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Welcome from the AIRR-C Meetings Sub-Committee and the AIRR-C 

Executive Chair 

Welcome to the seventh meeting of the Adaptive-Immune Receptor Repertoire Community (AIRR-C) of 

The Antibody Society, hosted at Faculty of Engineering, University of Porto, Portugal - AIRR-C Meeting VII: 

Learnings & Perspectives. 

The AIRR-C is committed to developing standards and/or recommendations for: 

i. Generating, analyzing, curating, and sharing AIRR-sequencing (AIRR-seq) data; 

ii. Using and validating tools for analyzing AIRR-seq data; 

iii. Relating AIRR-seq data to other “big data” types, such as microarray, flow cytometric, and single-

cell gene-expression data; and 

iv. Legal and ethical matters associated with the use and sharing of AIRR-seq data derived from 

human sources. 

Through its Working Groups, Sub-Committees, and meetings, the AIRR-C has developed and published 

recommendations and action plans to maximize the generation, use, and sharing of AIRR-seq data within 

the scientific community for the benefit of humanity. 

AIRR-C meetings are the premier event for research on adaptive immune-receptor repertoires. They are 

also the primary location where the AIRR-C’s Working Groups and Sub-committees come together in one 

location to discuss how to push standardization in AIRR-seq data and analysis forward. All attendees are 

welcome to participate in the Working Group and Sub-Committee Future Plans session, when 

achievements and work plans for the coming year of each of the Working Groups, Sub-committees, and 

Review-Committees will be presented and ratified. 

The AIRR-C VII Meeting focused on Learnings & Perspectives through two themed “Challenge Sessions” 

and two “Science Sessions”: 

i. Germline Challenge Session: Using IG and TR germline resources for advancing immunobiology 

ii. Machine Learning Challenge Session: Machine Learning applied to AIRR-seq data 

iii. Basic Science: Advances in AIRR-sequencing: Addressing Fundamental Biological Processes 

iv. Biomedical Science: Advances in AIRR-sequencing: Addressing Human Diseases 

Through a diverse and original array of activities, the AIRR-C VII Meeting provided opportunities for 

investigators, industry professionals, and early career researchers to network (three events), to participate 

in AIRR-C Working Groups and Sub-Committee meetings (three events), and to learn at the workshop 

sessions (The Fundamentals of Immunology and AIRR-seq data: Processing and Analysis), poster sessions, 

software demonstrations, and deep dive tool tutorials. 

Last but not least, the AIRR-C Challenge and Science Sessions gathered an outstanding line up, including 

keynote lectures by Jeffrey Gray, Nicholas Provine, Bill Schief, and Hedda Wardemann, invited 

presentations and short presentations chosen from the submitted poster abstracts. 

For this AIRR-C VII Meeting, the AIRR-C was awarded a travel grant from the European Federation of 

Immunological Societies (EFIS) – European Journal of Immunology to help junior faculty members, post-
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docs, and students to attend the AIRR-C VII Meeting. Priority was given to applicants from middle to low-

income countries. 

All meeting documents and video recordings can be found on the AIRR-C YouTube channel under the 

AIRR-C7 playlist (click here for link). 

Thank you for your participation and we invite you to become an active member of the AIRR-C, if you are 

not one already! Consider joining a Working Group, Sub-Committee, or Review-Committee. It is a great 

way to get involved in an interdisciplinary network of basic and biomedical scientists, bioinformaticians, 

ethicists, and legal experts from academia and industry who are all working toward a greater good! 

Sincerely the members of the Meetings Sub-Committee: 

Ademar Aguiar (PT); Edel Aron (US); Justin Barton (UK); Pam Borghardt (CA, Co-Lead); Lorissa Corrie (CA); 

Encarnita Mariotti-Ferrandiz (FR, Co-Lead); and Corey Watson (US) 

Thank you to the Executive and Communications Sub-Committees and Working Group Co-leads and 

volunteers from Sorbonne Université and Oslo University! 

  

https://www.youtube.com/watch?v=Is_f5IBGKTA&list=PLV2iV_gQTXrHVEUrKFnlyE-sRaYrUluvr&pp=iAQB
https://www.antibodysociety.org/the-airr-community/airr-working-groups/
https://www.antibodysociety.org/the-airr-community/airr-subcommittees/
https://www.antibodysociety.org/the-airr-community/airr-subcommittees/inferred-allele-review-committee-iarc/
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The Meeting at a Glance 

The event drew a diverse global audience with 182 in-person attendees and 31 remote participants from 

26 countries, marking an increase from 2022. The success of AIRR-C VII was bolstered by the generous 

support of our 19 sponsors and partners, whose contributions were instrumental. Our exceptional 

program featured 16 invited speakers, 10 contributed talks, 96 research posters, 11 Working Group and 

Sub-Committee posters, three early career events with over 50 early career researchers and 20 mentors 

participating, and a dynamic mix of sessions including four themed scientific or challenge sessions, two 

workshops, 10 lightning demos, and nine deep dive tutorials. 

