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Human Genetic Variation

- 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
GCTACAAAGGGCCAGAGGAATATTTCCCATAAAAGCATTGTTGCGAGGGATGAATGAGATAAGGATGTAGACCTCTGAGTATGATAAATGGTTAGTTCT
TCCTATTAGTTGTTGTTTCTGATGTAGAAACAGCGTCTTTCTCCCTATATCTGGTCTAAAATCCAACCTGATAGGAGACGTTTTCGTTTGGGATTATGG
AAAGATACAACAGTTCTGGGGGTTGAGTTCAGGGCTAATTTTCTGAAGGATAAGAGAGCAAGCCCCAGCCAAGAGCCAAGAGAAAGCAATGATGAGGAA
GCGGGCAGTAGCAGCCATTTAGACTGGTTGCTTTGTGGGACTCCCTTCTATTTGTACATTATTAGGCTTTCCAACAGGGGACAATAAACAGTATGAATC
CAGACAGGATGAGGGTGGGTTGCACAAGCAGCTGGGCCCACTGAACTAGAGCCTGACTCAAAAAAGGAAGGAGGCTGGGCGCAGTGGCTCACACCTGTA
ATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCACGAGGTCTGGAGTTCGAGACAAGCCTGGCCAATATGGTGAAACCCCATAGCTACTAAAAATAC
AAAAATTAGCCAGGCATGGTGGCAGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAGAAGAATCACTTGAACCTGGGAGGTGGAGGTTGCAGTG
AGCTGAGATTGTGCCACTGCACTCCAGCCTGGTGACAGAGCAAGACTCCATCTC. GAAGGAAGATCTGCCATGGTGTTAGGA
CCCACCATCCGTTCCTTCTGGTCGAGTCAGGCTGTGTCCCCATTGACTGGGGCATGATTGCACTTCTTGTGATCCGGTAGCATGTTCCCAGGCCCAGGG
AGTGTCCAGGCAGTGCATCAGATTATCAGGCATTGACCAGAGATACCTATAAGCTGAGAGCTACAGCCATTTTGGCAAGCTCTGAAAACCCAGAGTTGG
CGCTGTTCATGGGGGAGGGATCTGCATGGTGACTCGCTGAGCCGATGGTTTTTGTGTTCTGTTTGGAAAGCCTACACATATGTGTTTAAACCATCCCTA
TGCATCATTAGCCTGCT

...from sequence on chromosome 3 stretching
from base positions 187543053 to 187545049 of
the human genome hg16 (July 2003) assembly.
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Microsatellite

GGCATCTTTGTGTTACTCTGCTCAACATTCAAAGTCCCAGGGGAGAATATTATTAGTTGGGCTTAGGTCACATGCCCACATGGCTGTACTGGGATGAGA
GAGAAGGAATCCGATGAAAGGAGCCCACAGTAACCCTTCTGCTTCTGTTATTTGGGGGCAAGACACACCAATCTGTCATACACCAGTCTGAAAACAATG
GGGGAGAGGATTTCCTAAAAGGAAACTAGGATGTTATTTACTTATTTTTATTTTTATTTTTTTGAGATGGAGTCTTGCTCTGTCGCCCAGGCTGGAGTG
CAGTGGTGCAATTTCAGCTCACTGCAACCTCTGCCTCCCAGGTTCAAGTGATTCTCCTGCCTCAGCCTCCCCCCATAGCTGGAATTACAGGCATGTGCC
ACCATGCCCAGCTAATTTTTTTTGTATTTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCGAACTCCTGACCTCAGGTGATCCGCCCA
CCTCGGCCTCCCAGAGTGCTGGGATTACAGTTGTGAGCCACCATGTCCGGCCCTAGGATATTTTCAATTAAGAAAAGAATGCTGGATAGCCAAAGTGAA
AATACACACACACACACACACACACACACACACACACACACAMMMECCCGTCCATAAAAACTGGAGCTCAAATAATTCGTAATTATTTAATAAAAGAAA
AACATCAGAATCTTTCATCTTTGAAGGCACAAAGAGTTAGTATTCACAGAGGAIIGERATCTTATCTCTCCTCTCTGGAGGGTTCAGAAAATGTTTGAT
CT{ATCCTGGGGAAAGCCAGATGATAACGTTCAATGGAGCAAAGAAAAGGTGCACACAAATTGAGL IUEARTACAAAACAAATGGAAGTTTCATATCCT
G( TACAAAGGGCCAGAGGAATATTTCCCATAAAAGCATTGTTGCGAGGGATGAATGAGATAAGGATGTAGACCTCTGACTRRGATAAATGGTTAGTTCT
TG, A

