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Abstract

Background: Although molecular pathway information and the International HapMap Project
data can help biomedical researchers to investigate the aetiology of complex diseases more
effectively, such information is missing or insufficient in current genetic association databases. In
addition, only a few of the environmental risk factors are included as gene-environment
interactions, and the risk measures of associations are not indexed in any association databases.

Description: We have developed a published association database (PADB; http:/
www.medclue.com/padb) that includes both the genetic associations and the environmental risk
factors available in PubMed database. Each genetic risk factor is linked to a molecular pathway
database and the HapMap database through human gene symbols identified in the abstracts. And
the risk measures such as odds ratios or hazard ratios are extracted automatically from the
abstracts when available. Thus, users can review the association data sorted by the risk measures,
and genetic associations can be grouped by human genes or molecular pathways. The search results
can also be saved to tab-delimited text files for further sorting or analysis. Currently, PADB indexes
more than 1,500,000 PubMed abstracts that include 3442 human genes, 46| molecular pathways
and about 190,000 risk measures ranging from 0.00001 to 4878.9.

Conclusion: PADB is a unique online database of published associations that will serve as a novel
and powerful resource for reviewing and interpreting huge association data of complex human
diseases.

Background the PharmGKB database [3] specifically assembles phar-

The importance of association databases is ever increasing
and several association databases have been published.
The Genetic Association Database (GAD) [1] is an archive
of published genetic association data, and the Human
Genome Epidemiology (HuGE) Published Literature
Database (HPLD) [2] contains genetic association data
published since October 2000. In addition to these gen-
eral genetic association databases, other databases focus
on the specific areas of genetic associations. For example,

macogenetic information. The AlzGene database [4] cata-
logues genetic association data for Alzheimer's disease
only, and the T1Dbase [5] compiles genetic association
data limited to Type 1 diabetes. On the other hand, the
Cancer Genetic Markers of Susceptibility (CGEMS) [6]
project and the National Institute of Neurological Disor-
ders and Stroke (NINDS) [7] maintain genome-wide asso-
ciation data for Parkinson's disease and prostate cancer,
respectively. And the dbGaP database [8] aims to be the
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central repository of the genome-wide association data,
although it is in its early stage. However, several important
utilities are missing or insufficient in current genetic asso-
ciation databases. Because most genetic risk factors are
believed to contribute only small influences to the devel-
opment of complex diseases, molecular pathway informa-
tion will prove useful to find a panel of genes that might
operate together in the pathogenesis of a disease [9,10].
And it is also important that any genetic polymorphisms
associated with a biological trait or disease should be care-
fully interpreted in the context of linkage disequilibrium
(LD) between genetic markers to find a causal variant or
gene. Nevertheless, molecular pathway information and
the International HapMap Project [11] data cannot be
effectively accessed from most of genetic association data-
bases. Also, current 'genetic' association databases include
only a few of the 'environmental' risk factors as gene-envi-
ronment interactions, and no database indexes the risk
measures of the associations at present.

Construction and content

Here we describe the development of a published associ-
ation database (PADB; http://www.medclue.com/padb),
which can help biomedical researchers to review genetic
and environmental risk factors more effectively along
with molecular pathway and HapMap information. PADB
indexes sentences containing keywords such as 'case-con-
trol', 'cohort’, 'meta-analysis', 'systematic review', 'odds
ratio', 'hazard ratio’, 'risk ratio', 'relative risk’, or 'associat*'
from PubMed [12] abstracts, which are retrieved using the
National Center for Biotechnology Information (NCBI)
Entrez programming utilities [13]. PADB extracts the odds
ratio, hazard ratio, risk ratio and relative risk measures
automatically if they are available in the sentences. If mul-
tiple associations are reported in a single sentence, they
are indexed as separate records (Figure 1).To expand the
knowledge of genetic association data, PADB automati-
cally identifies the HUGO official symbols of human
genes [14] in the abstracts and links them to various
resources such as the NCBI Entrez Gene database [15], the
University of California Santa Cruz (UCSC) genome
browser [16] and the International HapMap Project data-
base. Thus, genomic annotation data including HapMap
information can be assembled quickly for further analy-
ses. If any gene participates in molecular pathways listed
in the BioCarta [17] or the Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway databases [18], the gene
is linked to those databases through the National Cancer
Institute (NCI) Cancer Genome Anatomy Project (CGAP)
pathway database [19]. In addition, each record of PADB
is linked to the GAD or the HPLD if it is also included in
those databases (Figure 2).

