Integrative Approaches in Biobanks :
Getting to Biological
Mechanisms of Disease

Nancy J. Cox, PhD
Vanderbilt Genetics Institute
Vanderbilt University Medical Center

But First Some Review

Brief Review Full blueprint
stored in

DNA /7" /7 S ‘/// architect’s office

| TRANSCRIPTION | Working copy
> brought to
RNA __~ = 5l = construction zone

[ TRANSLATION | Fully assembled

—_—> o s
Protein w building

Rare Disease Transmitted in Families

e g

Yoy 'Y YoIu

ww WR RR WW WR

WW WD WwW WER

WW WD
Dominant Recessive




Finding the Genetic Cause of a Rare
Mendelian Disease

| am a cool dude.
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Finding the Genetic Cause of a Rare
Mendelian Disease

| am a coal dude.
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Geneticists call this a “missense” mutation; still makes a
protein, but the protein isn’t making as much sense.

Finding the Genetic Cause of a Rare
Mendelian Disease

| am a cool rude.

This makes even less sense; it is a
more deleterious missense mutation.

Finding the Genetic Cause of a Rare
Mendelian Disease

| am a cmol dude.

This is closer to a “nonsense” mutation; mutation creates a
protein that can’t go to completion.




Finding the Genetic Cause of a Rare
Mendelian Disease

I am a fool dude.
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This might be considered a “gain-of-function” mutation. The
protein is active — but is doing something entirely new.

Common Diseases

« Are familial, in that the risk of disease in a
relative of an affected person is higher
than the risk in the general population,
but the transmission is not simple

* Many genetic and non-genetic risk factors
contribute to common diseases

* Any disease that sends people to doctors
or hospitals may have a genetic
component

Finding Genetic Factors Contributing to a
Common Disease...

Eating lots of sugar and fat is good for
increasing your risk of diabetes. Instead eat
lots of fruits and vegetables.
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Finding Genetic Factors Contributing to a
Common Disease...

Eating lots of sugar and fat is good! For
increasing your risk of diabetes instead eat
lots of fruits and vegetables.
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Genomic Discoveries for Rare Mendelian Disease Genomic Discoveries for Common Disease
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Genotyping

Sequencing

Relating Variation to Phenotype

Common Rare Genome
Variants Variants Interrogation
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vir.] DISCUSSION OF THE DATA OF STATURE. 107

contrived more than one form of apparatus by which
the probable stature of the children of known parents
can be mechanically reckoned. Fig. 12 is a representation
of one of them, that is worked with pulleys and weights.
A, B, and C are three thin wheels with grooves round
their edges. They are screwed
together so as to form a single
piece that turns easily on its

FIG .12
TO FORECAST STATURE

axis. The weights M and F are A <
attached to either end of a thread
that passes over the movable
pulley D. The pulley itself hangs
from a thread which is wrapped | & o »

two or three times round the maLe | remate |~ |mare
groove of B and is then secured
to the wheel. The weight SD
hangs from a thread that is
wrapped two or three times round
the groove of A, and is then
secured to the wheel. The dia-
Galton, meter of A is to that of B as 2
to 3. Lastly, a thread is wrapped
1889 in the opposite direction round
the wheel C, which may have
any convenient diameter; and is
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Estimating Heritability from SNPs

REPORT

GCTA: A Tool for Genome-wide Complex Trait Analysis

Jian Yang,!'* S. Hong Lee,! Michael E. Goddard,?* and Peter M. Visscher!

ARTICLE

Estimating Missing Heritability for Disease
from Genome-wide Association Studies

Sang Hong Lee,! Naomi R. Wray,! Michael E. Goddard,23 and Peter M. Visscher!.*

Table 2 Comparison of results of different polygenic methods across diseases
Caused by common GWAS SNPs

