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Addressing the challenge of diversity
In models for complex disease

® Genetic polymorphisms can cause multiple diseases
(pleiotropy).

® Named diseases may be caused by diverse mechanisms
(heterogeneity).

® Nosology defined by external manifestations of disease may
poorly align with the underlying biology.

® Face validity of animal models does not always indicate
underlying biological construct validity

® Any effort to align model organisms to disease must
simultaneously consider both the disease and model biology.
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Data-driven classification of traits and
models based on underlying biology

SO

Abnormal behavior Psychoanalytic concepts Formal diagnostic categories

Biological characterization of disorders Refinement of diagnostic categories
through biological investigation

Logan and Chesler, Int Rev Neurobiology, 2012



Modeling behavior in the laboratory
mouse

“A mouse staring pensively
into a flask reflecting on the
\ direction his life has taken.”
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Toward alignment of disease and model
through objective phenotypes

“So, how does that make you
# ,.':;; P4 feel?”

Rodent assays based on Face
Validity and Pharmacological
Validity

ARRIVE guidelines document
experimental conditions to
ensure reproducibility

In psychiatry, objective Research
Diagnostic Criteria (Rdocs)
are being developed
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Phenotype Ontologies

® Balance competing priorities

avoid anthropomorphism
allow cross species alignment
retain objectivity

retain behavioral meaning

® Enable harmonization

mammalian phenotype
Bbehavior/neurological phenotype
B abnormal behavior

B 3bnormal behavioral response to light

B abrormal behavioral response to xenobiotic +

B abnormal circadian rhythm +

M abnormal consumption behavior +

B abnormal emotion/affect behavior [MP:0002572]
B abnormal agaression-related behavior +
B abnormal depression-related behavior +
H abnormal fear/anxiety-related behavior +
B abnormal innate avoidance response +
B abnormal response to novelty +

Smith CL, Eppig JT. Mamm Genome. 2012

Assays . .

Park CA, et al. J Biomed Semantics. 2013
Contexts Gkoutos GV Int Rev Neurobiol. 2012
Interpretations Midford PE. Bioinformatics. 2004

® Several approaches and resources

Mammalian Phenotype, Vertebrate Trait Ontology, Neuro
Behavioral Ontology, Animal Behavior Ontology

vX
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Many mouse genetic strategies
assoclate genes to traits and

phenotype terms
® Mutant characterization, e.g.

IMPC screen of knockout
mice (mousephenotypes.org;
MGI Phenotypic Alleles)

® Genetic loci containing
variants that influence
phenotype (QTLs from MGI)

® Differential Expression (GEO,
Biological characterization of disorders publica’[ion gene Iists)
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Systems genetic analysis holistically
connects traits to sets of genes and

variants
Natural
perturbations Gene-Environment Gene-trait
Interactions associations

Gene 1

Biological Trait-trait
Processes Associations

Environment

Chesler EJ and Langston, MA RECOMB Systems Biology and Regulatory Genomics 2005: 150-165




Systems Genetics and the ‘dark
web’. gene-trait associations are

avallable via web services
ﬁ\; Phenome Database search: [

at The Jackson Laboratory

Welcomé data previewer JaxKOMPphenol home Logout

About MPD

Approaches

C57BL/18.J
RILIS/J
SaLFd

= @ - @ A

what's new il lH‘ I, |l|

- - ,/\IJLf/\'\»
Investigators

oo tistives R — Genotype Expresaion QTL Archive Chesler EJ, et al Nat Neurosci. 2004
Wang J, et al Neuroinformatics. 2003 .

560 B co7eLre)

Contributing data

@ - 6 AkRrJ
= (@ = 0 HRL/HpS

Publications

Pheno tools demo = =
Tutorial videos GeneNetwork T webQTL
Your collection q Q T I— University of Tennessee: www.genenetwork.org ] [

- i — i

Download data -
g i | Home | Search | Help | MNews | References | Policies | Links | Welcome! Login
Also at JAX . "
Suggestion box T Select and Search Websites Affiliated with GeneNetwork
Help desk Strains Genes *® UTHSC Genome Browser Classic and Newest
Species: ® UTHSC Galaxy Service
. . ® UTHSC Bayesian Network Web Server
Grubb SC, et al Nucleic Acids Res. 2014 Group: | BXD jm ® GeneNetwork Classic on Amazon Cloud
® GeneNetwork Classic Code on GitHub
® GeneMNetwork 2.0 Development Code on GitHub
T 2 Phenatypes -
L ‘ i J * GeneNetwork 2.0 Development

Data Set: ‘ BXD Published Phenotypes Ll m

Databases marked with ** suffix are not public yet.
Access requires user login.

