Genomics &
I Computational
UMass Chan Biology

CCCCCCCCCCCC

Linking single-cell transcriptomic and
genomic changes in the aging human
brain

Tianxiong Yu
Instructor
Umass Chan Medical School
ASHG
Oct, 2025



Financial Disclosure

| do not have any relationships to report within the last 24 months with
ACCME defined ineligible companies.
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Why study aging? 2025 ASHG
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Aging and DNA damage 2025 ASHG

* Genetic disorders with defective DNA repair show premature aging, supporting
the link between DNA damage and aging.

CSH

3 Years 7 Years 8 Years 9 Years

Cockayne Syndrome caused by ERCC6 or ERCC8 mutation

Vermeulen et al. 2013, Cold Spring Harbor Perspectives in Biology
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Aging and DNA damage 2025 ASHG

* Genetic disorders with defective DNA repair show premature aging, supporting
the link between DNA damage and aging.

» Species with enhanced DNA repair mechanisms, like naked mole rats, exhibit
slower aging and lower cancer rates.
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Picture from Akron Zoo
Chen et al. 2025, Science
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Aging and DNA damage 2025 ASHG

* Genetic disorders with defective DNA repair show premature aging, supporting
the link between DNA damage and aging.

» Species with enhanced DNA repair mechanisms, like naked mole rats, exhibit
slower aging and lower cancer rates.

« Caloric restriction can reduce oxidative stress and DNA damage, prolonging
lifespan in various organisms.

Colman et al., 2009, Science
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Genome and transcriptome in single-cell 2025 ASHG
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Genome and transcriptome in single-cell 2025 ASHG
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Genome and transcriptome in single-cell 2025 ASHG
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How does somatic mutations accumulate in
neurons during aging?
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Somatic SNV accumulate in neurons
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2000

sSNVs per nueron
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1000

somatic SNV (sSNV) in single neurons

" 15.1 SNVs gain per year
R2=0.87 p<2.2 x 10®
n=104

20 40 60 80 100
age (yrs)

SNV: single nucleotide substitution



Results

Tianxiong Yu

A signature associated with aging 2025 ASHG
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A signature associated with aging 2025 ASHG
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Aging signature enrich at active genes 2025 ASHG
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Results

Aging signature enrich at active genes

Tianxiong Yu
2025 ASHG
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How does transcriptome change in PFC
during aging?
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snRNA-seq captured cells in PFC 2025 ASHG

UMAP of 367,313 nuclei from 19 donors

neurons
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Many genes are commonly down during aging  2025asHc

down up In elderly
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Many genes are commonly down during aging  2025asHc

down up In elderly
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Common decrease of housekeeping program  2025asHG

expression change of ribosomal protein genes
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Results

Common decrease of housekeeping program

Tianxiong Yu
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log, (elderly + adult)
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Common decrease of housekeeping program

Tianxiong Yu
2025 ASHG
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How does genomic changes link with
transcriptomic changes during PFC aging?
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Short and active genes go down during aging  2025AsHc

linear regression model predicting
expression change in excitatory neurons
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Short and active genes go down during aging  2025AsHc

linear regression model predicting
expression change in excitatory neurons

Negative corr. w/
(elderly / adult) FC

Positive corr. w/
(elderly / adult) FC

-0.5 0.0 0.5 1.0
gene length T
exon length e ol
m= EX’[I B |
XOr— Inb
<3 @ [Micro
P DG
2NT| Ol
S@ | OPC

GTEx C kkkk R? = (0.54




Results Tianxiong Yu

Short and active genes go down during aging  2025AsHc

linear regression model predicting
expression change in excitatory neurons
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Housekeeping genes are short and active
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Shortest housekeeping genes down most 2025 ASHG
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Shortest housekeeping genes down most 2025 ASHG
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Short housekeeping genes bear more mutations 2025asHe

mutation rate in housekeeping
genes by gene length

~o . R?=0.44, *
o

X ol

[ o

S T .

E\— ° ® .\.
o)

@ _|

gene length decile (kb)




Summary Tianxiong Yu

Proposed model 2025 ASHG
short gen_es long genes
housekeeping neuron-specific
more transcription less transcription  « Somatic SNVs accumulates
higher mutation rate lower mutation rate

In neurons with aging, faster

: E In short and active genes.

« Short and highly active
housekeeping genes are

z commonly downregulated in
elderly human brain.

Pol Il stal K » The more you use it, the

- - more it wears out!

neuron (post-mitotic)
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