: CACACACACACACACACACACACACACACACACACACA

ATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCACGAGGTCTGGAGTTCGAGACAAGCCTGGCCAATATGGTGAAACCCCATAGCTACTAAAAATAC
AAAAATTAGCCAGGCATGGTGGCAGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAGAAGAATCACTTGAACCTGGGAGGTGGAGGTTGCAGTG
AGCTGAGATTGTGCCACTGCACTCCAGCCTGGTGACAGAGCAAGACTCCATCTC. GAAGGAAGATCTGCCATGGTGTTAGGA
CCCACCATCCGTTCCTTCTGGTCGAGTCAGGCTGTGTCCCCATTGACTGGGGCATGATTGCACTTCTTGTGATCCGGTAGCATGTTCCCAGGCCCAGGG
AGTGTCCAGGCAGTGCATCAGATTATCAGGCATTGACCAGAGATACCTATAAGCTGAGAGCTACAGCCATTTTGGCAAGCTCTGAAAACCCAGAGTTGG
CGCTGTTCATGGGGGAGGGATCTGCATGGTGACTCGCTGAGCCGATGGTTTTTGTGTTCTGTTTGGAAAGCCTACACATATGTGTTTAAACCATCCCTA
TGCATCATTAGCCTGCT

A dinucleotide marker named AFM059XA9 and
D3S1262 is located at position 187,545,049.

Microsatellites

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 ...

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 49,719,732 to 49,721,733.

Single nucleotide polymorphisms (SNPs)

GAAATAATTAATGTT’.["I‘CCT'1‘CCTTC’.[‘CCTAT'1"1‘TGTCCTTTACTTCAATTTAT@TATTATTAATATTATTAT'1‘TTTTGAGACGGAGTTTCACTCTTGT
TGCCAACCTGGAGTGCAGTGGCGTGATCTCAGCTCACTGCACACTCCGCTTTCCGGTTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACA
GTCACACACCACCACGCCCGGCTAATTTTTGTATTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCCGCCA
GCCTCTGCCTCCCAAAGAGETGGGATTACAGGCGTGAGCCACCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCTTTGCCTGGACTTTACAAGTC
TTACCTTGT'1‘C'1‘GC(“&ATATTTGTGTGGTCTCAT'I‘CTGGTGTGCCAGTAGCTAAAAATCCATGATTTGCTCTCATCCCACTCCTGTTGTTCA‘I‘CTCCTC
TTATCTGGGGTCACCTATCTCTTCGTGATTGCATTCTGATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCTGTTGATGGGGTGC
TGTTCATGCCTCAGAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAAAAAGGAAAGAACATGTAT
TCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTAGAGATGGAGATGTAGTAAGTCTTTTACTCTTTACAAAATACA
TGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCCGAACAGTGTAATGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCG
TATAAAAACAATTACATCATAATGATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACATGTCATTTATCTTCCCT
TTGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGTTTATCAACTAGTTCATTTTTAAAAGTCTAACACATCCTAG
GTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATTTGTGCCCAGATCCAGCATAGGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAGAGAGGAAA
TATGAAGAGCAAAACAGTGCATGCTGGAGAGAGAAAGCTGATACAAATATAAATGAAACAATAATTGGAAAAATTGAGAAACTACTCATTTTCTAAATTACTC
ATGTATTTTCCTAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGATGGTATGAGTAATTAATATCTGTTATATAAT
ATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGATTGTTGATTATTTTTTCTAGAGGGGTTGTCAGGGAAAGAAATTGCTTTTTTTCATTCTCT
CTTTCCACTAAGAAAGTTCAACTATTAATTTAGGCACATACAATAATTACTCCATTCTAAAATGCCAAAAAGGTAATTTARGAGACTTAAAACTGAAAAGTTT
AAGATAGTCACACTGAACTATATTAAAAAATCCACAGGGTGGTTGGAACTAGGCCTTATATTAAAGAGGCTMTAAGACCACAGGCTTTAAATA
TGGCTTTAAACTGTGAAAGGTGAAACTAGAATGAATAAAATCCTATAAATTTAAATCAAAAGAAAGAAACAAACTAAAATTAAAGTTATTATACAAGAATATG
GTGGCCTGGATCTAGTGAACATATAGTAAAGATAAAACAGAATATTTCTGAAAAATCCTGGAAAATCTTTTGGGCTAACCTGAAAACAGTATATTTGAAACTA
TTTTTAAAATGCAGTGATACTAGAAATATTTTAGAATCATATGTA

Three SNPs are located at positions 49,719,887,
49,720,260 and 49,721,557
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SNPs

