Genomig solutions
to sustainable
development

Week 4 — Gender & Health
11 March 2025

Sebastian M. Waszak, Ph.D.

Assistant Professor, Life Sciences, EPFL
Associate Adjunct Professor, Neurology, UCSF



m

PrL

Outline

B Overview of mechanisms behind de novo germline mutations
B Overview of mechanisms behind somatic mutations

B Genetic predisposition to somatic mutagenesis
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e human body is a mosaic of many genomes
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The human body is a mosaic of many genomes
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e human body is a mosaic of many genomes
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A typical human genome in numbers

4-5M DNA sequence variants per person (relative to the reterence genome)
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Genome-wide de novo germline mutations
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Genome-wide de novo germline mutations
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Counts

Sex and parental age affect the number

/0 de novo

germline mutations
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Sex and parental a ?e affect the type
of de novo germline mutations
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Sex and parental age affect dynamics
of de novo germline mutation types
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The spermatogonium division model
and genome-replication hypothesis

BVery early embryogenesis and germline cell
specification: 10 cell divisions

- BSex organ development: 24 cell divisions

- 1000
ESpermatogonia divide and produce

spermatocyte starting from onset* of puberty:
23 divisions/year/spermatogonium

ESpermatocyte to sperm cell: 4 cell divisions

No. DNMs in offspring
(@)
o

- 500

B Total number of cell divisions to produce
sperm:

W
o
I

m 20 year-old male: 10+24+7x23+4=199 divisions
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m 30 year-old male: 10+24+17x23+4=429 divisions
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Functional impact of
de novo germline gene mutations
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Rare germline DNA copy number
variants in childhood cancer patients
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Rare germline DNA copy number
variants in childhood cancer patients

* B Pediatric cancer
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Endogenous factors that influence
germline de novo mutation rates
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e human body is a mosaic of many genomes

Early developmental /‘< O . O
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e human body is a mosaic of many genomes

Early developmental /'O< @ . O
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e human body is a mosaic of many genomes

Ageing associated /O < O . O

somatic mutations 0O O Single cell
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Scenarios of clonal evolution

)
Neutral clone
\ .
Clonal depletion
-
Clonal expansion

. | A
Advantageous mutation * Clonal regression
(e.g., driver gene mutation)
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Detecting somatic mutations in normal cells
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Sources of false positive somatic
mutations in normal tissues
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Point mutations per genome
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Clock-like accumulation of
somatic mutations in adult stem cells

2,000-3,000 somatic mutations per stem cell at the age of 65 years

Blokzijl et al. Nature 2016
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Clonal hematopoiesis
(blood cell production)
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Age-associated clonal hematopoiesis
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Age-associated clonal hematopoiesis
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Age-associated clonal hematopoiesis predisposes
to hypertension and atypical blood counts
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Age-associated clonal hematopoiesis
predisposes to blood and heart diseases
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Sex-biased clonal hematopoiesis
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Ageing-associated

loss of chromosome Y (LOY) in males

45

50 55 60
Age (years)

Thompson et al. Nature 2019

65

70

B Known risk factors for mosaic
LOY in blood cells in males

B Ageing
B Smoking
B Biomarker for diseases
B Cancer
B Infections

B Heart disease
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Ageing-associated
loss of chromosome X (LOX) in females

A

No restriction for cell fraction B Cell fraction > 5%
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Ageing- and sex-associated autosomal
mosaic chromosomal alterations
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Mosaic chromosomal alterations
and COVID-19 hospitalisation

a Effect of expanded mCAs

on COVID-19 hospitalization OR 95% CI P value Cases (n) Controls (n)
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Key contributors to
somatic mutagenesis

Ageing Sex
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Cell type » @ . Chromatin
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Endogenous Exogenous
mutagens mutagens




- Genome-to-genome association studies to
identify mechanisms of somatic mutagenesis

Population variation Mutational phenotypes
(eg, SNPs) (eg, loss of Y in blood cells)

<

A\

Genome-wide association study
(GWAS) based on logistic or linear
regression
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Genetic predisposition to loss of Y in males

LOY risk variants affect HSC/HPCs
GWAS of LOY with 85,000 male participants

156 common variants predispose to LOY
LOY heritability is estimated at 32%
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L Genetic predisposition to loss of X in females
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GWAS for LOX with >800,000 female study participants
56 common variants predispose to loss of X in females

Association with cancer predisposition and autoimmune disease
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Shared and distinct genetic architecture of
loss of X (LOX) and loss of Y (LOY)
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Shared and distinct genetic architecture of
loss of X (LOX) and loss of Y (LOY)

Type of mCA
mLOX
o MmLOY

l0g(OR)

HLA-B* HLA-DQB1* HLA-DRB3*
35:01 04:02 01:01
HLA allele
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HLA-B*35:01 —> higher risk of mLOX in females, yet not risk for mLOY in males
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Shared and distinct genetic architecture of
loss of X (LOX) and loss of Y (LOY)
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[ ] Other
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mLOX Shared
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mLOX-specific genetic variants —> increased risk of autoimmunity and allergy
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SMLOX/mLOY genetic variants —> increased risk of cancer
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