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LETS GET STARTED

#7
Risk
estimation
from genome
wide data

24/3-25
[PDR]
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AGENDA

08:15-08:45
08:45 - 08:50
08:50 — 09:20
09:20 - 09:30
09:30-10:30
10:30 - 10:40
10:40 - 11:30
11:30 - 11:55
11:55-12:00

AALBORG
UNIVERSITY

Recap [GWAS + R exercise from last]
Break

Lecture [PGS]

Break

Exercise 1 + 2 [+ joint discussion ]
Break

Group work

Presentation of group work

Evaluation at Moodle
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AGENDA

08:15-08:45 Recap [GWAS + R exercise from last]
08:45 - 08:50 Break

08:50 - 09:20 [PGS]

09:20-09:30 Break

09:30-10:30 [+ joint discussion ]
10:30 - 10:40 Break

10:40 - 11:30

11:30 — 11:55

11:55-12:00
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GWAS RECAP
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Which SNPs associate with height?
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GWAS RECAP
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Linkage disequilibrium (LD)
— what Is It?




LD REVISITED

Mendel’s law of independent assortment
- Genes do not influenec each other with regard to sorting of alleles
Into gameets

- Every possible combination of alleles for every gene is equally likely
to occur

AAAAAAA
IIIIIIIIII



INDEPENDENT ASSORTMENT
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Independent assortment



NON-INDEPENDENT ASSORTMENT

A A Qa a
X
B B b b
A a A A
X
B b B B
A A A A a A a A
Non-independent assortment
B B b B B B b 3
45% 5% 5% 45%
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Recombinant gametes



LD REVISITED

Non-independent assortment /
Non-random association of loci
within the population

10264011
768830
2389995
2240419
10250414
10486329
9639319
$6461396
17802855
2189741
12533489
2240279
2717349
2526633
2390042
$10227612

\
\ -
=3

Parameter of the entire population

LD can be “measured” between
pairs of SNPs (correlation or D)

( AALBORG PAGE
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GWAS RECAP

Quantitative trait loci (QTL)
- not the causal variant

00
m EI - a variant LINKED to the causal (un-measured variant)
®© 000 H
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o 2 Region of interest
:S what is the causal SNP?
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Genomic positioms
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AGENDA

08:15-08:45 [GWAS + R exercise from last]
08:45 - 08:50 Break

08:50 - 09:20 Lecture [PGS]

09:20 - 09:30 Break

09:30-10:30 [+ joint discussion ]
10:30 - 10:40 Break

10:40 - 11:30

11:30 - 11:55

11:55-12:00
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PREDICTING DISEASE
RISK FROM GENETIC
DATA?

A “polygenic score” is one way by which people
can learn about their risk of developing a
disease, based on the total number of changes
(i.e., SNPs) related to the disease (NHI)

T




DIFFERENT NAMES

® Polygenic risk score (PRS)
® Polygenic score (PGS)

® Genetic score (GS)

® Genetic risk score (GRS)
® Genetic value

© Genetic liability
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DIFFERENT NAMES

® Polygenic risk score (PRS)
)

® Genetic score (GS)

® Genetic risk score (GRS)
® Genetic value

© Genetic liability
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WHAT IS A PGS?

SNP1 A (¢
4 Threshold
> zone O SNP2 T T
C
g Clinical
(i')- diabetes 1P SNP3 A C
i \L SNP4 T A PGS =7
‘[: ) SNPs C C
Number of predisposing alleles
in genotype
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WHAT IS A PGS?

“A PGS combines information from large
numbers of markers across the genome
(hundreds to millions) to give a single
numerical score for an individual’s risk for
developing a specific disease on the basis of
the DNA variants they have inherited.”

