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Human Genetic Variation

Variants contribute to rare 
and common diseases

Variants can be used to 
trace human origins
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Human Genetic Variation

• What types of variants exist?

• How are variants found?

• How are variants scored?

• How are variants used?
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Human Genetic Variation

• Sequence repeats

• Single nucleotide polymorphisms

• Insertion/deletion

– Nucleotide(s)

– Alu element
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LINES (Long interspersed elements)

The human genome contains over 500,000 LINES (representing some 
16% of the genome).

LINES are long DNA sequences that represent reverse-transcribed RNA 
molecules originally transcribed by RNA polymerase II; that is, messenger 
RNAs.

Lacking introns as well as the necessary control elements like promoters, 
these genes are not expressed. They are called pseudogenes. However, 
some LINES do encode a functional reverse transcriptase and/or 
integrase. 

These enable them to mobilize not only themselves but also 
• other, otherwise nonfunctional, LINES and 
• Alu sequences. 

Because transposition is done by copy-paste, the number of LINES can 
increase in the genome. The diversity LINES between individual human 
genomes make them useful markers for DNA “fingerprinting”. 
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SINES (Short interspersed elements)

SINES are short DNA sequences that represent reverse-transcribed RNA 
molecules originally transcribed by RNA polymerase III; that is, molecules of 
tRNA, 5S rRNA, and some other small nuclear RNAs. 

The most abundant SINES are the Alu elements. There are about one 
million copies in the human genome (representing about 11% of the total 
DNA). 

Alu elements consist of a sequence of 300 base pairs containing a site that 
is recognized by the restriction enzyme AluI. They appear to be reverse 
transcripts of 7S RNA, part of the signal recognition particle. 

SINES do not encode any functional molecules and (like LINES) their 
presence in the genome is a mystery. Like LINES, they seem to represent 
only "junk" or "selfish" DNA. 



C
he

w
 F

oo
k 

Ti
m

Fu
nc

tio
na

l G
en

om
ic

s 
La

bo
ra

to
rie

s
D

ep
ar

tm
en

t o
f B

io
lo

gi
ca

l S
ci

en
ce

s
N

at
io

na
l U

ni
ve

rs
ity

 o
f S

in
ga

po
re

• Many transposable elements have been found 
in bacteria, fungi, plant and animal cells

• Three general types of transposition pathways 
have been identified
– 1.  Simple transposition
– 2.  Replicative transposition
– 3.  Retrotransposition

Transposable elements
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re • This mechanism is also called a “cut-and-paste”

• It is widely found in bacteria and eukaryotes

1.  Simple transposition
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2.  Replicative transposition

• This mechanism involves replication of the TE and 
insertion of the copy into another chromosomal 
location

• It is relatively uncommon and only found in bacteria
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3.  Retrotransposition

• This mechanism is very common but only found in 
eukaryotes

• These types of elements are termed retroelements, 
retrotransposons, or retroposons
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Human Genetic Variation

• Sequence repeats

• Single nucleotide polymorphisms

• Insertion/deletion

– Nucleotide(s)

– Alu element
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A typical sequence from the human 
genome…

…from sequence on chromosome 3 stretching from 
base positions 212,378,797 to 212,380,793 of the 

UCSC August 2001 assembly.

