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Bioinformatics Overview
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DATA SOURCES

ADSP
ADNI
IGAP & GWAS

ENCODE/RoadMap

AMP-AD
Allen Brain Atlas

MouseExomizer
HMDC
ATAC-seq
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CORE ACTIVITY

NEW RESOURCE

Variant identification

—

Coding and
noncoding
candidates

Variant prioritization

—

Ranked list of
top variants

Human-to-mouse
variant translation

—

New genetic
models

Mouse-to-human
phenotype mapping

—

Validated AD
mouse models

Data distribution
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Variant Prioritization

Systematic assessment of LOAD loci Lipid homeostasis/vascular

MTHFDL1, ToMm40, \Mitochondria

SPG7

Significance in multiple studies

APOE, APOC1,
MTHFR

Predicted effect on function

* Human-mouse sequence conservation

Differential expression in AD

CR1, CD33,
TREMZ2, MYO1C,
PSMA1, HMHAL,
ILIRAP, TYROBP,
STAT3, CSFIR,
SPI1, STATA4,
PLCG2

Noncoding variant effects
» Ali Mortazavi, UCI BDMC

CD2AP, INPP5D, MS4A4E, MS4A4A,
PVRL2, ANK1, ASGR2, CDH23,
GUCY2D, ITM2C, UNX1, MYO10,
PCNT, PODXL, PSTPIP1,
SLC15A4, SLC16A3,
CEACAM1, SNX1

HLA-DRB5

BIN1, SCL24A4,
KCNN4, BCHE,
SLC6A17, HTR4
CLASP2

Immune

KIF21B, ERC2, Membrane/ECM

PICALM
Synaptic Signaling
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Variant Summary Metrics

significant SNP/gene . differential .
Gene association replication St L L L expression in AD AD biology
EXO5 % %, ® %, U ?
CLASP2 &) @ @ @ L Cimmling
MS4AGE &) &) ® ® ? ?
SORL1 « @ 9 Y, U bl
PLCG2 &) ® @ @ 1 ?
MAPT @ @ ® ® ® -Ir;?;':hology
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SHC2 % ©® %, ® ® ?

MODEL-AD
MODEL ORGANISM DEVELOPMENT AND EVALUATION
FOR LATE-ONSET ALZHEIMER’S DISEASE

y

INDIANA UNIVERSITY

The Jackson
Laboratory

%@O

7 Sage

UCI

University of
California, Irvine



Cross-Species Phenotype Alignment

- O
clinical study @ (@
cohorts @

‘9 mouse
%% models
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Human Genomics of AD via AMP-AD

Study N Brain Regions

ROS/MAP 700 dorsolateral prefrontal cortex

frontal pole
superiortemporal gyrus
parahippocampal gyrus
inferiorfrontal gyrus

Mt Sinai Brain Bank 300

cerebellum

Mayo Clinic 270
temporal cortex

AMP-AD Knowledge Portal
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AMP-AD Gene Modules

Jacard
1
Neuronal Modules
Seroternergic synapse o8
Glutamatergic synapse

Gbeown 06

Neuronal System a0
PHGbrown 04

Microglia Modules
Osteoclast differentiation (TREM2,TYROBP)

Staphylococcus aureus infection

Complement and coagulation cascades
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Mouse Model Transcriptomes
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Mouse Gene Modules via WGCNA

ivory module, p:9.66x10~°
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Mouse Gene Modules via WGCNA

neuroimmune

neurometabolism

immune|

cell death

lipid metabolism

Antigen processing and presentation
Staphylococcus aureus infection
Osteoclast differentiation
Phagosome

Allograft rejection

Endocytosis

Oxidative phosphorylation
Parkinson's disease

Fc gamma R-mediated phagocytosis
Bacterial invasion of epithelial cells
Spliceosome

Carbon metabolism

Citrate cycle (TCA cycle)
Biosynthesis of amino acids

RNA transport

Nicotine addiction

African trypanosomiasis

Malaria

Pyrimidine metabolism

Purine metabolism

MAPK signaling pathway

Apoptosis

FoxO signaling pathway

Ribosome biogenesis in eukaryotes
Steroid biosynthesis

Terpenoid backbone biosynthesis

Synthesis and degradation of ketone bodies

Fatty acid metabolism
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Human-Mouse Transcriptome Alignments

