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Background

JAMA Psychiatry | Review Prediction of individual genetic risk to disease
From Basic Science to Clinical Application of Polygenic Risk Scores from genome-wide association studies
A Primer . . '

Naomi R. Wray,'* Michael E. Goddard,?* and Peter M. Visscher' 2007
Naomi R. Wray, PhD; Tian Lin, PhD; Jehannine Austin, PhD: John J. McGrath, MD, PhD; lan B. Hickie, MD:
Graham K. Murray, MD, PhD; Peter M. Visscher, PhD
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Prediction of individual genetic risk of complex disease
Naomi R Wray', Michael E Goddard® and Peter M Visscher’ 2008

Peter Visscher, UQ  Tian Lin, UQ

JAMA Psychiatry | Review

Could Polygenic Risk Scores Be Useful in Psychiatry? — : . e
A Review Risk predictors have led to polar-opposite opinions for decades.
Reality is in middle ground

Graham K. Murray, MD, PhD: Tian Lin. PhD; Jehannine Austin, PhD: John J. McGrath, MD, PhD: lan B. Hickie, MD:
Naomi R. Wray, PhD
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Evidence for a genetic contribution to psychiatric disorders
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Schizo- Bipolar Major ADHD Autism Anorexia

phrenia Disorder Depression Spectrum  Nervosa

Heritability: /0% /0% 35% 75% 80% 55%  Proportion of variation attributable

to genetic factors

Baselmans et al (2020) Biological Psychiatry
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Polygenic risk scores o et
PREPRFRERD FRPRFRRROH . N _ .
PRRPRTFRRTD FRRRRPRRRD Predlf:tlon of mdywdual genetic risk of comple?( disease
PRRRRRRRTD FRRRBRRRRR o Naomi R Wray', Michael E Goddard® and Peter M Visscher' 2008
PRePPvEEOE FRPRPPRRPP o : . :

7/, - “The value from predicting individual disease risk from mulfiple
/) associated variants could be reaped long before the causal
7/, mechanism of each is determined.”
‘515 « What constitutes a polygenic risk score for an individual?
J N “ “ l « What does the variation in polygenic risk scores between
b i Ml H ‘ individuals look like?

3. mmmummammmﬂemrwm

FhhRE® DRERRR R  This understanding needed to answer key questions, e.g.:
-. % +  Will someone with family history have a high polygenic risk score?
A‘ A, ‘ « Cansomeone without family history have a high polygenic risk
\ ‘ score?

Acturacy of PRS could be lower when appiied i non-European individuals

Wray et al (2020) From Basic Science to clinical application of polygenic risk scores. JAMA Psychiatry
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81%  18% 1%

Polygenic disease for an individuadl oo risalcieT H

Frequency 0.1

900 DNA polymorphisms associated with disease risk

Aﬂunt RV = 18}\ RV =risk variant
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SNP: Single nucleotide polymorphism . | | | i
SNV: Single nucleotide variant A 160 180 200 220
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Polygenic disease for individuals 900 sites

Affected over lifetime RV =risk variant
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Polygenic score

» “True” polygenic score
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Not all variants captured on
genotyping arrays

Factors contributing to variation between people
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Different views of the same data
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Percentile of polygenic score -
Risk stratification

Khera et al (2018) Genome-wide polygenic scores for common diseases identfify
individuals with risk equivalent to monogenic mutations. Nature Genetics Torkamani et al, Nat Rev Genetics, 2018
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Combine PRS with conventional risk predictors
Coronary Artery Diseosﬁe
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Inouye et al (2018) Genomic risk prediction of CAD in 480K adults. JACC
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Polygenic risk score applications

JAMA Psychiatry | Review
From Basic Science to Clinical Application of Polygenic Risk Scores
A Primer

Naomi R. Wray, PhD; Tian Lin, PhD: Jehannine Austin, PhD; John J. McGrath, MD, PhD:; Ian B. Hickie, MD;
Graham K. Murray, MD, PhD; Peter M. Visscher, PhD

he rest come for freel!
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applications:

Likely first
applications:

:::tttiizi Of 100 people in the top

#hdbbpiddsp |  PROSstratum, a higher

FREREETERE proportion will get

basdaditllg “the disease"” in their

PEFFFETER T lifetime and hence are

##dbbibéds |  particularly encouraged Dl 6
(312122218 to enter established . ' ol
b2asadailily disease screening o I

{aadadatlly :

Common diseases/
disorders for which there
is already population screening

Cancers: breast and colorectal; common eye
disorders: glaucoma, macular degeneration;
heart disease

Disease 7 h Disease 8

Disease 12 - Disease 13

Disease ¢ o Disease 1

Disease 14 Disease 15

Disease 16
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Around the world:UK