» Less polymorphic/informative
 More stable inheritance

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

« 2.5 million between two genomes
- Exist in coding regions

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/Maps

—deCODE Genetics

—Marshfield Clinic

—Genome DataBase

—Cooperative Human Linkage Center

—Genethon

Microsatellite identification: databases

| Location: ff; [ttp . fresearohmarshiieolinic org/genetios/Map_Mar kers/maps/ Indext apFrames fim| | 5] What's Related

1000 Morth Dak Averie | Marshfield, ¥ 544435730 | Phaone: 715-387-9150 | Fax: 715.389.5757
E gG. 1 MEDIGA Home
EN ETICS Harker femnale(ctl) malei ctl)

Imumber sex-ave( o)

A4FME1dyg?  D15243 0.aa 0.00 .00
Tnformation for the General 4,22 4. de =
Public AFMEE0weS D1 5468 4 23 . 3.54

E Eduetionel Materials | 4 .63 2.94 -
AF344me=9 D011 52845 8.85
Information for Research .93 oo
Scientists 1 AFM123xc3 0152893

e _— GATAGSDN1  Tndnown

g Comparison of Genetio and . . .an
Fhysical Mags Cihi]

oo . oo

g Gl AFtfal3lyaS 0152633
g BiTowowis, AFIb3ISSzhS  D1SZ795

AFHatS2wgl  DLZETO

g Bt 2
AFMbOSOzgs  D15Z73L

E Mummalisn Genotyping Serrize
AFMI4TyE  DLS2l4

AFMaZ10xgs DlSZ6ed
§j Seeysing s AFMaiS2xgs Dlszédz
E Soreening flats of Mkers EECES

GATAZIE0S  DLS16dE
§ CEEH family Geaotvpine Duts
GATAAHOd  D15543

Genotyges for Eefrrenpe AFHaZ9SYhS 152694
il KD

= ==
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Microsatellite identification: databases

Location: g |hltp://resear’ch marshfields linie.org genetics /Map_Markers fmaps / IndexMapFrarmes.htm|

! G 1000 North Oak Averoe | Marstfield, ¥ 54443-5790 | Phore: 715-387-9150 | Fan: 715-389-5757
CENTER FOR MEDICA Home

Information for the General
Public Harker Dromber GenBankHum min max  1331-01  1331-02

g Edurstionsl Majerials 10TEL1S 0153739 Unknown o0 o 0
ACTIEO3a  DI51586 GOT7ES . S1 118 112 112

AFMOLExh3 D541l 223283 194 204 204 19%

Information for Research AFMOZ4xdZ  D15447 223291 . 123 141 135 129
Scientists AFMOZ4xfs  D13456 223292 . 197 211 211 209
AFMOZ1xd12 Disdl2  ZZaees . 185 207 199 185

AFM0ZExcS  D15188  Z1edSa . 124 136 134 132

Dialleliv Tusertioa/Delation AFM042xed  D15423 223307 . 162 167 164 164
Eolymorphisms AFMO4Exhi0 DIS181 216475 . 153 168 163 161
Comarison of Genstis sl AFMOS1xhE  D15192  Zledaz 203 211 207 207
Fhysicsl Mgs AFMOS7xfd  D15183  Z16d30 . 94 106 106 100
P AFMOS7xfE  D15194 216491 233 239 235 233

g Genetio Maps AFMOSSTRd  DISETS6 250913 . 126 132 126 126

g Euild Yow Cwn Map_
Harker Inumber GenBankNuom het 1331-01 1331-02

g Bearch For Markers

§ Lhnndin Guonping Sk IQTEL1S 0153739 TUnknown 0.71 1} 1} 1} 1}
LCT1EOZa 0151586 GOT76S 0.69 91 118 112 112 91 91
AF016xh3 015411 223283 0.62 194 204 204 196 204 198

f Cemolynine Stistos LFI0Z4xd2 015447 223291 0.77 123 141 135 129 129 123

7 Semeaine o of s LFMI0Z4x £8 D1 5456 223292 0.7 197 211 211 209 201 199

CEFH Family Genntyping Dt AFMDSStaS  D15202  Z16557 0.77 35 81 a7
AFHO9Swcd  D13203 216559 0.6% 127 127 123
AFI1 02xe3 D15204 Z16572 0.44 252 252 252 250
Genotypes for Reforence AFHiD8ya3  D13205 216585 0.80 108 106 104 100