Our four session themes featured two science (Basic and Biomedical Science) and two challenge (Germline 

and Machine Learning) sessions with a keynote, invited speakers, contributed talks, and posters exploring 

the diverse array of research occurring in these areas in the AIRR-C. The sessions were described as 

follows: 

• Basic Science: Advances in AIRR-sequencing - Addressing Fundamental Biological Processes 

• Biomedical Science: Advances in AIRR-sequencing - Addressing Human Diseases 

• AIRR-C Challenge Session: Using IG and TR germline resources for advancing immunobiology 

• AIRR-C Challenge Session: Machine Learning applied to AIRR-seq data 

Additionally, participants engaged in hands-on, one-hour “deep dive” tutorials and short 10-minute 

“lightning” demonstrations of innovative software and tools, enhancing their technical skills and 

knowledge. These demonstrations included tutorials and walkthroughs, question and answer periods, and 

discussion on what users would like to see in future software and tool development. 

Early career researchers and students actively participated in career development activities alongside the 

scientific program. “Networking is in the AIRR” featured a speed networking event connecting early career 

scientists with established AIRR researchers, fostering invaluable connections across sectors and research 

areas. A “Service as an Early Career Researcher: The rewards of being active in the AIRR-C” presentation 

by Chaim Schramm discussed how his experience in the AIRR-C helped shape his career. A career 

development panel discussion offered insights into diverse career paths within AIRR research, 

complementing the scientific sessions and providing opportunities for direct engagement with experts. 

As part of the Industry Networking Reception, a special “hot topics in the field” round table session 

provided a unique opportunity for industry partners and scientific researchers to engage in exciting 

discussions. Moderated by pairs of AIRR-C Working Group Co-leaders and Industry Partners, these sessions 

focused on future needs and challenges in key areas such as “Antibody Discovery,” “AIRR-seq epitope / 

antigen annotation,” “Datasets and applications / tools for mining the repertoire,” “Biological Standards / 

Controls / Methods,” and “Data sharing & data standards for AIRR analysis and software.” The goal of these 

discussions was to gather input and ideas to shape the future of AIRR research. 
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Sponsors 

The AIRR-C warmly thanks all our meeting sponsors for their generous financial support. It is their 

contribution that made this meeting possible, laying the foundation for an exciting and stimulating 

scientific exchange. Please take a moment and inform yourself about the ground-breaking work and 

services our sponsors provide and make sure to engage with them during the Industry Networking session 

on June 5th, during the daily Sponsor Exhibit opportunities, and Lunch & Science, Tools and Technology 

Gold Sponsor Presentations session on June 5th. 

You will find below a list of the meeting sponsors and access to their websites. 

Gold 

Cellecta cellecta.com 

Imprint www.imprint.org 

MIXCR milaboratories.com 

PipeBio pipebio.com 

Takara Bio www.takarabio.com 

Silver 

ENPICOM enpicom.com 

genmab www.genmab.com 

GSK www.gsk.com/en-gb 

Antibody Society www.antibodysociety.org 

Voredos www.airrdb.com 

Bronze 

FairJourney Biologics fjbio.com 

ImmuneWatch www.immunewatch.com 

Infinimmune www.infinimmune.com 

Infinity Bio Inc www.infinitybio.com 

MAbSilico www.mabsilico.com 

NaturalAntibody naturalantibody.com 

UCB www.ucb.com 

Hosting Partner 

INESCTEC www.inesctec.pt/en 

Travel Award 

EFIS – European Journal of 
Immunology 

www.efis.org/journals/european-journal-of-immunology 
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The AIRR-C Online 

 

The AIRR-C on Social Media 

  

x.com/airr_community www.linkedin.com/company/the-AIRRCommunity/ 

https://twitter.com/airr_community
http://www.linkedin.com/company/the-AIRRCommunity/
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AIRR-C Sub-Committees and Working Groups Contact Information 