+
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Future Our Future Health will recruit 5 million peopleinto a
Health prospective cohort, representative of the UK population

. . Adults who represent the full diversity of the UK
Diversity, scale and long term population

engagement opportunities L
Biological samples and health data on enrolment

Deep links to NHS clinical data Consent to link with NHS records and additional data

Significant scale, diversity and el

breadth of participation Stored samples that enable the application of newly

Fast and cost effective recontact of available diagnostic tests

participants

Polygenic risk scores (PRS) on everyone

Genetic info related to common

| Consent for health related feedback to participants
disease areas

Consent to invite to additional data collection, samples, or
take part in new clinical studies

Repeat sampling to observe the transitions from health to
diagnosable disease

https://www.closer.ac.uk/wp-content/uploads/Andrew-Roddam.pdf
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Polygenic risk score: other applications

JAMA Psychiatry | Review

From Basic Science to Clinical Application of Polygenic Risk Scores
A Primer

Naomi R. Wray, PhD; Tian Lin, PhD; Jehannine Austin, PhD; John J. McGrath, MD, PhD; lan B. Hickie, MD:
Graham K. Murray, MD, PhD; Peter M. Visscher, PhD

where PRS

Raml |1100300k | or100peopienn tieesisese | Of100peoplepresendng | SREPEREEIY | 100 people with dagnosisof
tepppiepes | hepopulation, Lwillget | gegpgipppe | 3T CLiNIC With symptoms didbpidpeg | thedisease”
phhbbbdidp | hedisease”inlifetime, | siiigeqeie |  Dutwithouta clear HHH
phhbphddppy | 2SSUMINGadisease #ddddddide | diagnosis, ahigher TTETTRTTTY
FRPPRPRE R of lifetime risk of 1% Y I tliILL) proportion thanin [Ty r T
T I Lat] #+éddepgps | 2 Population sample will dhhbrddibh
b b oo e ddddadaopp | 000N L0 get "the disease” dbbbibidh
T T FERRRER TP in their lifetime dhdbedddd i
FPRPERTRER LLIE L LT drviddtied

PRS contribute to risk stratification PRS contribute to clinical decisions PRS contribute to treatment choices

wFidPETIRT . dvidididd b _ |

Ad Of 100 people in the top 0Of 100 people presenting LI ITTI L] bbb dddd LTI ITI L]
Tt | pRostratum,ahigher | SREERAIE | i ymptoms AND HEpEREREE| [HREPRRIRIE
FrErerTeIr proportion will get FHE in the top PRS stratum, whhbddbd b d
thteitride | thedisease” in their ####ddiqs | 2 hioher proportion than hbidiiiil]
PEFERETRRE lifetime and hence are FERERER R in the clinic-presenting
ittt particularly encouraged FrEERERERH cohort will go on to get Genetic information may contribute to more
PEFPEFET R to enter established I e ttlLleld diagnosis of “the disease” effective choice of treatment, with reduced
biadadaiily disease screening t4tbiddbbe | intheir lifetime adverse avents
fiadadadlly EttititEE

Likely Common diseases/ When there is no clear diagnosis Potentially all common
applications: disorders for which there based on presenting symptoms, diseases/disorders but little data
i5 already population screening guide monitoring of emergent symptoms available to date

Likely first Cancers: breast and colorectal; common eye Differentiating between type 1 and Inflammatory bowel disease is a flagship
applications: disorders: glaucoma, macular degeneration; type 2 diabetes in the genetics of common disease;
heart disease perhaps we will see first applications here?




Schizophrenia polygenic risk prediction

medRyiv @ o
~10% variation in liability
AUC 0.73

Mapping genomic loci prioritises genes and implicates
synaptic biology in schizophrenia

The Schizophrenia Working Group of the Psychiatric Genomics Consortium, (&) Stephan Ripke,
James TR Walters, !

doi: hreps://doi.org/10.1101/2020.09.12.20192922
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L K Coronary artery disease
B Y 14-fold difference
§ " g
a . . ..“'.& 'y
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1 T T 1T T T T T T 1T
0 10 20 30 40 50 60 70 80 90 100

Percentile of polygenic score

Top percentile vs bottom
percentile:
40-fold difference

Publicly Available hiPSC Lines with

No
Disease

Low PRS | HighPRS

PERSPECTIVE

The promises and challenges of human brain organoids as
models of neuropsychiatric disease

Giorgia Quadrato, Juliana Brown & Paola Arlotta
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Research Article
Complex

Psychiatry

Complex Psychiatry 2020;6:68-82
DOI: 10.1159/000512716

Extreme Polygenic Risk Scores for
Modeling Schizophrenia

Kristina Dobrindt®>? Hanwen Zhang® Debamitra Das? Sara Abdollahid
Tim Prorok® Sulagna Ghosh®f Sarah Weintraub® Giulio Genovese®f

Samuel K. Powell>P  Anina Lund®? Schahram Akbarian® Kevin Egganf @
Steven McCarroll®f Jubao Duan“" Dimitrios Avramopoulosd
Kristen J. Brennand®?

