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Motivation and Aim: T cells are an integral part of the human adaptive immune system,
with their specificity derived from the unique T cell receptors (TCRs). TCR formation
involves a complex process called V(D)J recombination. Through this mechanism,
specific V, D, and J genes are chosen from the TRA (TCR alpha) and TRB (TCR beta)
loci and are then rearranged to form the TCRo and TCRp chains of the receptor,
respectively [1]. The resulting TCR diversity enables the recognition of a wide array of
antigens, facilitating an effective adaptive immune response. To analyse this diversity
and track immune responses, a technique called Repertoire sequencing (Rep-seq) is
utilised, which involves sequencing of both TCRs and BCRs (B cell receptors) [2].
Recent studies have revealed the presence of both amplifications and deletions within
the TRA and TRB genes, as well as in the IGHV loci of BCRs [3, 4]. However, the
coherence of these genomic alterations and their biological implications remain
unexplored. In this project, we aimed to systematically analyse the TCR repertoires of
two large cohorts from Russian [5] and American [6] populations. Our goal was to
identify common and rare haplotypes by analysing the frequency of usage of specific V
and J genes within individual T cell repertoires. This research not only provides valuable
insights into the diversity of the TCR repertoire across these populations but also seeks
to explain the observed genomic differences by considering factors such as ethnicity
variations across the population, MHC context or thymic selection.

Methods and Algorithms: The study involved two cohorts of donors: Russian donors,
consisting of 237 samples subjected to 5’RACE-sequencing, and American donors, with
786 samples obtained from Adaptive Biotechnologies [6]. Analysis was conducted
separately within each cohort. Batch effect correction was applied within each group.
We normalised gene usage (fraction of reads mapping to a given gene in a given sample)
across samples, first standardising to a normal distribution and then scaling back to a
[0, 1] interval. Adjusted clonotype frequencies were computed based on these scaled
values. We further constructed V/J usage matrices indicating the usage of each segment
in samples [5].

Results: We began by analysing the distribution of gene usage across the TCRa and
TCRp chains. While the majority of genes displayed expected unimodal distributions,
some revealed bimodal or trimodal patterns. We suggest the bi- or tri- modal
distributions are the sign of haplotype effects in populations, appearing due to gene
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deletion or homo-/hetero- zygote gene condition. Investigating whether distribution
modality could be explained by donor’s race, we found statistically significant
differences in gene usage between Asian and Caucasian populations for TRBV7-4 gene,
and between Latino and Caucasian populations for TRBV4-3 gene. Hierarchical
clustering identified rare haplotypes within each population, e.g. TRAJ21, with zero
usage in most donors but high usage in a few individuals. Additionally, hierarchical
clustering among TRBJ genes revealed two distinct subgroups (J1 and J2) based on
usage patterns, possibly influenced by sequence similarity. We further differentiated
between functional and non-functional CDR3 sequences, identifying non-functional
sequences by stop codons or frame shifts within the CDR3 region. We observed that
certain J genes showed a higher usage of non-functional sequences compared to
functional ones. While some of these genes are recognised pseudogenes, others without
known non-functionality displayed similar patterns, suggesting negative thymic
selection against such CDR3 configurations.

Conclusion: This study systematically analysed TCR repertoires in large cohorts from
Russian and American populations, revealing significant variations in V and J gene
usage across TCRa and TCRp chains, potentially influenced by ethnicity. Hierarchical
clustering uncovered rare haplotypes, indicating unique immune repertoire
characteristics within subgroups of donors. Additionally, our investigation into
functional versus non-functional CDR3 sequences suggested certain V genes associated
with higher frequency non-functional sequences may undergo negative thymic selection,
implying a possible biological mechanism where certain gene configurations are
selectively disadvantageous. Such T cell repertoire analysis is crucial for practical
applications, as understanding the nuances of adaptive immunity can directly influence
the selection of targets for receptor-based therapies.
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