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HUMAN-MOUSE ENHANCER CONSERVATION NONCODING VARIANT PRIORITIZATION

Background: The enrichment of late-onset Alzheimer’s disease
(LOAD) GWAS variants in noncoding regions of the genome
reveals new potential for modeling disease risk. Translating
noncoding variants into novel mouse models can elucidate
phenotypic effects of those variants through specific
perturbations of gene enhancers associated with LOAD risk.

•

Conclusion: Our findings expand the list of LOAD candidate
genes likely to be impacted by noncoding variants and provide a
novel set of mouse models to study their effects in vivo.

Novel framework for fine-mapping functional noncoding
variants in disease associated enhancers
Genome-wide significant risk variants in conserved enhancers at sites
under evolutionary constraint

TRANSLATING DISEASE RISK VARIANTS
INTO NOVEL MOUSE MODELS
• (A) Overview of the ADAMTS4 locus harboring the top ranked
LOAD enhancer. The conserved microglia enhancer is linked to
decreased expression of two LOAD candidate genes (NDUFS2,
FCER1G) downstream of ADAMTS4.
• (B) Mouse model strategy: Disrupting enhancer function in
the mouse by deleting a 2kb region containing the conserved
regulatory element including a Spi1 binding site

Deep learning framework to determine
functional important variants within GWAs loci
(DeepSEA, Expecto)

Method: We developed a multi-tier approach to translate
noncoding GWAS risk variants into novel mouse models of
LOAD. First, we used publicly available GWAS summary
statistics and eQTL data from the AMP-AD consortium
(ROS/MAP, Mayo Clinic) across two brain regions (DLPFC,
TCX) to prioritize LOAD risk variants. Then, a deep learning
approach (DeepSEA) was implemented to identify regulatory
variants in conserved enhancers that are likely to disrupt
expression of nearby candidate genes in both human and
mouse. Further, ATAC-seq data from human and mouse was
integrated to predict cell-type specific effects of the prioritized
regulatory elements. Finally, the top-predicted diseaseassociated variants were used to develop novel mouse models
as part of the MODEL-AD initiative.
Results: Our integrative approach for prioritizing diseaseassociated variants revealed a set of conserved risk variants
that mediate the expression of nearby LOAD candidate genes in
a cell type-specific manner. These included several well-known
LOAD risk loci (BIN1, PT2KB, SCIMP, CD2AP). In addition, we
identified a genome-wide significant risk variant (rs4575098, p=
2.05x10(-11), Jansen et al. 2019), which decreased expression
of the novel candidate FCER1G in the brain of LOAD patients
(ROS/MAP eQTL p= 1.81x10(-05), beta = -0.27). This highly
conserved variant resides in a microglia specific enhancer and
overlaps with a binding site of the transcriptional regulator PU.1
(SPI1). We created a 2kb enhancer deletion mouse model for
the FCER1G associated variant and knock-in models for
variants linked to increased expression in three well-known
GWAS loci (BIN1, SCIMP, PT2KB)

BIONET WORKS

Integrating data from multiple eQTL studies
- Post-mortem brain tissue from ROS/MAP & Mayo cohorts
- 44 tissues from GTEx

Ranked list of candidate variants

• Four noncoding variants in conserved tier1 enhancers at
prominent GWAS loci were prioritized for LOAD mouse models
• (A) Novel tier system was developed to define subsets of
disease associated enhancers across species based on their
level of sequence and functional conservation

• All variants have an eQTL association in the brain and
are predicted to disrupt regulatory motifs
BIN1

• (A) ChIA-PET data and chromatin signatures were used to
identify 15,397 (Tier1) enhancers that are linked to the same
candidate genes in both human and mouse

PT2KB/CLU
SCIMP

ADAMTS4

• (B) 36% of disease associated enhancers harboring a genomewide significant variants (p < 5 × 10−8) are conserved across
species and 16% fall in highly conserved Tier 1 enhancers
• (B) Varying degree of enhancer conservation across LOAD
GWAS loci:
• Multiple regulatory elements linked to immune related loci are
poorly conserved (MS4A6A, APOE) or absent (CR1, INPP5D)
in the mouse

AD meta-analysis with over 30k cases
Jansen et al. 2018 Nat. Gen
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rs4575098 ADAMTS4 2.05E-11

Brain, Blood, Adipose

Down

3.58

rs10194375

BIN1

9.49E-18

Brain, Blood, Spleen,
Lung

Up

3.51

rs61481506
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2.49E-09

Brain, Blood, Adipose

Down

3.38
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PTK2B
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Brain, Blood

Up
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For further information, please see
• MODEL AD: www.modelad.org
• Jax AD models: https://www.jax.org/alzheimers
• AlzForum research models: http://www.alzforum.org/research-models
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