Microsatellite identification from sequence

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

>bK2653D5.00294 Unfinished sequence: bK2653D5 Contig ID: 00294 acc=
Length: 1604 bp dinucleotide from Sputnik: bases 519-1080
tcttaggtagaataagatccagtaagtatagacacttttgcggcatccaaagaattaacc
cttcactcatttactcacctggtaagagatacagggagaaagctgtggagtaactcaggg
agctggagcccataaggcaggaaacccatgcccattcattcaacaaacttgtattgaget
cctttttgatgcatcccccatccactataagcacttggagacccacacagatgtggttte
tgctcccategtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgt
lgtgtgtgtgtgtaggggaatgtaaacaggaaaacagatatgcaaaacaatttcagatcgce
ggtaagtgctaggaacagaatgaaataggataggagtgatggacaggggagacttcaggt
ggagtcatcgggaaaagcctctccataaagtgaccttctgggagaaaaccgaggggtaag
aatctggtcctgcaaagatctgggcaagaaatgtccaggtgtagggaacagcgaggtcaa
agtcaccatcacaaggaaacgc
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Marker retrieval: genome brows

http://genome.ucsc.edu/

LUCSC Genome Bioinformatics

Genome Browser - Blat Search - Table Browser - FAQ - User Guide

SEnoIme assembly position image width
Human i] [ April 2003 i] |]3951339' &20
Click here to 1eset the browser user inferface settings to their defaults.

Add Tour Own Tracks

Marker retrieval: genome brows

DNA Tables Ensembl Map View

UCSC Genome Blowsel' on Human April 2003 Freeze

position |chr9: 133833085-134039365 size 200,281 image width (620

Ease Fosition I 153900868 1530580688] 154aa0aa8]
Chromosome Bands Localized by FISH Mapping Clones
Cheamosame. Fand Az 5
STS Markers on Genetic (blue) and Radiation Habrid {black) Haps
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Map Contigs =
Gap Locations
Gap
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Eu-HMTasel |- H =
AKADTELT
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Enzemb 1 Genes

I t —t
Genscan Gene Fredictions
Genscan Genes — H—++ il i)

H— H—H—+
Human mRMHAS FY‘OM Genbank
BCR2ETTE — } ALE32565 Herrd
ﬁKBQ?Sl 11 ALTL5772 Heser]
|
{

. Wi
t H
ArBs3210 | -
i

H
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.
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BCEl160
o
U

FEBSS77T | }
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Marker retrieval: genome brows

Get DNA in Window

Get DNA for

Position |chr9 1 133839085-134 0393265

HMote: if you would prefer to get DA for features of a particular trach
Sequence Retrieval Region Options:

Add Io—exha bases upsteam (3 and ’U—exha downstream
Sequence Formatting Options:

@ Al upper case.

() All lower case.

] Mask repeats: @ to lowercase () o N
[ Reverse complement (get'-' shand sequence)

[ GetDNA ][ Extended case/color options ]

HNote: The "Mask repeats" option applies only to "Get DNA", notto "

>hglS_dna range=chr9:133839085-134039365 5 'pad=0 3
GTATTTECTTTCTECETCTTCTETCTTTTTTGTTACTTTCTECCTCARTT
AETTTTTETTCTTCATHEAGAT GEAGTTTCACTATET T ECCC AFC T HAL
GUGCASTGAGT AT TCAT AGECATGATCATAGTGCACCETGECCTTHAACT
COCEEECTCACAGEATCCTCCCACCTCAGCCTCCTEARTAGC TEEEACT R
CAGECETACCACAACGCCTEACTCATTEC TTTCTTCT T T TET BT TAGATA
TTTTCTASTETATAC CATTTTAATTCCCTTGCTSTTTATT THAC TETATT
TTTTATTTETTTTCT TGET TETCCTGHEEATTACAATTTAST AT ATTALT
TTTTGATAATGTAGT TTGTATTAATACTATATTACAATACTATATGALLT
ATTTATTTEEECATAGC TTAATTTCTTTTGCCCTTCTTETACTETTATTE
TCATACARATTACAT TACACTETGTGCCCATCTACGCAGATT TATAGTTE
CTECTTTACGCAATTETCTTTCARATCATAT AGGAGAALALACAAATTAT
AAATTAACAAATACATT TATACTGTCTTATCTASC TECTTTTATACTTTA
CCTETETAGCTECTT TTACTEECGCTCTTGATTECATTCCCCTCCOC TG
CCTCTTEACAGSETCTCECTCTETCACCC AT HEEAGTACLET GECLCA
ATCATAGCACTECAGCC TTEACCTCCTEEEC TARGAGATCCTCCTEOCT
CAGCCTCCCEARTAGT T GEEACTAT GEETECETECCACTATT CCCTHCTE
ATTTTTAATTTTTTT TT TETAGAGATGEEET CTCACTET T TGO CCARGE
TEETCTCCARCTCCT GETCTTAGAAGAT COCTCCTACT THAGTC TTCCAR
GETETTECHET TECAGECATGAGCCACCETGCCTEECCTTEETECTCTCT
ATTCATETEEECTTEAGT TACTETC TAGTETCCTTTCATTTATC CTGALS
GACTCTTAGETCTTT CAGTGATGAACTCTCTACTTTTETTTATC TTGEAL
TETTTTATTTTTCCT TTATGALGGTAGTTTTETSTATARAGETTTTTTTT
TTTTTTTTTTTTT TAGACAGAST T ACCCTCTCECC ARG TEEAGTES
AGTEETECCATCTCEEC TCACTECAAGC TCTECCTCOCARET TCACEOCA
TCCTCCTECCTCAGCCT TCCGAGTAGC TEEEAC TACAGEACT AC AGECAC
CTECCATCACGCCTEHEC TAATTTTTTETAT TTT TAGT AGAGAC GEEHTTT
CACCETETTAGCCAAGATEETCTGEATCTCCTRACCTCETGATC TECOCA
CCTTEECCTCCCARAGT GO TEEEAT TACAGEC T GAGCCACC GO 0N GG
COGTATARAGETTTTTTAGTACTCTGAGEETAT TETCTEECTECACTOCA
TEETTTCTGAT GAGEAACCATTGCTCATCTCTCASGACCCTCET TCATGA
CACETTECTCCTCTETCGCTHCTTT TRAGAGTCTCTETCTET GETTTCAS
CCTGATEETGATGTETETAGETETHEAACTCTTTGCETTTTT CT CATTTE
GATTTETTEAGCTTC TT AATTTTTTTEACT TEACTGCTHCCT TC CAGEEA
TTTGEEAACTTTETEAT GAGTACTTCATCTECASCATGCETTET CTTCTC
ACCCCTETCTEACET BT CAT TG GTGET AAACAGAGCTT TG CATACAAT
TECAGTTECAGTETEEAT T AL AGGEACAGCACTTEAGGECCECTCOTO0C
TTCTTETTTTGACGATGEETFTEAGC TET CTTHETALGT GEC A TAEC AR
TACHEFTGACCAGET HEC ACTCEECACGECTEAT CCCECCETECAT THCIH