Polygenic modeling and Bayesian inference

LMM-based
Prevalence Family based heritability Total variance
Disease (%) heritability® (s.e.) explained (50% CI) N SNPs (50% CI)
Rheumatoid 1 0.53-0.68 0.32 (0.037) 0.18 (0.15-0.20) 2,231
arthritis (-=0.13 MHC)® (+0.04 known non-MHC)® (1,588-2,740)
Celiac disease 1 0.5-0.87 0.33 (0.042) 0.44 (0.40-0.47) 2,550
(-0.35 MHC)® (1,907-3,061)
MI/CAD 6 0.3-0.63 0.41 (0.067) 0.48 (0.43-0.54) 1,766
(1,215-2,125)
T2D mellitus 8 0.26-0.69 0.51 (0.065) 0.49 (0.46-0.53) 2,919
(2,335-3,442)
2Family based heritability estimates were taken from previous data for rheumatoid arthritis?”-?3, celiac disease , MI/CAD31.32
and T2D33.3%4, bWe excluded some loci in certain analyses: although the family based heritability estimates are based on the

whole genome, the extended MHC region was removed from the common GWAS SNP analyses for rheumatoid arthritis and
celiac disease, and validated non-MHC loci were further removed from the polygenic modeling analysis of the rheumatoid
arthritis GWAS data. 50% Cl, 50% credible interval; s.e., standard error.

Stahl et al, Nat Gen




Meta-analysis of the heritability of human traits based on
fifty years of twin studies

VOLUME 47 | NUMBER 7 | JULY 2015 NATURE GENETICS

Tinca ] C Polderman®>'?, Beben Benyamin®19, Christiaan A de Leeuw!3, Patrick F Sullivan®-6,
Arjen van Bochoven?, Peter M Visscher28!! & Danielle Posthuma®»%!1
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Meta-analysis of the heritability of human traits based on
fifty years of twin studies
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Classification of common human diseases derived from
shared genetic and environmental determinants

VOLUME 49 | NUMBER 9 | SEPTEMBER 2017 NATURE GENETICS
Kanix Wang!2, Hallie Gaitsch2, Hoifung Poon3, Nancy ] Cox* & Andrey Rzhetsky25®
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Classification of common human diseases derived from
shared genetic and environmental determinants

VOLUME 49 | NUMBER 9 | SEPTEMBER 2017 NATURE GENETICS
Kanix Wang!2, Hallie Gaitsch2, Hoifung Poon3, Nancy ] Cox* & Andrey Rzhetsky?>
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Classification of common human diseases derived from
shared genetic and environmental determinants

VOLUME 49 | NUMBER 9 | SEPTEMBER 2017 NATURE GENETICS
Kanix Wang!2, Hallie Gaitsch2, Hoifung Poon3, Nancy ] Cox* & Andrey Rzhetsky?>

Table 1 Disease prevalence and heritability estimates for the 30
most prevalent diseases in our study

Disease Prevlence 17 #sa.
Cardiac dysehythmia 0045 0240 o011
General hypertension 0173 0462 0009
Esophageal disease 0077 0292 0008
Functional digestive disorder 0051 0203 0009
Type Il diabetes melltus 0066 0561 0010
Allergic hinitis 0108 0445 0006
Asthma 0063 0457 0008
Atopic contact dermatitis 0095 0202  0.006
Chronic sinusitis 0047 0523 0008
Eye inflammation 0045 0292 0009
Ostearthritis 0068  02% 0012
Celluiitis 0061 0226 0007
Ear infection 0106 0244 0007
Eye infection 0053 0200 0009
Fungal infection 0063 0211 0007

0083 0227 0007
Viral warts HPV 0038 0289 0009

003 0501 0010
Keratosis 0058 034 0015
General spondylosis spine disorder 0081 0325 0008
Muscle ligament disorder 0121 0268 0006
Synovium tendon bursa disorder 0039 0180 0009
Benign colon neoplasm 0039 0173 0019
Benign skin neoplasm 0067 0547 0007
Non-melanoma skin cancer 005 0520 0008
Aniety phobic disorder 0063 0432 0007
Depression 0038 0579 0006
Substance abuse 0045 0422 0010
Breast disorder 0048 0166 0010

Disease of the female reproductive organs__ 0,105 0235 ___0.009

Classification of common human diseases derived from
shared genetic and environmental determinants

VOLUME 49 | NUMBER 9 | SEPTEMBER 2017 NATURE GENETICS
Kanix Wang!2, Hallie Gaitsch2, Hoifung Poon3, Nancy ] Cox* & Andrey Rzhetsky?>
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Measuring Transcript Levels

lllustration of eQTL
(An integration: genome x transcriptome)