*  Human module
¢ Mouse module

Human-Human overlap
—— Human-Mouse overlap
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nanoString Neuropath Analysis

5XFAD, APOE4, and APOE4.TREM2R47H

Six months of age, whole brain

Three female replicates
Compared to 30 AMP-AD modules

inflammation, complement

microglia
Trem2 R47H
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glycolysis, gluconeogenesis
negative regulation of neuron apoptosis

® HUMAN MODULE
@® MOUSE GENE SET

HUMAN-HUMAN OVERLAP
HUMAN-MOUSE OVERLAP
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PHGbrown
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Integrating AMP-AD WGS Data

Imported 1800+ whole genomes from AMP-AD

Knowledge Portal
* QC checks for quality scores, sample duplication, etc

* LD pruning, MAF filtering

e PCA for population structure

PC2

* Comparison to 1000 Genomes to validate populations

0.00 -

MODEL-AD l[J X e ko
MODEL ORGANISM DEVELOPMENT AND EVALUATION La bora tor}f

FOR LATE-ONSET ALZHEIMER’S DISEASE
INDIANA UNIVERSITY

[ ]
i Cohort
® Mayo

o

:r * MSBB

O @ ® ROSMAP
°® o°®
ey’
[} '.. [ ]
° @ X
L ° °
° L]
[ ]
.. (]
. o @

-0.10 -0.05 0.00

M= . .
iy i University of
\5 asage UCI California, Irvine



Human-Mouse Neuroimmune Similarity

lvory mouse module

« Upregulated in ApoE”-, ApoE4,
APP/PS1 mice

e Overlap with human immune
modules from AMP-AD (p = 10-%°)

* Contains TYROBP,. TREM2, C1QA,
CSF1R

AMP-AD

Human Variants Human Module

SNPs in TREM_2, If‘> mRNA of TYROBP,

CSF1R, etc. TREM_Z2, etc.
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Data Dissemination

Data sharing online

* Mouse genetic information: Y T R e 0, oo oo
variant(s), strain background

® M ouse p h en oty pe d ata : Synapse ID: syn2580853 pol: doi:10.7303/syn2580853 Storage Location: Synapse Storage @
R NA_Seq’ i ma g| ng’ etc . AI z P E D Transparent. Reproducible. Translatable.

7 ALZHEIMER'S DISEASE

e Preclinical data: standards, PRE 2

protocols, results JX gedcer 3 =

. ALZHEIMER'S MOUSE MODEL RESOURCE .
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on AlzPED
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UCI BDMC Activities

1. Support variant identification and prioritization

— Focus on non-coding variants
— Coordinate with 1U/Jax/SAGE

2. Reanalyze publicly available data to support
variant prioritization in mouse

3. Analyze UCI RNA-seq data produced by center

4. Submit RNA-seq results to Synapse

Focus pn #2 and #3 today
@)DMGQNBLEEE;&JQI \/.X AT ABENSR fS age UCI gg;l\;giillgf IC;f/ine

Laboratory



Using publicly available chromatin marks in mouse to

guide element selection

H3K27ac_7d

PU1_exvivo

Placental Cons

MODEL-AD

MODEL ORGANISM DEVELOPMENT AND EVALUATION
FOR LATE-ONSET ALZHEIMER’S DISEASE

Scale
chr2:

H3K4me2_exvivo

H3K27ac_exvivo

Other RefSeq

Spliced ESTs

Human
Dog
Horse

| Common SNPs(142)

RepeatMasker Viz. | | IIII LE (00 Tmmnen m W

20 Kb} | mm10
| 91,090,000 91,100,000| 91,110,000 91,120,000 91,130,000
H3K4me2_exvivo

Aw-u‘h‘ PV PSS bl &

H3K27ac_7d
ii 11T Hsukz.;21-:;<4:=:i-.“|i‘;v:-_ T
AMML, ERERNENNAENENN
PU1_exvivo
AJ ‘l AL ‘ A | A A

UCSC Genes (RefSeq, GenBank tRNAs & Comparatwe Genomics)

o Bt o]