SNP identification

* Sequencing

 Databases

10
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SNP identification: sequencing

2 550 560 570

Frc1TT1TCTGT TGGAARAGC CGGEGAT T TGGEGEG GTCT T

—

470 480

CTTCTGT T GGEAAGLC T GGGEAT T TGGEGEGT C T T

..GCTCCGTTT...
..GCTCTGTTT...

ITGCTCTGTTTTCA

The Sanger Institute

11
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SNP identification: databases

dbSNP Nov 2003
— 10,384,535 submitted; 5,798,183 reference; 288,265 with frequencies

The SNP Consortium (TSC)
— ~1.8 million SNPs

Human Gene Variation base (HGVbase)
— 2,859,131 entries

CGAP Genetic Annotation Initiative (CGAP-GAI)
— 23,039 total (1% confirmed, 27% validated, 72% candidate)

Japanese SNPs (JSNP)
— 195,059 total; 84,560 with allele frequencies

dbSNP Home Page
htip: / Jwww . nebinlm.onibh.gov /SMNPJ . 11' dbSNP )

dbSNP Search Options
conirat LB [ T s omead £7 TR TS
CENERAL 8NP | Wumbers | Info USINE] Fom | Form | Markers
e ANNOTNCEMENT
dbSNP Homepage o NEW!dhSNP genotype data are now available on the web and on
8NP Science Primer our FTP site (more info).
Announcements e ALERT! xml bricf and submission format reports arc dropped

dbSNP Summary from ftp dump starting build 116. Please contact snp-admin with
RIE SERVER CONCErs

Getting Startad
Build History
Handle Request

DOCUMENTATION

|Search by IDs

EAQ Mote: rs# and_ss# must be prefixed with "rs” or "ss", respectively (ie.
Overview 1525, 5525)
How to Submit [ ] Reference cluster IDirs#) ﬂ
RefSMNP Summary Info Femr ~

Database Schema —_—
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SNP retrieval: LocusLink

LocusLink

> NCBI

PubMed Entrez BLAST OMIM MMap Viewer Taxon

Search: | Locustink %] Display: | Brief i+]

Query: sLcza*

(ViewLoci ) [ Save Loci )

LocusLink Home ¥

ormy S
-

Organism: | Human E

AR(‘I)F. FGHIJKLMNOPQRSTUVWXYZ

16 loci found

LocusID Org Symbol
16513 [fs SLC2A1

81031

Description
solute carrier famuly 2 {lacilitated glucose
transporter), member 1

Hs SLC2AL0  solule carrier family 2 (facilitated glucose

transporter), member 10

SLC2A11  solute carrier famuly 2 (facilitated glucose

transporter), member 11

SLC2A12  solute carrier family 2 ifacilitated glucose

transporter), member 12

SNP's linked from LocusLink

S ||+ 2 http: fwwwencbionlm.nibgow/ SNPjsnp_ref.cgitlocusld-6513

Position Links

1p3sp3ls @

ulv]