GGCATCTTTGTGTTACTCTGCTCAACATTCAAAGTCCCAGGGGAGAATATTATTAGTTGGGCTTAGGTCACATGCCCACATGGCTGTACTGGGATGAGA
GAGAAGGAATCCGATGAAAGGAGCCCACAGTAACCCTTCTGCTTCTGTTATTTGGGGGCAAGACACACCAATCTGTCATACACCAGTCTGAAAACAATG
GGGGAGAGGATTTCCTAAAAGGAAACTAGGATGTTATTTACTTATTTTTATTTTTATTTTTTTGAGATGGAGTCTTGCTCTGTCGCCCAGGCTGGAGTG
CAGTGGTGCAATTTCAGCTCACTGCAACCTCTGCCTCCCAGGTTCAAGTGATTCTCCTGCCTCAGCCTCCCCCCATAGCTGGAATTACAGGCATGTGCC
ACCATGCCCAGCTAATTTTTTTTGTATTTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCGAACTCCTGACCTCAGGTGATCCGCCCA
CCTCGGCCTCCCAGAGTGCTGGGATTACAGTTGTGAGCCACCATGTCCGGCCCTAGGATATTTTCAATTAAGAAAAGAATGCTGGATAGCCAAAGTGAA
AATACACACACACACACACACACACACACACACACACACACAAAACCCCGTCCATAAAAACTGGAGCTCAAATAATTCGTAATTATTTAATAAAAGAAA
AACATCAGAATCTTTCATCTTTGAAGGCACAAAGAGTTAGTATTCACAGAGGATAGCTATCTTATCTCTCCTCTCTGGAGGGTTCAGAAAATGTTTGAT
CTCATCCTGGGGAAAGCCAGATGATAACGTTCAATGGAGCAAAGAAAAGGTGCACACAAATTGAGGTGTCTTACAAAACAAATGGAAGTTTCATATCCT
GCTACAAAGGGCCAGAGGAATATTTCCCATAAAAGCATTGTTGCGAGGGATGAATGAGATAAGGATGTAGACCTCTGAGTATGATAAATGGTTAGTTCT
TCCTATTAGTTGTTGTTTCTGATGTAGAAACAGCGTCTTTCTCCCTATATCTGGTCTAAAATCCAACCTGATAGGAGACGTTTTCGTTTGGGATTATGG
AAAGATACAACAGTTCTGGGGGTTGAGTTCAGGGCTAATTTTCTGAAGGATAAGAGAGCAAGCCCCAGCCAAGAGCCAAGAGAAAGCAATGATGAGGAA
GCGGGCAGTAGCAGCCATTTAGACTGGTTGCTTTGTGGGACTCCCTTCTATTTGTACATTATTAGGCTTTCCAACAGGGGACAATAAACAGTATGAATC
CAGACAGGATGAGGGTGGGTTGCACAAGCAGCTGGGCCCACTGAACTAGAGCCTGACTCAAAAAAGGAAGGAGGCTGGGCGCAGTGGCTCACACCTGTA
ATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCACGAGGTCTGGAGTTCGAGACAAGCCTGGCCAATATGGTGAAACCCCATAGCTACTAAAAATAC
AAAAATTAGCCAGGCATGGTGGCAGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAGAAGAATCACTTGAACCTGGGAGGTGGAGGTTGCAGTG
AGCTGAGATTGTGCCACTGCACTCCAGCCTGGTGACAGAGCAAGACTCCATCTCAAAAAAAAAAAAAAAAAAGAAGGAAGATCTGCCATGGTGTTAGGA
CCCACCATCCGTTCCTTCTGGTCGAGTCAGGCTGTGTCCCCATTGACTGGGGCATGATTGCACTTCTTGTGATCCGGTAGCATGTTCCCAGGCCCAGGG
AGTGTCCAGGCAGTGCATCAGATTATCAGGCATTGACCAGAGATACCTATAAGCTGAGAGCTACAGCCATTTTGGCAAGCTCTGAAAACCCAGAGTTGG
CGCTGTTCATGGGGGAGGGATCTGCATGGTGACTCGCTGAGCCGATGGTTTTTGTGTTCTGTTTGGAAAGCCTACACATATGTGTTTAAACCATCCCTA
TGCATCATTAGCCTGCT
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Microsatellite

A dinucleotide marker named AFM059XA9 and
D3S1262 is located at position 212,379,395.

GGCATCTTTGTGTTACTCTGCTCAACATTCAAAGTCCCAGGGGAGAATATTATTAGTTGGGCTTAGGTCACATGCCCACATGGCTGTACTGGGATGAGA
GAGAAGGAATCCGATGAAAGGAGCCCACAGTAACCCTTCTGCTTCTGTTATTTGGGGGCAAGACACACCAATCTGTCATACACCAGTCTGAAAACAATG
GGGGAGAGGATTTCCTAAAAGGAAACTAGGATGTTATTTACTTATTTTTATTTTTATTTTTTTGAGATGGAGTCTTGCTCTGTCGCCCAGGCTGGAGTG
CAGTGGTGCAATTTCAGCTCACTGCAACCTCTGCCTCCCAGGTTCAAGTGATTCTCCTGCCTCAGCCTCCCCCCATAGCTGGAATTACAGGCATGTGCC
ACCATGCCCAGCTAATTTTTTTTGTATTTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCGAACTCCTGACCTCAGGTGATCCGCCCA
CCTCGGCCTCCCAGAGTGCTGGGATTACAGTTGTGAGCCACCATGTCCGGCCCTAGGATATTTTCAATTAAGAAAAGAATGCTGGATAGCCAAAGTGAA

