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The Central Mission

To synthesize the evolutionary portrait of 
human pregnancy to identify candidate 
genetic and environmental disruptors

 Encyclopedia

 Dynamic Portal for Data Retrieval &
Analysis

 Predictive Algorithms



Parturition is One of the Most Dramatically 
Evolved Human Traits

Australopithecus
3.2 mya
230 ml

Homo erectus
1.2 mya
315 ml

Homo sapiens
Present
350 ml







The Promise of an Evolutionary 
Approach…

Circumscribe study 
group (e.g., primate 

species)

Identify shared 
genes

Identify genes likely to 
have undergone 

adaptive evolution in 
humans

Test promising candidates 
for involvement in human 

birth timing

Plunkett et al. (2011) PLoS Genetics

Follicle-
stimulating 
hormone receptor 
(FSHR)



Change Is Everywhere!

Many Environments
 Stress

 Medical Care
 Geography
 Nutrition
 Microbiome

Many Genetic Changes
 SNPs
 Indels

 Gene gains / losses
 CNVs

 Domain gains / losses
 Methylation sites

Many Phenotypic Changes
 Gene Expression
 Protein Abundance
 Hormone Levels

 Placental morphology
 Physiology
 Immunity

Many Analytical Tools
 dN/dS ratio
 MK test
 HKA test
 Tajima’s D
 ω statistic



The 3 Key Challenges

 Synthesis
how do we integrate all this information?

 Accessibility
how do we make this synthesis available?

 Actionability
how do we make it useful?



The Aims of Theme 1

AIM 1. The Development of Artemis 

To construct an integrated evolutionary encyclopedia for the deposition, 
analysis and prediction of genetic factors underlying pre-term birth

AIM 2. The Development of a Dynamic Web Portal and 
Associated Computational Tools

To enable investigators worldwide to intelligently search the encyclopedia 
and identify high-quality candidate genes

AIM 3. The Identification and Classification of the Candidate 
Genes and Genetic Networks that Influence Pre-Term Birth

To perform cutting edge research on PTB using Artemis
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Genetic Functional
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Phenotype Environment

Aim 1. Create the Map

Analysis, research and prediction
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Community 
Annotation
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Tools
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Genes

GeneGoogle
Find genes with similar 

evolutionary and functional 
characteristics to a known 

parturition gene

Aim 3. Give Clear Direction

Similarity in 
Evolutionary 

Profile
100%

98%

90%

60%

59%

59%



GeneGoogle
Find genes with similar 

evolutionary and functional 
characteristics to a known 

parturition gene

RateMyGenes
Identify and rank de novo 

candidate genes using 
user specified evolutionary 

and functional criteria

Aim 3. Give Clear Direction



Infrastructure

Compute Cores Diskspace Memory
4,000+ 500+ TB 128 GB



ARTEMIS Runs on GMOD
GMOD (Generic Model Organism Database) Vast collection of open-source

software tools for creating and managing genome-scale biological databases



Sequence Organism
Expression Phylogeny

Genetic Computational Analysis
Phenotype Controlled Vocabulary
Publication Stock

 A relational database schema capable of representing the general
classes of data frequently encountered in modern biology such as
sequence, sequence comparisons, phenotypes, genotypes,
ontologies, publications, and phylogeny

 Designed to handle complex representations of biological
knowledge; considered to be one of the most sophisticated
relational schemas currently available in molecular biology





Back End Front End









Progress to Date

ARTEMIS database structure built; tailoring of
modules underway

Computational pipelines for uploading large-scale
datasets (e.g., genomes and annotations) in place;
more on the way

Uploading of genomic data and annotation has
begun

Computational pipelines for standard analyses
(e.g., BLAST) in place; many more on the way



Challenges

 All established databases are model
organism databases; ARTEMIS is an 
evolutionary database

 Conceptual design of ARTEMIS front end

 Integration of non-coding region data

 Integration of phenotypic data



Short Term Goals

 Upload mammal genomes and annotation into
ARTEMIS

 Construct orthologs and gene families

 Begin uploading functional annotation and
literature data

 Begin integration of non-coding region data

 Begin discussions on phenotypic data

 Complete conceptual design of ARTEMIS front
end 