20q13.1

i ‘C\' dbSHP

Proein Genome  Stucture

Search _SNP for

PopSe

LimitsPreview/indexHistaryClinhoardDetails

ISNP's linked from LocusLink

SNP's are linked from Locus SLC2A1 via the following methods

GENERAL

dbSNP BUILD 118

Contact Us

dbSNP Homepage

SNP Science Primer

Announcements

dbSNP Summary

FTP SERVER
Getting Started

Build History

Handle Request

[ate]

Cveniew

How to Submit
RefSNP Summary Info
Database Schema

send ) te listof 1s# 1o Batch Query. (Downioad ) the listofrs# to file.

[l Gene Model (mRNA alignment) information from genome sequence

Total gene model (contig mRNA transcripf): 1

Contig mrna protein
DOCUMENTATION NT 032877 NM_006516 NP_006507

mrna orientation snp graph
rEverse transcript on minus strand

@ in gene region ) cSNP O has frequency  double hit ) haplotype tagged

Contig mrna protein mrna orientation

ipt): NT 032077 NM 006516 NP_D06507 reverse

b gene model (contig mRNA
Data Formats

snp graph
ranscripton minus strand

Heterozygosity
Computation LI Wit m

SEARCH Contig dbSNP rs# Hetero-
Entrez SNP position cluster id) zygosity

Blast SNP T
ek 4008361 r51803656 N.D

Validation 3D OMIM Function

untranslated ragion

dbSNP Frofein Codon Amino acid
allzle residue position position
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SNP retrieval: LocusLink

4899137 rs2229683 0.069
4099698 (53831326 N.D.
4099831 2236674 0.083
0.083
5000932 rs2306663 0.091
5001059 rs2306662 0.094
0.004
5007814 5811 N.D.
ND.
5002082 rsA660238 N.D.
ND.

5004532 rs3820546 N.D.

806

uniranslated region

intran

SYNonNymMous le [1]
contig referenca e [1]
intron

SYNOMymous

contig reference
nonsynonymous

conlig reference

SYNONyMmous

IFasta sequence (Legend)

=gnlidhSMNP|rs581 1| allelePos=61|totalLen

COCCGCCTAC CECCAGCCCA TCCTCATOGE

SNP retrieval: SNPper

CHIP Bininformatics

| < . \El |E| El 2T hitp.//snpper.chip.org/bio/snpper-ented - Q- SNPper  ©
i SNPper - Main Menu

Goldenpath version: hgl3 dbSNP build: 114

SN Pper -Instructions. publications, disclaimers, acknowledgements, copyright.

Gene Finder -Finda gene by name, symbol, accession number, or position

SNP Finder - Find SNPs by name or pusition

T'00l5s - GeneOntology browser - Amino acid properties - FlankXtender - PrettyBase importer

hl_ﬁ') SNP plots - RPC interface - Database statistics

& 2001-2003, Alberto Riva, CHIP
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Build 117 dbSNP content

4,678,153 SNPs
unique in human reference genome build 34

Intergenic: 3,108,657 (66.5%)

Intragenic: 1,569,496 (33.5%)
Exonic 269,357 ( 5.8%)
Intronic 1,300,139 (27.8%)
Splice A/D 319

Build 117 dbSNP content

Of the 43,506 coding SNPs:

Synonymous 20,728 48%

Nonsynonymous 22,778 YA

15
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Human Genetic Variation

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

* How are variants used?

Scoring Microsatellites

16
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Scoring Microsatellites

1#40972-00F
ol

B 50

01#40572-002 1 Green 40972-00Z M2a

01 #40972-003 1 Green 40972-003 M2a

1 Yellow 40972-003 M2a
O4e40972-004 4 Green 40972-004 M2a

Scoring SNPs

» Genotype accuracy

» Cost of assays and specialized

instrument(s)
» Assay development time and ease

* Ability to automate

17
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Scoring SNPs (2)

* Time to perform assays
 Ability to multiplex

- Data accumulation and analysis

* Allele frequency quantification

Overview of SNP typing methods

Colorimetric

—— Plate
Hybridization Mass spectrometry

Microparticles

Oligonucleotide . Fluorescence
Microarray

ligation Fluorescence
Electrophoresis resonance energy

. - transfer
Primer extension
Homogeneous

Fluorescence

: larizati
Enzymatic cleavage Semi- polarization

homogeneous ; .
9 Chemiluminescence

18
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Example SNP

Hybridization

Allele-specific
oligonucleotide
probes

Match,
stable

Mismatch,
unstable

19



Current Topics in Genome Analysis
Fall 2003

Affymetrix HUSNP Mapping Assay

B y
Reference ) - A
sequence... GG TGAT ATGGACCTACTAT”,
Probe Sequence
Allele A CCACTAATACATGGATGATA mw
“¢" CCACTAATACTTGGATGATA m
CCACTAATACCTGGATGATA m