http://www.biomedcentral.com/1471-2105/8/348

Utility and discussion

Navigating PADB

Users can selectively search four sections of PADB, each
containing genetic associations, pathway associations,
any associations including the risk measures in the
abstract, and all associations. The genetic associations sec-
tion consists of articles containing allele-related terms
such as 'allele’, 'genotype’, 'haplotype’, 'mutation' or 'pol-
ymorphism'. If the genes are constituents of any molecu-
lar pathways listed in the BioCarta or the KEGG pathway
databases, those associations can be searched in the path-
way associations section. When the risk measures are
reported in the abstracts, such associations can be selec-
tively searched and sorted by the risk measures. Finally,
any associations reporting either genetic or non-genetic
environmental risk factors can be searched and sorted by
the publication date. Because PADB searches the input
text as a substring, the search for 'thyroid' retrieves articles
that contain words such as 'thyroiditis', ‘parathyroid' and
'hypothyroidism'. The search is case-insensitive and the
search results for 'notch' and 'NOTCH' are same. Also,
users can select one option on how to treat the words
typed in the query text box. The words can be searched
using Boolean terms such as 'AND' or 'OR'. Otherwise, the
words can be searched as a phrase. For example, the search
for 'mood disorder' in 'PHRASE' mode selects those sen-
tences that contain "mood disorder in adults" but not
"mood in bipolar disorder".

Searching for environmental risk factors

The search for 'cadmium' in PADB risk measures section
retrieves 55 risk measures ranging from 0.65 to 10.38, and
16 articles are retrieved in genetic associations section.
The same search failed to retrieve any association from the
GAD and the HPLD, because only a few environmental
risk factors are included as gene-environment interac-
tions. Various non-genetic environmental risk factors
have proved strong risk factors for human diseases and
most gene-environment interactions have probably not
been investigated yet. Thus the search results of environ-
mental risk factors either in the genetic associations sec-
tion or in the risk measures section of PADB will provide
unique and useful information.

Sorting association data by risk measures

Because PADB extracts the risk measure of each associa-
tion, users can sort associations by risk measures.
Although risk measures have become smaller on average
probably thanks to improved study approaches during the
past few decades (Figure 3), sorting by risk measures still
might be useful to characterize or summarize the associa-
tions. For example, the search for 'cancer aspirin' in PADB
risk measures section using 'AND' mode query retrieves
1088 associations reported in 284 abstracts. Among them,
94 abstracts report 208 associations, for which the risk
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PADB

PADB Search Results
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Sorting associations by the risk measures. PADB automatically extracts the odds ratio, hazard ratio, risk ratio and rela-
tive risk data if they are available in sentences. When multiple associations are reported in a single sentence, those multiple

association data are indexed as separate records.

measures range from 0.094 to 12.31. As expected, most of
them show that aspirin has been associated with a
reduced risk of colorectal and possibly of other common
cancers. However, besides those protective associations,
some strong risk associations can be identified easily,
because the risk association (RR = 12.31) between aspirin
use and bladder cancer mortality [20] and the raised inci-
dence of kidney cancer (RR = 6.3) among men who took
aspirin daily [21] are presented in the top rows when the
search results are sorted by the risk measures. Those find-
ings might be worth further investigation because the two
risk associations are related to urological cancers. For
another example, cigarette smoking is widely accepted as
a major risk factor for various cancers and there are more
than 2400 published risk measures, ranging from 0.05 to
435.7, in the search results for 'cancer smoking' in PADB
risk measures section using 'AND' mode query. Among
these, several extraordinary protective associations rang-
ing from 0.5 to 0.9 between thyroid cancer and cigarette
smoking [22-26] can be noted quickly and collected,
because they are clustered in bottom rows of the search
results. A similar search for 'BDNF' retrieves 11 risk meas-
ures ranging from 1.0 to 3.81 extracted from six abstracts,
and a search for 'APOE' retrieves 435 risk measures rang-
ing from 0.11 to 33.1 extracted from 227 abstracts. Assem-

bling this kind of information from other databases
would be very difficult.

Expanding the scope of genetic association through
pathway information

It is unlikely that any single genetic polymorphism would
contribute a single critical effect to complex disease.
Therefore, a pathway-based association study, which
assesses a panel of polymorphisms from the genes in the
same pathway, might be a good approach to find the
causal genetic risk factors more effectively. For example,
different genes in the same inflammatory pathway have
been found to be associated with myocardial infarction
[27,28], and many candidate genes of schizophrenia con-
verge on several specific signalling networks [29-32]. Indi-
viduals with more risk alleles in the nucleotide-excision
repair pathway have more elevated risks of bladder cancer
[33] and several other studies also confirm the potential
of applying such a pathway-based multigenic approach in
association studies [34-37]. However, most genetic associ-
ation studies have investigated only one or a few genes,
and current genetic association databases lack sufficient
molecular pathway information. Because PADB links the
genetic risk factors to comprehensive molecular pathway
information listed in the BioCarta and KEGG databases, it
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Figure 2

Linking genetic risks to molecular pathway and HapMap information. PADB can help biomedical researchers to
review and interpret genetic risk factors more effectively along with molecular pathway and HapMap information.

will provide novel and powerful clues for expanding the
knowledge of genetic associations. For example, the
search for the string 'schizo' in PADB pathway associa-
tions section retrieves numerous pathways related to vari-
ous genes, including NRG1 [38] and EGF [39]. NRG1 is
listed in the BioCarta database as NDF in
'h_ErbB3Pathway' where the neuregulin receptor degrada-
tion protein 1 controls ERBB3 receptor recycling. Because
EGF is listed in the same pathway, the results of independ-
ent studies that report the association of NRG1 and EGF
with schizophrenia can be interpreted based on the con-
vergence of related molecular pathways. Other genes in
the same pathways where NRG1 or EGF participates might
also be good candidates for further investigation of
genetic association with schizophrenia. On the other
hand, 'MAPK signaling pathway' shared by AKT1 and EGF
could be also a good candidate pathway for further stud-
ies. Interestingly, ERBB3 gene participates in both
'h_ErbB3Pathway' and 'MAPK signaling pathway'. Thus,
these evidences might imply an important role of ERBB3
gene in the pathogenesis of schizophrenia. Because the
links are established through automatically identified
human gene symbols, the article "Association of smoking,
CpG island methylator phenotype and V600E BRAF
mutations in colon cancer" is linked to various pathways,

including the 'Alzheimer disease pathway' in which the
BRAF gene is involved. Since more than 45 articles can be
found by the search for 'alzheimer colon cancer' in
PubMed, the connection between 'Alzheimer disease
pathway' and 'colon cancer' through BRAF gene might
imply novel mechanism shared by the two diseases.

Expanding the region of genetic association through
HapMap information

Any associated genetic markers might be causal alleles or
just strongly linked with the causal allele. For example,
several single nucleotide polymorphisms (SNPs) in IFIH1
region show association with Type 1 diabetes. However,
the associated region contains four genes and there are
strong LDs between SNPs across this region. Thus, we
need additional data to determine which of the four genes
is likely to be the causal locus [40]. Although many
genetic association studies have focussed on non-synony-
mous SNPs, the causal alleles of complex diseases are far
less likely to be missense variations [41]. Indeed, the
Thr17Ala polymorphism in CTLA4 is associated with
autoimmune disease only because it is in strong LD with
a regulatory polymorphism that is more strongly associ-
ated with disease and is therefore more likely to be the
causal allele [42]. Because the HapMap data include the
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Figure 3

Median risk measures of 'risk' and 'protective’ associations during the past 25 years. (A) The median strengths of
risk associations remain quite stable around 2.5 (0.4 when log-transformed) in spite of the exponential increase of published
association data during the past 25 years. (B) The median strengths of protective associations also remain stable around 0.6 (-

0.2 when log-transformed).

extent of LD across the genome and the minor allele fre-
quencies of SNPs measured from four ethnic groups, the
target region of any genetic association can be expanded
based on LD. For example, ACSL6 gene was reported to be
associated with schizophrenia [43,44], and these associa-
tions can be retrieved in the search results for 'schizophre-
nia ACSL6' in PADB genetic associations section using
'AND' mode query. The HapMap link of the gene shows
that there is strong LD across a 200 kb genomic region
around ACSL6 gene. Thus, PADB users can easily select
several genes such as IL3 or CSF2, which are good candi-
dates for further genetic association studies due to strong
LD with ACSL6. In fact, multiple SNPs located in and
around IL3 gene were recently found to be associated with
schizophrenia [45].

