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Genescan
(for gene detection)

ProfileHMM
(for protein families)
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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:reconstruction:
• Immune response (1902), 
• cross-hybridization of denaturated genomes (1950<), 
• protein sequencing (1960) � Molecular clock hypothesis!

• rate=substitution/2xTime 
• substitution =-3/4ln(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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HapMap Project
Phase 1 Phase 2 Phase 3

Samples & POP 
panels

269 samples
(4 panels)

270 samples
(4 panels)

1,115 samples 
(11 panels)

Genotyping 
centers

HapMap 
International centers International 
Consortium 

Perlegen Broad & Sanger

Unique QC+ 
SNPs

1.1 M 3.8 M
(phase I+II)

1.6 M (Affy 6.0 & 
Illumina 1M) 

Reference Nature (2005) 
437:p1299

Nature (2007) 
449:p851

Draft Rel. 1 
(May 2008)

HAPMAP.ORG
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* Population is made of family trios
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Basic Concepts

A B

a b

A B

a b

A   B a   b A   b A   B

X

Parent 1 Parent 2

High LD -> No Recombination
(r2 = 1) SNP1 “tags” SNP2

A   B

A   B

A   B

a   b

a   b

a   b

Low LD -> Recombination
Many possibilities

A   b

A   ba   B
a   b

A   B
A   B

a   B

A   b

etc…

A   B

A   BOR

HAPMAP.ORG



Basic Concepts
SNP1 SNP2

alleles: A/a B/b
C1
C2

POP allele freqs: A (80%) B (60%)
a (20%) b (40%)

genotypes:
Person 1 Person 2 Person 3
AA AA Aa
BB Bb Bb

phased haplotypes (C1/C2):
A B A B A B
A B A b a b 

OR
A b
a BHAPMAP.ORG
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HapMap Glossary
• LD (linkage disequilibrium): ��������������	
�����
�
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���� a measure of d
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• Phased haplotypes: Estimated distribution of SNP 
alleles. Alleles transmitted from Mom are in same 
chromosome haplotype, while Dad’s form the paternal 
alleles. Alleles transmitted from Mom are in same 
chromosome haplotype, while Dad’s form the paternal 
haplotype.
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0.4% difference between unrelated 
individuals
Database of Genomic Variants
CNVs: 66741
Inversions: 953
InDels (100bp-1Kb): 34229InDels (100bp-1Kb): 34229
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Statistical analysis strategies for association studies involving rare variants, NRG, 2010
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Two-stage model: Loss-of-heterozygosity, LOH research
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DNA sequencing of a cytogenetically normal AML, 2008



(' -��������
��*�!
���	
��

DNA sequencing of a cytogenetically normal AML, 2008
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BRCA genes

• Mutations of BRCA1 and BRCA2 responsible for the
majority of hereditary breast cancer cases (5-10%)
• Lifetime risks of breast cancer are as high as 80%
among women with mutations in these genes
• BRCA1 is also associated with ovarian cancer (LR:
40 and 20%).
• The BRCA genomic regions are each about 80-90
kb (including introns that span 81,155 bp and 84,193kb (including introns that span 81,155 bp and 84,193
bp, respectively)
• OMIM database: 68 known mutations
• Human Gene Mutation Database: lists 1,215 and
966 mutations for BRCA1 and BRCA2
• Breast Cancer Information Core (BIC): 3500<
variant

Ellisen, L. W. and D. A. Haber (1998). "Hereditary breast cancer." 
Annu Rev Med 49: 425-436. 
http://www.matud.iif.hu/05aug/08.html

• 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



,E3(���,E3(�


