Navigating the Epidemiology
of the Human Genome

CCGTCGACTGGAGTGTCTGTGAATTGACTTTTGTTGCCAGTTGGCAGCGGCAGAAGCAGCAAAGCCCGGCCAACAGCAACAAGCTCCTGCCAGATCCCAAAAGCAAACACGT

Marta Gwinn, MD, MPH
National Office of Public Health Genomics, CDC

Personal Genomics Workshop
Bethesda, MD — December 17, 2008




Navigating the Epidemiology of the Human Genome

CCGTCGACTGGAGTGTCTGTGAATTGACTTTTGTTGCCAGTTGGCAGCGGCAGAAGCAGCAAAGCCCGGCCAACAGCAACAAGCTCCTGCCAGATCCCAAAAGCAAACACGT

Size up the domain
« population-based research studies

Map the topography

« population prevalence, associations, interactions, genetic tests

|dentify major features
« consistent findings, patterns, and gaps

Develop navigational tools for further exploration
 reliable knowledge base with applications
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Size up the domain

PubMed citations on human genetics/genomics
and human genome epidemiology (HUGE)
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and HuGE Navigator, Oct 2008




Size up the domain

CCCCCeeeeeeeaeneticrAll Fields] AND (((((*disease"[MeSH Terms] OR ("disease susceptibility"[MeSH Terms] OR predisposition[ Text Word])) OR

disease[ Text Word]) OR defect[Text Word]) OR susceptibility[ Text Word]) OR (“counseling”[MeSH Terms] OR counseling[Text Word]))) OR (("disease
susceptibility”"[MeSH Terms] OR susceptibility[ Text Word]) AND (("genes"[MeSH Terms] OR gene[Text Word]) OR (“genes"[MeSH Terms] OR genes[Text
Word])))) OR (((("mutation"[MeSH Terms] OR mutation[Text Word]) OR ((“genes"[MeSH Terms] OR gene[Text Word]) AND (“mutation”[MeSH Terms] OR
mutation[Text Word]))) OR (("mutation”[MeSH Terms] OR mutations[Text Word]) AND (“genes"[MeSH Terms] OR gene[Text Word]))) OR (("mutation"[MeSH
Terms] OR mutations[Text Word] OR mutation[Text Word]) AND (“genes"[MeSH Terms] OR gene[Text Word])))) OR (“hereditary diseases"[MeSH Terms] OR
genetic disorder[Text Word])) OR (genetic[All Fields] AND ((("TEST"[Substance Name] OR (“TEST"[Substance Name] OR test[Text Word])) OR ("research
design"[MeSH Terms] OR testing[Text Word])) OR study[All Fields]))) OR (“genetic screening"[MeSH Terms] OR genetic screening[ Text Word])) OR
(genetic[All Fields] AND ("risk"[MeSH Terms] OR risk[Text Word]))) OR (“polymorphism (genetics)"[MeSH Terms] OR (“'polymorphism (genetics)"[MeSH
Terms] OR polymorphism[Text Word]))) OR (((("genotype”[MeSH Terms] OR (“genotype"[MeSH Terms] OR genotype[Text Word])) OR genotyping[All Fields])
OR ("haplotypes"[MeSH Terms] OR haplotype[Text Word])) OR (“haplotypes”[MeSH Terms] OR haplotypes[Text Word]))) OR ((("genome"[MeSH Terms] OR
genome[Text Word]) OR genomic[All Fields]) OR ("Genomics“[MeSH Terms] OR genomics[Text Word]))) OR (((gene-environment) OR (gene AND
environment)) AND interaction[Text Word])) OR (((genetic[Text Word] OR gene[Text Word]) OR allelic[All Fields]) AND ((variant[All Fields] OR variants[All
Fields]) OR (("epidemiology"[MeSH Subheading] OR "epidemiology"[MeSH Terms]) OR frequency[Text Word])))) OR (("alleles"[MeSH Terms] OR allele[ Text
Word]) OR (“alleles"[MeSH Terms] OR alleles[Text Word]))) OR ("heterozygote detection"[MeSH Terms] OR Heterozygote Detection[ Text Word])) OR
((Neonatal[All Fields] OR (“infant, newborn"[MeSH Terms] OR newborn[Text Word])) AND (("diagnosis"[MeSH Subheading] OR "mass screening"[MeSH
Terms]) OR Screening[Text Word]))) OR germline[All Fields]) OR somatic[All Fields]) OR (“human genome project"[MeSH Terms] OR human genome
project[Text Word])) AND ((((((CCCCCCCcc((("epidemiology"[Subheading] OR "epidemiology"[MeSH Terms]) OR epidemiology[Text Word]) OR ("public
health"[MeSH Terms] OR public health[ Text Word])) OR ((("alleles"[MeSH Terms] OR allele[Text Word]) OR allelic[All Fields]) AND ((("epidemiology"[MeSH
Subheading] OR "epidemiology"[MeSH Terms]) OR frequency[Text Word]) OR frequencies[All Fields]))) OR (“public policy”[MeSH Terms] OR policy[Text
Word])) OR ((“education"[Subheading] OR "education"[MeSH Terms]) OR education[ Text Word])) OR "“prevalence"[MeSH Terms]) OR prevalence[Text Word])
OR ("prevention and control"[Subheading] OR prevention[Text Word])) OR (“risk"[MeSH Terms] OR risk[Text Word])) OR ((((((((population[Text Word] OR (a
number of) OR genetic[All Fields]) OR comparative[All Fields]) OR prospective[All Fields]) OR cohort[All Fields]) OR cross-section[All Fields]) OR cross-
sectional[All Fields]) OR case-control[All Fields]) AND (studies OR study[All Fields]))) OR (clinical trial[All Fields] OR randomized controlled trial[All Fields]))
OR (("drug interactions"[MeSH Terms] OR interactions[Text Word]) OR (("interpersonal relations"[MeSH Terms] OR "drug interactions"[Me 'ms]) OR
interaction[ Text Word]))) OR ("questionnaires"[MeSH Terms] OR questionnaire[ Text Word])) OR ((“sensitivity and specificity"[MeSH Terms; ensitivity[ Text
Word]) OR (“"sensitivity and specificity"[MeSH Terms] OR specificity[ Text Word]))) OR ((((case[All Fields] OR cases[All Fields]) OR (“patient

OR patients[Text Word])) OR (study[All Fields] AND group[All Fields])) OR (((((("prevention and control"[MeSH Subheading] OR control|7
controls[All Fields]) OR (healthy[All Fields] AND subjects[All Fields])) OR (“child"[MeSH Terms] OR children[Text Word])) OR ("adult"[
adults[Text Word])) OR individuals[All Fields]))) OR (((("association"[MeSH Terms] OR association[ Text Word]) OR (“association"[MeSh
associations[Text Word])) OR (“disease"[MeSH Terms] OR disease[Text Word])) AND ((“genes"[MeSH Terms] OR gene[Text Word]) OR ( &
OR genes[Text Word])))) OR oversight[All Fields]) OR ((("genotype"[MeSH Terms] OR genotype[All Fields]) OR allelic[All Fields]) AND dis
Word])) OR (((("genotype"[MeSH Terms] OR genotype[Text Word]) AND (“phenotype”[MeSH Terms] OR phenotype[Text Word])) OR )

Fields]) AND correlation[All Fields])) OR ((positive OR negative) AND predictive value)) OR (odds ratio)) OR (("ethics"[Mn\QL'ﬁ » UR eth ¢ ord]) OR
ethical[All Fields]))) ) ) AND "2004/7/7 8.00"[MHDA]:"2004/7/14 8.00"[MHDA]) J &/)

HuGE search query 2004 /A\




Map the topography

Knowledge base for Human Genome Epidemiology

« prevalence, associations, interactions, genetic tests
« updated weekly from PubMed since 2001
« combination of human and machine curation processes

SVM screens PubMed

]

Curator selects, indexes

wen
&

Auto-indexing (Entrez Gene, MeSH, UMLS)

U

Web applications search, sort, filter, display data

U



http://www.hugenavigator.net/

Identify major features

HuGE Navigator: www.hugenavigator.net

~ij§- HuGE Navigator wersion 1.3

An integrated i ge base of geneti tions and hurnan genorme epidemialogy.

HuSGE Mawvigator

About the Navigator

HuGEpedia - an encyclopedia of human genetic
variation in health and disease,

HUGE Mavigator provides access to a continuously updated
knowledge base in hurman genome epidemiology, including
information on population prevalence of genetic variants,

gene-disease associations, gene-gene and gene-

environment interactions, and evaluation of genetic

tests ., more

1
HuGEtools - searching and mining the literature What's New

in hurnan genome epidermniology.
.......................................................................... + Mew Publication, Gene Prospector: &n evidence

A HUGE Literature Finder =~ ™ gateway for evaluating potential susceptibility genes
. — :‘n.,, Find published articles in hurnan genorme.? and interacting risk factors for hurnan diseases,
........ gpiderniology.

BMZ Bioinformatics 2008, 9:528
Wel v, Anja Wuolf, Tiebin Liu, Muin 1, Khoory and
Marta Gwinn (12/10/2008)

HUGE Investigator Browser

Find investigators in a particular field of
hurman genarne epidermialagy. + A new version of HUGE Mavigator (1.3) has been

launched, The new version contains:

. Gene Prospector
- Spector

- anew application, Variant Marme Mapper, for




Map the topography

HuGE Published Literature

As of December 11, 2008, the knowledge base contained:

34,208 genetic association studies
863 meta-analyses
243 GWAS

3,888 genes
1,958 MeSH disease terms
5,645 common variant names matched to rs numbers

...but numbers alone mean little...
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Home » Blogs » Duncan's blog

One Thousand Databases High {and rising)

Fri, 2008-01-18 21:058 — Duncan
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Duncan Hull, http://www.nodalpoint.org/2008/01/18/one_thousand_databases high_and_rising
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Flying Over the Columbia Hills of Mars
Animated Illustration Credit: Doug Ellison. Randolph Kirk (USGS). MSSS. MER. NASA



http://apod.nasa.gov/apod/ap080519m.html

Home

Genomes

Blat Tables Gene Sorter PCR DNA Convert Ensembl NCBI PDFIPS
UCSC Genome Browser on Human Mar. 2006 Assembly
move zoom in [1.5x][10x][ base ] zoom out &

position/search chr$:22,071,147-22.071.647 clear | size 501 bp_

Session

|chr~9 w215 [ B T T 0| (CITEIT N BT B T ||
chra: 2ze712608] 22071300] 22071400] 22071560] 2ze71608] |
Human Genome Epidemiology Knowledge Base (HUGE Nawvigator)
Simple Nucleotide Folumorphisms (dbSNP build 129) <
rs360849261 | [s16116277]]
rs1412833 |

move start  Click on a feature for details. Click on base position to zoom in around _ move end
20 cursor. Click grav/blue bars on left for track options and descriptions. 20 |

[ defaulttracks H hide all ] [ manage custom tracks ] [ configure ][ reverse ][ refresh ]

Use drop-down controls below and press refresh to alter tracks displaved.
Tracks with lots of items will automaticallv be displayed in more compact modes.

a Custom Tracks
HUCE

full v

e —

Mapping and Sequencing Tracks

Base Position Chromosome Band STS Markers FISH Clones Recomb Rate
|dense ¥ hide v hide v hide e hide v
Map Contigs Assemblv @g Coverage BAC End Pairs
hide v hide v hide v hide ¥ hide v
Fosmid End Pairs GC Percent Short Match Restr Enzvmes
hide v hide v hide v hide v

view for rs10116277 on UCSC Genome Browser

Help



http://genome.ucsc.edu/

Home

Genomes

Blat Tables Gene Sorter PCR DNA Convert
UCSC Genome Browser on Human Mar. 2006 Assembly
move zoom in [1'5’(][10’(][ base ] zoom out

position/search |chr9:22.068,892-22.073,901 size 5.010 bp.

¥ 1 :‘I II

|cnr~9 w213 [0 B TN T H

Ensembl NCBI PDFIPS

110X

chra: | 226760000 226716000 22872008] 22073000]
Human Genome Epidemiology Knowledge Base (HUGE Navigator)

Simple Nucleotide Folumorphisms (dbSNF build 129)
rsS7853955 |

rs647568S | rsS169685S613 | rs12347959 | rs6475666 |
rs35864060 PS7858834| P519965227| P562555368|
rs18667515 | rs36849201 | P51547794| rsS133356848 |
rs1412833 | rsS9836647 |
652771 rs1547765 |
rs59965277 |
rs18965225 |
move end

move start  Click on a feature for details. Click on base position to zoom in around

20 cursor. Click grav/blue bars on left for track options and descriptions. 20

[ defaulttracks J[ hide aIIJ [ manage custom tracks

Use drop-down controls below and press refresh to alter tracks displaved.
Tracks with lots of items will automatically be displaved in more compact modes.