Comparison with PubMed database

The results of association studies have been reported using
different risk values such as odds ratios, relative risks, haz-
ard ratios or risk ratios, according to the design and anal-

ysis method of the study, and each of them is expressed
exclusively against other measures. Accordingly, the
search results of various keywords related to association
studies in PubMed rarely overlap (Table 1). For example,
the search for 'odds ratio*' in PubMed retrieved 67,815
abstracts (accessed on 30 Nov. 2006) and among them
65,047 (95.9%), 66,998 (98.7%) and 67,238 (99.2%)
abstracts did not contain 'relative risk*', 'hazard ratio*' or
'risk ratio*', respectively; in addition, 50,804 (74.9%) and
56,612 (83.5%) abstracts did not contain 'case-control' or
'cohort*', respectively. By comparison, 75,253 (81.6%)
abstracts out of 92,264 containing 'case-control' and
117,925 (91.3%) abstracts out of 129,128 containing
'‘cohort*' did not contain 'odds ratio*'. Thus, it would be
a very error-prone task for researchers to capture all of the
relevant articles from PubMed using such a long and com-
plex query process without the aid of an association data-
base such as PADB.
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Table I: PubMed search results of various query terms related to association studies

Initial Query Results Combined Query Results
NOT (odds NOT NOT (hazard NOT (risk NOT (case- NOT NOT
ratio*) (relative ratio*) ratio*) control) (cohort*) (associa*)

risk*)

odds ratio* 67,815 - 65,047 66,898 67,238 50,804 56,612 24,427
relative risk* 32,280 29,512 - 31,944 31,830 27,878 24,374 14,907
hazard ratio* 8,927 8,110 8,591 - 8,868 8,598 5,848 3,548
risk ratio* 3,694 3,117 3,244 3,535 - 3,377 2,814 1,841
case-control 92,264 75,253 87,862 91,935 91,947 - 83,109 50,155
cohort* 129,128 117,925 121,222 126,049 128,248 119,973 - 75,875
associa® 1,591,541 1,548,153 1,574,168 1,586,162 1,589,688 1,549,432 1,538,288 -

The search results for various keywords related to association studies in PubMed seldom overlap. The search for 'odds ratio* in PubMed retrieved
67,815 abstracts when accessed on 30 November 2006. Among these, 65,047 (95.9%), 66,998 (98.7%) and 67,238 (99.2%) abstracts did not contain
'relative risk*, 'hazard ratio*' or 'risk ratio*, respectively. Moreover, 50,804 (74.9%) and 56,612 (83.5%) abstracts did not contain 'case-control' or
'cohort*, respectively. By comparison, 75,253 (81.6%) abstracts out of 92,264 containing 'case-control' and 117,925 (91.3%) abstracts out of

129,128 containing 'cohort*' did not contain 'odds ratio*'.

Comparison with other association databases

The GAD and the HPLD contain only a few environmen-
tal risk factors as gene-environment interactions, as dis-
cussed above. Furthermore, the pathway database links
provided by the GAD seldom work and the HPLD does
not provide any links to the pathway databases. Because
the HPLD uses a controlled vocabulary, the search results
for 'stroke' successfully include related terms such as 'cer-
ebrovascular disease’ and ‘'transient ischemic attack'.
However, the users cannot search for terms such as
'rs4680"' or 'Chinese' in the abstract because they are not
included in the standard vocabulary. The PharmGKB
database specifically focuses on the pharmacogenetic
association data only and also lacks environmental fac-
tors. The Cochrane Database of Systematic Reviews offers
only systematic reviews, and genetic associations are sel-

Table 2: Comparison of association databases

dom reviewed. Although the AlzGene database and the
T1Dbase have many excellent features, including meta-
analysis or microarray data, each database covers only one
specific disease. Recently, genome-wide association data-
bases such as CGEMS, NINDS and dbGaP have been
introduced. Because these databases store the results of
genome-wide association studies on a specific disease,
they also differ from general association databases such as
PADB, GAD and HPLD (Table 2).