AATA CACACACACACACACACACACACACACACACACACACA
AAACCCCGTCCATAAAAACTGGAGCTCAAATAATTCGTAATTATTTAATAAAAGAAAAACATCAGAATCTTTCATCTTTGAAGGCACAAAGAGTTAGTA
TTCACAGAGGATAGCTATCTTATCTCTCCTCTCTGGAGGGTTCAGAAAATGTTTGATCTCATCCTGGGGAAAGCCAGATGATAACGTTCAATGGAGCAA
AGAAAAGGTGCACACAAATTGAGGTGTCTTACAAAACAAATGGAAGTTTCATATCCTGCTACAAAGGGCCAGAGGAATATTTCCCATAAAAGCATTGTT
GCGAGGGATGAATGAGATAAGGATGTAGACCTCTGAGTATGATAAATGGTTAGTTCTTCCTATTAGTTGTTGTTTCTGATGTAGAAACAGCGTCTTTCT
CCCTATATCTGGTCTAAAATCCAACCTGATAGGAGACGTTTTCGTTTGGGATTATGGAAAGATACAACAGTTCTGGGGGTTGAGTTCAGGGCTAATTTT
CTGAAGGATAAGAGAGCAAGCCCCAGCCAAGAGCCAAGAGAAAGCAATGATGAGGAAGCGGGCAGTAGCAGCCATTTAGACTGGTTGCTTTGTGGGACT
CCCTTCTATTTGTACATTATTAGGCTTTCCAACAGGGGACAATAAACAGTATGAATCCAGACAGGATGAGGGTGGGTTGCACAAGCAGCTGGGCCCACT
GAACTAGAGCCTGACTCAAAAAAGGAAGGAGGCTGGGCGCAGTGGCTCACACCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCACGAGGT
CTGGAGTTCGAGACAAGCCTGGCCAATATGGTGAAACCCCATAGCTACTAAAAATACAAAAATTAGCCAGGCATGGTGGCAGGCACCTGTAGTCCCAGC
TACTCGGGAGGCTGAGGCAGAAGAATCACTTGAACCTGGGAGGTGGAGGTTGCAGTGAGCTGAGATTGTGCCACTGCACTCCAGCCTGGTGACAGAGCA
AGACTCCATCTCAAAAAAAAAAAAAAAAAAGAAGGAAGATCTGCCATGGTGTTAGGACCCACCATCCGTTCCTTCTGGTCGAGTCAGGCTGTGTCCCCA
TTGACTGGGGCATGATTGCACTTCTTGTGATCCGGTAGCATGTTCCCAGGCCCAGGGAGTGTCCAGGCAGTGCATCAGATTATCAGGCATTGACCAGAG
ATACCTATAAGCTGAGAGCTACAGCCATTTTGGCAAGCTCTGAAAACCCAGAGTTGGCGCTGTTCATGGGGGAGGGATCTGCATGGTGACTCGCTGAGC
CGATGGTTTTTGTGTTCTGTTTGGAAAGCCTACACATATGTGTTTAAACCATCCCTATGCATCATTAGCCTGCT
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Microsatellite

• Many alleles, highly informative

• >50,000 in human genome

• Relatively high mutation rate

• Used to build first framework map
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More typical sequence…

…from sequence on chromosome 7 stretching from
base positions 54,020,442 to 54,022,443.