Getting Started

-

Select Species (or select All)
. Select Group (3 specific sample)
Enter terms, genes, ID numbers in the Get Any field. . Select Type of data:
Use * or ? wildcards (Cyp*a?, synap™®). © Phenotype (traits)
Use Combined for terms such as tyrosine kinase. 0 Genotype (markers)
O Expression (mRNAs)
‘ Select a Database
. Enter search terms in the Get Any or Combined field:

m Make Default Advanced Search words, genes, ID numbers, probes, advanced search
commands
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Get Any:
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ldentifying extremes from advanced
mouse populations as disease
models

&

>
“\\ca‘é‘{}@\’\'} x?'/‘b "‘B%\@’
c,‘ﬂ ‘la \Q & F g Promising for qualitative traits

Inbred
Lines Very challenging for complex traits

Extremes are defined statistically
Collaborative T Based on study population

Cross ll I'

N =2 —..5-/"": ==
f".;;'-"-?..‘-?-—“"" s _"'f"' e "-"ﬁ“/

Host genetic diversity enables Ebola

Diversity l _ :
Outbred I I ll hemorr!nagm fever pathogenesis
and resistance

Angela L. Rasmussen,*" Atsushi Okumura,** Martin T. Ferris,? Richard Green,"
Friederike Feldmann,”* Sara M, Kelly,' Dana P. Scott,” David Safronetz,* Flaine Haddock,*
Rachel LaCasse,® Matthew J. Thomas," Pavel Sova,! Victoria S. Carter,” Jeffrey M. Weiss,"
Darla R. Miller,” Ginger D. Shaw,” Marcus J. Korth," Mark T. Heise,™* Ralph S. Baric,”
Fernando Pardo-Manuel de Villena,” Heinz Feldmann,* Michael G. Katze™*+
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These data resources enable an alternative
data-driven classification of traits and
models based on underlying biology

; Refinement of diagnostic categories
through biological investigation

Logan and Chesler, Int Rev Neurobiology, 2012;

Baker EJ, Jay JJ, Philip VM, Zhang Y, Li Z, Kirova

R, Langston MA, Chesler EJ. Ontological 11
Discovery Environment: a system for integrating

gene-phenotype associations. Genomics. 2009



Cross-species and cross-population
Integration in GeneWeaver

. n‘ Gene  Function

: Tier I: Research Resource Data ; \

: NIF, CDT, GEO, GO, MP : S

' ] | USET  felli

+  GeneWeaver ' Query Phenome Map
i Professional Tier II: Machine- :

+  Curation Generated Data :

: [Tier 1ll: Human-Curated Datajm— Bipartite Data itructure ﬁ

L * L View Genesets
| Tier IV: Public, Provisional ‘ /!\ LA 44
i () .@ @ ssis
Gene

: Jaccard
Tier V: Private Data )—> Weaver Hierarchical Statistical Set !
Maximal Biclique Overlap ' sel
. : s
— L g:“ . '
User Deposited Gene Seis \ '
IR ! -t @ N Hy pergeometr
" i st st o E" = i i : S
Sl e o L [}
e AR v . '

. -1 ' :
\MicroArray GWAS aTL Graph Clustering | éﬁ
_ . Algorithms ' S

Community Resource Association Identifier e emmmeeemsamemeeeem—naa- ’ AL
Metadata: Entrez, Ensembl, Homol , : . .
| oeo, RNA seq. among others. oo Mapping Discretized Data Structure Analysis Tools

Baker EJ, Jay JJ, Bubier JA, Langston MA, Chesler EJ. Nucleic Acids Res. 2012

\a THE JACKSON LABORATORY




Research questions for integrative
functional genomics

® \Which assays and conditions provide annotations that most
resemble disease features and patient biomarkers?

® |n diverse assays of the same underlying disease construct,
what genes and gene products are consistently observed?

® \Which animal models map onto the human disease based
on genomic associations?
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Statistical and graph theoretical
methods for integrative functional
genomics in GeneWeaver

1. Refine 2. Find Highly 3. Find High Degree 4. Find Similar Gene
Overlapping QTL Connected Genes Genes Sets
Gene Gene Set (O Gene Set of Interest Gene Gene Set (O Gene Set of Interest

N (ofy
S

cTD ::
DiffExM.m O ~
DIffExH.s. ) \-
"""" Overlaping MP Annot (Y Similar
H@) Gene Sets Gene Set
""'\Similar Genes
5. Search By Gene 6. Enumerate 7. Hierarchical 8. Pairwise Gene Set
Gene Gene Set Intersections Gene Set Intersection
Expression Slmllarlty ) @ %%
GO Annot.
MeSH genes %© %(Q)
MP Annot. @ %@ @
HP Annot.