Conclusion

PADB is a unique online database of published associa-
tion data. As it automatically collects and updates associ-
ation data directly from PubMed database, it is
comprehensive and up-to-date. PADB covers both genetic
and environmental risk factors, along with molecular

Data coverage Search type

Special content Data presentation

Database genetic environme all free text  controlled samplesize systematic  sorting by link to link to

risk factors  ntal risk research vocabulary  informatio analysis risk HapMap pathway

factors area n results measures database database
PADB o o o o X X X (@) (@) (@)
GAD (@) Partial (@) (@) X Partial X X () o
HPLD (o] Partial O Partial (o] Partial X X X X
Cochrane Partial O O O X O O X X X
AlzGene (o] X X (o] X (o] (o] X X X
TIDBase O X X O X X X X X O
PharmGK (o] X X (o] Partial X X X X (o]

B

CGEMS O X X X X ©) O X X X
NINDS (e] X X X X (e] (e] X X X
dbGaP o X X X X o o X X X

PADB was compared with other association databases, including those for general associations (GAD, HPLD and the Cochrane Reviews), genetic
associations for specific diseases (AlzGene, T|Dbase and PharmGKB) and genome-wide associations (CGEMS, NINDS and dbGaP).
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pathway and HapMap information. PADB will thus serve
as a novel and powerful resource for reviewing and inter-
preting disease association data.

Availability and requirements
Project name: Published Association Database

Project home page: http://www.medclue.com/padb/
Operating system: Linux
Programming language: Perl and Pascal

Licence: the database is freely accessible for academic
users under the GNU GPL.

Restrictions to use by non-academics: commercial users
are referred to the developers of PubMed, Entrez Gene,
CGAP Gene, UCSC Genome Browser, HapMap Project,
BioCarta, KEGG, GAD and HPLD databases for more
details on access.

Authors’ contributions

HR developed the database and takes responsibility for
the integrity of the data and the accuracy of the data anal-
yses. JL participated in the design of the database and
helped to draft the manuscript. All authors read and
approved the final manuscript.

Acknowledgements

This work was supported by the Brain Korea 21 Project for Medical Sci-
ence, Yonsei University, Seoul, Korea and a faculty research grant of Yonsei
University College of Medicine for 2006, Seoul, Korea.

References

1. Becker KG, Barnes KC, Bright T), Wang SA: The genetic associa-
tion database. Nat Genet 2004, 36(5):431-432.

2. Lin BK, Clyne M, Walsh M, Gomez O, Yu W, Gwinn M, Khoury MJ:
Tracking the Epidemiology of Human Genes in the Litera-
ture: The HuGE Published Literature Database. Am | Epide-
miol 2006, 164(1):1-4.

3. Altman RB: PharmGKB: a logical home for knowledge relating
genotype to drug response phenotype. Nat Genet 2007,
39(4):426.

4, Bertram L, McQueen MB, Mullin K, Blacker D, Tanzi RE: Systematic
meta-analyses of Alzheimer disease genetic association
studies: the AlzGene database. Nat Genet 2007, 39(1):17-23.

5. Hulbert EM, Smink LJ, Adlem EC, Allen JE, Burdick DB, Burren OS,
Cavnor CC, Dolman GE, Flamez D, Friery KF, Healy BC, Killcoyne
SA, Kutlu B, Schuilenburg H, Walker NM, Mychaleckyj J, Eizirik DL,
Wicker LS, Todd JA, Goodman N: TIDBase: integration and
presentation of complex data for type | diabetes research.
Nucleic Acids Res 2007, 35(Database issue):D742-6.

6.  Yeager M, Orr N, Hayes RB, Jacobs KB, Kraft P, Wacholder S, Min-
ichiello MJ, Fearnhead P, Yu K, Chatterjee N, Wang Z, Welch R,
Staats BJ, Calle EE, Feigelson HS, Thun M}, Rodriguez C, Albanes D,
Virtamo J, Weinstein S, Schumacher FR, Giovannucci E, Willett WC,
Cancel-Tassin G, Cussenot O, Valeri A, Andriole GL, Gelmann EP,
Tucker M, Gerhard DS, Fraumeni JF Jr., Hoover R, Hunter DJ,
Chanock §), Thomas G: Genome-wide association study of
prostate cancer identifies a second risk locus at 8q24. Nat
Genet 2007, 39(5):645-649.

7.  Fung HC, Scholz S, Matarin M, Simon-Sanchez J, Hernandez D, Britton
A, Gibbs JR, Langefeld C, Stiegert ML, Schymick J, Okun MS, Mandel

0 ©

20.

21.

22.

23.

24.

25.

26.

27.