GAAATAATTAATGTTTTCCTTCCTTCTCCTATTTTGTCCTTTACTTCAATTTATTTATTTATTATTAATATTATTATTTTTTGAGACGGAGTTTCACTCTTGT
TGCCAACCTGGAGTGCAGTGGCGTGATCTCAGCTCACTGCACACTCCGCTTTCTGGTTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACA
GTCACACACCACCACGCCCGGCTAATTTTTGTATTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCCGCCA
GCCTCTGCCTCCCAAAGAGCTGGGATTACAGGCGTGAGCCACCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCTTTGCCTGGACTTTACAAGTC
TTACCTTGTTCTGCCTTCAGATATTTGTGTGGTCTCATTCTGGTGTGCCAGTAGCTAAAAATCCATGATTTGCTCTCATCCCACTCCTGTTGTTCATCTCCTC
TTATCTGGGGTCACATATCTCTTCGTGATTGCATTCTGATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCTGTTGATGGGGTGC
TGTTCATGCCTCAGAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAAAAAGGAAAGAACATGTAT
TCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTAGAGATGGAGATGTAGTAAGTCTTTTACTCTTTACAAAATACA
TGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCCGAACAGTGTAATGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCG
TATAAAAACAATTACATCATAATGATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACATGTCATTTATCTTCCCT
TTGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGTTTATCAACTAGTTCATTTTTAAAAGTCTAACACATCCTAG
GTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATTTGTGCCCAGATCCAGCATAGGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAGAGAGGAAA
TATGAAGAGCAAAACAGTGCATGCTGGAGAGAGAAAGCTGATACAAATATAAATGAAACAATAATTGGAAAAATTGAGAAACTACTCATTTTCTAAATTACTC
ATGTATTTTCCTAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGATGGTATGAGTAATTAATATCTGTTATATAAT
ATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGATTGTTGATTATTTTTTCTAGAGGGGTTGTCAGGGAAAGAAATTGCTTTTTTTCATTCTCT
CTTTCCACTAAGAAAGTTCAACTATTAATTTAGGCACATACAATAATTACTCCATTCTAAAATGCCAAAAAGGTAATTTAAGAGACTTAAAACTGAAAAGTTT
AAGATAGTCACACTGAACTATATTAAAAAATCCACAGGGTGGTTGGAACTAGGCCTTATATTAAAGAGGCTAAAAATTGCAATAAGACCACAGGCTTTAAATA
TGGCTTTAAACTGTGAAAGGTGAAACTAGAATGAATAAAATCCTATAAATTTAAATCAAAAGAAAGAAACAAACTGAAATTAAAGTTATTATACAAGAATATG
GTGGCCTGGATCTAGTGAACATATAGTAAAGATAAAACAGAATATTTCTGAAAAATCCTGGAAAATCTTTTGGGCTAACCTGAAAACAGTATATTTGAAACTA
TTTTTAAAATGCAGTGATACTAGAAATATTTTAGAATCATATGTA
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Single nucleotide polymorphisms (SNPs)

Three SNPs are located at positions 54,020,598,
54,020,971 and 54,022,268.