HapMap-CEU
Gene Expression by Genotype
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Genetic effects on gene expression across
human tissues 204 | NATURE VOL 550 12 OCTOBER 2017

a Unique cis-eGenes by FDR threshold b Unique trans—eGenes by FDR threshold
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Tissue sharing of
eQTL effects

Larger sample
sizes allow
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The impact of rare variation on gene expression
across tissues

Xin Li**, Yungil Kim?*, Emily K. Tsang"**, Joe R. Davis"**, Farhan N. Damani’, Colby Cluang" Gaelen T. Hess®,
Zachary Zappala'4, Benjamin J. Strober, Alexandra l. Scott5, Amy Li%, Andrea Ganna” 8, Michael C. Bassik®, Jason D. Merker',
GTEx Consortiumt, Ira M. Hall>1%.11 Alexis Battle?§ & Stephen B. Mon(gomery1 4§

12 OCTOBER 2017 | VOL 550 | NATURE | 239
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What is

Data Integration?

Not Really Data Integration
(just many data types)




Novembre et al, 2008, Vol 4566 doi:10.1038/nature07331

Data Integration:
Phenome X -OMICS

What can we do uniquely
well in biobank data?

How can biobank strengths
improve understanding of
mechanisms of disease?

What Biobanks Do Uniquely Well?
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What Biobanks Do Uniquely Well?

USAL
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-OMICS

* Genome variation

* Transcriptomes
* Metabolomes
* Methylomes

S

.OMICS

Genome variation
Transcriptomes
Metabolomes
Methylomes

v

Measure
Impute

~10-15
yrs of
EHR

-OMICS

* Genome variation
e Transcriptomes
* Metabolomes

A

~250,000
samples

120K
Imputed




2.8 million with
just EHR data

~285,000 with
EHR phenome
and genome
data
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What can we do uniquely well |n BioVU?

rs3917862

GWA Catalog: Coagulation defects

Phenome-wide

‘ Hypercoagulable state OR 3.3 Association
Study (PheWAS)
of Neanderthal

@) Coagulation defects OR 1.3 Variants

@ Stiffness in joint OR 1.4

O
Other venous embolism and thrombosis OR 1.25
ey 2 %,
Q)% @&{%;% o, % % % %%;% (fogo% %’ o
s % “l

%

GWAS: What variants are
associated with this phenotype?

PheWAS: What phenome is
associated with this variant?

Predchan (Gamazon et al., 2015, Nat Genet)

https://github.com/hakyimlab/PrediXcan
Genetically Regulated Expression

A
TRAIT l
Other Trait-

Factors altered
Component

Reference panel: GTEXx

T=2w X +¢
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\_Y_)

GReX - Genetically
Regulated Expression




A. Reference Panel of Measured

B. Genetic Prediction of Gene Expression

Transcriptome & Genome Variation

GTEx: WGS and
RNA-Seq

in 44 tissues
from ~450
(>950) subjects

PredixVU catalog is

L)

RNA
Reference
(GTeX, DGN)