>® @®

Bubier et al, Mammalian Genome, 2015
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ldentification of a new mouse model for

alcohol preference

GeneWeaver. Org Welcome Guest! To ensure future access

A system for the integration of functional genomics experments. to your data, please Register — or Login

Y Home Search ¥ Manage GeneSets ¥  Analyze GeneSets v About Help

GeneSets Similar to 65128735 Help | Feedback
Gene Set #128735 - Alcoholism MeSH associations in PubMed

Description: Genes associated to MeSH term 'Alcoholism’ or @ descendant in PubMed's curated
annotations. METHOD: NCBI's gene2pubmed and e-utilities were used to associate MeSH
PubMed annotations to Entrz Gene IDs. To control for outlier associations, curated
annotations must have at least 2 occurances to be retained. Retained annotations were then
pushed to ancestor terms to ensure a complete tree. All data fetched 28 Feb 2012,

« Back to GeneSet details
Similar GeneSets: Gene

"I select All  Add Selected to Project . v | Expand Al Similarity
(Jaccard)

O & [ | Human (5216653: Protein Biomarkers of Alcohol Dt

Abuse
O o R [ iouse GS137124: 142 enriched CELF4 Do
O e et uman | [ [+ Gones 65192997: GO:0004024 alcohol DR

dehydrogenase activity, zinc-dependent
O & [t (5216533: Learning related neural genes in dentate LHxL
affected by age in Rat

01 e R | wouse | 1 Genes] 5216508 1A Ethiancl paatrEs

O & [t [0 Genes| G5216438: Expression Dynammics in the Amygdala e
Central Nucleus During Alcohol Withdrawal

O & [t [28 Genes| GS216537: Differential Expression in the Amygdala of el

NIH-HS "low-anxious” relative to NIH-HS “high-amxious” rat.

3% Freference (%)

GS128735 GS137124
116 Genes 142 Genes
?siﬂocéa;_t'ed Enriched in
ac|)cor?0|i5m Celf4 -/- mice

3% Preference (%) vs. Genotype

0

80

707

60

50

407

301

201

P<0.05

P<0.05

n.s.

10

\lox Bubier et al, Mammalian Genome, 2015

Celf4 deleted Celf4 het wildtype
Genotype
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ldentifying promising new models by
characterizing the ‘ignorome’

GeneWeaver.org Welcome Guest! To en:

A gysiem for the integration of functional genomics expeniments. 1o your data, please Ri
Home Search W Manage GeneSets ¥ Analyze GeneSets ¥ About Help

Search for GeneSets '

Genersl | Tiers | Species | 2900011008RI
Search In: o GeneSets o Genes o Abstracts o Ontologies + s _
i 2= |
INCluge previssons (1]

Sort: Relavar
Include [Ty .3  Select All Results 1 - 50 of 64 genesets
Group: | Anyi77) #

W [ Twell | Meouss || oews | GS33885. Whole Brain Gene expression comelates of Distance traveled (om) during the first five minutes after ethanol in Males BXD
Geneset Size; 23 to 29709 4 [TWinrlil| Mouss | [an Genes| GS34289: Whole Brain Gene expression cormelates of Activity in 30 second interval post 3rd tone shock pairing in Females BXD
Tiers % [Tinrll| Mouss |23 censs| G535389: Whole Brain Gene expression comelates of Time below threshold in Females & Males BXD
jilﬂo"l'nrll: #_mn_ Mouss |01 Gene GS36362; Whole Brain Gene expression comelates of Open Feld - Total rears (-5 minutes in Females & Males 8XD
J I: Resources (=2)
8 1: Pro-Curaind () & (9 Gama] GS36477: Wheie Brain Gene correlates of Morphi of ptosis in Males BXD
I C o el Mouse | 319 Ganes : EXPIESSION tes of Morphine - Severity of posis in
IV: Provisional (0}
V' Private (0} 4 [Tierll| Wouss | (437 Genes  G584292: nicotine sensitivity (Published QTL, Chr 16)
Species %= [Maril| Mouss | |85 Games | GSE4203; METH respanses for home cage activity (Published QTL, Chr 15)

Bubier et al, Mammalian Genome, 2015
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2900011008RIik mutation Is available
from KOMP repository — A model exists

International Mouse Strain Resource (IMSR)

& login  <#Register

S ABOUTIMPC  NEWS&EVENTS  CONTACT  MYIMPC

% IMPC

Home » Search

You searched for:

Query: 2900011008Rik
75 strains(s) match your unfiltered search.

