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Human Genetic Variation

Variants contribute to rare
and common diseases

Variants can be used to
trace human origins




Human Genetic Variation

* What types of variants exist?
e How are variants found?
e How are variants scored?

e How are variants used?




Human Genetic Variation

e 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 Il; 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 lll; 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 Alul. 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.




Transposable elements

 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
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1. Simple transposition

« This mechanism is also called a “cut-and-paste”

 Itis widely found in bacteria and eukaryotes
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2. Replicative transposition

Replication

(b) Replicative transposition

e This mechanism involves replication of the TE and
Insertion of the copy into another chromosomal
location

 Itis relatively uncommon and only found in bacteria
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3.

Retrotransposition

Qiscripﬂcn

VNAH____J

Reverse
transcriptase

This mechanism is very common but only found in
eukaryotes

These types of elements are termed retroelements,
retrotransposons, or retroposons



Human Genetic Variation

e Sequence repeats
 Single nucleotide polymorphisms
* Insertion/deletion

— Nucleotide(s)

— Alu element




A typical sequence from the human
genome...

GGCATCTTTGTGTTACTCTGCTCAACATTCAAAGTCCCAGGGGAGAATATTATTAGTTGGGCTTAGGTCACATGCCCACATGGCTGTACTGGGATGAGA
GAGAAGGAATCCGATGAAAGGAGCCCACAGTAACCCTTCTGCTTCTGTTATTTGGGGGCAAGACACACCAATCTGTCATACACCAGTCTGAAAACAATG
GGGGAGAGGATTTCCTAAAAGGAAACTAGGATGTTATTTACTTATTTTTATTTTTATTTTTTTGAGATGGAGTCTTGCTCTGTCGCCCAGGCTGGAGTG
CAGTGGTGCAATTTCAGCTCACTGCAACCTCTGCCTCCCAGGTTCAAGTGATTCTCCTGCCTCAGCCTCCCCCCATAGCTGGAATTACAGGCATGTGCC
ACCATGCCCAGCTAATTTTTTTTGTATTTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCGAACTCCTGACCTCAGGTGATCCGCCCA
CCTCGGCCTCCCAGAGTGCTGGGATTACAGTTGTGAGCCACCATGTCCGGCCCTAGGATATTTTCAATTAAGAAAAGAATGCTGGATAGCCAAAGTGAA
AATACACACACACACACACACACACACACACACACACACACAAAACCCCGTCCATAAAAACTGGAGCTCAAATAATTCGTAATTATTTAATAAAAGAAA
AACATCAGAATCTTTCATCTTTGAAGGCACAAAGAGTTAGTATTCACAGAGGATAGCTATCTTATCTCTCCTCTCTGGAGGGTTCAGAAAATGTTTGAT
CTCATCCTGGGGAAAGCCAGATGATAACGTTCAATGGAGCAAAGAAAAGGTGCACACAAATTGAGGTGTCTTACAAAACAAATGGAAGTTTCATATCCT
GCTACAAAGGGCCAGAGGAATATTTCCCATAAAAGCATTGTTGCGAGGGATGCAATGAGATAAGGATGTAGACCTCTGAGTATGATAAATGGTTAGTTCT
TCCTATTAGTTGTTGTTTCTGATGTAGAAACAGCGTCTTTCTCCCTATATCTGGTCTAAAATCCAACCTGATAGGAGACGTTTTCGTTTGGGATTATGG
AAAGATACAACAGTTCTGGGGGTTGAGTTCAGGGCTAATTTTCTGAAGGATAAGAGAGCAAGCCCCAGCCAAGAGCCAAGAGAAAGCAATGATGAGGAA
GCGGGCAGTAGCAGCCATTTAGACTGGTTGCTTTGTGGGACTCCCTTCTATTTGTACATTATTAGGCTTTCCAACAGGGGACAATAAACAGTATGAATC
CAGACAGGATGAGGGTGGGTTGCACAAGCAGCTGGGCCCACTGAACTAGAGCCTGACTCAAAAAAGGAAGGAGGCTGGGCGCAGTGGCTCACACCTGTA
ATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCACCAGGTCTGGAGTTCGAGACAAGCCTGGCCAATATGGTGAAACCCCATAGCTACTAAAAATAC
AAAAATTAGCCAGGCATGGTGGCAGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAGAAGAATCACTTGAACCTGGGAGGTGGAGGTTGCAGTG
AGCTGAGATTGTGCCACTGCACTCCAGCCTGGTGACAGAGCAAGACTCCATCTCAAAAAAAAAAAAAAAAAAGAAGGCAAGATCTGCCATGGTGTTAGGA
CCCACCATCCGTTCCTTCTGGTCGAGTCAGGCTGTGTCCCCATTGACTGGGGCATGATTGCACTTCTTGTGATCCGGTAGCATGTTCCCAGGCCCAGGG
AGTGTCCAGGCAGTGCATCAGATTATCAGGCATTGACCAGAGATACCTATAAGCTGAGAGCTACAGCCATTTTGGCAAGCTCTGAAAACCCAGAGTTGG
CGCTGTTCATGGGGGAGGGATCTGCATGGTGACTCGCTGAGCCGATGGTTTTTGTGTTCTGTTTGGAAAGCCTACACATATGTGTTTAAACCATCCCTA
TGCATCATTAGCCTGCT

