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clustering approaches on simulated repertoire sequencing data
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DECODING THE IMMUNE SYSTEM

Background

Understanding adaptive immune system responses is
crucial for developing vaccines and therapies.
High-throughput characterization of antibodies is now an
integral part of immune profiling and drug discovery. [1]

One of the main challenges is to identify functionally
related antibodies as these enable the formulation of more
suitable antibodies for therapies, or aid in characterising
immune responses in different individuals. By clustering
similar antibody clones, functionally related antibodies can

be identified.

Conventional antibody clustering approaches rely on
sequence-based  information,  particularly  CDRH3
sequence identity and V/J gene usage, to group
antibodies. However, it is known that sequences of
different clonal origin may lead to antibodies with similar
binding properties, because they are similar in structure
but not sequence. [2] Recent advances have made
structure-based clustering methods feasible on a
high-throughput repertoire scale. However, so far,
performance of these methods has only been evaluated
on single-antigen sets of antibodies. Here, we benchmark
sequence- and structure-based clustering methods and
highlight strengths and weaknesses, and suggest avenues
for future development. Two structure-based clustering
methods, SPACE2 [3] and SAAB+ [4], are evaluated
against |GX-cluster, a conventional sequence-based
clustering method.
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We curated a dataset of well-annotated pairs of antibodies
that show high overlap in epitope residues and thus bind
the same region within their respective antigen. This set of
antibodies was introduced into a simulated synthetic
repertoire dataset. After clonotype annotation with
|IGX-Profile [5], the performance of clustering approaches
is evaluated on this generated repertoire dataset.
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Sequence-based clustering is limited
but highly accurate

Performance comparison of different clustering
strategies. The three clustering approaches, namely
sequence-based clustering, SAAB+ and SPACE2, were
applied to the repertoire. Their performance on the
annotated set of 213 functionally similar antibody pairs
was evaluated.
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A: Euler diagram showing the overlap of correctly
clustered antibody pairs between methods.

B: A scatter plot shows the CDRH3 sequence identity and
epitope overlap of each antibody pair. The majority of
antibody pairs have not been clustered together by any
methods (gray, 184 antibody pairs).

C: All three clustering strategies group antibody pairs
with a significantly higher CDRH3 sequence identity
compared to the full antibody pair set. CDRH3 sequence
similarity within groups is similar between all methods.

D: The epitope overlap of clustered antibody pairs is
similar between the methods, albeit SPACE2 identified
antibody pairs with a slightly higher epitope overlap
compared to the other methods.
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Conclusions

v All methods capture antibodies with distinct sequences
that bind the same epitope; all methods have a
relatively high specificity.

v Most antibodies that bind the same epitope are missed
by all methods; all methods have low sensitivity.

v A priori stratification of datasets by V-gene or CDR
length leads to fewer pairs being identified.
Improvement in current performance is is difficult it this
point is not addressed.

Stratification limits clustering

Both sequence-based clustering and SPACEZ partition
the antibodies based on CDRH3 sequence identity or
CDR RMSD, respectively. This a priori division of
repertoire repertoire data into separate sections is a major
impediment for improvement as it segregates similar
antibodies into separate groups before clustering.
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A: Clonotyping partitions clones based on matching V
and J genes. Antibodies with identical V and J gene
usage have a higher sequence identity than antibodies
with identical gene usage in only the V or none of the
genes. Partitioning based on only the V gene can improve
the coverage of clustering slightly, but is limited by the
low sequence identity between these antibodies. Colored
dots indicate the correctly clustered antibody pairs for
each method.

B: SPACEZ partitions the repertoire data based on same
length in all six CDR regions. The majority of antibody
pairs (193, 90.61%) do not meet this requirement. Of the
antibody pairs with same CDR lengths, 70% (14 out of 20)
are correctly grouped together.

C: The natural logarithm of cluster sizes across the full
repertoire dataset indicates how stringent different
partitioning strategies are. The criterion of same CDR
region lengths is the most stringent, while requiring solely
the same V gene is the least stringent and leads to the
largest cluster sizes.
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