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Ancestral diversity is limited in published
T cell receptor sequencing studies
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The emergence of high-throughput
sequencing techniques and the develop-
ment of bioinformatics tools provide
efficient ways to profile the human adap-
tive immune receptor repertoire (AIRR)
including repertoires of T cell receptors
(TCRs) and immunoglobulins (Bradley and
Thomas, 2019). Despite these advance-
ments, the representation of populations
in the AIRR sequencing (AIRR-seq) studies
remains unknown. AIRR data from popula-
tions with diverse genetic ancestry could
potentially elucidate genomic and pheno-
typic similarities or differences in the
human immune system and immune-
related diseases across populations
(Peng et al., 2021). It was previously
demonstrated that the majority of the
participants in genome-wide association
studies (GWASs) were of European
ancestry (Peterson et al., 2019). However,
the level of ancestral diversity in AIRR-seq
stand is not clear and has not been studied
in detail (Peng et al., 2021). To address the
emerging issue of the lack of diversity inim-
munogenomics studies described in our
previous work (Peng et al., 2021) and to
further develop a strategic roadmap to
engage diverse populations in AIRR-seq
studies and highlight this issue for the com-
munity, we investigated the ancestral di-
versity (AD) in TCR sequencing (TCR-seq)
studies currently reported in published
studies and databases. We also discuss
the challenges and opportunities of
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including underrepresented populations in
TCR-seq research and how this informa-
tion may guide future efforts to increase di-
versity in the field of immunogenomics.

We surveyed AD information from 114
TCR-seq studies that included 3,261 study
participants. We examined the current
state of AD information availability across
TCR-seq studies and showed the propor-
tion of population groups from various as-
pects based on the available information.
Information was extracted from the text
of TCR-seq publications or directly ac-
quired from the corresponding authors.
Details on how studies were selected and
methods used to obtain information about
study participants are described in the
supplemental information.

We first examined the availability of
study participants’ AD information in
TCR-seq studies with publicly available
sequencing data from publications in on-
line public repositories. Fewer than
20% of the surveyed studies included
such information in the text of the paper
(Figure S1A). We then obtained study
participants’ AD information from an
additional 21 studies by sending inquiries
to corresponding authors. In total, we
collected the study participants’ AD infor-
mation from 42 TCR-seq studies across
3,261 individuals for the subsequent
analysis (Figure S1A). We further explored
the availability of population information
through PubMed Medical Subject Head-

ings (MeSH) terms search. Fewer than
4% of 2,480 immunogenetics studies
included both “immunogenetics” and
“population” MeSH terms. Only 0.3%
of 37,824 TCR-seq studies (publica-
tions tagged with “Receptors, Antigen,
T-Cell” MeSH term) included a “popula-
tion” MeSH term. Observations were
similar between the manual text check
on publications and the MeSH term
search: most of the TCR-seq studies
lack study population information.

Next, we investigated the reasons for
the unavailability of study participants’
AD information. Among studies without
available study participants’ AD informa-
tion, 6% of the authors did not share
data due to privacy concerns and limita-
tions in study designs. First, the authors
had concerns about violating the US
Health Insurance Portability and Account-
ability Act (HIPAA) rules. Second, the
authors were not able to share partici-
pants’ information due to the limitations
of the study protocols that were already
approved by the Institutional Review
Board (IRB). For example, AD information
was not included during the recruitment
phase, or the study participants’ informa-
tion was not approved for sharing with
researchers that were from other institu-
tions. Last, some studies utilized de-iden-
tified samples, which prevented authors
from obtaining the study participants’
information.
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Furthermore, we analyzed the AD
among the examined TCR-seq studies.
Nearly 60% of the studies included Euro-
pean or European descent participants,
while only 10% of the studies included
African or African descent participants
(Figure S1B). From the perspective of the
study participants, more than 80% of
study participants were reported to be
European AD groups, followed by 9% of
participants from Asian AD groups and
4% of participants of African AD groups
(Figure S1B).

We also examined the proportion of
TCR-seq studies that were conducted in
a single AD group versus multiple AD
groups. In total 33 out of 42 studies
were conducted in a single self-reported
ancestry group (Figure S1C). While
European-based studies were dominant
and followed by Asian-based studies,
notably, no studies were conducted in
African populations alone. Nine of the
examined studies included study partici-
pants from multiple AD groups, all of
which predominantly consisted of Euro-
pean populations.

We then focused on the ethnic informa-
tion among 12 US-based TCR studies.
Only 4% of study participants were self-
reported as Hispanic, which indicated
that Hispanics were highly underrepre-
sented in TCR-seq studies, relative to
their proportion of the US population
(18.5%) based on the 2019 United States
Census Bureau population estimate
(Figure S1D). Furthermore, we investi-
gated the temporal dynamics of AD diver-
sity in TCR-seq studies. From 2009
to 2021, there was a 10% increase in the
proportion  non-European individuals
(Figure S1E). Despite the increase, the
distribution of study participants based
on their ancestry is still highly dispropor-
tionate in TCR-seq studies.