AALBORG
UNIVERSITY
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SNP-2

P val = <2e-16
200 —

190 —
180 —

b is the slope (effect
size) from reggresion

170 —

160 —

Height (cm)

150 —

140 —

130 —

The effect size of the SNP - ™ Aa aa
obtain from the GWAS Genotype

PGS = ) X; b

—

The genotype of the individual for SNP |

(0, 1, 2 — counting the number of the alternative allele)
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PGS —_ EXibi

HOW TO COMPUTE A (simple) PGS’)

SNPs Adams Genotypes Refallele Altallele X b Xb

SNP-1 TC T C 1 0.04 0.04
SNP-2 GG G T 0 0.02 0.00
SNP-3 CC A C 2 0.05 0.10
SNP-4 TG T G 1 0.02 0.02
SNP-5 AA A G 0 0.06 0.00

/\ 9 PGS =0.16
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A LARGE PALETTE OF PGS METHODS

(B)

2001

BayesA,
BayesB

( AALBORG
UNIVERSITY

BayeSC BVSR

NEG

2011

C+T

_ BayesCr,
Bayesian BayesD,BayesDn
Lasso

PRS-CS

EB-PRS
L Dpred lassosum  prs.CS-auto
BSLMM LDpred-inf SBLUP RSS LDr_Jrrleg-funct
MultiBLUP DPR SBavesR pSum
2D PRS CNN / PANPRS
2013 2015 2017 2019 2021
AnnoPred DNN
BayesR Malk et 2! PleioPred CTPR| SCT
BVR MTGBLUP oS otal WMT.SBLUP NPSSDPR
JAMPred
DBSLMM
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WHY DIFFERENT PGS METHODS

PGS —_ ZXibi
O

’.0
‘ a Should variants
% ®  inaLD-block

count equally?

‘o$ iﬂ." Rhoage

Genomic positions

Significance level
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CLUMPING AND THRESHOLDING (C+T)

0: Set LD (=0.8) and P

values (0.01)

1: Sort by P-value

2: Compute LD and select
variants based of thresholds

SNP b ¢]
1 0.21 0.005
2 0.22 0.0048
3 0.25 0.0003
4 0.1 0.04
5 0.05 0.15
6 0.02 0.49
7 0.03 0.87
8 0.12 0.003
9 0.14 0.0034
10 0.18 0.0004
11 0.21 0.00003
12 0.12 0.15
13 0.14 0.12
14 0.03 0.84
15 0.02 0.32

SNP b p
11 0.21 0.00003
3 0.25 0.0003
10 0.18 0.0004
8 0.12 0.003
9 0.14 0.0034
2 0.22 0.0048
1 0.21 0.005
4 0.1 0.04
13 0.14 0.12
5 0.05 0.15
12 0.12 0.15
15 0.02 0.32
6 0.02 0.49
14 0.03 0.84
7 0.03 0.87

AALBORG
UNIVERSITY

SNP b o] r2
11 0.21 0.00003 | 1st val
9 0.14 0.0034 0.74
2 0.22 0.0048 0.4
1 0.21 0.005 0.03
4 0.1 0.04 0.04
13 0.14 0.12 0.05
5 0.05 0.15 0.03
12 0.12 0.15 0.04
15 0.02 0.32 0.01
6 0.02 0.49 0.01
14 0.03 0.84 0.01
7 0.03 0.87 0.01

lant in LD-pair

Have LD>r?—ignore those
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CLUMPING AND THRESHOLDING (C+T)

0: Set LD (=0.8) and P

values (0.01)

1: Sort by P-value

2: Compute LD and select
variants based of thresholds

iriant in LD-pair

Have LD>r?—ignore those

SNP b ¢]
1 0.21 0.005
2 0.22 0.0048
3 0.25 0.0003
4 0.1 0.04
5 0.05 0.15
6 0.02 0.49
7 0.03 0.87
8 0.12 0.003
9 0.14 0.0034
10 0.18 0.0004
11 0.21 0.00003
12 0.12 0.15
13 0.14 0.12
14 0.03 0.84
15 0.02 0.32

SNP b p
11 0.21 0.00003
3 0.25 0.0003
10 0.18 0.0004
8 0.12 0.003
9 0.14 0.0034
2 0.22 0.0048
1 0.21 0.005
4 0.1 0.04
13 0.14 0.12
5 0.05 0.15
12 0.12 0.15
15 0.02 0.32
6 0.02 0.49
14 0.03 0.84
7 0.03 0.87

AALBORG
UNIVERSITY

SNP b o] r2

11 0.21 | 0.00003

9 0.14 0.0034 1st vg
13 0.14 0.12 0.52

5 0.05 0.15 0.34

12 0.12 0.15 0.10

15 0.02 0.32 0.04

6 0.02 0.49 0.01

14 0.03 0.84 0.01

7 0.03 0.87 0.01
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CLUMPING AND THRESHOLDING (C+T)

