutations in the tumour
genome. See text for details. UTR, untranslated regions.

DNA sequencing of a cytogenetically normal AML, 2008



Dynamics of clonal architecture

Effect of time

Effect of treatment
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Breast cancer (BC), Ovarian cancer (OC)

The first/second most commonly diagnosed gynecologic
malignancy.

The leading cause of death from gynecological malignancy.
The fifth leading cause of cancer deaths in women.

Poor prognosis if diagnosed at an advanced stage.

Early diagnosis is important (screening, prevention).
Multifactorial disease.



Meta-analysis of BC related
variants

24500 publications
1059 included

128 genes

279 genetic variants
51/40 strongly sign.
37 weak sign.

47 none

First approach: General electronic databases

Second approach: Three strategies used between

queries were conducted on or before August 31,
2009 using "breast cancer AND association”
identified 11669 potential citations

publications were searched

September 1, 2009 and February 28, 2010,
identified 12 831 additional potential citations:
(4) Targeted monthly databases queries using
gene or loci names and “"breast cancer”,

(B) General monthly queries using “breast cancer”,
and (C) References and related articles of all

Exclude 9432 publications by
title and/or abstract review

h

A

Exclude 11577 publications by
title and/or abstract review

Full text review of 2237 publications ‘

Full text review of 1254 publications |

P

Exclude 1451 publications

including 12 overlapping —

reports

-

Author queries sent for
17 issues; 13 resolved

h

A

Exclude 999 publications
including 45 overapping

reports
v

Author queries sent for
26 issves; 5 resolved

799 eligible articles with data available, including
404 potential candidate genes or lod

260 additional eligible articles with data available,
including 117 potential candidate genes or loci

{

1059 total eligible publications induding
2790 variants in 521 candidate genes or
lociwith data available and extracted

v

Meta-analyses conducted for 273 variants
in 128 genes or loci with data from at least
three independent sources

Figure: Two-stage search strategy to identify and select breast-cancer candidate-gene assoclation studies




OC/BC variants

Varlants Relative risk Population frequency (%)
BRCA1 Multiple mutations =10 01 Varlant OR (95% CI)* MAF (%)
BRCAZ Multiple mutations =10 01
1p11 NOT(HZ2, FCGR1B rs11249433 114 (1:10-119) 39
P53 Multiple mutations =10 <01
2q35 rs13387042 120 (1-14-1-26) GO
PTEN Multiple mutations =10 <01
g : " 2p24 SLC4AT, NEK10 rs4973768 111 (1-08-1-13) 46
ATM Truncating and missense mutations 2-4 <05 84 116 (1:10-121) 40
Cpl12 MRPS30 rs44150 . . :
CHEK2 - Hoodelc = o7 1510941679 119 (113-126) 24
BRIP1 Truncating mutations 23 01 5q11MAP3K1 5880312 113 (110-116) 28
PALB2 Truncating mutations 5 =01
6q22 ECHDC1, RNF146 rs2180341 141 (1-.25-1.59) 21
Table 1: High-penetrance and moderate-penetrance breast-cancer susceptibility genes 6425 ESR1, C6orf97 rs2046210 120 (1-21-1-37) 35
8024 rs13281615 1.08 (1-.05-1-11) 40
Qp21 CDKN2A, CDKN2B rs1011970 109 (1.04-114) 17
10p15 ANKRD16, FBX018 rs2380205 0-94 (D-91-0-98) 43
10q21 ZNF365 rs10995190 0-86 (0-82-0.91) 15
10q22 ZMIZ1 rs704010 107 (1-03-111) 39
10q26 FGFR2 rs2081582 126 (1:23-130) 38
rs1210648 1.27 (118-1-36) 40
11p15L5P1 rs3817198 107 (1-04-1-11) 30
11q13 rs614367 115 (1-10-1-20) 15
14024 RADS1L1 rs909737 0-89 (0-85-0-93) 24
16q12 TOX3, LOC643714 rs3803662 128 (1-21-135) P
rs4784227 125(1.20-131) 24
17q22 COX11 rs6504950 0-95 (0-92-0-97) e
19p13 ABHDS, ANKLE1, C190rf62 rs2363956 0-80(0-74-0-87) 47
OR-odds ratio. MAF-minor-allele frequency. *From original report of association with breast-cancer risk.
Table 2: Low-penetrance locl assoclated with breast-cancer risk, Identified by genome-wide assoclation
studies