...from sequence on chromosome 3 stretching from
base positions 212,378,797 to 212,380,793 of the
UCSC August 2001 assembly.
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Microsatellite

GGCATCTTTGTGTTACTCTGCTCAACATTCAAAGTCCCAGGGGAGAATATTATTAGTTGGGCTTAGGTCACATGCCCACATGGCTGTACTGGGATGAGA
GAGAAGGAATCCGATGAAAGGAGCCCACAGTAACCCTTCTGCTTCTGTTATTTGGGGGCAAGACACACCAATCTGTCATACACCAGTCTGAAAACAATG
GGGGAGAGGATTTCCTAAAAGGAAACTAGGATGTTATTTACTTATTTTTATTTTTATTTTTTTGAGATGGAGTCTTGCTCTGTCGCCCAGGCTGGAGTG
CAGTGGTGCAATTTCAGCTCACTGCAACCTCTGCCTCCCAGGTTCAAGTGATTCTCCTGCCTCAGCCTCCCCCCATAGCTGGAATTACAGGCATGTGCC
ACCATGCCCAGCTAATTTTTTTTGTATTTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCGAACTCCTGACCTCAGGTGATCCGCCCA
CCTCGGCCTCCCAGAGTGCTGGGATTACAGTTGTGAGCCACCATGTCCGGCCCTAGGATATTTTCAATTAAGAAAAGAATGCTGGATAGCCAAAGTGAA

AATA

AAACCCCGTCCATAAAAACTGGAGCTCAAATAATTCGTAATTATTTAATAAAAGAAAAACATCAGAATCTTTCATCTTTGAAGGCACAAAGAGTTAGTA
TTCACAGAGGATAGCTATCTTATCTCTCCTCTCTGGAGGGTTCAGAAAATGTTTGATCTCATCCTGGGGAAAGCCAGATGATAACGTTCAATGGAGCAA
AGAAAAGGTGCACACAAATTGAGGTGTCTTACAAAACAAATGGAAGTTTCATATCCTGCTACAAAGGGCCAGAGGAATATTTCCCATAAAAGCATTGTT
GCGAGGGATGAATGAGATAAGGATGTAGACCTCTGAGTATGATAAATGGTTAGTTCTTCCTATTAGTTGTTGTTTCTGATGTAGAAACAGCGTCTTTCT
CCCTATATCTGGTCTAAAATCCAACCTGATAGGAGACGTTTTCGTTTGGGATTATGGCGAAAGATACAACAGTTCTGGGGGTTGAGTTCAGGGCTAATTTT
CTGAAGGATAAGAGAGCAAGCCCCAGCCAAGAGCCAAGAGAAAGCAATGATGAGGAAGCGGGCAGTAGCAGCCATTTAGACTGGTTGCTTTGTGGGACT
CCCTTCTATTTGTACATTATTAGGCTTTCCAACAGGGGACAATAAACAGTATGAATCCAGACAGGATGAGGGTGGGTTGCACAAGCAGCTGGGCCCACT
GAACTAGAGCCTGACTCAAAAAAGGAAGGAGGCTGGGCGCAGTGGCTCACACCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCACGAGGT
CTGGAGTTCGAGACAAGCCTGGCCAATATGGTGAAACCCCATAGCTACTAAAAATACAAAAATTAGCCAGGCATGGTGGCAGGCACCTGTAGTCCCAGC
TACTCGGGAGGCTGAGGCAGAAGAATCACTTGAACCTGGGAGGTGGAGGTTGCAGTGAGCTGAGATTGTGCCACTGCACTCCAGCCTGGTGACAGAGCA
AGACTCCATCTCAAAAAAAAAAAAAAAAAAGAAGGAAGATCTGCCATGGTGTTAGGACCCACCATCCGTTCCTTCTGGTCGAGTCAGGCTGTGTCCCCA
TTGACTGGGGCATGATTGCACTTCTTGTGATCCGGTAGCATGTTCCCAGGCCCAGGGAGTGTCCAGGCAGTGCATCAGATTATCAGGCATTGACCAGAG
ATACCTATAAGCTGAGAGCTACAGCCATTTTGGCAAGCTCTGAAAACCCAGAGTTGGCGCTGTTCATGGGGGAGGGATCTGCATGGTGACTCGCTGAGC
CCGATGGTTTTTGTGTTCTGTTTGGAAAGCCTACACATATGTGTTTAAACCATCCCTATGCATCATTAGCCTGCT