= Custom Tracks
HuGE
full v
= Mapping and Sequencing Tracks refresh
Base Position Chromosome Band STS Markers FISH Clones Recomb Rate
dense v hide v hide v hide v hide v
Map Contigs Assembly Gap Coverage BAC End Pairs
hide v hide v hide v hide v » hide v
Fosmid End Pairs GC Percent Short Match Restr Enzvmes

hide v hide v hide v hide v

10x view for rs10116277 on UCSC Genome Browser

Session

Help



http://genome.ucsc.edu/

Home

Genomes

Blat Tables Gene Sorter PCR DNA Convert

Ensembl

NCBI

PDFIPS

Session Help

UCSC Genome Browser on Human Mar. 2006 Assembly
move zoom in @][ﬁ] base | zoom out

size 50,100 bp

[crs coet.o) [ EE TR TN -~ W 0 W I ]

pgsiﬁgn search |chr3:22 046,34 7-22 0196 446

100x

chig: [ Z2eEREaa] EECECLEEE] EECELLELE] EECEELELE] |
Human Genome Epidemidology Enowledgde Base (HUGE Hawigator)
Timple MHucleotide Folumorphisms (dbSHE build 12397
rSTSEETES | rSSE514679| rs34665955 | rPsS7SSSEE0|  rsl976112| PS2210535| rsSiSS7371| rsE47S609 |
rsi8l28655 | rsS1516568 | rS4451405 | rSE47S5605 | rsSSS06083 | RSTETELTS|  reSSOE06ES |
rS13292618 | rsSS151847 | rS35307545 | rS3SEE4050| PSSS9E954 | rS97T7ES4E | rSSSUS96E |
rsi@121561 | FsS10511647| rS4645630| rS1856T7S1S| rPS7ESTS4S | PSTS45875|  rsTe2S62E |
rSSEe95158 | FSI335838 | rsS0E525584|  rsi6905613| rS1e735605| rS35059261 | rsS3221566 |
rsie522721 | rs4144664 | rsoES25ES | rSTE55054 | FS1A738607 | rS3E0E2168 | PS3I6223915 |
rsSE272822 | rs153536539| rsle06S226| rsSi2547056| PSSE321965| PsS2891167|  rsSSO6967 |
rs13209595 | relessives| rS1855185 | re36049201 | rs3222515| rsS1e7ST7ET74|  rS4007640 |
rsTE21G16 | r=s49777S55 | rS7EE5162 | rSE47SE06 | PS12235973| rsSESTEESTL| rsTe22T719|
rs18757o6S | rsEOT7S210E | FSEEDESZEZ| rsS1547704|  RS107S7273|  rSE4T7SER7 | ro43SE60S |
rS2Ea5144 | rsES25962|  rsSTETETi6| rSI1S4T77OS |  PS169655258| RSTOSTE32| rsTETES91 |
rS2EES2 05 | rsi412551| rsS1831733 | rsS7SSS053 | PSO644859| rs34901135 | rs7E5A362 |
rs21E4 851 | rs4977756|  FSiS51734| PSi353048| rSOS44560 | rsSSS909985 | PsS1eTSTETS |
rS1S37375 | rsSERESTETE| rsSEOE1ETSE| FS34S538557 | rETES4T7ET | PSieE33T7E6 |
rE40977754 | reEESTRTEE | PS10T7ST2TL | rSiSETETO| FIOE44S861 | rs34007S520 |
rE1811978 | rsS34571414| rs10511652| rs18122192| FPsS7SEEE03 | rs4977574 |
FElB522515 | FSSOE54519| rsl412532 |  rSEOL1EE425 | rSSERS4546 | rSTSSE47E |
rsl0965221 | FSEES32557| rSISS0RSS0| rS3828395| rS4087642 | rsiSSES16 |
rS34EE350S | rs14125853 | rs16965644 | rS1E965644 | FS1333642 |
rS3EE255Ta | r=i@11E27 rE1S3a865S | rE35995750 |
rs34EEa7 a1 | rS1B9E5227 | rs13284593 | rE1SE3641 |
rS2E55TETS | rSS99E52T7 | rs7E19916 | rsli285263 |
rs18985223 | rESSaSS6E47 | rs7e20651 | rSSO542159 |
rEE2SEATTE | rs1B9E522E | rS34172764 | rs2891165 |
rEE2SEETTT | rSE2ESSSES | rSO544562 |  rsS10985231 |
rs1 0985224 | rsSE419961 | rS9722575 | PS12235650 |
FEEESST4a1 | rs5a552840 | rS3055257 | rs18965252 |
rsi8511648 | rsi8126722| rs4977757| rSlOES2E3S |
rsie51164a | rS1E905635 | rEl8735605 | rSE4T7SE8S |
rsies1165a | rsie7s7272 | rSEESESA0E |
rsi@511651 | rSEEISTESE | rs11787514 |
rS16985597 | rsSEET222a | rSEE14T7044 |
rsS5936529 | rs18511653 | rSEBSEES54 |
rs1i696559a | rS12805039 |  rsl1437218 |
rST7042978 | rST7SE9527 | rS34107457 |
rs57222759 | rSES3ES49E | rs152a2a5s |
rSS7E54 8055 | rS34E5Ta5E | rsi8EE115E |