Genotype
Data
T

Transcriptome N

Prediction . \
“
N |
Other /Trait-
Factors < altered /
Component,

PrediXcan
Application to BiovU

High quality
prediction
performance
in 18,483
genes and
IncRNAs

BioVU: >250K
subjects, linked

Comparison

Cross-tissue

Prediction
Model

PrediXcan

No

Elastic Net

UTMOST

Yes

Sparse
Group LASSO

XT-SCAN

Eric Gamazon

Yes

Weighted
Elastic Net

a discovery engine Crotonot to EHR going Incorporate No No Yes (DHS)
for gene-phenotype — back on regulatory elements
relationships and average 10-15
iteration to primary Genotypes years; ~50K Incorporate No No Yes
mechanism of D. Results Portal > with genome expression similarity
disease for Query by Gene or Phenome e interrogation,
C. Biobank with Genotype Data >120K by 2018
(Whole Genome Sequence or Dense Genotyping Array)
Linked to Eloctronic Health Rocods (EHR) Dan Zhou
Gene expression similarity DHS profile similarity
chr2:70360770-70361098 g chr8:43092918-43093442
;“ . — kamer i T kamen
. | | SPEARMAN_CORRELATION g | SPEARMAN_CORRELATION
1. For each gene, E51 /ML \;1?\ =0.06 § -
015 Liver: Compare the DHS profile LEE RS | U Ayl 'dl N 8 gl n
- IS pr A | A VA PR 8 n
Muscue—%‘ (around TSS) similarity for o W \Wf [ Y ", [\ R
_ o *": each tissue-tissue pair. sl ' o 3
& TRt skin o ® W ow m wm a I
z Artery— 988" s " pdiose tissue Poation Postion
T " %j oy 2. Quantile normalization for
g N ST / Lung the similarity across genome. chr3:73159773-73160145 chr19:27730373-27739767
B 000 erve 1
B ") o o dq o] & o s
s ] T % SPEARMAN £ |
iy " 84 | CORRELATION=0.95 s g4 [ SPEARMAN:CORF(ELATION
B Ban X Not enough data for HER [ A\ LR [ :
histone modifications, /\ g4 5 \
‘ ‘ ‘ ‘ ‘ ‘ \ [\ 8 | (
o1 00 o 02 03 [ even for H3K27ac, {/\\_/ \ N N\ . /
Coordinate 1 (34%) T T

H3K4me3, etc.

Position

Position

Deschenes A, (2018). similaRpeak: Metrics to estimate a level of similarity between two ChIP-Seq profiles.




Performance comparison among PrediXcan, UTMOST, and XT-SCAN
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What Discoveries Do Biobanks

niquely Enable?
Tennesee fBiochElsJ ‘ q y -
Special Recipe: d U ATENE |
Genes (with Phenome!
known
function)

Gene-based PheWAS
What does this gene do?

What does the natural variation
in the expression of this gene
associate with across the
medical phenome?

The Full Medical Phenome!

* Characterize
larger-scale
consequences of
genes

* More/better ways
to mechanism

* PheRS larger,
richer targets for
gene discovery

Gover (Prodiems] (eds) [0rders) (1 & P [Notes) (Consuts] (Labs) [ray) [Specioio) [Summ.]




Genome X Transcriptome X EHR

ZNF577

. J Predixvu. A Catalog for Trait R? |OR per unit SD P-value Cases Controls|
¢ . . Viral hepatitis C 0.37 0.84| 6.21E-07 808 20904
k@‘\ VIeWIng Gen_e'Based Lo Viral hepatitis 0.37 0.86| 4.38E-06| 937 20904
\ Phenome-Wide Association Malignant neoplasm of liver, primary 0.37 0.81] 1.61E-04 267 22080
Cancer of liver and intrahepatic bile duct| 0.37 0.82| 2.43E-04 318 22080
\ Precordial pain 0.37 1.22| 4.34E-04 374 12283
... Or gene set, pathway,
network ...
: Viral Hepatitis C
Genome X Transcriptome X EHR
Gene R? |OR per unit SD P-value Cases Controls
Query by
3 phenotype! . ZNF577 0.37 8.44E-01| 6.21E-07 808 20904
‘ PredixVU: A Catalog for
k&“‘\ Viewing Gene-Based ZNF649 0.12 8.48E-01| 1.85E-06 808 20904
, \ Phenome-Wide Association SPAG1 0.22 8.63E-01 2.98E-05 808 20904
\ Test pleiotropy, investigate KLRC1 0.42 8.57E-01| 4.31E-05 808 20904
1‘\ y
phenome relationships, ... CST2 0.14 8.64E-01 4.42E-05 808 20904




Intestinal Infection

A Fish(ing) Story

Gene R? OR per unit SD P-value Cases Controls T ennesee @ioﬁanﬁs
NDUFA4 0.03 1.16 1.83E-09 1608 24187 Syecia( chg’pe:
C100rf120 0.006 1.13 4.92E-08 1608 24187
TJP1 0.066 1.12 5.27E-06 1608 24187 R I C 1
YEATS2 0.012 0.89 6.33E-06 1608 24187 .
IDGAT2 0.12 1.12 1.11E-05 1608 24187 Mechanism:
GNA12 0.23 112 1.32E-05 1608 24187 Moves fibrillar
ZNF525 0.13 0.89 1.96E-05 1608 24187 collagens out
ALLC 0.15 0.89 2.08E-05 1608 24187 of cells
HDGFRP2 0.005 0.90 3.45E-05 1608 24187
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BioVU Phenome for RIC1/RGP1

* Bone, fracture and connective tissue
dlsorders P

Neurologlcal and neuropsychlatrlc disorders P

Results of BioVU studies prompted zebrafish
studies of tooth development...

rict? WT

Cleithrum

Pharyngeal teeth

lateral

Muscle
attachment
studies in small
(eye) and large
muscles...