FOCUS ON PSYCHIATRIC DISORDERS

naare.,
medicine

Low PRS

HighPRS

No Disease

Disease
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Polygenic risk score applications in psychiatry

JAMA Psychiatry | Review 158 young adults presenting with symptoms at a

Could Polygenic Risk Scores Be Useful in Psychiatry? youth mental health clinic Graham Murray,

A Review UoCambridge

Graham K. Murray, MD, PhD; Tian Lin, PhD; Jehannine Austin, PhD; John J. McGrath, MD, PhD; lan B. Hickie, MD;

NaomiR. Wray. Fho 1528 community samples random ascertainment

et m D Schizophrenia Depression ' Bipolar Disorder

= U.b+ ; .

LB 1111012t ocopmien | S ot [ranen EE e o
#haddddass | the population, 1 will get #hiddfdsdd | at clinic with symptoms 05 # 05 B 05 ) Jehannine Austin,
$rEPEPERIE the dis'ease iq lifetime, FRERRERRRR h!.rrwitf!ou‘ra‘l:lear 0al oal 0al UoBr|1'|sh Columb|g
#idbipapie | 2sSumingadisease thidtidees | diagnosis, a higher : : .
phibipppps | Of lfetimeriskof 1% t#itdibbps | proportionthanin z z =
FRpibibi #didifidd | apopulationsample wil il - 5% . e —
phbbRERE thidbidies | 90 ontoget the disease 02 ¥y 02- 02 o
FPRPERTRD FRFRRTRETD in their lifetime. - 1 : -

AL i L] teiitidiie o1 : 01l 01l N
of PRS -4 ) 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
::H:::IH Of 100 people i'r: tl;le top :::::::zz: 0f 100 people presenting PRS (SD units) PRS (SD units) PRS (3D units)
#dddpddpsd | PRSstratum, ahigher with symptoms and . -
#dddbeddss | Proportion will get :::::::::: in the top PRS stratum, He|g ht BOdy mass |ndeX Type 2 dlabetes John
#ddhpeddes | the disease in their S a higher proportion than viom 0.6+ . McGrath, UQ
#tddbesddsd | lifetime and hence are PR in the clinic-presenting p=.05 L p=.65 L pe2s M !
P T I L) particularly encouraged to FRERRERRPD cohort will go on to get 0.54 - 0.54 - 0.54 .
#iiddddddd | enterestablished disease FRPRRERRED diagnosis of the disease L " "
widhdddddd | screening, if relevant, or YT ) in their lifetime. 0.4+ 0.4 0.4-
frdddddddd | consider lifestylerisk factors. |  gafdddfidd = = =
2 03+ Z 0.3 2 0.3+

Likely This application of PRS is unlikely to be This application of PRS is likely to be relevant, 0.21 021 0.27 I

relevance relevant in the short term. and testing in clinical settings is justified. o1l 0.1 014 I

:‘Z:;;I"tal Possible .applicatit_)ns in the -long term Young people presenting at youth mental ' ' '

S . mtgbmh: to risk ts::ﬁreemng f:::w ASD or health clinics have very general symptoms. 04 . ; . - 0+ ; . . . 0- . - ; -

, where stratification for intensive identify those -4 -2 0 2 4 -4 2 0 2 4 -4 -2 0 2 4
evaluation could lead to earlier diagnosis ﬁﬁm?n? ;';,m e most PRS (SD units) PRS (SD units) PRS (SD units)
a':'d earlier beha\_lioml int?rventions High PRS could contribute to clinical
« High PRS for schizophrenia could lead decision-making | Hicki
to lifestyle guidelines on recreational : an ICKIE,
il i UoSydney




THE UNIVERSITY
% OF QUEENSLAND
AUSTRALIA

F O I I I I |y h Is-l-o ry JAMA Psychiatry | Review
From Basic Science to Clinical Application of Polygenic Risk Scores
Will people withOUT known family history have high PRS? A Primer

Naomi R. Wray, PhD; Tian Li
Graham K. Murray, MD, PhD

istin, PhD; John J. McGrath, MD, PhD; lan B. Hickie, MD;
hD

Maybe, and that's important!

