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Chromatin enhancer maps in early differentiating T helper cells reveal
regulatory SNPs associated with autoimmune diseases. D. Hawkins1,
A. Larjo2, S. Tripathi3, U. Wagner4, Y. Luu4, S. Raghav3, L. Lee4, S.
Raghav3, R. Lund3, B. Ren4, H. Lahdesmaki2, R. Lahesmaa3. 1) Medicine
and Genome Sciences, University of Washington, Seattle, WA; 2) Depart-
ment of Information and Computer Science, Aalto University, Aalto, FI; 3)
Turku Centre for Biotechnology, Turku, FI; 4) Ludwig Institute for Cancer
Research, Department of Molecular and Cellular Biology, UCSD, San
Diego, CA.

Naïve CD4+ T cells can differentiate into specific helper and regulatory T
cell lineages in order to combat infection and disease. The correct response
to cytokines and a controlled balance of these populations is critical for the
immune system and the avoidance of autoimmune disorders. To investigate
how early cell fate commitment is regulated, we generated the first human
genome-wide maps of histone modifications that reveal enhancer elements
after 72 hrs of in vitro polarization toward T helper-1 (Th1) and T helper-2
(Th2) cell lineages. Our analysis indicated that at this very early time point,
cell-specific gene regulation and enhancers are at work directing lineage
commitment, and likely opposed a role in cell maintenance as in fully differen-
tiated cells. We determined a unique set of enhancer elements relative to
recent ENCODE data in fully differentiated cells. Nucleosome-free regions
were determined within enhancer chromatin structures. Examination of
enhancers at nucleosome resolution identified transcription factor binding
site (TFBS) motifs for expressed TFs with known and unknown T cell roles
as putative drivers of lineage-specific gene expression.

An integrative analysis of immunopathogenic associated single nucleotide
polymorphisms (SNPs) suggests a role for distal regulatory elements in
disease etiology. We found SNPs overlapping enhancers associated with
asthma, Crohn’s disease, multiple sclerosis (MS), psoriasis, rheumatoid
arthritis (RA), type 1 diabetes (T1D) and ulcerative colitis. Guided by the motif
analysis, we used DNA Affinity Precipitation Assays (DAPA) to determine if
autoimmune disease-associated SNPs overlapping TFBS motifs could dis-
rupt TF binding. We successfully found that individual SNPs associated with
rheumatoid arthritis, type 1 diabetes and ulcerative colitis are enough to
disrupt TF binding at enhancer sequences.

Lastly, we are using computational approaches to predict target genes of
enhancers that overlap autoimmune disease-associated SNPs. We are also
mapping histone modifications to find novel or alternative promoters that
may also overlap associated SNPs. Collectively, our approach sheds new
light on the functionality of non-genic disease-associated SNPs and begins
to provide novel insight on the etiology autoimmune diseases.
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Analysis of allele specific expression in mouse liver by RNA-Seq:
marked differences compared to cis-eQTL identified using genetic link-
age. P.-F. Roux1, 2, 3, S. Lagarrigue1, 2, 3, L. Martin4, F. Hormozdiari5, 6, A.
van Nas6, O. Demeure1, 2, 3, A. Ghazalpour6, E. Eskin5, 6, A.J. Lusis4, 6,
7. 1) INRA, UMR1348 Pegase, Rennes, France; 2) Agrocampus Ouest,
UMR1348 Pegase, Rennes, France; 3) Université Européenne de Bretagne,
France; 4) Department of Medicine/Division of Cardiology, University of
California, Los Angeles, United States of America; 5) Department of Com-
puter Sciences, University of California, Los Angeles, United States of Amer-
ica; 6) Department of Human Genetics, University of California, Los Angeles,
United States of America; 7) Department of Microbiology, Immunology and
Molecular Genetics, University of California, Los Angeles, United States
of America.