100x view for rs10116277 on UCSC Genome Browser
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Home Genomes Blat Tables Gene Sorter PCR DNA Convert Ensembl NCBI PDF/IPS Session Help
UCSC Genome Browser on Human Mar. 2006 Assembly
move zo0m in [1.5%][ 3xJ[10x][ base ] z00m out

position/search | chrd:21.820,897-22,321,896 mm size 501,000 bp.

|chr~9 (p21.3) Il EOE EOEE || 1000)(
chra: 21966088| FECEEEEE] 22160008| 222000808| 22300608|
Human Genome Epidemiology Knowledge Base (HUGE Nawvigator)
MTAP |
COKN2A [
CDKN2B

B
S1mp'Ie Nuc’leotwle Folumorphisms (dbSNF build 129)

move start  Click on a feature for details. Click on base position to zoom in around __ move end
»2.0 cursor. Click grav/blue bars on left for track options and descriptions. 20

[ defaulttracks ][ hide all ] [ manage custom tracks [ configure ][ reverse ][ refresh ]

Use drop-down controls below and press refresh to alter tracks displaved.
Tracks with lots of items will automatically be displaved in more compact modes.

=] Custom Tracks '

Mapping and Sequencing Tracks
Base Position Chromosome Band STS Markers FISH Clones Recomb Rate
(encsae W hide b hide b hide b hide b

1000x view for rs10116277 on UCSC Genome Browser
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Data collected since 2001

| About | Search Instructions | FAQS

Search Genopedia

* | for Enter a gene symbal (alias) or a protein name

Summary

[# Total Publications
45

[F Gene Prevalence
Z

Meta-Analyses
5
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[ &
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23
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........................
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[Click ™ to re-sort the table]

: [?] Disease Term {MeSH}

Diabetes Mellitus, Type = &

Melanorms G

Breast Meoplasms &

Insulin Resistance G

Coronary Arteriosclerosis 8

Coronary Disegse G

Ovarian Meoplasms

=kin Meoplasms
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Diabetes Mellitus 4
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ﬁ; HuGE Navigator wersion 1.

an integrated, searchable knowledage base of genetic associations and hurman genome epideriology.

HuGE Mavigator > HuGE Literature Finder Last datz upload: 11 Dec 2008, (Total 38607 articles)

HuGE Literature Finder

Data collected since 2001 Home | About | Search Instructions | FAQs

Search | Literature * | for | Coronary Arteriosclerasis and gwas and CORNZE

Search Criteria: Coronary Arteriosclerosis and gwas and CDEMNZB[Text+MesH] [Query Detail] | C'ownload

Filtered By Dizeaze Gene Categany StudyT ppe | “'ear | ALtk Journal | Courtry

Articles 1 - 2 of 2

Display 2% ¥ an 1 of 1

A comnmon allele on chromosome 9 associated with coronary heart disease, [Detail]

GWAS |

1.
Soience (Mew Yorl, M) 2007 Jun 316 (5830): 1488-91,

McPherson R, Pertsemlidis &, Kavaslar M, Stewart &, Roberts R, Cox DR, Hinds D&, Pennacchio LA, Trbjaerg-Hansen &, Folsom
AR, Boerwinkle E, Hobbs HH, Cohen 1C

& common variant on chromosome 9p2l affects the risk of myocardial infarction, [Detail]