A
PU.1 INon-Mouse RefSeq Genes ch b
|
INER H HHHHHHHE——HHE

Retroposed Genes V6, Including Pseudogenes
Mouse ESTs That Have Been SpI|ced

I i — | H FHE - HH

Placental Mammal Conservation by PhastCons

RORRNR R AR TN I SR PR 1 IV L T T

Multiz Alignments of 60 Vertebrates

= 111 - | EH
:Illllllﬁ! 1I1II|I L ML I | &Iﬁ?]‘ | lllﬂiil\
11— Tl —1Ill

Simple Nucleotide Polymorphisms (dbSNP 142) Found in >= 1% of Sam

R e TR R IIIIIH PRITOEER

Detailed Visualization of RepeatMasker Annotatlons

0| IRRIRR {1 (1 Wil

Gosselm 2017
@ The Jackson
Lahﬂrﬂ-tﬂr"}f B rm'ﬂm

INDIANA UNIVERSITY

UCI

University of
California, Irvine



Enhancers controlling gene expression can be very far
from their gene

1 megabase

&
=

limb enhancer

Sagal et al, 2005

Lettice et al. 2003

®
®
@
2
]
b

mouse embryo

To complicate matters, the Sonic Hedgehog limb enhancer is in the
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Majority of GWAS SNPs map to open chromatin
elements outside of gene coding sequences

A  GWAS SNPs not in

LD w/ SNPs In DHSs

(n=1,204) (r}=2,931 )

s
GWAS SNPs in perfect LD
with SNPs in DHSs (n=999)
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\ (n=1,696)
11.9%
-
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specific DHSs

(n=887) (Maurano, 2012)
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GWAS SNPs in DHSs
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Distal GWAS SNPs mapping to cognate promoters

A Platelet count correlated DHSs
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Topologically associated domains defined by HiC
identify interacting regions

~
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Some of the GWAS hits are on the same TAD — do they interact ?
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TISSUE
—p

RNA
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RNA SEQUENCING PIPELINE

Tissue lyser
homogenization

l

Qiacube RNA
extraction

l

SMART-seq?2
construction of
lllumina compatible
libraries
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Data analysis

1

10-20 million reads
per library
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Libraries sequenced

on Nextseq500
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Mouse versus human ages | tife prase equivalencies
100 4---+ -0 -o-.
| | e
2 month old BL6 mouse would . Mature e
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- 3-6 |
5 Old , 30%
s | Months Middle- % survivorship
* 8 month old BL6 mouse would g adie 1824 (28 m)
age
correspond to a 35 year old human 5 L | e months
o months .
* 22 month old BL6 mouse would o4 | ES
correspond to a 65 year old human L Mot e (e = * =
ouse age (months)
* RNA-seq data in young mice = 20-30 38-47 5669
early disruption and biomarkers years years years
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CSF1R —an AMP-AD target

CSF1R+/- het mice have:

* Impaired memory

Normal brain size
* Impaired myelination

* Increased microglia
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Csf1r */: rapid degeneration coupled with inflammation

&

. Neurodegeneration éi%
(v Activated

Myelin debris % microglia
¥ CSF-1R signaling |
Phagocytosis of un-opsonized myelin

Hypermyelinated
neuron

(B)

Positive role Negative role

Expansion of
demyelinating M® and
microglia; schwann cell

dedifferentiation (CMT1X)

Survival and quiescence
of microglia

Differentiation of neurons
and glial cells
Increased myeloid cells
and autoimmune
responses (EAE)

Neuronal survival

Improved neurogenesis;
clearance of myelin debris

and remyelination (GCL) Glioma progression

(Chitu, 2016)
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Differential Expression Analysis

CSF1R +/- vs WT
Frontal Cortex RNA, 8 months old

%0 6 WT vs 6 CSF1R hets
O APP and APOE are significantly
T higher in the CSF1R +/- mice
o 458
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Pathway analysis flags AD among others
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Humanizing AP as a platform to introduce GWAS variants
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Differential expression analysis of hABKI vs WT by age

2 genotypes x 2 time-points x 2 sexes x 2 replicates = 32 mice
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Differential expression analysis of hABKI vs WT by genotype

h2mon_vs_WT2mon

h22mon_vs_WT22mon
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DHCR7 is more highly expressed in hAbKI

 What is the cell type overexpressing

Dhcr7 ?
From Prabhu, 2016
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Upcoming UCI BDMC Activities

5. Analyze single-cell RNA-seq data from aging WT and AD
mouse models
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