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

 Many alleles, highly informative
e >50,000 in human genome
e Relatively high mutation rate

» Used to build first framework map




More typical sequence...

GAAATAATTAATGTTTTCCTTCCTTCTCCTATTTTGTCCTTTACTTCAATTTATTTATTTATTATTAATATTATTATTTTTTGAGACGGAGTTTCACTCTTGT
TGCCAACCTGGAGTGCAGTGGCGTGATCTCAGCTCACTGCACACTCCGCTTTCTGGTTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACA
GTCACACACCACCACGCCCGGCTAATTTTTGTATTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCCGCCA
GCCTCTGCCTCCCAAAGAGCTGGGATTACAGGCGTGAGCCACCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCTTTGCCTGGACTTTACAAGTC
TTACCTTGTTCTGCCTTCAGATATTTGTGTGGTCTCATTCTGGTGTGCCAGTAGCTAAAAATCCATGATTTGCTCTCATCCCACTCCTGTTGTTCATCTCCTC
TTATCTGGGGTCACATATCTCTTCGTGATTGCATTCTGATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCTGTTGATGGGGTGC
TGTTCATGCCTCAGAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAAAAAGGAAAGAACATGTAT
TCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTAGAGATGGAGATGTAGTAAGTCTTTTACTCTTTACAAAATACA
TGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCCGAACAGTGTAATGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCG
TATAAAAACAATTACATCATAATGATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACATGTCATTTATCTTCCCT
TTGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGTTTATCAACTAGTTCATTTTTAAAAGTCTAACACATCCTAG
GTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATTTGTGCCCAGATCCAGCATAGGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAGAGAGGAAA
TATGAAGAGCAAAACAGTGCATGCTGGAGAGAGAAAGCTGATACAAATATAAATGAAACAATAATTGGAAAAATTGAGAAACTACTCATTTTCTAAATTACTC
ATGTATTTTCCTAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGATGGTATGAGTAATTAATATCTGTTATATAAT
ATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGATTGTTGATTATTTTTTCTAGAGGGGTTGTCAGGGAAAGAAATTGCTTTTTTTCATTCTCT
CTTTCCACTAAGAAAGTTCAACTATTAATTTAGGCACATACAATAATTACTCCATTCTAAAATGCCAAAAAGGTAATTTAAGAGACTTAAAACTGAAAAGTTT
AAGATAGTCACACTGAACTATATTAAAAAATCCACAGGGTGGTTGGAACTAGGCCTTATATTAAAGAGGCTAAAAATTGCAATAAGACCACAGGCTTTAAATA
TGGCTTTAAACTGTGAAAGGTGAAACTAGAATGAATAAAATCCTATAAATTTAAATCAAAAGAAAGAAACAAACTGAAATTAAAGTTATTATACAAGAATATG
GTGGCCTGGATCTAGTGAACATATAGTAAAGATAAAACAGAATATTTCTGAAAAATCCTGGAAAATCTTTTGGGCTAACCTGAAAACAGTATATTTGAAACTA
TTTTTAAAATGCAGTGATACTAGAAATATTTTAGAATCATATGTA

...from sequence on chromosome 7 stretching from
base positions 54,020,442 to 54,022,443.
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Single nucleotide polymorphisms (SNPs)

