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In a recentCell Genomics article, Kaisinger, Kentistou, Stankovic, et al.1 use a large-scale exome sequencing
study in the UK Biobank to identify rare gene variants associated with sex-specific and life-course effects on
obesity. Jian Yang discusses the authors’ findings and wider context in obesity research in this preview.
Obesity, characterized by an excess of

body mass index (BMI), is a global health

concern that is closely linked to leading

causesofmortality, suchascardiovascular

diseases, diabetes, and certain cancers.2

Unraveling the genes responsible for vari-

ability inBMIholdsgreat promise ingaining

new insights into the biological processes

underlying obesity, thereby facilitating the

development of targeted interventions

and therapies for obesity. Genome-wide

association studies (GWASs) have identi-

fied hundreds of loci harboring common

genetic variants associated with BMI,3,4

and as the sample sizes of GWASs

continue to grow, it is expected that more

loci will be discovered. However, the lead

variant at a GWAS locus is often not causal

(Figure1),primarilydue to thecomplex link-

age disequilibrium (LD) structure of com-

mon variants and the uncertainties in test

statistics arising from sampling, genotyp-

ing errors, and imputation inaccuracies.5,6

Moreover, the GWAS signals are often

located in non-coding regions of the

genome, posing challenges in determining

the causal genes responsible for the

observed genetic associations.7 These

obstacles have impeded the translation

of genetic associations discovered in

GWASs into biological mechanisms and

medicine.

Conventional GWASs have focused on

common variants due to the underrepre-

sentation of rare variants on SNP arrays.

The application of whole-exome or

whole-genome sequencing at the cohort

level has opened new opportunities for

studying associations of rare variants

with complex traits, including diseases.

Using whole-exome sequencing data for

rare variant association analysis offers

two significant advantages. Firstly, unlike
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common variants, rare variants often do

not have strong LD with other variants;

therefore, the top associated rare variants

are likely to be causal5 (Figure 1). Sec-

ondly, the trait-associated rare variants

often exhibit larger effect sizes and are

more likely to reside in coding regions of

the genome compared to common vari-

ants. These characteristics facilitate the

identification of causal genes, streamlin-

ing the process of uncovering the underly-

ing molecular mechanisms driving the ge-

netic associations.

One aspect often overlooked in genetic

association studies is the dependency of

genetic effects on factors such as age,

sex, or environmental conditions. Failing

to account for these factors can lead

to a decrease in power to detect the

context-dependent genetic effects. To

address this, Kaisinger et al.1 conducted

sex- and age-stratified exome-wide asso-

ciation studies (ExWASs) in up to 419,692

individuals from the UK Biobank. The

authors focused only on variants with

a minor allele frequency <0.1% in two

overlapping functional categories: (1) pro-

tein truncating variants (PTVs) and (2)

damaging variants (DMGs), including

missense variants with a CADD score R

25 and PTVs. The analysis was performed

by associating the burden of the variants

defined abovewithin a genewith a pheno-

type of interest, taking relatedness into

account using a mixed model.

In the sex-stratified ExWASs for adult

BMI, the authors identified five genes

associated with BMI in females (DIDO1,

KIAA1109,MC4R, PTPRG, and SLC12A5)

and two genes in males (MC4R and

SLTM). Three of the six genes (DIDO1,

PTPRG, and SLC12A5) showed female-

specific effects and had not been previ-
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the authors identified six genes (CALCR,

INHBE, MADD, MC4R, OBSCN, and

POMC) from ExWASs using a recalled

childhood adiposity indicator, ‘‘compara-

tive size at age 10,’’ which exhibits a strong

genetic correlationwith childhoodBMI and

thuscanbeconsidereda reliableproxy trait

for childhood BMI. Among these, two

genes (MADD and OBSCN) had not been

previously associated with childhood

adiposity. These findings showcase the

presence of rare variants with context-

dependent effects on adiposity and

demonstrate the potential for additional

discoveries by considering these effects.

On the other hand, of the eleven genes

identified from the sex-stratified and child-

hood adiposity ExWASs in total, only one

gene (MADD) appears to be childhood

adiposity specific and two genes

(SLC12A5 and SLTM) are adult BMI spe-

cific. The remaining eight genes show

concordant effects between childhood

adiposity and adult BMI, although the

effects of four genes (CALCR, INHBE,

MC4R, and POMC) on childhood adiposity

tend to be larger than those on adult BMI.

These results alignwith thepreviousobser-

vations that there is a substantial overlap in

common variant associations between

childhood and adult BMI,8,9 indicating a

strong continuity of childhood adiposity

into adulthood.

The authors then sought supporting

evidence for their findings by examining

common variant associations with BMI

fromGWASs. Four of the six genes identi-

fied from the sex-stratified ExWASs and

five of the six genes identified from the

childhoodadiposity ExWASswere located

within 500 kb ofGWASsignals. Twogenes

(DIDO1 andMC4R) from the sex-stratified
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Figure 1. Common and rare variant associations
This schematic diagram depicts the distinction between common and rare variant association analyses in
identifying the causal variants and genes. In common variant association analysis, the lead variant is often
not causal, whereas in rare variant association analysis, the lead variant is likely to be causal. Furthermore,
the diagram underscores the advantage of rare variant association analysis, especially when focusing on
damaging variants, in efficiently pinpointing the causal genes associated with the trait of interest.

ll
OPEN ACCESS Preview
ExWASs and four genes (CALCR, MADD,

MC4R, and POMC) from the childhood

adiposity ExWASs were supported by

gene-level association of common non-

synonymous variants with adult BMI.

Furthermore, the lead GWAS SNP at the

DIDO1 locus was correlated with known

enhancers for DIDO1 and showed a

stronger association with BMI in women

compared tomen.Colocalizationbetween

common variant associations for BMI and

SLTM expression was also observed.

These results suggest a substantial level

of convergence of common and rare

variant associations. The known functions

of thegenes identified in theKaisingeret al.

study, along with findings from common

variant genome-wide pathway enrichment

analyses, imply a potential role of DNA

damage response and apoptosis in the

susceptibility to obesity throughout the

life course. This provides new perspec-

tives on the biological mechanisms under-

lying obesity.

In conclusion, the study by Kaisinger

et al. represents a significant advance

in our understanding of the genetic archi-

tecture of obesity. The identification of

sex- and age-specific genetic effects on

obesity highlights the importance of

considering these factors in future genetic

studies, which can help uncover additional

genetic factors contributing to disease

susceptibility and improve our under-
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standing of the interplay between genetic

and environmental factors in disease

development. Although further research

is needed to elucidate the precise mecha-

nisms, the implication of DNA damage

response and apoptosis pathways in

obesity indicates that these biological

processes could potentially be targeted

for future obesity interventions and thera-

pies. Furthermore, together with previous

research,10 the Kaisinger et al. study un-

derscores the significance of large-scale

ExWASs in identifying rare variants and

their corresponding genes for complex

traits like obesity. As sequencing technol-

ogies continue to advance and become

more accessible, we can anticipate that

additional BMI-associated rare variants

and genes will be discovered, which will

further enhance our comprehension of

the genetic underpinnings of adiposity.
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