Akl CCACTAATACGTGGATGATA ww

Hybridization to Oligonucleotide Arrays

« Advantages:
—Simple to perform
—Highly multiplexed
— Automated analysis

Disadvantages
— Expensive to design/create chip
—Local sequence affects success

20
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Fluorescence resonance energy transfer (FRET)

matched
primer e probe @

?
SNP

Fluorescence resonance energy transfer (FRET)

mismatched
primer Taq e probe Q
% *

f

o
~_0

 —

21
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TagMan competing probes

Homozygous GG =

22
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TagMan

- Advantages:
—Simple to perform
—Closed-tube system
—Accurate quantification

Disadvantages
— Expensive probes
—Assays require optimization

Allele-specific PCR

Allele-specific primers

DNA polymerase

lllllll Match,
extension

Mismatch,
no extension

23
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lllumina: Allele-specific extension

Allele-specific
extension

« Match,
extension

PCR with
common

primers

lllumina: Allele-specific extension
T ;
T
o I
%:I:I:D:I:I:I:I:[ C

/4 Product capture

F— by hybridization
Address
to array

Readout

24
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lllumina genotyping technology

lllumina

- Advantages:
—Very highly multiplexed
—Accurate
—Low cost per genotype

» Disadvantages
—Not all SNPs can be designed
—High instrument cost
—Not flexible

25
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Oligonucleotide Ligation Assay (OLA)

5 T Allele-specific
5’ C ligation probes

Adjacent
ligation probe

Match,
ligation

Mismatch,
no ligation

Primer extension = Minisequencing

5’ Extendable primer

| DNA polymerase

Primer
extension

No extension

26
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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
...[A/GICGT...

27
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Pyrosequencing
...[A/G]CGT...

Pyrosequencing

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

» Disadvantages
— Expensive reagents
—Requires post-PCR processing

28
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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 3 —

\
e L-M

Primer extension mass spectrometry

« Advantages:
—Accurate
—Automated assay design
—Fast automated data collection
—Multiplexing capacity

» Disadvantages
—Expensive instruments, consumables
— Extensive post-PCR processing

LTl
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Intensity

Mass spectrometry multiplexing

o
w

2
o

g

S

u\lh l\jw M Wi hr" i % 'Mi

"

IR fy 1r Mn} ”'l"u‘ ‘% i«l‘ {y

5000 5500 6000 6500 7000 7500
Mass

Invasive cleavage of oligo probes

5’ Invader probe
Allele-specific
5 probes

Flap endonuclease

T

C

\ 4

TTTI1A D:I:I__ """ Match, invasion
cleavage

Mismatch,
no cleavage
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Invader ® Technology

SITE OF

CLEAVAGE
SITE OF

CLEAVAGE
.I. PRIMARY PROBE SIGNAL —, (f—-\IIQI.IEHCHEIl

3 DYEe I\£<I

INVADER OLIGO ; ?_/

5 3 CLEAVED 5' FLAP 5
g T
3 e —— ' .

TARGET DNA
FRET CASSETTE

Lt :;v:u 5' FLAP ; SIGNAL
—_— S

Third Wave

Technologies, Inc.

Invasive cleavage of oligo probes

« Advantages
—Avoids need for PCR

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

31
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Quality control of genotype data

« High genotype success

« Accurate duplicate genotypes

» Consistent with Hardy-Weinberg
Equilibrium: p?2+2pq+qg?=1

» Accurate on a second platform

Human Genetic Variation

* What types of variants exist?

* How are variants found?
* How are variants scored?

* How are variants used?