GAAATAATTAATGTTTTCCTTCCTTCTCCTATTTTGTCCTTTACTTCAATTTATAPATTTATTATTAATATTATTATTTTTTGAGACGGAGTTTCACTCTTGT
TGCCAACCTGGAGTGCAGTGGCGIGATCTCAGCTCACTGCACACTCCGCTTTLCGGTTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACA
GTCACACACCACCACGCCC AATTTTTGTATTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCCGCCA
GCCTCTGCCTCCCAAAGASCTGGGATTACAGGCGTGAGCCACCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCTTTGCCTGGACTTTACAAGTC
TTACCTTGTTCTGCCHBCAGATATTTGTGTGGTCTCATTCTGGTGTGCCAGTAGCTAAAAATCCATGATTTGCTCTCATCCCACTCCTGTTGTTCATCTCCTC
TTATCTGGGGTCACCTATCTCTTCGTGATTGCATTCTGATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCTGTTGATGGGGTGC
TGTTCATGCCTCAGAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAAAAAGGAAAGAACATGTAT
TCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTAGAGATGGAGATGTAGTAAGTCTTTTACTCTTTACAAAATACA
TGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCCGAACAGTGTAATGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCG
TATAAAAACAATTACATCATAATGATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACATGTCATTTATCTTCCCT
TTGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGTTTATCAACTAGTTCATTTTTAAAAGTCTAACACATCCTAG
GTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATTTGTGCCCAGATCCAGCATAGGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAGAGAGGAAA
TATGAAGAGCAAAACAGTGCATGCTGGAGAGAGAAAGCTGATACAAATATAAATGAAACAATAATTGGAAAAATTGAGAAACTACTCATTTTCTAAATTACTC
ATGTATTTTCCTAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGATGGTATGAGTAATTAATATCTGTTATATAAT
ATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGATTGTTGATTATTTTTTCTAGAGGGGTTGTCAGGCAAAGLHEATTGCTTTTTTTCATTCTCT
CTTTCCACTAAGAAAGTTCAACTATTAATTTAGGCACATACAATAATTACTCCATTCTAAAATGCCAAAAAGGTAATT [HRGAGCGACTTAAAACTGAAAAGTTT
AAGATAGTCACACTGAACTATATTAAAAAATCCACAGGGTGGTTGGAACTAGGCCTTATATTAAAGAGGCT. CAATAAGACCACAGGCTTTAAATA
TGGCTTTAAACTGTGAAAGGTGAAACTAGAATGAATAAAATCCTATAAATTTAAATCAAAAGAAAGAAACAAAC | AAMAATTAAAGTTATTATACAAGAATATG
GTGGCCTGGATCTAGTGAACATATAGTAAAGATAAAACAGAATATTTCTGAAAAATCCTGGAAAATCTTTTGGGCTAACCTGAAAACAGTATATTTGAAACTA
TTTTTAAAATGCAGTGATACTAGAAATATTTTAGAATCATATGTA

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

Functional Genomics Laboratories
Department of Biological Sciences
National University of Singapore
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SNPs

e Less polymorphic/informative

 More stable inheritance

« ~1 SNP /1,250 kb between any
two genomes

e 2.5 million between two genomes

e EXISt In coding regions




Human Genetic Variation

* What types of variants exist?
e How are variants found?
e How are variants scored?

e How are variants used?




Microsatellite identification
e Databases

— Marshfield Clinic

http://research.marshfieldclinic.org/genetics/

— Genome DataBase

http://gdbwww.gdb.org/

— Cooperative Human Linkage Center

http://Ipg.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

3 GENETTCS

Information for the
General Public

ﬁ Educational Materials

Information for
Research Scientists

ﬁ Dialeli
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iZenetic Maps
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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)

e S g = 1000 North Cak Avenue | Marshfield, W1 54449-5790 | Phone: 715-387-9150 | Fax: 715-389-5757
GE} ] ETiECLS -

Information for the Marker Coumber GenBankNum het mMin max 1331-01 1331 -02
i

General Public 1317xf& DES4 65 Tnknown 0.47 0 o 4] o 4] o

§ Educational Materials 104xd5 D5SE53  Unknown 0.432 0o D o D o D

AFM-cack Unknown Unknown 0.78 4] (] 0 [n] 0 ]