28.

http://www.biomedcentral.com/1471-2105/8/348

RJ, Fernandez HH, Foote KD, Rodriguez RL, Peckham E, De Vrieze
FW, Gwinn-Hardy K, Hardy JA, Singleton A: Genome-wide geno-
typing in Parkinson's disease and neurologically normal con-
trols: first stage analysis and public release of data. Lancet
Neurol 2006, 5(11):911-916.

dbGaP : [http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap].
Motsinger AA, Ritchie MD, Dobrin SE: Clinical applications of
whole-genome association studies: future applications at the
bedside. Expert Rev Mol Diagn 2006, 6(4):551-565.

Todd JA: Statistical false positive or true disease pathway? Nat
Genet 2006, 38(7):731-733.

Thorisson GA, Smith AV, Krishnan L, Stein LD: The International
HapMap Project Web site. Genome Res 2005, 15(11):1592-1593.
PubMed Help [http://www.ncbi.nlm.nih.gov/books/
bv.fegi?rid=helppubmed.chapter.pubmedhelp].

Wheeler DL, Barrett T, Benson DA, Bryant SH, Canese K,
Chetvernin V, Church DM, DiCuccio M, Edgar R, Federhen S, Geer
LY, Helmberg W, Kapustin Y, Kenton DL, Khovayko O, Lipman D},
Madden TL, Maglott DR, Ostell J, Pruitt KD, Schuler GD, Schriml LM,
Sequeira E, Sherry ST, Sirotkin K, Souvorov A, Starchenko G, Suzek
TO, Tatusov R, Tatusova TA, Wagner L, Yaschenko E: Database
resources of the National Center for Biotechnology Infor-
mation. Nucleic Acids Res 2006, 34(Database issue):D173-80.
HUGO Gene Nomenclature Committee [http://
www.gene.ucl.ac.uk/nomenclature].
Entrez Programming Utilities
entrez/query/static/eutils_help.html].
Kent W], Sugnet CW, Furey TS, Roskin KM, Pringle TH, Zahler AM,
Haussler D: The human genome browser at UCSC. Genome
Res 2002, 12(6):996-1006.

BioCarta : [http://www.biocarta.com/genes/index.asp].

Kanehisa M, Goto S, Hattori M, Aoki-Kinoshita KF, Itoh M,
Kawashima S, Katayama T, Araki M, Hirakawa M: From genomics
to chemical genomics: new developments in KEGG. Nucleic
Acids Res 2006, 34(Database issue):D354-7.

Huang R, Wallgvist A, Covell DG: Comprehensive analysis of
pathway or functionally related gene expression in the
National Cancer Institute's anticancer screen. Genomics 2006,
87(3):315-328.

Ratnasinghe LD, Graubard Bl, Kahle L, Tangrea JA, Taylor PR, Hawk
E: Aspirin use and mortality from cancer in a prospective
cohort study. Anticancer Res 2004, 24(5B):3177-3184.
Paganini-Hill A, Chao A, Ross RK, Henderson BE: Aspirin use and
chronic diseases: a cohort study of the elderly. BMJ 1989,
299(6710):1247-1250.

Galanti MR, Hansson L, Lund E, Bergstrom R, Grimelius L, Stalsberg
H, Carlsen E, Baron JA, Persson |, Ekbom A: Reproductive history
and cigarette smoking as risk factors for thyroid cancer in
women: a population-based case-control study. Cancer Epide-
miol Biomarkers Prev 1996, 5(6):425-43 1.

Rossing MA, Cushing KL, Voigt LF, Wicklund KG, Daling JR: Risk of
papillary thyroid cancer in women in relation to smoking and
alcohol consumption. Epidemiology 2000, 1 1(1):49-54.

Kreiger N, Parkes R: Cigarette smoking and the risk of thyroid
cancer. Eur | Cancer 2000, 36(15):1969-1973.

Mack W]J, Preston-Martin S, Dal Maso L, Galanti R, Xiang M, France-
schi S, Hallquist A, Jin F, Kolonel L, La Vecchia C, Levi F, Linos A, Lund
E, McTiernan A, Mabuchi K, Negri E, Wingren G, Ron E: A pooled
analysis of case-control studies of thyroid cancer: cigarette
smoking and consumption of alcohol, coffee, and tea. Cancer
Causes Control 2003, 14(8):773-785.

Bufalo NE, Leite JL, Guilhen AC, Morari EC, Granja F, Assumpcao LV,
Ward LS: Smoking and susceptibility to thyroid cancer: an
inverse association with CYPIALI allelic variants. Endocr Relat
Cancer 2006, 13(4):1185-1193.