GAAATAATTAATGTTTTCCTTCCTTCTCCTATTTTGTCCTTTACTTCAATTTATTTATTTATTATTAATATTATTATTTTTTGAGACGGAGTTTCACTCTTGT
TGCCAACCTGGAGTGCAGTGGCGTGATCTCAGCTCACTGCACACTCCGCTTTCCGGTTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACA
GTCACACACCACCACGCCCGGCTAATTTTTGTATTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCCGCCA
GCCTCTGCCTCCCAAAGAGCTGGGATTACAGGCGTGAGCCACCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCTTTGCCTGGACTTTACAAGTC
TTACCTTGTTCTGCCTTCAGATATTTGTGTGGTCTCATTCTGGTGTGCCAGTAGCTAAAAATCCATGATTTGCTCTCATCCCACTCCTGTTGTTCATCTCCTC
TTATCTGGGGTCACCTATCTCTTCGTGATTGCATTCTGATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCTGTTGATGGGGTGC
TGTTCATGCCTCAGAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAAAAAGGAAAGAACATGTAT
TCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTAGAGATGGAGATGTAGTAAGTCTTTTACTCTTTACAAAATACA
TGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCCGAACAGTGTAATGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCG
TATAAAAACAATTACATCATAATGATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACATGTCATTTATCTTCCCT
TTGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGTTTATCAACTAGTTCATTTTTAAAAGTCTAACACATCCTAG
GTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATTTGTGCCCAGATCCAGCATAGGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAGAGAGGAAA
TATGAAGAGCAAAACAGTGCATGCTGGAGAGAGAAAGCTGATACAAATATAAATGAAACAATAATTGGAAAAATTGAGAAACTACTCATTTTCTAAATTACTC
ATGTATTTTCCTAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGATGGTATGAGTAATTAATATCTGTTATATAAT
ATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGATTGTTGATTATTTTTTCTAGAGGGGTTGTCAGGGAAAGAAATTGCTTTTTTTCATTCTCT
CTTTCCACTAAGAAAGTTCAACTATTAATTTAGGCACATACAATAATTACTCCATTCTAAAATGCCAAAAAGGTAATTTAAGAGACTTAAAACTGAAAAGTTT
AAGATAGTCACACTGAACTATATTAAAAAATCCACAGGGTGGTTGGAACTAGGCCTTATATTAAAGAGGCTAAAAATTGCAATAAGACCACAGGCTTTAAATA
TGGCTTTAAACTGTGAAAGGTGAAACTAGAATGAATAAAATCCTATAAATTTAAATCAAAAGAAAGAAACAAACTAAAATTAAAGTTATTATACAAGAATATG
GTGGCCTGGATCTAGTGAACATATAGTAAAGATAAAACAGAATATTTCTGAAAAATCCTGGAAAATCTTTTGGGCTAACCTGAAAACAGTATATTTGAAACTA
TTTTTAAAATGCAGTGATACTAGAAATATTTTAGAATCATATGTA
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SNPs
• Less polymorphic/informative

• More stable inheritance

• ~1 SNP / 1,250 kb between any

two genomes

• 2.5 million between two genomes

• Exist in coding regions
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Human Genetic Variation

• What types of variants exist?

• How are variants found?

• How are variants scored?

• How are variants used?
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Microsatellite identification
• Databases

– Marshfield Clinic
http://research.marshfieldclinic.org/genetics/

– Genome DataBase
http://gdbwww.gdb.org/

– Cooperative Human Linkage Center
http://lpg.nci.nih.gov/CHLC/

– Genethon
http://www.genethon.fr/eng/indeng.html

– Hapmap for human SNP distribution and profile

http://www.hapmap.org
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Microsatellite identification:
database
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Microsatellite identification:
database

(probe name, locus name, GenBank accession number, heterozygosity, allele size range 
and genotypes for CEPH individuals 1331-01 and 1331-02, for each marker).

Centre d'Etude du Polymorphisme Humain (CEPH) 
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Microsatellite identification:
from sequence

Sputnik: searches DNA sequence files in
Fasta format for microsatellite repeats.
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SNP identification

• Sequencing

• Databases
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SNP identification:
sequencing
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SNP identification:
Sequencing chip

...GCTCCGTTT...

...GCTCTGTTT...
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SNP identification: databases
• dbSNP

– >27,189,291 submitted; 4,236,590 reference

• The SNP Consortium (TSC)
• Human Gene Variation base (HGVbase)
• CGAP Genetic Annotation Initiative (CGAP-GAI)
• Japanese SNPs (JSNP)
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SNP identification:
databases

Searching dbSNP:
• by gene name/nomenclature association
• by map location
• as a BLAST operation on dbSNP using a candidate sequence
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2.3M SNPs: 1,992,262M unique in map

Intergenic: 1,668,651 (84%)

Intragenic: 323,611 (16%)

Exonic 33,405 ( 1.7%)

Intronic 290,206 (14.5%)

Splice 130

Conclusions from TSC data
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Conclusions from TSC data
Of 1,500 coding SNPs examined:

Silent 45% 1/600bp 2 / gene

Conservative 16%

Non-conserved 38% 1/600bp 2 / gene

Nonsense 1%
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Human Genetic Variation

• What types of variants exist?

• How are variants found?

• How are variants scored?