BFMO1&6ygh DES4 55 E2IZEE 0.832 170 180 124 183 124 1832

Information for AFM0Z22te?  DES45E Z23288 0.3% 103 10% 103 103 103 103

Research Scientists AFMOZExbl2 DSS352 16447 0.87 83 117 a7 97 a7 97

9w AFM042xall DS55457 ES0900 0.57 151 159 155 15 155 153

gog ﬁ Niallelic. _ AFM042xdl2 D55393 Z154E8 0.84 162 182 174 164 170 170

523 sertion/Del=tion BFM042xf8 DSS4 5A Z23308 0.E5E5 Zg2 290 o ZBE 286

s9 o Polymorphisms BFMO44xaz DES19%8 F50903 0.57 195 203 99 185 99 159

SEa Comparison of Genetic BFMOS Txha D553 54 F15452 a.70 141 153 149 147 147 145

22% and Physical Maps EFMOG3yas DS54 585 ES0915 0,70 127 147 143 129 137 129

Eo 2 Genetic Maps EFMOG3vhE D553 95 Z1E504 0,75 191 215 193 181 211 209

geg - BFMOEExf1l DSE3056 £18513 0.64 122 136 126 134 124 134

02z BFMOT2=f7 DES46D Z23324 0.53 129 147 129 129 145 129

EEE BFMOEDxhll DSS397 E1E5543 0.64 ZET 281 79 371 273 273

S:= g8 BFMOEExc] DES461 ES0936 0.76 180 1832 188 180 188 184

§§% BFMOSE=hL7 DES35A Z1EGE3 0,80 109 121 115 109 117 109

roz BFM102xcl DES4 62 Z23356 0.57 135 143 141 135 143 135

BFM105xgl DESI09E ZE50967 0.69 195 210 204 200 210 204

Z
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Microsatellite identification:
from sequence

Sputnik: searches DNA sequence files In
Fasta format for microsatellite repeats.

=pE26R3ADL. 00294 TUnfinished sequence: bhEZ&LEIDE Contig ID: 00294 accs
Length: 1604 bp dinuclectids from Sputnik: bases 515-1080
tcttaggtagaataagatccagtaagtatagacacttttgoggoatccaaagaattaacc
cttoactecatttactocacctggtaagagatacagggagaaagqectgbggagtaactcagqg
agoctggagoccataaggoaggaaacccatgococcattcattcaacaaacttgtat tgaget
ccttbttgatgecatcococatcocactataagoactbggagaccoacacagatgbggttt o
tgotococcatzgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgbgtgtgtgtgtgtgtgt
gtgtgtgtgbgtaggggaatgtaaacaggaaaacagatatgoaaaacaatttcagatoge
ggtaagtgctaggaacagaatgaaataggataggagtgatggacaggggagact tcaggt
ggagtcatogggaaaagoctoctocataaagtgaccttotgggagaaaacocgaggggtaag
aatctggtoctgoaaagatctgggoaagaaatgt ccaggtgtagggaacagogaggtcaa
agtcaccatcacaaggaaacgc



SNP 1dentification

e Sequencing

e Databases
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SNP identification:
seqguencing
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SNP identification:
Sequencing chip

a B ' x‘%
...GCTCCGTTT... -. —

TTTGCTCCGTTTTC A

LGCTCIGTTT... |

. g

o} o . ke
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fo 5 AR P

TTTGCTCYGTTTTC A

ity of Singapore

TITTGCTCTGTTTTCA

Functional Genomics Laboratories
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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)

e Japanese SNPs (JSNP)

International

a ) = ‘:L‘-; =5 o i

Ha' p M P A '1‘*-‘" <0 S Q)
iz ; ff.k % N
= =




SNP identification:
databases

C'")_; NCBI Single Nucleotide Polymorphism

PubMed Mucleotide Protein Genome  Structure axonomy OMIM

Search SNP for Go

dbSNP Search Options

Submission Info DAl

BUILD 125 ANNOUNCEMEN
[ 10v28/2005: Accessionaed Haplotype Content Mow Available in dbSMP
GEMEERAL [ 1v20:2005: Schema Changes
[ 10¢31:2005: 1 or 0 Based Mapping Position

Search by IDs

Contact Us

Announcements
db5ME Summary

FTP Download Note: r3# and s5% must be prefized with "rs" or "ss", respectively (e
SRR 1323, 5525)
Getting Started

Build History

Handle Fequest Search ] Reset |

Reference cluster [D{r=)

Searching dbSNP:

. by gene name/nomenclature association

. by map location

. as a BLAST operation on dbSNP using a candidate sequence

Functional Genomics Laboratories
Department of Biological Sciences
National University of Singapore
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Conclusions from TSC data
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

Of 1,500 coding SNPs examined:

Silent 45% 1/600bp 2/ gene

Conservative 16%

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

Nonsense 1%




Human Genetic Variation

* What types of variants exist?
e How are variants found?
e How are variants scored?