BRCA genes

BRCA1 and BRCA2 Structure and Mutations

- Mutations of BRCA1 and BRCA2 responsible for the 5. = \I .
majority of hereditary breast cancer cases (5-10%) el ] " H H E i IH
- Lifetime risks of breast cancer are as high as 80% ™" "'l W¥= "FF TRy ° "*I”
among women with mutations in these genes -

« BRCA1 is also associated with ovarian cancer (LR: 5o Sii';:‘i.fr..ﬁm
40 and 20%). BRCA2 10w
- The BRCA genomic regions are each about 80-90 [/ bl i\W( 7
kb (including introns that span 81,155 bp and 84,193 LI " | - 1] uiih
bp, respectively) : L - ?QTFEF 1
» OMIM database: 68 known mutations ‘E“hfm.m
* Human Gene Mutation Database: lists 1,215 and . -
966 mutations for BRCA1 and BRCA2 oM ey e s
* Breast Cancer Information Core (BIC): 3500< Ellisen, L. W. and D. A. Haber (1998). "Hereditary breast cancer.”
H Annu Rev Med 49: 425-436.
variant hittp://www.matud. iif. hu/05aug/08.htm|

 outcomes of BRCA genetic testing:
- confirmation of hereditary nature of their disease
- unaffected relatives to undertake presymptomatic testing and,
if positive, to receive early screening and appropriate
surgery/treatment



BRCA1, BRCA2

Table 2. Point mutations and small insertions and deletions identified by the assay

Mutant sites identified No. of reads
Gene Nucleotide Effect Type Size (bp) Chromosome Start End Wild type Variant % Variant
BRCAT 4510 del3ins2 1465 stop Deletion-insertion 1 17 41,228,596 41,228,597 525 596 0.53
BRCA1 5083 del19 1657 stop Deletion 19 17 41,222,949 41,222,968 700 644 0.48
BRCAT 5382 insC 1829 stop Insertion 1 17 41,209,080 41,209,081 606 596 0.50
BRCAZ 999 del5 273 stop Deletion 5 13 32,905,141 32,905,146 363 229 0.39
BRCAZ2 1983 del5 585 stop Deletion 5 13 32,907,366 32,907,371 304 258 0.46
BRCAZ 6174 delT 2003 stop Deletion 1 13 32,914,438 32,914,439 565 661 0.54
BRCAZ 9179C=>=G 2984 stop Nonsense 1 13 32,953,650 39 361 0.48
BRIP1 3401 delC 1149 stop Deletion 1 17 59,761,006 59,761,007 651 486 0.43
CDH1 581G>A 157 stop MNonsense 1 16 68,842,406 421 359 0.46
CHEK2 1100 delC 381 stop Deletion 1 22 29,091,857 29,091,858 3,293 586 0.15
MLH1 ivs14(-1) G > A 568 stop Splice 1 3 37,083,758 1,024 683 0.40
MSH2 1677 T > A 537 stop MNonsense 1 2 47,693,895 575 552 0.49
p53 721G > A R175H Missense 1 17 7,578,406 449 306 0.41
PALBZ2 509 delGA 183 stop Deletion 2 16 23,647,357 23,647,359 1,283 1,233 0.49
STK11  ivs6(-1) G > A 316 stop Splice 1 19 1,221,947 722 572 0.44

Table 3. Genomic deletions and duplication identified by the assay

Mutant sites identified by assay

Gene Genomic event Chromosome Start* End* Size (bp) Ratio'
BRCAT1 Deletion exons 1-15 17 41,226,145 41,327,157 101,013 0.509
BRCAT1 Duplication exon 13 17 41,230,562 41,235,836 5,275 1.578
BRCA1 Deletion exons 14-20 17 41,203,975 41,229,297 25,323 0519
BRCAT1 Deletion exon 17 17 41,219,596 41,219,755 160 0.495
BRCAZ Deletion exons 1-2 13 32,889,020 32,890,900 1,881 0.489
BRCAZ2 Deletion exon 21 13 32,950,734 32,952,070 1,337 0.544

*Breakpoints are flanked by Alu and other repeats, which are not captured.
"Reads per base pair for deletion or duplication/reads per base pair for wild-type genotype.