Communications Sub-Committee (SC): communications@AIRRCommunity.org 

Executive SC: exec@airrc.antibodysociety.org 

Inferred Allele Review SC: iarc@AIRRCommunity.org 

Meetings SC: meetings@AIRRCommunity.org 

Strategic Planning SC: strategic-planning@AIRRCommunity.org 

Biological Resources Working Group (WG)*: biological-resources@AIRRCommunity.org 

Common Repository WG: common-repository@AIRRCommunity.org 

Diagnostics WG: diagnostics@AIRRCommunity.org 

Germline WG: germline-database@AIRRCommunity.org 

Legal & Ethics WG*: legal-ethics@AIRRCommunity.org 

Software WG: software@AIRRCommunity.org 

Standards WG: standards@AIRRCommunity.org 

*These WGs reached their aims and are no longer active. Their disband has been proposed and voted on 

at the AIRR-C Meeting VII General Assembly. 

mailto:communications@AIRRCommunity.org
mailto:exec@airrc.antibodysociety.org
mailto:meetings@AIRRCommunity.org
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Attending Virtually 

The AIRR-C Meetings SC is pleased to provide a Virtual Attendance option for AIRR-C Meeting VII through 

the Whova Application. 

 

AIRR-C Meeting VII was streamed live through Zoom and the Whova Application. Virtual attendees were 

able to follow all the scientific sessions seeing the slides and listening to the speakers. Virtual and in-

person attendees also had the chance to anonymously ask questions via Slido during the Q&A portion of 

each session. A total of 243 questions were asked during the event (see below for Q&A word cloud). 

 

All recorded sessions will be available on the AIRR-C YouTube after the meeting. 
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Keynote Speakers 

Keynote Speakers 

Listed in alphabetical order 

Machine Learning Jeffrey Gray (Professor, Johns Hopkins University) 

Artificial Intelligence Tools for Antibody Engineering 

Advances in artificial intelligence (AI) have unlocked tremendous possibilities in biomolecular science. 
However, many leading methods are limited in their ability to predict and design antibody structures, 
likely because loop structures are less well represented and data on the coevolution of antibodies and 
their antigens is scarce. In this talk, I will share AI-based methods that we have developed for antibody 
engineering, mostly based on antibody data sets. Neural network models outperform physical models 
for antibody structure prediction, and generative language models offer multiple promising routes for 
design of antibody therapeutics. Docking methods reveal biological mechanisms and may someday 
allow for screening. I will use the docking case to show how AI methods differ from physics-based 
approaches, suggesting ways to benefit from their combination. Finally, I will share data from antibody 
design studies from both physics and AI-based approaches. 

Basic Science Nicholas Provine (Group Leader, University of Oxford) 

Leveraging single-cell TCR-sequencing to investigate mucosal-associated invariant T cell biology 

Mucosal-associated invariant T (MAIT) cells are innate-like T cells that are abundant in human blood 
and non-lymphoid tissues. MAIT cells recognize microbial metabolites through a semi-invariant T cell 
receptor (TCR) and can be activated in a TCR-independent manner by cytokines. Correlative and 
mechanistic studies have implicated a role for MAIT cells in an expanding array of infectious and 
inflammatory diseases. However, major questions remain regarding the extent of human MAIT cell 
functional and clonal diversity, particularly the minor interleukin (IL)-17-producing fraction. To address 
these questions, we analyzed the single-cell transcriptome and TCR repertoire of blood and liver MAIT 
cells and developed functional RNA-sequencing (fRNA-seq), a method to integrate function and TCR 
clonotype at single-cell resolution. Despite a semi-invariant TCR, MAIT cell clonal diversity was 
comparable to conventional memory T cells, with private TCR repertoires shared across matched 
tissues. Baseline functional diversity was low and largely related to tissue site. Transcriptional responses 
in vitro were stimulus-specific, with cells positioned along gradients of activation. Clonal origin 
influenced resting and activated transcriptional profiles, but intriguingly was not associated with the 
capacity to produce IL-17. Instead, clonal tracking suggested equal capacity of cells to make IL-17 under 
appropriate conditions. Overall, MAIT cells at rest exhibit diverse donor-specific TCR repertoires linked 
to their phenotype, and functional diversity according to both clonotype and stimulus. These data 
reinforce the utility of single-cell TCR-sequencing to contextualize phenotypic and functional analysis of 
T cell populations. 
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Germline Bill Schief (Professor, Scripps Research Institute, Moderna) 

Stepping toward an HIV vaccine 

Dr. Schief is Vice President for Antigen Design and Selection at Moderna, as part of the Infectious 
Diseases Research Team. He is also a Professor at the Scripps Research Institute in the Department of 
Immunology and Microbiology, and Executive Director of Vaccine Design at The Scripps Research 
Institute’s IAVI Neutralizing Antibody Center. Dr. Schief’s research focuses on the design of novel 
immunogens and immunization strategies that aim to induce protective immunity against a wide range 
of pathogens. 