e How are variants used?
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Scoring SNP

e Genotype accuracy

e Cost of assays and specialized
Instrument(s)

» Assay development time and ease

 Ability to automate




Scoring SNP

* Time to perform assays
 Ability to multiplex
e Data accumulation and analysis

 Allele frequency quantification




Overview of SNP
typing methods

Colorimetric

Mass spectrometry

Plate

Hybridization _ _ Fluorescence
Microparticles
Oligonucleotide Fluorescence

ligation Microarray resonance energy

Primer extension Electrophoresis transfer

Enzymatic cleavage Homogeneous Fluorescence

_ polarization
Semi-homogeneous l\i

Chemiluminescence

Functional Genomics Laboratories
Department of Biological Sciences
National University of Singapore
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Hybridization

Allele-specific
oligonucleotide
probes

" Match,
stable

“* Mismatch,
unstable

nt of Biological Sciences
versity of Singapore
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Allele specific PCR

; Allele-specific primers

l DNA polymerase

"""IEA TTTLLT Match,
5’ T extension
G "=====' Mismatch,
5 - no extension

ity of Singapore
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Oligoneuclotide Ligation Assay
(OLA)

Allele-specific
ligation probes

Adjacent
ligation probe

Match,
ligation

ity of Singapore

Mismatch,
no ligation
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Fluorescence resonance energy
transfer (FRET)

primer




Fluorescence resonance energy
transfer (FRET)

mismatched

primer g§:2 P = e




TagMan competing probes
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TagMan

e Advantages.
— Simple to perform
— Closed-tube system

— Accurate quantification

e Disadvantages

— EXxpensive probes

ional Genomics Laboratories
Department of Biological Sciences
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— Assays require optimization
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Primer extension
= Minisequencing

Extendable primer

l DNA polymerase

Primer
extension

No extension
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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




Pyrosequencing
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Pyrosequencing
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Pyrosequencing

e Advantages:
— Accurate
— Accurate allele frequency
estimation
— Robust for closely spaced SNPs

e Disadvantages
— Expensive
— Requires post-PCR processing




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

t of Biological Sciences
versity of Singapore
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Primer extension:
mass spectrometry

e Advantages.
— Accurate
— Automated assay design
— Fast automated data collection
— Multiplexing capacity

e Disadvantages
— EXpensive instruments, consumables
— Extensive post-PCR processing




Mass spectrometry

¢ i
4 ;ﬂ .

= -

1.":{] :?" - l\:r# L i) i

E w i q o Enu a
T T T e ;

Intensity
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Invasive cleavage of oligo probes

Invader probe

Allele-specific
probes

l Flap endonuclease

Match, invasion
cleavage

Mismatch,
no cleavage
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Invasive cleavage of oligo probes

e Advantages
— Avoids need for PCR

e Disadvantages
— Still requires larger amount of DNA
— Tricky probe design




[1lumina Solutions to Whole Genome Genotyping
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Bead Arrays: Oligo coated Beads in Wells
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Array Formats

Sentrix Array Matrix

BeadChips
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BeadArray: Microwell Fabrication

BeadChip
r

photo-
resist

silicon
wafer

plasma
etching

cleaning

strand strand
core cladding
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Sentrix " Array Matrix and BeadChip Formats

Sentrix Array Matrix Sentrix BeadChip

=
£
LO
N~
Lo
—

~50,000 Beads 2 0® 0506 ¢ ~900,000 Beads

)
D00/30 = 1666 types (genes) 09 QO -~ 900,000/30 = 30,000 types (genes)
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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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Infintum Whole Genome Genotyping
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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 I
Whole Genome Genotyping Workflow

Genomic DNA (750ng)

—
2 XXX X X

3 Fragment Amplified DNA (157/5”) .

7 Extend/Stain BeadChip (2’ 30"/5”)

1 Make Amplified DNA (257/5") % ~
\ 9/ 'i'

2 Incubate Amplification (O/N) PUEETPIEIS & [REIEE (0 il B

8 Image BeadChip (1 30;’/chip)

Prepare BeadChip (307/30")
30” = time for manual process

35” = time for automated process . Auto-call genotypes and
: generate reports

Functional Genomics Laboratories
Department of Biological Sciences
National University of Singapore
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Hybridize BeadChip (307/35"+0O/N)
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Infinium 1
Allele-Specific Primer Extension

Bead Type

eFreedom to choose SNPs.