Ozaki K, Ohnishi Y, lida A, Sekine A, Yamada R, Tsunoda T, Sato H,
Sato H, Hori M, Nakamura Y, Tanaka T: Functional SNPs in the
lymphotoxin-alpha gene that are associated with susceptibil-
ity to myocardial infarction. Nat Genet 2002, 32(4):650-654.
Ozaki K, Inoue K, Sato H, lida A, Ohnishi Y, Sekine A, Sato H, Oda-
shiro K, Nobuyoshi M, Hori M, Nakamura Y, Tanaka T: Functional
variation in LGALS2 confers risk of myocardial infarction
and regulates lymphotoxin-alpha secretion in vitro. Nature
2004, 429(6987):72-75.

: [http://eutils.ncbi.nlm.nih.gov/

Page 7 of 8

(page number not for citation purposes)


http://www.medclue.com/padb/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15118671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15118671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16641305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16641305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16641305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17392795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17392795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17169983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17169983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17401363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17401363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17052657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17052657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17052657
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16824029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16824029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16824029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16251469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16251469
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=helppubmed.chapter.pubmedhelp
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=helppubmed.chapter.pubmedhelp
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16381840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16381840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16381840
http://www.gene.ucl.ac.uk/nomenclature
http://www.gene.ucl.ac.uk/nomenclature
http://eutils.ncbi.nlm.nih.gov/entrez/query/static/eutils_help.html
http://eutils.ncbi.nlm.nih.gov/entrez/query/static/eutils_help.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12045153
http://www.biocarta.com/genes/index.asp
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16381885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16381885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16386875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16386875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16386875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15510608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15510608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2513898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2513898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8781737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8781737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8781737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10615843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10615843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10615843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11000579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11000579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14674742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14674742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14674742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17158763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17158763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12426569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12426569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12426569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15129282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15129282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15129282

BMC Bioinformatics 2007, 8:348

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Emamian ES, Hall D, Birnbaum M), Karayiorgou M, Gogos JA: Con-
vergent evidence for impaired AKT |-GSK3beta signaling in
schizophrenia. Nat Genet 2004, 36(2):131-137.

Harrison P, Weinberger DR: Schizophrenia genes, gene expres-
sion, and neuropathology: on the matter of their conver-
gence. Mol Psychiatry 2005, 10(1):40-68; image 5.

Carter CJ: Schizophrenia susceptibility genes converge on
interlinked pathways related to glutamatergic transmission
and long-term potentiation, oxidative stress and oli-
godendrocyte viability. Schizophr Res 2006, 86(1-3):1-14.
Georgieva L, Moskvina V, Peirce T, Norton N, Bray NJ, Jones L, Hol-
mans P, Macgregor S, Zammit S, Wilkinson |, Williams H, Nikolov I,
Williams N, Ivanov D, Davis KL, Haroutunian V, Buxbaum JD, Crad-
dock N, Kirov G, Owen MJ, O'Donovan MC: Convergent evi-
dence that oligodendrocyte lineage transcription factor 2
(OLIG2) and interacting genes influence susceptibility to
schizophrenia. Proc Natl Acad Sci U S A 2006,
103(33):12469-12474.

Wu X, Gu ], Grossman HB, Amos Cl, Etzel C, Huang M, Zhang Q,
Millikan RE, Lerner S, Dinney CP, Spitz MR: Bladder cancer predis-
position: a multigenic approach to DNA-repair and cell-
cycle-control genes. Am | Hum Genet 2006, 78(3):464-479.

Han |, Colditz GA, Samson LD, Hunter DJ: Polymorphisms in
DNA double-strand break repair genes and skin cancer risk.
Cancer Res 2004, 64(9):3009-3013.

Popanda O, Schattenberg T, Phong CT, Butkiewicz D, Risch A, Edler
L, Kayser K, Dienemann H, Schulz V, Drings P, Bartsch H, Schmezer
P: Specific combinations of DNA repair gene variants and
increased risk for non-small cell lung cancer. Carcinogenesis
2004, 25(12):2433-2441.

Cheng TC, Chen ST, Huang CS, Fu YP, Yu JC, Cheng CW, Wu PE,
Shen CY: Breast cancer risk associated with genotype poly-
morphism of the catechol estrogen-metabolizing genes: a
multigenic study on cancer susceptibility. Int | Cancer 2005,
113(3):345-353.