%
T e

L » \W:\ /v* o
R
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And brain
studies

HuC/D

Cc *+p=0.0002
—

Forebrain Area (a.u.)

P

i f

g

Cerebellum Area (a.u.)
]

=0.007

ric1 *

rict”

optic tectunt™

e 4

B

307 »
o " " cerebellum
A ” & )

cerebellum

3X
digital zoom

BioVU
results used
to guide the
re-evaluation
of patient
phenomes

From Moms:
Gut Phenome

c

Q RICT: NM_02089.3:0.3784G>Cp (Arg1265Pro)

o

b IV1:18DG0207  IV4:18DG0208  IV5: 18DG0209  V2: 18DG0225  V4: 10DG1320

¢

Intellectual Disability
Abnormal facial shape | V'd

Cleft Lip/ Palate

Abnormal ear morphology ==
Misalignment of teeth 10}
Abnormality of dental eruption ']
—

Gait disturbance

T T B U DUERD BBNIE X

Marker coverage and chromosomes

RIC1 protein PWGVS" f Humen  SKGPHKSQUQLRYLLEIFMEAGCLDWCIVIG

Mouse  SKGPEKSQUOLRYLLEIFMEAGCLDWCWVIG

Ml Presence [] Absence or Not appiicable [ Zebrafish NKGPEKSQVQLRYLLEVFMEACCLERCVVIG
i RGP1 R ey couservatson sesssesseseeanes seear ae

binding




b Gene-based PheWAS with PrediXcan c

Skeleton/ joint
Respiratory
Eye (sensory)
Nervous
Digestive

Cardiovascular

BioVU Biobank Phenome Analysis

Skeletal traits
Traits (phecodes)

Fracture of unspecified bones
X809)

415/7283

UK Biobank Phenome Analysis

d RIC1-associated Traits
Traits

Di disease

Other acquired deformities of limbs.
(XT:

e oo o

Bursitis disorders
(X727 .

Unspecified osteomyelitis
X710.19)

%) 53/7256
2) 4416730
262/7311

Alcoholic hepatitis{

Epilepsyq

¥
o%;)%o

Disturbances in tooth eruption
(X520.

Sacroiliitis NEC
(X715.1)

Disorders of tooth development
(X520)

2) 448243

52/6923
4618243

—

S STy S ——
20 25 30 35 40
-log (p-value)

1 2 3
-log (p-value)

Asthmar

I

Fracture shoulder/scapula

——
10 20 30 40 50
-log (p-value)

Pleiotropy: -~

Failure of basement membrane:

digestive disorders, vitamin /
mineral deficiencies, malabsorption

RIC1, RGP1 fail to traffic fibrillar collagens — the most abundant
extracellular matrix proteins in vertebrates, providing tissues and
organs with form, stability and connectivity

Inadequate ECM, failure to

~

Failure of muscle

Inadequate brain ECM:

produce cartilage: attachment: Epilepsy, pervasive
asthma, organ prolapse, strabismus, developmental delay,
connective tissue amblyopia, gait  intellectual disability,
disorders, valve defects, disorders ADHD, alcohol related

fracture, tooth defects disease, restless legs

Phenome Fishing to Find More
Genes in the RIC1/RGP1 Space

5

~ Use a Phenome Risk Score
/  (PheRS) as the phenotype
7 4/ (rather than an individual
' disease code)