Scan — Image Registration — Intensity Data

12 Sections >890,000 Beads Average 30 fold
per Section redundancy

Functional Genomics Laboratories
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Whole Genome Genotyping Product Evolution

250K SNPs &

Supplemental

500K SNPs 1M SNPs
1 Chip 500K x 2

100K SNPs
Human - 1

S
S

250K SNPs
HapMap |

illumina



Human Genetic Variation

* What types of variants exist?
e How are variants found?
e How are variants scored?

e How are variants used?




Functional variants

Drug metabolism: Coronary disease:
The CYP2DE gene LDL receptor gene

CACTCC GA CGC - .- -« TTT TAC G CATG

167 168 169 289 290 291 292

[ (L - .

Deep-vein thrombosis:
The Factor V gene

504 506 506  BOT

- E,nTu.

Functional Genomics Laboratories
Department of Biological Sciences
National University of Singapore

Chew Fook Tim




Factor V Leiden gssociation study

301 controls 301 cases

5% (14) Arg506Gin 21% (64) Arg506Gin
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Assoclation Studies

ity of Singapore
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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

Allergy 2000 36 740733
FPrinted in UK. Al righis reserved

Original article

Genetic susceptibility to asthma and atopy

among Chinese 1n

linked to markers on chromosome 5931-33

Coprvight 0 Mundcs gerarad 2000

ALLERGY
TRSN QNS4 538

Singapore — linkage to markers on chromosome 5q31-33

Background: Asthma and atopy are complex genetic traits, influenced by the
interaction of multiple genes and environmental factors. Linkage of these traits
to chromosome 5g31-33 has been shown in other populations, but has not been
well studied in the Chinese. We studied linkage between asthma and atopy with
markers on chromosome 5g31-33 i the Singapore Chinese. This region contains
many candidate genes, including the cytokine gene cluster.

Methods: We recruited 88 Chinese families with at least two affected offspring,
totaling 373 subjects, with 125 and 119 sib-pairs for atopy and asthma,
respectively. All individuals were genotyped with 19 polymorphic microsatellite
markers spanning a distance of 41 ¢M along chromosome 5q31-33. Affected sib-
pair and multipoint linkage analysis was performed.

Results: There was evidence for linkage of the asthma and atopy phenotypes
with three markers, D5S211{0, D382011. and D558412 (P values of (0.001 to
0.00001). Mulupoint analysis further substantiated this (nonparametric linkage
scores of 1.8-2.9). These findings suggest that susceptibility genes for asthma and
atopy are found in this region in the Chinese.

Conclusions: This study has shown linkage of atopy and asthma to chromosome
5q31-33 in a heterogeneous Chinese population. These findings further
substantiate the notion that chromosome 5g31-33 contains “universally”

7}

important susceptibility genes for these traits.

L. P.-C. Shek, A. H. N. Tay,
F.T.Chew, D. L. M. Goh, B. W. Lee

Dapartment of Paadiatrics, National Uniersity of
Singapore, Singapore

Kay words, asthma, atopy; ¢ weoma b ganatics;

polymarphic microsatallite markars; sib-pairs.

Or Baa-Wah Lea

Departmant of Paadiatngs
Mational University of Singapore
Lonver Keant Ridoe Road
Singapore 119074

Apcapted for publication 22 March 2001




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




Genotyping of DNA pools

» Create equimolar pools of individual DNAs

* Type SNP and determine relative allele frequencies

Affected Unaffected controls
B P
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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

