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Genetics today

DNA-Microarray vs DNA-Sequencing
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Genetics today

The Polygenic Risk Scores
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Genetics today

Drug Response Prediction (a.k.a precision medicine)
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Genetics today

Drug Response Prediction (a.k.a precision medicine)

* rs1057519468/Tay Sachs
rs121907954/Tay Sachs

Most Mendelian mutations

>30

o N
® IS
. « APOE4
Odds rs80357055/BRCA e 220911.2/ AIzheljmer’s
) 5 | N Schizophrenia _ ___________
ratio s PRY/
. EI'RZS CAD
« PRS
2 Sta{in
GWAS hits

0.05

<5e-4 0.005 0.5

® Only sequencing

Frequenc
® Also microarray 9 Y

% ,

\a r/ INTERMATIONAL SOCIETY
CF PSYCHIATRIC GENETICS

ISPG statement
2018:

Genome-wide
association studies of
drug response have
been limited in their
ability to identify
clinically useful
genetic markers,
suggesting response
to treatment is likely
a complex, polygenic
trait.

ISPG et al. Unpublished. October 2018



Genetics today

Drug Response Prediction (a.k.a precision medicine)
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ISPG statement
2018:

CYP2D6, CYP2C19
testing... estimates of
the number needed
to test ...for
antidepressants
suggest about one
in every 12
patients will benefit
from testing.

ISPG et al. Unpublished. October 2018



Genetics today

Drug Response Prediction (a.k.a precision medicine)
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Genetics today

"The usefulness threshold”
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Genetics today

"The usefulness threshold”
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Points - so far (2/5)

1. Polygenic risk scores (PRS) shown to improve common disease genetics
Let’s start using them

2. Predictive usefulness is context-specific
Population screening # diagnosis setting



Context specific reporting

Impute me Terms-of-use ~ About  Modules ~

Heading to Hospital

Feeling fine
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Context specific reporting

Impute me Terms-of-use ~ About  Modules ~

~.Mood [affective] disorders
FOO-FO3 F10-F12 F20-F29 @ FAD-F43 FS0-FSS  FEQ-FEQ F7O0F7S FS0-F3C  FOO-FESS-Foe



Context specific reporting

Impute me

F30

Disease (code)

Mood [affective] disorders
(F30-F39)

Mood [affective] disorders
(F30-F39)

[F30-F39

Psychiatric

Genetic study

Bipolar disorder (PMID 28115744)

Major depressive disorder (PMID
29317602)

. Bipolacaffective disorder
F31) F32 F33 F34 F3

Terms-of-use

F39

Further details in this
Module

GWAS calculator

GWAS calculator

About

score

-1.1192

0.193

Modules



Impute.me

»

Impute.me Home Terms-of-use About Modules ~

Advanced analysis of your DNA: Beyond one SNP at the time




Result calculation details
(ask for details - this is just quick example)

Impute

GWAS Calculator

Terms-of-use About Modules «

Thousands of GWAS studies have been performed.
This module allows the calculation of genetic risk score
for any of them.

To run analysis input your user-id, or use the test-value
of id_613z86871:
Unigue ID

' id_613286871 |

Traits:

| Depressive disorder (major) - |

Advanced options
Only show newest study

Trait categories:
O Al

® Disease

() Biometrics

) Biomarker

) Response

) Other

—— Population distribution
— Your genetic risk score

Number of people with this score

Genetic risk score

Retrieved 56 SNPs from Hall LS et al (PMID 29317602), which were reported to be associated with Major depressive
disorder. This study reports a total sample size of 43055, as entered on date 2018-01-10. Note 3 SNP(s) were
entered twice for this GWAS, and the effect-size and direction was not consistent. The beta from the first listed SNP
was used, but please cross-check the results table with the original study carefully for details (e.g. rs1874258,
r=3RRARRNNR re8R4AR1R22Y Nnnlirates are indirated in the end of fahle bt don't confritite fn re<ilts The nnnnilatinon-



Result calculation details

Impute

SNP
rs4648845
rs1498232

rs11210892

rs12129573

rs1702294

rs140505938

rs6670165

1s7523273

rs77149735

rs11682175

rs3763644

rs2909457

rs11693094
rsa9979824

rs6434923

Location
1p36.32
1p35.2

1p34.2

1p31.1

1p21.3

121.2

1q25.2

1q32.2

1043

2p16.1

2p13.2

2q24.2

2032.1
2q32.3

2q33.1

Your
Genotype

ciT

cic

AA

CIA

T/IC

cic

cic

GIG

GIG

T

GIG

GiA

T

cic

GIA

Risk/
non-
risk
Allele
Tic
TiC

NG

AC

CIT

TiC

TiC

CcIT

GIA

GIA

CIT

CIA

GIA

SNP-
scare

0.07

0

0.14

0.075

0.12

0.2

0.058

013

0.074

Terms-of-use About

SNP-score

(population Effect P-

normalized) Size value
0.0033 0.0695 9e-10
-0.041 0.0667 3e-09
0.049 0.0683 3e-10
0.016 0.0751 2e-12
-0.07 0.1200 3e-19
-0.03 0.0899 4e-10
-0.029 0.0723 4e-08
-0.082 0.0611 4e-08
-0.012 0.2750 4e-09
-0.062 0.0594 1e-11
0.023 0.1010 7e-09
0.0096 0.0576 5e-08
-0.085 0.0736 2e-12
0.044 0.0651 8e-09
0.033 0.0736 2e-11