We examined the relationship between
sample sizes and the population compo-
nent in TCR-seq studies. The results
showed that the average number of study
participants of European ancestry was
much greater than the average number of
study participants of Asian and African an-
cestries (Figure S1F). Lastly, in light of the
COVID-19 pandemic, the pattern of
skewed diversity in TCR-seq studies on
COVID patients has also been observed.
Substantial bias toward participants from
European or of European ancestry was
observed across all six COVID TCR-seq
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studies that we evaluated (Figure S1G)
and five studies mainly included European
populations (Figure STH).

This survey provides insight into
AD information availability and AD in
TCR-seq studies. Similar to GWASS,
our findings reveal that individuals of
non-European ancestry were severely
underrepresented in TCR-seq studies.
The disproportionate distribution of study
participants’ self-reported ancestry infor-
mation in TCR-seq studies may restrict
our understanding of disease pathology
in diverse populations, confine the dis-
covery of immunogenomics variants
across populations (Peterson et al,
2019), and hinder the advancement in
precision medicine (Greiff et al., 2020).
Furthermore, there was a severe lack
of available AD information in most of
the TCR-seq studies. This could poten-
tially limit the reuse of TCR-seq data
for secondary analysis to infer novel
population-specific TCR alleles for
improving the representation of the
diverse populations in current reference
databases.

According to previously published work,
over 50% of 448 researchers and clinical
genetics professionals surveyed consid-
ered AD important in clinical settings (Po-
pejoy et al., 2020). The human leukocyte
antigen (HLA) system elicits the adaptive
immune response mediated by TCR. While
substantial research has been done to
examine the HLA diversity across diverse
populations (Nemat-Gorgani et al., 2019),
the current understanding of the AD in
TCR is more limited. With the expanded in-
clusivity in AIRR-seq studies, we will have
a more comprehensive understanding of
AIRR in diverse populations (Peng et al.,
2021). This knowledge will accelerate its
translational and clinical applications, and
eventually promote health equity. For
example, the Moderna and Pfizer-Bio-
NTech COVID-19 vaccines showed
different efficacy in study participants of
different ancestry (Pilishvili et al., 2021).
Although the reasons for the variation in ef-
ficacy across different populations remain
unknown, AIRR might potentially play an
important role. The investigation of the
relationship between AIRR and vaccine-
mediated immune response may advance
the development of future vaccines or
therapeutics.

There are a few limitations of our study.
First, the unavailability of genetic ancestry
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information may prevent us from accu-
rately categorizing the study participants.
Ultimately, it is preferable to examine
ancestry by genetics-based methodolo-
gies. The genetic ancestry depicts the sin-
gle-nucleotide variants across geographic
origin groups and depicts the extent of sin-
gle-nucleotide variants among individuals
of different ancestries (Jorde and Bam-
shad, 2020). However, none of the studies
we examined performed genotyping or
other computational methods to infer the
study participants’ genetic ancestry infor-
mation. The use of self-reported ancestry
in TCR-seq studies may be considered
reasonable at the current stage (Oni-Orisan
et al., 2021). Second, the un-unified
protocol of reporting study participants’
AD information may introduce bias in our
analysis. The lack of standardized terminol-
ogies around the AD information might
cause inconsistency among researchers
and make it challenging to conduct sec-
ondary analyses. Developing and adopting
standardized experimental protocols and
computational methods to report or infer
genetic ancestry in the field of immunoge-
nomics are urgently needed (Morales
etal.,, 2018).

To promote sharing of the study partic-
ipants’ AD information, we recommend
careful consideration of the data-sharing
options when submitting IRB applica-
tions. For example, we recommend that
researchers specify that it is acceptable
to share data with external investigators.
Furthermore, we advocate for an
emphasis on data sharing from scientific
journals and/or funding agencies. To
address the discrepancies in the AD infor-
mation reporting, we recommend that the
scientific community establish standard-
ized protocols or guidelines in reporting
study participants’ AD information. For
example, the sources of the AD informa-
tion including self-reported or genetically
verified are worth noting. Additionally, Hu-
man Ancestry Ontology (HANCESTRO)
provides a systematic description of
ancestry.

We hope that this letter highlights
for the community which population
groups are underrepresented in TCR-
seq studies and raises awareness of
this issue. An enrichment in diversity of
TCR-seq studies is needed and we
advocate for the broadened knowledge
in this field by studying diverse
populations.
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Supplemental information can be found online at
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