RESEARCH

m
PheRS; = z Wy X;p
p=1

where x,, = {1 if individual; has phenotype,

0 otherwise
Wil LITT aniy
. Population of N
disease patterns AND N individuals, with
Lisa Bastarache,” Jacob J. Hughey,' Scott Hebbring,? Joy Marlo, Wanke Zhao,® w, = log— Ny the number
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Quinn S. Wells,** Michael Temple,’ Andrea H. Ramirez,* Robert Carroll,'
‘Travis Osterman,™* Todd Edwards,* Douglas Ruderfer,* Digna R. Velez Edwards,”
Rizwan Hamid,® Joy Cogan,® Andrew Glazer,* Wei-Qi Wei,! QiPing Feng,® Cystic Firosis Achondroplasia
Murray Brilliant,” Zhizhuang J. Zhao,” Nancy J. Cox,* A d
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Bastarache e ol Sience 359, 12331230 (2018) 16 March 2018 i
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Genes with Significant Association
to RIC1/RGP1 PheRS

COL14A1, COL3A1, COL5A2, COL9A3

Exchanges bound GDP for free GTP —a (D u h ! )
key part of the RIC1/RGP1 machine

for collagen transport ~
FAM124A, FGD6, EPC2, EPPK1,

ADAMTSL4, ATP5H, EDEM2, CPT1A

‘1, ER-associated degradation of misfolded glycoproteins

Attaches to fibrillin and fibrillar collagens to stabilize extracellular matrix

Creating a Poly-gene Score for
ECM Strength

 Directions of effects consistent across
the genes functioning to strengthen
ECM

« Sum predicted expression across gene

set to probe phenome associations to
ECM strength

Pleiotropy is ubiquitous.

Continuum from Men =5 (sl efe]yiTe][c)¢

Continuum from LOF to DUS to | expression




Mendelian Genes

- The 10% we see as
";_i Mendelian disease

=

The 90% under the surface —
influence on common disease

Genes for Cardiac Congenital Anomalies

FS tricusnju upBor
< ”J:,L[( /

system Adrenal o, %

s é
Qse tal cellulmsﬁk Ilver, ’

emllgjllsm R elsewllere
s \‘% g, neuro namv retinopathy

Antihypertensive 0“5“'"93

Erm

RESEARCH

RESEARCH ARTICLE

m
PheRS; = Z Wy Xip
p=1

where x.. = {1 if individual; has phenotype,

i 0 otherwise
Population of N
individuals, with
n, the number
My with phenotype p

disease pattems
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VACTERL. at |eaSt 3 Of. . Tyne Miller - -

vertebral defects, anal atresia, cardiac
defects, tracheo-esophageal fistula,
renal anomalies, and limb abnormalities

GReX Associated with VACTERL PheRS

Gene P Tissue

SNX25 8.39E-18 [ArteryAorta

UBE2W 8.39E-18 [Brain_Cerebellum
RPS17 8.39E-18 [Brain_NucleusAccumber
MYBL1 8.39E-18 [Liver

HLA_DQB1 8.39E-18 |Vagina

PCSK4 8.39E-18 |WholeBlood
HLA_DQA2 4.90E-16 [Spleen

HLA_DQA1 1.27€-13 |Vagina

DHODH 2.27E-11 |Prostate

ACTA2 3.60E-09 |SkinNOTSunExposed
POLQ 1.56E-07 |ArteryAorta

VSX1 1.56E-07 |Brain_Cerebellum
ZFYVEL 1.56E-07 [Brain_NucleusAccumbensBasalGanglia
LILRB4 1.56E-07 [WholeBlood

ACSL1 2.24€-07 |Adrenal




GREX associated with VACTERL PheRS

Gene. [d Tissue 4 Biol Chem, dok 10.
SNX25 8.39E-18 |ArteryAorta
— = Loss of the Ubiquitin-conjugating Enzyme UBE2W Results in Susceptibility to Early Postnatal
UBE2W <@ w = Lethality and Defects in Skin, Inmune, and Male Reproductive Systems.
[Res17 8:39E-18 |Brain_Nucleu A%, Vincont N, Huber AK?, Basrur Y, Mangolberger O, Zong L%, Elentoba-Johnson KY, Miler RAS,ran DN, Diugosz AA%, Schnel °,
MVBLR 8.39E-18 | Liver
8.39-18 |Vagina  Author information
PCSKa 83918 e
HLA_DQAR 4.90E-16 |Spleen UBE2W ubiquitinates N termini of proteins rather than internal lysine residues, showing a preference for substrates with intrinsically
dsetarud Nt Th n o uncions o i g £ hower, emainurkcoar. o ganred Unew e e KO i at