• How are variants used?
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Scoring Microsatellites
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Scoring SNP

• Genotype accuracy

• Cost of assays and specialized

instrument(s)

• Assay development time and ease

• Ability to automate
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Scoring SNP

• Time to perform assays

• Ability to multiplex

• Data accumulation and analysis

• Allele frequency quantification
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Overview of SNP
typing methods

Hybridization

Oligonucleotide
ligation

Primer extension

Enzymatic cleavage

Plate

Microparticles

Microarray

Electrophoresis

Homogeneous

Semi-homogeneous

Colorimetric

Mass spectrometry

Fluorescence

Fluorescence
resonance energy

transfer

Fluorescence
polarization

Chemiluminescence
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Hybridization
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Allele specific PCR
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Oligoneuclotide Ligation Assay
(OLA)
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Fluorescence resonance energy
transfer (FRET)
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Fluorescence resonance energy
transfer (FRET)
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TaqMan competing probes
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TaqMan genotype scoring
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TaqMan

• Advantages:

– Simple to perform

– Closed-tube system

– Accurate quantification

• Disadvantages

– Expensive probes

– Assays require optimization



C
he

w
 F

oo
k 

Ti
m

Fu
nc

tio
na

l G
en

om
ic

s 
La

bo
ra

to
rie

s
D

ep
ar

tm
en

t o
f B

io
lo

gi
ca

l S
ci

en
ce

s
N

at
io

na
l U

ni
ve

rs
ity

 o
f S

in
ga

po
re

Primer extension
= Minisequencing
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Pyrosequencing

• Four enzymes
– DNA polymerase
– ATP sulfurylase--converts

pyrophosphate to ATP
– Luciferase - converts ATP to light
– Apyrase - degrades excess

nucleotides

• Nucleotides added sequentially
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Pyrosequencing



C
he

w
 F

oo
k 

Ti
m

Fu
nc

tio
na

l G
en

om
ic

s 
La

bo
ra

to
rie

s
D

ep
ar

tm
en

t o
f B

io
lo

gi
ca

l S
ci

en
ce

s
N

at
io

na
l U

ni
ve

rs
ity

 o
f S

in
ga

po
re

Pyrosequencing
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Pyrosequencing

• Advantages:
– Accurate
– Accurate allele frequency

estimation
– Robust for closely spaced SNPs

• Disadvantages
– Expensive
– Requires post-PCR processing
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Primer extension:
mass spectrometry

Primer extension reactions 
designed to generate 

different sized products

Mass in Daltons
GGACCTGGAGCCCCCACC 5430.5

GGACCTGGAGCCCCCACCC 5703.7

GGACCTGGAGCCCCCACCTG 6047.9
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Primer extension:
mass spectrometry

• Advantages:
– Accurate
– Automated assay design
– Fast automated data collection
– Multiplexing capacity

• Disadvantages
– Expensive instruments, consumables
– Extensive post-PCR processing
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Mass spectrometry
multiplexing
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Invasive cleavage of oligo probes

Third Wave
Technologies
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Invasive cleavage of oligo probes

• Advantages
– Avoids need for PCR

• Disadvantages
– Still requires larger amount of DNA
– Tricky probe design
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Illumina Solutions to Whole Genome Genotyping
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Bead Arrays: Oligo coated Beads in Wells
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Sentrix Array Matrix

BeadChips

Array Formats
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acid 
etch

strand
cladding

strand
core

photo-
resist

silicon
wafer

plasma
etching

cleaning

BeadArray: Microwell Fabrication

Optical fiber

3 µm beads in wells

SAM BeadChip
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Sentrix™ Array Matrix and BeadChip Formats

Sentrix Array Matrix Sentrix BeadChip

1.
8 

m
m

15
.7

5 
m

m

~50,000 Beads ~900,000 Beads

50,000/30 = 1666 types (genes) 900,000/30 = 30,000 types (genes)

1.4mm ǿ
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Whole Genome Association Studies

What are the key needs?
• Genotype 100,000’s of loci accurately

– High locus selectivity
– High specificity for allelic discrimination

• Ability to assay SNPs of interest, access to 
vast majority of genome

• A robust means of processing many samples 
easily and efficiently

• A technician-friendly automatable process 
that reduces possibility of sample tracking 
error
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• Flexible BeadChip design