I Q "2900011008Rik"

View example search

Found 1 gene

v Genes : Show 10 j entries & Download
CETBL/GN- ~ IMPC Phenotyping Status
. ) - -
2900011008R{KkEIST121256 1) Tigm & r Gene roduction Sta Phenotype Status
- 2900011008Rik e ) Interest
name: RIKEN cDNA 2900011008 gene
» IMPC Mouse Production Status human orthelog: C16orf45
synonym: MINP
» IMPC Mouse Production Center
» IMPC Mouse Phenotype Center Showing 1to 1 of 1 entries
«— First Last —

» Subtype
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Aggregate analysis of many studies of
alcohol preference

——————_ [JNotalcohol annotated
| I:]Alcohol annotated

connegtivity

The most frequently represented genomic results in alcohol preference studies are
not currently associated with alcoholism.

Bubier JA, Chesler EJ. Neurotherapeutics. 2012 Apr;9(2):338-48.
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Finding models for related facets of
alcohol use disorder.

Bubier et al, Genetics 2014 [~ i ‘ r.
- - y I v T - ey f"g—.
-
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Convergent evidence across populations and traits
enables causal SNP identification and design of
precision mouse models
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Bubier et al, Genetics 2014
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Construction of a latent ontology from
empirical genomic evidence
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o

AN -
. .
N o .
. L] -
v ' o o
\ . :
. . .
\ ’0.
.I Tapns?®
1 IS a IS a
\
’ "t Pu,
\‘ o 0“
\ .. -
.\ \' M L]
'S N, N . >
. ~ A L] .
~ | »
'S, \,\. S . & _ R |
~ ~

Baker EJ, Jay JJ, Philip VM, Zhang Y, Li Z, Kirova
R, Langston MA, Chesler EJ. Ontological Discovery
Environment: a system for integrating gene-
phenotype associations. Genomics. 2009
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Data driven classification of psychiatric
Disorders Using MeSH to Gene Annotations

Precision models

Refinement of diagnostic categories

vX

GS128772 Autistic disorder

5128327: Depressive disorderfalcohol use comarbidity

G5128721: Mood disorders

GS5128731: Anviety disorders

(G5128747: Schizophrania and disorders with psycholic features
(GRIN2ZA, HTR1B)

GS128772; Autistic disorder

GS5128721: Mood disorders

3 GS5128731: Anxiety disorders

GS128747. Schizophrenia and disorders with psychotic features
(20 Genes)

GS128772: Autistic disorder
(35128327, Depressive disorder/alcohol use comorbidity

— (G5128721; Mood disorders
5128747 Schizophrenia and disorders with psychotic features
(ABCB1, GRIN2A, HTR1B, OXTR)
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Summary

® Linking animal models to human disease through
phenotypes often exploits face validity.

® ‘Construct validity’ is the desired characteristic.

® Underlying construct similarity can be obtained through
genome wide comparison of assays and models.

® A wealth of data sources from mouse and other
organisms exist.

® Cross-species integrative functional genomics enables
global comparison of animal models, assays and
diseases based on underlying biology.
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The quest for consilience

“...the evidence in favour of our induction
Is of a much higher and more forcible
character when it enables us to explain
and determine cases of a kind different
from those which were contemplated in
the formation of our hypothesis...

No accident could give rise to such

B

i extraordinary coincidence.”

-W. Whewell, 1847
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Representing the data for integration

Relationships are discrete. The corresponding adjacency matrix, M,
may be weighted or unweighted.

Gene lists are represented as a bi-partite graph, B=<T,G,E>,

T G

Genes (list members) connected to phenotypes (set names) by
edges. A set of genes is defined by a term, and denotes those genes
adjacent to the term. That is, for t in T, St denotes the set of t's
neighbors in G.

A set of sets of genes is denoted by S’. A set of sets of sets of genes
is defined similarly, and denoted as S”.

Most existing GeneWeaver functions operate on B.

.
( sodz )

Vi e
| Kend2 )

Brainlnjury DiffExprHPC

Acute EtOH B6 vs, D2

Baker EJ, Jay JJ, Philip VM, Zhang Y, Li Z, Kirova R, Langston MA, Chesler EJ. Ontological
Discovery Environment: a system for integrating gene-phenotype associations. Genomics. 2009

\/.X Dec;94(6):377-87.
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