GWAS |

(Soience (Mew ork, M.Y.) 2007 Jun 316 (5830): 1491-3,

Helgadottir 4, Thorleifsson G, Manolescu &, Gretarsdottir S, Blondal T, Jonasdottir &, Jonasdottir A, Sigurdsson A, Baker A,
Palsson &, Masson G, Gudbjartsson DF, Magnusson KP, Andersen K, Levey &I, Backran WM, Matthiasdottir 5, Jonsdothir T,
Palsson =, Einarsdottir H, Gunnarsdottir 5, Gylfason A&, Waccarino W, Hooper W, Reilly MP, Granger CB, Austin H, Rader D],
Shah SH, Quyvyurni &8, Gulcher IR, Thargeirssan G, Thorsteinsdottir U, Kong &, Stefansson K

Export Display 25 on page 1 of 1
articles 1 - 2 of 2




CDKN2B =

Summary 22 disease terms (MeSH) have been reported with CDKNZE gene.
@ Total Publications [Click : to re-sort the table]
=2 - Disease Term (MeSH) | Total A  Meta GWAS Gene- L. 4
[Z Gene Prevalence v e v Env [Z
= Ciabetes Mellitus, Tvpe 2 5 17 4 3 1 &
@ Meta-Analyses Melanoma o el a 1] 0 a1
7 = " Sreast Meoplasms o 2 1] 0 0 -
r._l__:.‘Mﬂ summary Insulin Resistance =@ 2 1 1 0 . I
7 Dis Coronary Arteriosclerosis 5 2 0 2 0 & e
23 Coronary Dizease & 2 0 1 0 & =
[# Investigator Cwarian Mecplasms & 2 0 a0 0 =
22(F/L)/ 534(All) Skin Neoplasms 1 1] 0 0 -
2 T’_E_P _ Thyroid Meoplasms 8 0 0 0 « =
- Uyveal Mecplasms &8 1 0 0 0 - =
Ciabetes Mellitus 8 1 0 0 0 - e
Links: Ciakbetes Mellitus, Type 1 48 1 i 0 0 . =
Entrez Gene Glucose Intolerance o 1 0 0 0 - e
e Hvperglycemia o 1 0 0 0 -
;;ﬂ?‘ﬁ Hvperlipoproteinemia Type 11 &8 1 0 0 a0 =
- Leukemia, Lymphocoytic, Acute, L1
CMIM s 1 0 0 0 3
dbsNP
N Leukemia. Fre-2-Cel| 1 0 0 0 : 1
Lymphoma. Mon-Hodglkin &8 1 0 0 0 .
Carcincma. Medullary o 1 1] 0 0 -
Colorectal Neoplasms 8 1 o 0 a0 - I
Myocardial Infarction & 1 0 1 0 -
Cbesity = 1 1] 0 0 -

Mote: The number of publications displayed in this table will differ frem the number displayed
in the HUGE Literature Finder as the number in GenoPedia reflects only the indexed disease
term without children terms, but the number in the HuGE Literature Finder reflacts all text
searches of the disease term including the indexed term and corresponding children terms.
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in- HuGE Navigator verion )

An integrated, searchable knowledge base of genetic associations and hurnan genome epiderniology .

HuGE Mavigater = Phenopedia (HuSEpediay [

o

----

. .
--------

Data collected since 2001 Home | About | Search Instructions | FAQs

search | Fhenopedia ~ | fopr |Enter a diseasze term
......................................................

.
.
.
-------
-----------
..............
...................

Summary

367 genes have been reported with Myocardial Infarction
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Gene-environment interaction in atherosclerosis
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Navigating the Epidemiology of the Human Genome
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Size up the domain

« document data sources, define populations, measure exposures

Map the topography

* use data repositories, controlled vocabularies, standard reporting
|dentify major features

« promote knowledge synthesis
Develop navigational tools for further exploration

« Web 2.0: interconnected, interactive Web-delivered information






http://apod.nasa.gov/apod/ap080519m.html

Acknowledgements

CCGTCGACTGGAGTGTCTGTGAATTGACTTTTGTTGCCAGTTGGCAGCGGCAGAAGCAGCAAAGCCCGGCCAACAGCAACAAGCTCCTGCCAGATCCCAAAAGCAAACACGT

National Office of Public Health Genomics, CDC

e Muin Khoury, Director
 Weli Yu, HUGE Navigator architect
« Mindy Clyne, curator since 2001

HuGENet Coordinating Centers
« University of Ottawa

« University of loannina

« University of Cambridge

Special thanks to NCBI, National Library of Medicine