32
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Functional variants

Drug metabolism: Coronary disease:
The CYP2D6 gene LDL receptor gene

- CAC TCC 'GA CGC - : - -+« TTT TAC G IC ATG

167 168 169 289 290 291 292

Deep-vein thrombosis:
The Factor V gene

504 505 506 507

APC-<cieavage

Factor V Leiden gssociation study

301 controls 301 cases

5% (14) Arg506Gin 21% (64) Arg506GIn
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Association Studies

Indirect

Case-control association study

cases controls
risk allele a b

non-risk allele

odds ratio =

34
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Case-control association study

cases controls
risk allele 167 148

non-risk allele 133 152

167*152

148133 _ 133

odds ratio =

Disease is 1.33 times as frequent with risk allele

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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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 cases Unaffected controls

|

14.0 240 34.0

4.0

WMWNWAM iy ; WW‘N%MW\\! ,.irJ\wﬁ.ﬁww
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Example case-control association study

500 cases
500 controls
10 Mb candidate region

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

Need:
Efficient way to screen SNPs
Knowledge of most useful SNPs

Variation at adjacent sites
tends to correlate

GAAATAATTAATGTTTTCCTTCCTTCTCCTATTTTGTCCTTTACTTCAATTTATTT, TATTATTAATATTATTATTTTTTGAGACGGAGTTTCACTCTTGT
TGCCAACCTGGAGTGCAGTGGCGTGATCTCAGCTCACTGCACACTCCGCTTTC GGTTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGAC
TACAGTCACACACCACCACGCCCGGCTAATTTTTGTATTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCC
GCCAGCCTCTGCCTCCCAAAGAGCTGGGATTACAGGCGTGAGCCACCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCTTTGCCTGGACTTTACA
AGTCTTACCTTGTTCTGCCTI‘EﬁiﬁATTTGTGTGGTCTCATTCTGGTGTGCCAGTAGCTAAAAATCCATGATTTGCTCTCATCCCACTCCTGTTGTTCATCT
CCTCTTATCTGGGGTCAC TATCTCTTCGTGATTGCATTCTGATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCTGTTGA
TGGGGTGCTGTTCATGCCTCAGAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAAAAAGGAAAGA
ACATGTATTCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTAGAGATGGAGATGTAGTAAGTCTTTTACTCTTTAC
AAAATACATGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCCGAACAGTGTAATGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCT
CTAAACCGTATAAAAACAATTACATCATAATGATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACATGTCATTTA
TCTTCCCTTTGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGTTTATCAACTAGTTCATTTTTAAAAGTCTAACA
CATCCTAGGTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATTTGTGCCCAGATCCAGCATAGGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAG
AGAGGAAATATGAAGAGCAAAACAGTGCATGCTGGAGAGAGAAAGCTGATACAAATATAAATGAAACAATAATTGGAAAAATTGAGAAACTACTCATTTTCTA
AATTACTCATGTATTTTCCTAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGATGGTATGAGTAATTAATATCTGT
TATATAATATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGATTGTTGATTATTTTTTCTAGAGGGGTTGTCAGGGAAAGAAATTGCTTTTTTT
CATTCTCTCTTTCCACTAAGAAAGTTCAACTATTAATTTAGGCACATACAATAATTACTCCATTCTAAAATGCCAAAAAGGTAATTTAAGAGACTTAAAACTG
AAAAGTTTAAGATAGTCACACTGAACTATATTAAAAAATCCACAGGGTGGTTGGAACTAGGCCTTATATTAAAGAGGCTAAAAATT“Kﬁ?AAGACCACAGGC
TTTAAATATGGCTTTAAACTGTGAAAGGTGAAACTAGAATGAATAAAATCCTATAAATTTAAATCAAAAGAAAGAAACAAACT AAATTAAAGTTATTA
TACAAGAATATGGTGGCCTGGATCTAGTGAACATATAGTAAAGATAAAACAGAATATTTCTGAAAAATCCTGGAAAATCTTTTGGGCTAACCTGAAAACAGTA
TATTTGAAACTATTTTTAAAATGCAGTGATACTAGAAATATTTTAGAATCATATGTA

[C/T] [A/C] [AIG]
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Linkage disequilibrium

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

CAA TAA
CAG TAG
CCA TCA
CCG TCG

Linkage disequilibrium

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

CAA
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Genotype only the most useful SNPs

500 cases one pool
500 controls one pool
10,560 SNPs
1,000 ‘haplotype tag’ SNPs

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

Future

Continued identification of SNPs
Faster, cheaper, easier genotyping
Genome haplotype map

SNP panel(s) for association studies

Discovery of new functional variants
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GDB
Marshfield
CHLC
Genethon

Sputnik

dbSNP
TSC
HGVbase
CGAP
JSNP

LocusLink
SNPper

Websites

http://www.gdb.org/
http://research.marshfieldclinic.org/genetics/
http://gai.nci.nih.gov/CHLC/
http://www.genethon.fr/php/index_us.php

http://espressosoftware.com/pages/sputnik.jsp

http://www.ncbi.nlm.nih.gov/SNP/
http://snp.cshl.org/
http://hgvbase.cgb.ki.se
http://cgap.nci.nih.gov/
http://snp.ims.u-tokyo.ac.jp/

http://www.ncbi.nlm.nih.gov/LocusLink/
http://snpper.chip.org/
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