Modules ~

Major/
minor
Allele
TIC
TiC

GIA

CIA

CiT

ciT

cIT

AG

GIA

TiC

GIA

AG

cIT
CIA

AG

Minor
Allele

Frequency

0.520

0.690

0.640

0.400

0.210

0.170

0.200

0.330

0.022

0.450

0.120

0.420

0.420

0.340

0.270

Reported
Gene

PLCHZ2
intergenic

KDM4A,
PTPRF

LRRIQ3

DPYD,
MIR137

ANP32E
APH1A

FAMSB

C1orf132
CD4s

AKT3,
SDCCAGS

FANCL,
VRK2

CYP26B1

DPP4
SLC4A10

ZNF804A
PCGEM1

ANKRD44,
BOLL



Things we are still not very good at

Ethnicity challenges -

Genetics
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Ethnicity

Impute Terms-of-use  About  Modules ~

Ethnicity Profile

This module investigates the ethnicity profile. You can

‘Your genome is indicated as a slightly larger black dot in this plot, you may have to zoom in to see it. Look in the
use the 1D id_613z86871 to test the function purple cluster.
Unique ID

6 a4+l A e s L
id_613z86871

|| Advanced options

Run analysis
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Impute Terms-of-use  About  Modules ~

Ethnicity Profile

This module investigates the ethnicity profile. You can

‘Your genome is indicated as a slightly larger black dot in this plot, you may have to zoom in to see it. Look in the
use the 1D id_613z86871 to test the function purple cluster.
Unique ID

B A+OL AR - s
id_613z86871
|| Advanced options

Run analysis




Ethnicity

Impute Terms-of-use  About  Modules ~

Ethnicity Profile

This module investigates the ethnicity profile. You can
use the ID id_613z86871 to test the function
Unique ID

Your genome is indicated as a slightly larger black dot in this plot, you may have to zoom in to see it. Look in the
purple cluster.

id_613z86571
[ Advanced options

Run analysis




Overall liability scale reporting
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Overall liability scale reporting

:|ﬂ])|.|1.l:' Terms-of-use About Modules ~

Appearance traits. such as height and hair colour are
highly heritable and your genome can provide clues to : .
them. Of course the best source for this is a mirror. Helght eStllnate
The large dot indicates your actual height (up the Y-axis) and your genetic height (out the X-axis). If the dot iz inside

Nonetheless it can be interesting to perform the analysis the colour-shading your genetic height matches your actual height.

on e.g. children fo provide estimates of their final height
and apperance. Other iraits such as eye and skin colour

and even facial form, may be provided in the future. .
However, the fact is that these traits are much harder to &
predict and therefore genetic analysis provides more ;
limited benefit. This module therefore focuses on height, ] -
which is highly heritable, and hair-colour which currently E o/ 2
is a bit more guess-work. 8 o N
- ®
= -
To run analysis input your user-id, or use the test-value -3
of id_613z86871: = B
0 e
4
Unigue ID o °
o °
-]
id_613z86871
=)
wn
# Provide own height Loy
T T 1
Your real height (em) -3 -2 -1 0 1 2 3
184 genetic height
Your age (years) Details: The largest dot shows your height on the Y-axis and your genstic height on the X-axis. The genetic height is calculated as Z-

score, which basically means the numiber of standand deviations abowe or below the population mean. The population mean is shown as

38 the background colour smear, and is aceording to the currently largest height-GAWAS. Smaller dots shown represent other users.

Provide own hair colour

Run analysis
Hair colour estimate

This plot shows your estimated genetic hair colour.



Points - so far (4/5)

3. Impute.me is a fully functional open-source N=1 genetics analyser
Based on above points

4. The statistics behind PRS are good for ethnicity-matched cohorts,
Challenges remains in N=1 settings



Last point (communication!)

5. Education and information beats regulation!
FDA warning letter to 23andme -> third-party analysis rise

Lasse Folkersen
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Last point (communication!)

- i ' eats regulation! _ is rise
>- Education andlirllafxrv:/na?tr:?nngbletter to 23andme -> third-party analysis

| Forsta
dit DNA
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Points

1. Polygenic risk scores (PRS) shown to improve common disease genetics
Let’s start using them

2. Predictive usefulness is context-specific
Population screening # diagnosis setting

3. Impute.me is a fully functional open-source N=1 genetics analyser
Based on above points

4. The statistics behind PRS are good for ethnicity-matched cohorts,
Challenges remains in N=1 settings

5. Education and information beats regulation!
FDA warning letter to 23andme -> third-party analysis rise



Acknowledgements

Mentorship
Thomas Werge

Web security (HTTPS)
Andrew Maris (Xarentek, Italy)

Web layout
Stefan Delport (freelance, South Africa)

Student-help

Li Zhang (CAS, China)

Vincent Frederik Dahl (DTU, Denmark)
Christian Hgjte Sgrensen (DTU, Denmark)
Magnus Bock (Panum, Denmark)
Guanshen Cui (CAS, China)

Mengyu Pan (CAS, China)

Affilations

geea  INSTITUTE OF
e BISLOGICAL
jsegelessisesyl PSYCHIATRY

Region
Hovedstaden




People
>107
>106
>10°
>104

Supplementary slide 1

Type Clinical Consumer

Dnafit.com Orig3n - l
In-house array aenePlaza

In-house seq 23andme B MvHeritace
‘»‘ Ancestry com

Livewello
I Interpretorie
(Third party analysis) romothease "_p IE | DNA- Iand

‘ (Codegen.eu fEace ‘ (il\/ tch
Interpretation High-effect rare ‘l

mutations SNPs Polygenic risk PCA
scores

Still “Low effect common Relative match
variation presented as
important”

DNA reading

Impute.me