Not affected over lifetime

count RV = / ount RV = 193\
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Children (Parents: 171 & 189)
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Genetic variance
within the family

Children of
these parents
Mean: 180
+/-3SD: 153-207

Population
Mean: 180
+/-3SD: 142-218

No family
history, but by
chance
segregation of
alleles has high
genetic risk
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PRS in the clinically high risk

JAMA Psychiatry | Review

Could Polygenic Risk Scores Be Useful in Psychiatry?
Polygenic Risk Score Contribution to Psychosis AReview

Graham K. Murray, MD, PhD:; Tian Lin, PhD; Jehannine Austin, PhD; John J. McGrath, MD, PhD:; lan B. Hickie, MD;

Prediction in a Target Population of Persons at Clinical Naomi R Wy, P
High Risk 2019

Diana O. Perkins, M.D., M.P.H., Loes Olde Loohuis, Ph.D., Jenna Barbee, B.S., John Ford, MS., Clark D. Jeffries, Pn.D.,
Jean Addington, Ph.D., Carrie E. Bearden, Ph.D., Kristin 5. Cadenhead, M.D., Tyrone D. Cannon, Ph.D., ; - ————
Barbara A. Cornblatt, Ph.D., Daniel H. Mathalon, M.D., Ph.D., Thomas H. McGlashan, M.D., Larry J. Seidman, Ph.D., | SR EpEmEig S E e
Ming Tsuang, M.D., Ph.D., Elaine F. Walker, Ph.D., Scott W. Woods, M.D. :m:::;m: 0Of 100 people in ::::::;:: Of 100 people presenting n:nn::: 100 people with diagnosis of
P the pppulati_on{ 1 \yill get ki at clinjc with symptoms Py the disease.
P the disease in lifetime, FERRRTTTE but without a clear HHHH
. . . . . i ing 3 di diagnosis,a high
« 764 people with psychosis high risk at baseline gt | oholes, P | Senew (|
(IEIITIiTL FhRRT I a population sample will Laaa bt
595 with foll et | e ||
° - .
Wi ollow-u p b HEH FHIT
[ ] 238 E U R , 35 7 n O n - E U R I PRS contribute to clinical decisions PRS contribute to treatment choices ‘
. . o bbb bbb . dibbddhhd n
of 100 people in th of 100 peopl viddidbiie| |vodbdbiiie| [dbbbpbibre
« 84 converted to psychosis diagnosis (33 & 51) | et pustien | g [l )] teee
PERRRRRERE proportion \Il\fillget I in tlhe top PRS stratum, :i:‘i::i;::
° 2 79 U n O ffec_l_e d I fr;e Ljiseased||;]their P thlahelrlp_mpmtion Fhan
iretime and hence are In the clinic-presenting
:z:nﬂ:n particularly encouraged to :;:nzm: cohort will go on to get Genetic information may contribute to more
thhdddhedd | enter established disease dhbbdebhd diagnosis of the disease effective choice of treatment, with reduced
PhpEREEERE screening, if relevant, or ) in their lifetime. adverse events.
- = = - = Pevddddddd | consider lifestyle risk factors. FRERPRIRE
Conclusions: The PRS discriminates psychosis converters
Lill(ely Tllisapnﬁcaél;:n ;:ﬂ PRS is unlikely to be Th: aJnIicaﬁunhufEI;lS likely to be Ea;!l;vant, Eh\‘s .;Dpl\‘cat\‘un SI[.)I'FF PRS wcc)luld be venlr relevant,
= = Er = = relevance relevant in the short term. and testing in clinical settings is justified. ut there are insufficient data to evaluate
from nonconverters and modestly improves individualized e | et te  e o arm I | . covcic coiuton o cestmnt resporse
.. . < doters ] * Contribut oriskscreening for ASD or hestt clincshave very general symptoms. (| &1 TEe SUERE S RBR
psychosis risk prediction when added to a psychosis risk R L L sty vy gty thosemst || e oo
- - - - B"dhearliﬁnbﬂl;'iﬂﬁ'li imidﬂﬁgr:d High PRS could contribute to clinical LIk 5;3';;'{5’1?-5 .'“3!“? da"afslab'ek!ﬂ 'ﬁa“'}f‘ ’0“9(?
= Hi i i i N use o In Individuals seeking neilp will provide
calculator. The schizophrenia PRS shows promise in en- e | deasion-making the e o o avlits st
drug use. responses.
hancing risk prediction in persons at high risk for psychosis,
although its potential utility is limited by poor performance in
persons of non-European ancestry.
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Summary

« Polygenic scores are biomarkers not diagnostic tests

« Polygenic risk scores will be evaluated in many common diseases
and disorders in next 5-10 years
« Context of population screening
« Combined with non-genetic risk factors

* |In psychiatry
 Need to evaluate use of polygenic risk scores in the context of
young people presenting with symptoms

« 40-fold difference between top and bottom percentile can
provide very powerful experimental design

« Collect the samples today to allow the experimental designs of
tomorrow

Robotic cellular phenotyping
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