E'AMTMTTLI.TE‘I"I'I'TEETTEETTEI'EEI'.!.T'I'I'TH-'I'ﬂE'I'I'T.'A.EI'TC'.l.I.T'IT.LTML‘ITLTTHTITTITT.L'ITTT'ITMELEGGLE'ITTEIETEPTET
TECCAACCTAGAAT ACACT BECATEAT CTCAGCT CACT SCACACT CCRCT TTC FETTTCAAGCEAT TCTCCTECCTCAGOETOCT BAGT AGCT S3EAC
TACASTCACACACCACCACACCCAGCTAATTTTTETAT T TT TACTAGRAT THEEET TT CACCATATTAACCARAC TRETCTCAARC TOCTAACCTTET AT CC
BCCABCCTCTRCCTOCCARRCRAC TTACRRAOAT FARCCAC CRCACTCaRCCCTTTECATCARATTTCTACAGC T TET TTTC T TTECCT AL T TTACA
.i.E-TEI'T.I.EETTE-TTEI'EGET’.J;;:;:TETFI'EG'IETﬂi.TTEI'E-E-'I'E-TmﬂhﬂlﬂﬂrmmELTELTTTHEPETEITGEELETEETGTTETTEITET
CCTCTTATCTEERAT CAC TATCTCTTCATEATT BCAT TCTEATCCCCAGTACT TAGCAT STECATARCAACTC TR TCTECETTTCCCARRCT BT TEA
TEAEETRCTATTCATACCT CAGAAARATCCATTETARAT TARATTATTARRAAT TT TARATAT AGCARAARRCTARGCARRC A TAACOCRA CARRRROCR BN O
ACATATATTCTAATCCATTATTTAT TATACARTTAAGANAT T TEGAARCT TTAGAT TACACTECT TT TAGASAT BAAGA TETACTAAGTCTTT TACT CTT TAC
ARMRATACATATETTABCAATTTTOGGARGARTAGTARACT CACCOEARCAATETAATET FARTATATCACTTACTAGAGOARAARRGGCACT TOARARRCATCT
CTARARCCATATARARAACAATTACATCATAAT GATEARRNCCCARGARRATTTTTT TAGARARCAT TACCAGEACTAATARCAAACTACRACCACKTATCATTTA
TCTTCCCTTTETATCTATETAAGAATT CTAGAGT TATAT TT STACK TAGCAT BOAAN AAT SRAGAJRC TAGT TTAT CAACTAGTTCAT TT T TAARAST C T AN CA
CATCCTARETAT ABGTGAAC TET CCTCCTEC CAAT STAT TACACAT TTAT RCCCABA T CCRRCATASEATAT AT TTECCATT TACARACEBT TTATATCTTAAG
ASKCGERAATATERACAGCARARCACTACATACTEEACACGRAGAARAC TCATACKAARTATARA TERRRCAATARTTGAAARRAART TEAGARAC TACT CATTTTCTA
AATTACTCATETATTTTCCTAGAAT TTARAT CTTT TAAT TTT TEAT ARAT CCCAARTET FASACARCAT ARG TAT TAGT BATGATAT SAAT AAT TAATATCT AT
TATATAATATTCATTTTCATAGT GEARGRAN TARAAA TARAGAT TATGATEAT TATTEATTATT TTTT CTAGAGSEATT 3T CAGCEARAGARAT TRCTTTTTTT
CATTCTCTCTTTCCACTARBARRAT TCARCTATTAATT TAGECACATACRATARTTACTCCAT TCTARAAT BOCH AARN T ARTT'T. TTAAARCTE
AXARATTTAACGATACT CACACTOAACTATAT TAARRRAT OCACASGATEETT SOAAC TRAAGOC T TAT AT TARRSA JRC TLMT%M
TTTAAATATARCTT TARACT TAGAATOAATARRATCCTATAAAT TTARAT T AMRATTAARGTTATTA
TACARCRATATEATAECCTBEAT CTAATCAACATATAATARACOAT A ARRCRANA TATT TCTEARRRAT CCT AGARAAT CTTT TEEECTAACCT OARA N CARTA
TATTTEAARACTATT TT TAARATACAGT GATACTAGAARTAT T TTAGART CATAT FTR

[C/T] [A/C] [A/G)



Linkage disequilibrium

How large are the conserved segments?

3 kb? 30 kb? 300 kb??
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In North Europeans, linkage
disequilibrium extends 60 kb In

each direction

Prewvious
Prediction
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Haplotypes from 258 chromosomes
on 5q31

OCTNZ2 OCTN1 RIL

- B HH

H—ILHLH "

o 4

U OO GAT T CCAT I. CCTGC TTACGETG GTHGCRCGTATT*C] CETTTAG
TTGHOCCCHEOT, CRAACC CTGAC -' CATE&CTFEFEAEHETGTEP;T{-'I‘HLETRTET TAATTGG
A |.-'T."'1.T?'1.PL|.-:|:':"-:\‘ GLGET _~CTGAT ," TCCCATCCATCATCOTCGAATGCGTACATTA _~TGTT*GA
CTGOCOCARCE  woacoe” aTacT CCCCGCTTACGSTGCACTEGCACGTATATCA”  TGATTAG

30kb 25kb 11kb 92 kb 21 kb
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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
10600 SNPs

1,000 ‘haplotype tag’ SNPs

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




Future

e Continued identification of SNPs

e Faster, cheaper, easier genotyping

« Genome haplotype map

 SNP panel(s) for association studies

e Discovery of new functional variants




