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Aim. The reliability of Adaptive Immune Receptor 
Repertoire sequencing (AIRR-Seq) data analysis hinges 
on the performance of alignment tools, but due to frequent 
inconsistency in output formats and user experience, an 
objective comparison of AIRR data aligners is still missing. 
Thus, here we aimed to benchmark the most widely used 
AIRR-Seq data analysis tools — HighV-Quest, IgBlast, 
and MiXCR — and evaluate their alignment accuracy [1, 
2]. Methods. We simulated T-cell receptor alpha chain 
(TRA) sequences, from which we constructed TRA clo-
notypes and reads, which served as an input dataset for all 
tools we ran. The dataset mimicked the diversity of the 
AIRR. Results. Our analysis demonstrated a notable dif-
ference in the alignment accuracy of the tools. Based on 
V-region overlap, IgBlast achieved an accuracy of 67–74%, 
HighV-Quest ranged from 59–66%, and MiXCR reached 
up to 9%, indicating that IgBlast and HighV-Quest excel 
in V-region alignment, while MiXCR approaches homog-
enous alignment across all regions, sacrificing higher 
specificity for V-region alignment. We also observed that 
MiXCR experienced fewer tool failures — instances where 
the tool couldn’t process reads — (from 0.5% to 0.1%) 
and achieved higher overall alignment success rates — the 
percentage of reads correctly aligned — (from 2% to 
14.5%) as we increased the read lengths in our simulated 
dataset from 50 bp to 100 bp, demonstrating that longer 
reads provide more sequence information and improve 
alignment accuracy. Additionally, we calculated the per-
centage of mapped reads out of the expected reads to be 

mapped for each clonotype reconstructed by MiXCR to 
test the null hypothesis that variation in V-region overlap 
within a read is not correlated with read mapping failure. 
We examined the distribution of V and J region overlap in 
reads that mapped to the two clonotypes with the highest 
percentage of reads mapped (80% and 75%, respectively) 
and two clonotypes with the lowest percentage of reads 
mapped (0%). Notably, we found no statistical significance 
(p > 0.05) in the differences of distribution of V-region 
genes among the reads that mapped to these four clono-
types, thereby supporting our null hypothesis. Conclusions. 
Our study shows that based on the V-region overlap call, 
IgBlast achieves the best performance, with HighV-Quest 
and MiXCR following respectively. We also demonstrate 
that the distribution of V-region genes in reads has no 
statistically significant effect on the mapping outcome of 
each read.
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