HLADOAY | 127613 Juagina provest aomalios Alhoush e baos of o eain s
DHODH__\ | 2.27E-11 [Prostate KO mice. Newborn Ube2w KO mice often show altered epicermal
ActA2__\ | 3.60£-09 [skinNO aheston i rdased exprosionof alrstioion mater. Mo gher UBEZW axpresson vl ot nd mus, U2
POL 1.566-07 | A A KO mice showed a disproportionate decrease in weight of these two organs (~50%), Iuggulmg a functional role for UBE2W in the

Q = a rteryAorta immune and Indeed, Ube2w KO ied by increased G-CSF
VSXL 1.56€-07 |Brain_Cerebellum signaling
ZFVVEL 1.566-07 [Brain Nud Showed & prferental sccumuaton ofdscrdered prfeis n he absence of UBEZW, mns\stenl wilh the view that UBEZW proferentially

= rdered polypeptides. These as a single isoform
LILRB4. 1.56€-07 [WholeBlood localized to the cytoplasm and that the absence of UBE2W does not alter cell viability in rnsponh to vznnus stressors. Our results
ACSLL '\ 2.24€-07 [Adrenal establish that UBE2W is an important, albeit not essential, protein iy postnatal survival and ng of
systems.

vl 210 FaoS1(1Ke 13171, 10.111ard 3171, Epub 2018 Ot 16
Paternal factors and embryonic development: Role in recurrent pregnancy loss.
Dhawan V', Kumar M', Deka D2 Malhotra N2, Singh N?, Dadhwal V2, Daca R".

@ Author information

Apstract

at has shifted towards
sssebg e conrudonof spevadiacebravyogenesl. Spemeiozoe k! delacivs DA msgmy may fertse the oocyte but
affect subsequent embryonic development. The pm!tnl case-control study

Foxar, 0%, 0001, PARP, RPS RMS, RPS17
Index (DF1). Semen samples were
obtained 430 done by qFCR analysis, and ot Quanicaton vas cacited
by the 2%% method. C! used to measure the ROS and DF levels
respectively. FOXG1, OGG1, RPS6 and REMS were seen to be upregulated, while 50X and PARD wore downregulated. Relatve
expression of SOX3, 0GG1, RPS6 and RPS17 showed a significant difference between patients and controls (p < 0.05). RPL patients
were seen o have high ROS (>27.8; p = 0,001) and DFI (>30.7; p < 0.0001) with respect to controls. Sperm transcript dysregulation and
oxidative DNA damage can be "carried over" after implantation, th and health of the

and RPL29. This

species

GReX Associated with VACTERL PheRS

P  Tissue

Mol Genet Metab, 2016 S:118(1-2)83.80. do 10.1016]ymgme 2016.06.006. Epub 2016 Jun 1.

8.39E-18 |ArteryAorta

Elevated plasma in Miller and clinical

Gene
SNX25
UBE2W

8.39E-18 |Brain_Cerebellum

implications, and treatment with uridine.

RPS17 8.39€-18 |Brain_Nucleu: Duley JA', Henman MG2, Carpenter KH?, Bamshad MJ*, Marshall GA®, 0ol CY, Wicken 87, Pianer JR,
MYBLL 8.39E-18 | Liver ® Author Information
HLA_DQB1 8.39E-18 |Vagina Abstract
PCSK4 8.39E-18 |WholeBlood rom gene mutations for the mitochondrial enzyme
Nonetheless,
HLA_DQA2 4.90€-16 |Spleen been been reported 1o be raised, confusing the metaboiic diagnoss.
HLA_DOAL 1.27€:13 [Vagina METHODS: We analysed plasma. a4-year-old male DHODH PCR
DHODH <@ and Sangr sequencig. Analysis o DHO. (OA) in urine, tiquid
- - DHO in dist control urine: p 10.60n. The

ACTAZ 3.60E-:09 15kinNO patient received a 3-month trial of oral uridine for hehavmml problems.
Loeltel L.56E:07 JArteryAorta RESULTS: earty » of Miller syndrome.
Vsx1 1.56E-07 |Brain_Cerebellum for nd DH raised in urine and plasma, and was deteciable in Gried spots
ZFYVEL 1.56€-07 |Brain_Nuci of blood and plasma. ed inrine b 0O grade to OA. oy

1.56€-07 [WholeBlood et sppeas ) . but tlowered plasma DHO.