High density architecture

Easily configured for different 
content and sample numbers

• Flexible SNP selection

• BeadArray™ technology
100% QC on 100% of arrays
Average 30-fold redundancy

Infinium Whole Genome Genotyping
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Infinium I 
Whole Genome Genotyping Workflow

Genomic DNA (750ng)

Day 1 Day 2 Day 3

Make Amplified DNA (25”/5”)1

Incubate Amplification (O/N)2

Fragment Amplified DNA (15”/5”)3

4

5

6

Precipitate & Resuspend (35”/10”)

Prepare BeadChip (30”/30”)

Hybridize BeadChip (30”/35”+O/N)

A

B

7 Extend/Stain BeadChip (2’ 30”/5”)

Image BeadChip (1’ 30”/chip)8

A

B

9
Auto-call genotypes and 
generate reports

30” = time for manual process
35” = time for automated process
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Infinium I: 
Allele-Specific Primer Extension

detectable labels

A

T

A

GCaptured human gDNA
B

A
Pol

Bead Type

BeadChip
3’

3’

5’

5’

5’

5’

Allele A

Allele A

Freedom to choose SNPs.
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Scan  → Image Registration → Intensity Data

12 Sections >890,000 Beads
per Section

Average 30 fold
redundancy
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Whole Genome Genotyping Product Evolution 
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Human Genetic Variation

• What types of variants exist?

• How are variants found?

• How are variants scored?

• How are variants used?
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Functional variants
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Factor V Leiden association study
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Association Studies
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Example: case-control
association study

500 cases
500 controls

Prior evidence suggests
10 Mb candidate region

In 10Mb, expect ~10,000 SNPs, ~100 genes

Need:
Efficient way to screen SNPs

Knowledge of most useful SNPs
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Asthma among Chinese Singaporeans
linked to markers on chromosome 5q31-33
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Screen SNPs using pooled DNA

500 cases one pool

500 controls one pool

10,000 SNPs

Direct analysis: 10,000,000 genotypes

Pooled DNA analysis: 20,000 genotypes
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Genotyping of DNA pools

• Create equimolar pools of individual DNAs

• Type SNP and determine relative allele frequencies

Affected Unaffected controls
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Example: case-control
association study

500 cases
500 controls

Prior evidence suggests
10 Mb candidate region

In 10Mb, expect ~10,000 SNPs, ~100 genes

Need:
Efficient way to screen SNPs

Knowledge of most useful SNPs
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Variation at adjacent sites

tends to correlate
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Linkage disequilibrium

How large are the conserved segments?

3 kb? 30 kb? 300 kb??



C
he

w
 F

oo
k 

Ti
m

Fu
nc

tio
na

l G
en

om
ic

s 
La

bo
ra

to
rie

s
D

ep
ar

tm
en

t o
f B

io
lo

gi
ca

l S
ci

en
ce

s
N

at
io

na
l U

ni
ve

rs
ity

 o
f S

in
ga

po
re
In North Europeans, linkage 

disequilibrium extends 60 kb in 
each direction
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Haplotypes from 258 chromosomes
on 5q31

Daly et al (2001) Nature Genetics 29:229



C
he

w
 F

oo
k 

Ti
m

Fu
nc

tio
na

l G
en

om
ic

s 
La

bo
ra

to
rie

s
D

ep
ar

tm
en

t o
f B

io
lo

gi
ca

l S
ci

en
ce

s
N

at
io

na
l U

ni
ve

rs
ity

 o
f S

in
ga

po
re
Linkage disequilibrium

How large are the conserved segments?

Average block size perhaps ~20 kb
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Genotype only the most useful SNPs

500 cases one pool
500 controls one pool
10,000 SNPs
1,000 ‘haplotype tag’ SNPs

Direct analysis: 10,000,000 genotypes
Pooled DNA analysis: 20,000 genotypes
Selected SNPs: 2,000 genotypes
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Future

• Continued identification of SNPs

• Faster, cheaper, easier genotyping

• Genome haplotype map

• SNP panel(s) for association studies

• Discovery of new functional variants