We report an analysis of allele specific expression [ASE] and parent-of-
origin expression in adult mouse liver using next generation sequencing
(RNA-Seq) of reciprocal crosses of heterozygous F1 mice from the parental
strains C57BL/6J and DBA/2J. The genes exhibiting ASE differed markedly
from the putative cis-acting expression quantitative trait loci (cis-eQTL) iden-
tified in an intercross between the same strains. While about 60% of the
ASE, mapped by RNA-Seq, were found in the eQTL gene set, only a small
fraction of the eQTL, mapped by linkage analysis, were found in the ASE
gene set. We discuss the various biological and technical factors that contrib-
ute to these differences, in particular strengths of the two approaches in
making a distinction between local and cis eQTL.

We also identify genes exhibiting parental imprinting and complex expres-
sion patterns. Our study demonstrates the importance of biological repli-
cates, which is not currently the norm, to limit the number of false positives
with such RNA-Seq data.
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A large-scale transcriptome study in the Sardinian population. M.
Pala1,2,6, M. Marongiu2, Z. Zappala1, A. Mulas2, R. Cusano2, F. Crobu2, F.
Reinier3, R. Berutti3,6, M.G. Piras2, C. Jones3, D. Schlessinger5, G. Abe-
casis4, A. Angius2, S. Sanna2, F. Cucca2,6,7, S. Montgomery1,7. 1) Pathology
and Genetics Dept, Stanford University, Stanford, CA; 2) Istituto di Ricerca
Genetica e Biomedica (IRGB), CNR, Monserrato, 09042, Italy; 3) CRS4,
Advanced Genomic Computing Technology, Pula, Italy; 4) Center for Statisti-
cal Genetics, University of Michigan, Ann Arbor, MI; 5) Laboratory of
Genetics, National Institute on Aging, Baltimore, Maryland, USA; 6) Diparti-
mento di Scienze Biomediche, Università di Sassari, Sassari, Italy; 7) co-
senior authors.

The interpretation of genome-wide association studies (GWAS) is very
challenging since most candidate loci fall in non-coding regions and are
difficult to interpret. Given the important role of regulatory variation in pheno-
typic complexity, expression quantitative trait loci (eQTLs) have been pro-
posed as an informative intermediate phenotype between genetic variation
and human disease. To study the role of transcriptional mechanisms on
regulating eQTL targets, we sequenced the polyA RNA fraction of peripheral
blood mononuclear cells (PBMCs) isolated from 624 related individuals (259
families). These individuals had been subject to whole genome sequencing
and characterized for more than 800 quantitative traits (including > 250
immune cell traits) by the SardiNIA project. To assess the impact of eQTLs
on lincRNAs, we also sequenced the RNA of a subset of 80 individuals after
ribosomal RNA depletion. Our preliminary results show that the expression
levels of 10,389 genes are associated with a genetic variant (top SNP with
p-value ≤10−8 uncorrected), 40 of which are present in the GWAS catalog.
We also assessed splicing events and identified 27,904 donor splice sites
that are associated with a genetic variant (top SNP with p-value ≤ 10−8

uncorrected), of which only 4 are present in the GWAS catalog. Using a
subset of 68 individuals, we identified 9,427 heterozygous sites which show
allele-specific expression (p-value ≤ 0.05) 39 of which show high allelic
imbalance (a mean of 0.80 for the most expressed allele) and low variability
between individuals. These sites are enriched for missense variants and
located near genes implicated in disease. In addition, we developed a statisti-
cal method to identify genes that are specifically and significantly over or
under expressed within single families compared to the majority of the
population. We identified 39 genes that have family specific expression (p-
value ≤ 0.01; FDR 0.462). Interestingly, these genes are also enriched for
rare variants within 70kb upstream of their transcriptional start site, and we
hypothesize that they may have a role in rare diseases. We are now extend-
ing these analyses to the entire cohort and will present these analyses. Our
goal is to identify associations between genotype and gene expression in
order to enhance our overall understanding of gene regulation and correlate
these molecular events with clinical data in order to characterize their role
in phenotypic complexity and disease.