2.24€-07 [Adrenal CONCLUSION: plasma functional

ort e 2017 Au) 2481013 6o 1039608 2017.01013 oColoction 2017

gondii: Role for LILRB4.
UZ', 200, LT, Zoeng %, L X', Jang Y', Zhang W', Hu X'
 Author Information
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Decidual Macrophage Functional Polarization during Abnormal Pregnancy due to Toxoplasma
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Using pleiotropy to aid
discovery...

No gene exists simply to cause human disease...

S

Osteomyelitis Fracture  Fracture Hallucination

Alzheimers
¥

)

Xue Zhong, PhD

Phenome Associations to GReX of PSEN1

Trait

OR per unit SD

p-value

Cases

Controls

Unspecified osteomyelitis

8.38E-01

4.03E-05)

524

19865

Fracture of upper limb

8.95E-01

6.03E-05)

1355

21096

Acute osteomyelitis

7.79E-01

7.06E-05)

231

19865

Fracture of humerus

8.41E-01

7.18E-05

504

21096

Bacterial enteritis

1.15E+00

7.67E-05)

948

Intestinal infection due to C. difficile

1.15E+00

1.10E-04

894

Heart failure with reduced EF

9.15E-01

1.10E-04

2262

Osteomyelitis

8.70E-01

1.41E-04

735

Osteomyelitis, periostitis, and other

8.80E-01

2.14E-04

835

Congenital anomalies of limbs

6.75E-01

2.34E-04

76

Fractures: patella,
radius, ulna,
vertebral column
Brain: intracranial
hemorrhage,
subdural
hemorrhage,
cerebral aneurism,
Alzheimers




TREM2 GReX Associations

Nasu-Hakola Disease

Alzheimers and other dementias

Trait OR per unit SD p-value Cases | Controls
Chronic osteomyelitis 8.18E-01 1.40E-05] 344 19865
Acute osteomyelitis 7.93E-01 1.97E-05) 231 19865
Cerebral laceration and contusion 7.34E-01 5.55E-05| Fractures: patella,

» " radius, ulna, vertebral
Unspecified osteomyelitis 8.59E-01 1.17E-04 column
Osteomyelitis 8.79E-01 1.51E-04| Brain: Delerium,

. psychogenic disorder,
Diverticulitis 8.47E-01 4.98E-04| yementia with
Hallucinations 7.44E-01|  7.18E-04 cerebral

degenerations

Osteoclasts and microglia share a
developmental lineage...

- Substantial overlap in genes
expressed, and the genetic architecture
of their gene regulation

- Additional of the genes implicated in
Alzheimers show similar patterns of
phenome association

In 2.8M Subjects with EHR...

- Age at diagnosis for osteomyelitis is
15-20 years earlier than diagnosis of

dementia

* Subjects with osteomyelitis diagnosed
before 60 have 4-6 X increased risk of

dementia diagnosis after age 70

In Silico Drug Trials

« Already conducting in silico drug trials:
Do patients taking a drug for one
indication have altered risk or age at
onset for another disease (e.g. AD)? YES

 Pleiotropic phenome discovered through
genetics creates a larger target for
discovery and validation for in silico and
later clinical trials




Translation Today

- “Traditional”

Translation Tomorrow

- “Traditional”

- genetics/genomics
=
T

i Computation and Decision Support

Improving Commonly Used Biomarkers

Genetics Environment
\ . /
Biomarkers

LDL

Metabolome
proxies of ; ;
coding Cystatin C

variants

New —Omics Biomarkers

Discovery of New
Biomarker Relationships




Ranges and Thresholds Predictive Modeling

Some biomarker measurements - Done extensively in learning healthcare
are adjusted for sex, age, systems now
race/ethnicity - Where can we add genetics to the

. . . . modeling and get improvement?
It is not about race/ethnicity! It is ng get improvemen
* For the most expensive conditions,

about DNA Yariation with even marginal improvements in
frequency differences by prediction yield better care, lower costs
historical geographic ancestry

The IOTA Concept:

When we already have the genome
information, even an iota of
improvement over current practice
(or existing predictive models) will
have value for the most expensive
and common conditions