GuJ, Zhao H, Dinney CP, Zhu Y, Leibovici D, Bermejo CE, Grossman
HB, Wu X: Nucleotide excision repair gene polymorphisms
and recurrence after treatment for superficial bladder can-
cer. Clin Cancer Res 2005, 11(4):1408-1415.

Thomson PA, Christoforou A, Morris SW, Adie E, Pickard BS, Porte-
ous DJ, Muir W], Blackwood DH, Evans KL: Association of Neu-
regulin | with schizophrenia and bipolar disorder in a second
cohort from the Scottish population. Mol Psychiatry 2007,
12(1):94-104.

Hanninen K, Katila H, Anttila S, Rontu R, Maaskola J, Hurme M, Lehti-
maki T: Epidermal growth factor aélg polymorphism is asso-
ciated with the age of onset of schizophrenia in male
patients. | Psychiatr Res 2007, 41(1-2):8-14.

Smyth DJ, Cooper ]D, Bailey R, Field S, Burren O, Smink L), Guja C,
lonescu-Tirgoviste C, Widmer B, Dunger DB, Savage DA, Walker
NM, Clayton DG, Todd JA: A genome-wide association study of
nonsynonymous SNPs identifies a type | diabetes locus in
the interferon-induced helicase (IFIHI) region. Nat Genet
2006, 38(6):617-619.

Hirschhorn N, Daly M): Genome-wide association studies for
common diseases and complex traits. Nat Rev Genet 2005,
6(2):95-108.

Ueda H, Howson M, Esposito L, Heward J, Snook H, Chamberlain G,
Rainbow DB, Hunter KM, Smith AN, Di Genova G, Herr MH, Dahl-
man |, Payne F, Smyth D, Lowe C, Twells RC, Howlett S, Healy B,
Nutland S, Rance HE, Everett V, Smink LJ, Lam AC, Cordell Hj,
Walker NM, Bordin C, Hulme J, Motzo C, Cucca F, Hess JF, Metzker
ML, Rogers ], Gregory S, Allahabadia A, Nithiyananthan R, Tuomile-
hto-Wolf E, Tuomilehto J, Bingley P, Gillespie KM, Undlien DE, Ron-
ningen KS, Guja C, lonescu-Tirgoviste C, Savage DA, Maxwell AP,
Carson D), Patterson CC, Franklyn JA, Clayton DG, Peterson LB,
Wicker LS, Todd JA, Gough SC: Association of the T-cell regula-
tory gene CTLA4 with susceptibility to autoimmune disease.
Nature 2003, 423(6939):506-511.

Chowdari KV, Northup A, Pless L, Wood ], Joo YH, Mirnics K, Lewis
DA, Levitt PR, Bacanu SA, Nimgaonkar VL: DNA pooling: a com-
prehensive, multi-stage association analysis of ACSLé and
SIRTS5 polymorphisms in schizophrenia. Genes Brain Behav
2006.

Chen X, Wang X, Hossain S, O'Neill FA, Walsh D, Pless L, Chowdari
KV, Nimgaonkar VL, Schwab SG, Wildenauer DB, Sullivan PF, van den

45.

http://www.biomedcentral.com/1471-2105/8/348

Oord E, Kendler KS: Haplotypes spanning SPEC2, PDZ-GEF2
and ACSL6 genes are associated with schizophrenia. Hum
Mol Genet 2006, 15(22):3329-3342.

Chen X, Wang X, Hossain S, O'Neill F A, Walsh D, van den Oord E,
Fanous A, Kendler KS: Interleukin 3 and schizophrenia: the
impact of sex and family history. Mol Psychiatry 2006.

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 8 of 8

(page number not for citation purposes)



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14745448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14745448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14745448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15263907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15263907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15263907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16842972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16842972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16842972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16465622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16465622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16465622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15126335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15126335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15333465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15333465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15455371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15455371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15455371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15746040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15746040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15746040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16940976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16940976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16940976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16115648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16115648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16115648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16699517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16699517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16699517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15716906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15716906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12724780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12724780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17030554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17030554
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Description
	Conclusion

	Background
	Construction and content
	Utility and discussion
	Navigating PADB
	Searching for environmental risk factors
	Sorting association data by risk measures
	Expanding the scope of genetic association through pathway information
	Expanding the region of genetic association through HapMap information
	Comparison with PubMed database
	Comparison with other association databases

	Conclusion
	Availability and requirements
	Authors' contributions
	Acknowledgements
	References