0: Set LD (=0.8) and P

values (0.01)

1: Sort by P-value

2: Compute LD and select
variants based of thresholds

SNP b o] r2
11 0.21 0.00003
9 0.14 0.0034
13 0.14 0.12 1st va

riant in LD-pair

SNP b ¢]
1 0.21 0.005
2 0.22 0.0048
3 0.25 0.0003
4 0.1 0.04
5 0.05 0.15
6 0.02 0.49
7 0.03 0.87
8 0.12 0.003
9 0.14 0.0034
10 0.18 0.0004
11 0.21 0.00003
12 0.12 0.15
13 0.14 0.12
14 0.03 0.84
15 0.02 0.32

SNP b p
11 0.21 0.00003
3 0.25 0.0003
10 0.18 0.0004
8 0.12 0.003
9 0.14 0.0034
2 0.22 0.0048
1 0.21 0.005
4 0.1 0.04
13 0.14 0.12
5 0.05 0.15
12 0.12 0.15
15 0.02 0.32
6 0.02 0.49
14 0.03 0.84
7 0.03 0.87

Have LD>r?—ignore those
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UNIVERSITY
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CLUMPING AND THRESHOLDING (C+T)

0: Set LD (=0.8) and P

values (0.01)

1: Sort by P-value

2: Compute LD and select
variants based on LD

3: Compute PGS based on
effect sizes (b) and P-values

11 | 021 | 0.00003 | < u——
9 | 014 | 00034 | ——
— . :X11 X0.21+X9 XO.14‘

SNP b p
1 0.21 0.005
2 0.22 0.0048
3 0.25 0.0003
4 0.1 0.04
5 0.05 0.15
6 0.02 0.49
7 0.03 0.87
8 0.12 0.003
9 0.14 0.0034
10 0.18 0.0004
11 0.21 0.00003
12 0.12 0.15
13 0.14 0.12
14 0.03 0.84
15 0.02 0.32

SNP b p
11 0.21 0.00003
3 0.25 0.0003
10 0.18 0.0004
8 0.12 0.003
9 0.14 0.0034
2 0.22 0.0048
1 0.21 0.005
4 0.1 0.04
13 0.14 0.12
5 0.05 0.15
12 0.12 0.15
15 0.02 0.32
6 0.02 0.49
14 0.03 0.84
7 0.03 0.87

AALBORG
UNIVERSITY
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CLUMPING AND THRESHOLDING (C+T)

Repeat for other P-value
cutoffs (and LD values)

How does the PGS associate
with the disease

Ydisease = PGS + €
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0.021

R2

0.011

0.001

ADHD

ASD

EA

P threshold



SCHRINKAGE METHODS

Clumping and thresholding (C+T)

Bayes-N; 8 ~ N(0,03)

Bayes-L; f(8j|77,02) ~ N(Bj|0,77 x 02)
Bayes-A; 5; ~ N(0,0% )

Bayes-C; 3; ~ N(0,0‘%j) with probability 7, and

Bj = 0 with probability (1 — 7), where 7 is assumed
to follow a beta-distribution.

Bayes-R; §; ~ N(O,’yccr%j), where C defines
number of classes (e.g., C=4,y = (0,0.01,0.1,1.0))

AALBORG
UNIVERSITY

«

bayesR 1
bayesC 1
bayesN 1

bayesL 1

Shrinkage method

C+T0.54
C+T 0.7 1

C+T0.94

bayesA 4
C+T 0.001 1
C+T0.01 1
C+T0.14

Height

° ¢ Females

] ¢ Males

0.20 0.25 0.30
Variance explained (R

Rohde et al., 2020 °*%5
Rohde et al., 2023



WHAT DO YOU NEED?

1. A large well-powered
GWAS for your trait of
interest
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2. An independent cohort
that has been genotyped

(3. That some individuals
in the cohort has the
phenotype)

PAGE
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08:15-08:45

‘8 45 — 08:50

0-09:20

? J
09:20 — 09:30

B B 10:30 — 1000 Break
10:40-11:30 Group work

11:30 — 11:55 Presentation of group work

11:55 -12:00 Evaluation at Moog
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YOUR OPPINION MATTERS

E-valuation
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learned today + +
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