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Integration of genomics can help to 

1) identify those at risk, promoting disease prevention strategies; 
2) diagnose disease at earlier stages where better control or even 

mitigation of disease is possible; 
3) predict disease severity allowing for early intervention and optimal, 

effective management; and 
4) select the most efficacious treatment. 

Precision Health aims to integrate an individual’s 
genetic code into their health care.



The promise of the Polygenic Risk Score (PRS)
PRS delivers on the scientific promise of 
using genetics in predicting disease/health 
outcomes in a translational framework that
is equitable across populations.

CHALLENGES
Robust genetic evidence

Sample size
Heterogeneity*

Diversity*

Translational value
Dx risk

Dx severity
Dx trajectory

Dx pathophysiology*

Transferability
Representation



Genomics à Phenotype: far greater than genetics in a silo

GENETICS
Human Health 

& 
Disease

Healthy AgingResilience



Hasin et al. Genome Biology (2017) 18:83 
Babu & Snyder. Mol Cell Proteomics. 2023 Jun;22(6):100561.

Multi-omics 
à Phenotype



https://www.nature.com/articles/ejhg2008106

Context matters : gene * environment interactions



Multi-omics à Phenotype: The promise beyond the 
Polygenic Risk Score (PRS)

Babu & Snyder. Mol Cell Proteomics. 2023 Jun;22(6):100561.



Integrative omics approaches to clinical translation: 
PRS + MRS 

“Methylation risk scores significantly outperform the baseline and PRS models “

NPJ Genom Med . 25;7(1):50. Methylation risk scores are associated with a collection of phenotypes within electronic health record systems . Thompson et al. 



Multi-omics à Phenotype: The promise beyond the 
Polygenic Risk Score (PRS)



Genes Outcomes

Genetics for Aging: much broader in scope than the genetics of a single 
biomarker or hallmark or age-related disease.



Hallmarks of Aging The Dynamic Genome

Genetics for Aging: much broader in scope than germline variation.



Hallmarks of Aging

López-Otín et al. Cell. 2013 Jun 6;153(6):1194-217

A lens on telomere biology

dysfunction can fuel chromosomal instability, as evidenced by
cytogenetic analysis of late-generation TERC-null cells and tis-
sues; these analyses showed amplifications, deletions, trans-
locations, and anaphase bridge formation in tumors, including
colorectal cancer (detailed below; Artandi et al., 2000; Blasco
et al., 1997; O’Hagan et al., 2002; Rudolph et al., 1999,
2001). Mechanistically, eroded or uncapped telomeres un-
dergo end-to-end fusion, forming dicentric chromosomes
and resulting in breakage-fusion-bridge (BFB) cycles, aneu-
ploidy and tetraploidization, translocations, and amplifica-
tions, which create genomic instability through kataegis (local-
ized hypermutations) and chromothripsis (clustered
chromosomal rearrangements) during mitosis (Maciejowski
and de Lange, 2017). Moreover, loss of p53 enables cells to
survive these DNA double-strand break events to produce
aberrant chromosomal imbalances and nonreciprocal translo-
cations that drive cancer initiation (see Telomeres and Telome-
rase in age-related diseases and cancer). These chromosomal
abnormalities have been documented in nonmalignant aged
stem cell compartments, where the mutational burden strongly
correlates with increasing age in human tissues, including
colonic crypts and the hematopoietic system (Calado et al.,
2012; Hsieh et al., 2013).
Mitochondrial dysfunction
Telomeres and mitochondria are intimately linked (Sahin et al.,
2011). In aging, mitochondrial function declines, leading to
diminished energy (ATP) production as well as increased intra-
cellular ROS. Diminished energy production causes overall

Figure 3. Relevance of telomere dysfunc-
tion to cellular aging hallmarks
Telomere dysfunction can drive the hallmarks of
cellular aging.

frailty, whereas increased ROS cause
cellular damage, including formation of
8-oxoguanine base lesions in DNA (telo-
meres are guanine rich). Direct evidence
of a role for mitochondrial decline in
driving processes of aging derives from
mice harboring mutations in the mito-
chondrial DNA polymerase subunit
gamma (POLG). These mutant mice
show reduced mitochondrial abundance
and abnormal mitochondrial morphology
(e.g., fragmented cristae and disrupted
external membrane; Trifunovic et al.,
2004) and exhibit premature aging (e.g.,
alopecia, kyphosis, reduced body
weight, reduced subcutaneous fat,
reduced bone mineral density consistent
with osteoporosis, anemia, and cardio-
myopathy). Notably, the premature aging
phenotypes associated with mitochon-
drial dysfunction mirror those of telome-
rase-deficient mice, p53-hyperactivated
mice (Tyner et al., 2002), and PGC1a/
b-null mice (Lai et al., 2008). Given the

centrality of mitochondria in aging, the overlapping phenotypes
of TERC-, peroxisome proliferator activated receptor gamma
co-activator (PGC)1a/b-, and POLG-null mice enabled us to
link telomeres, mitochondria, and oxidative defense mecha-
nisms in driving aging. Indeed, TERC-null mice have been docu-
mented (Sahin et al., 2011) to have impaired mitochondrial func-
tion and diminished oxidative defense. Furthermore,
transcriptomics analysis of diverse tissues in the late-generation
TERC!/! mouse revealed prominent representation of p53 and
PGC1a/b target genes, enabling us to identify a common
pathway integrating three competing theories of aging: accumu-
lating genotoxic stress, declining mitochondrial function, and
increasing oxidative damage. Specifically, telomere dysfunction
activates p53, which, in turn, represses PGC1a and PGC1b
expression (Sahin et al., 2011; Figure 4). Diminished PGC1a/b
expression, in turn, results in decreased mitochondrial biogen-
esis and function and reduces expression of genes governing
oxidative defense. This signaling circuit of telomere/p53/
PGC1a/b/mitochondria leads to escalating ROS levels and
further ROS-mediated 8-hydroxydeoxyguanosine modification
of guanosine bases at telomeres (Figure 4). This axis creates a
feedforward loop linking telomere dysfunction, mitochondria,
and oxidative stress pathways, resulting in accelerated aging.
Epigenetic dysregulation
Age-dependent changes in the epigenetic landscape include
increased local methylation and decreased global methylation,
increased H4K16 acetylation, H3K4 trimethylation, and H4K20
trimethylation and decreased H3K9 monomethylation and

ll

310 Cell 184, January 21, 2021

Review

Chakravarti et al. Cell. 2021 Jan 21;184(2):306-322

Genetics for Aging: much broader in scope than germline variation and 
connectivity is high.
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Multi-axis

Genetics for Aging: much broader in scope than germline variation and 
connectivity is high.



Summary & Challenges
1) When/where to measure?

2) What to measure?

3) How to 
integrate?

4) Evaluating 
readiness?
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