Biomedical Science Hedda Wardemann (Bill-and-Melinda Gates Foundation) 

Single-cell based antigen-receptor gene and function analyses to instruct vaccine designs 

Adaptive immune responses are characterized by the clonal selection and expansion of antigen-reactive 
cells. Using paired antigen-receptor gene information as natural barcodes, we track the clonal evolution 
of adaptive immune responses in response to vaccination in naïve mice and humans to define how 
antigen-receptor reactivity determines cell differentiation and fate. The long-term goal is to use this 
information for the design of optimized vaccination strategies with a specific focus on malaria. 

 

Invited Speakers 

Invited Speakers 

Listed in alphabetical order 

Biomedical Science Dmitry Chudakov (CEITEC) 

Aging and autoimmunity as accumulated errors of adaptive immunity 

I will try to link the logic between adaptive immunity functioning, malfunctioning, and memory, as well 
as inflammation, cancer, age-related disease and modern understanding of what we call 
immunotherapy. 

Machine Learning Charlotte Deane (Professor of Bioinformatics, Head of the Oxford 
Protein Informatics Group, University of Oxford) 

Building the toolkit for computational antibody design 

Antibodies play a key role in the immune system and our response to vaccines, and have shown great 
promise as biotherapeutics. The development of new biotherapeutics typically takes many years and 
requires over $1bn in investment. Computational methods and in particular, machine learning, have 
shown great promise for increasing the speed and reducing the cost of biotherapeutic development. In 
this talk I will describe some of the novel computational tools and databases we are pioneering in 
biotherapeutics, from accurate rapid structure prediction to the prediction of their affinity and binding, 
looking at both their promise and limitations. 
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Machine Learning Monica Fernandez-Quintero (Staff Scientist, The Scripps Research 
Institute) 

Modelling Conformational Dynamics of Antibodies - Consequences for Biophysical Properties 

Describing an antibody’s binding site using only one single static structure limits the understanding of 
the antibody’s function. To improve antibody structure prediction and to take the strongly correlated 
loop and interface movements into account, antibody paratopes should be described as interconverting 
states in solution. Therefore, the definition of kinetically and functionally relevant states can be 
successfully used to improve the accuracy and enhance the understanding of antibody-antigen 
recognition. Accounting for the high conformational diversity of antibodies by considering them as 
conformational ensembles can additionally advance the antibody development process, as the 
identification of potential liabilities and optimization of biophysical properties, such as hydrophobicity 
and electrostatics, can be facilitated. Even the low population states, that occur more frequently near 
hydrophobic surfaces, can contribute to understand processes such as aggregation or chemical 
modifications. In fact, these interactions with hydrophobic surfaces can result in a population shift 
towards more hydrophobic conformations, which are more likely to aggregate. In addition, we also test 
state-of-the art structure prediction tools, emphasize the importance of reliable protein structure 
models, in terms of structural and physical accuracies and the influence of predicted antibody structures 
on biophysical properties and recognition. 

Biomedical Science Ben Larman (Associate Professor, Johns Hopkins University) 

Antibody reactome profiling via self-assembling libraries of DNA barcoded antigens 

The Larman laboratory creates sequencing-based technologies for detailed characterization of serum 
antibodies at cohort scale. Phage ImmunoPrecipitation Sequencing (PhIP-Seq) and Molecular Indexing 
of Proteins by Self Assembly (MIPSA) are two examples that will be discussed. I will provide an overview 
of our current antibody profiling capabilities, recent findings, and ongoing developmental efforts that 
seek to overcome current limitations of high throughput antibody reactome profiling. 

Germline William Lees (Researcher, Bar-Ilan University, and University of 
Louisville) 

The rapidly changing world of IG/TR germline gene databases 

There is growing evidence that allelic polymorphism in germline receptor genes can impact 
immunoglobulin and T cell receptor response to immune challenge. Recent studies, for example, have 
highlighted significant impacts of known polymorphisms on the reactivity of published Abs and bnAbs, 
and have demonstrated that TRBV polymorphism can predict the likelihood of immune-related adverse 
effects to cancer therapy. There is therefore a pressing need for an accurate understanding of germline 
gene polymorphism, both at the population level, and within sub-populations. Current germline sets 
are based on limited data and are known to be incomplete, many sets for non-human species being 
based on the sequencing of a single specimen. With the advent of high-fidelity long-read genomic 
sequencing, the data landscape is changing quickly, with sequencing from many thousands of samples 
becoming available. 

For curators, the new wealth of data poses challenges of scale, requiring automated pipelines, and wider 
community involvement to take on the work of annotating the many species of interest. The degree of 
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complexity discovered in receptor loci is also driving the development of new methods, and reinforcing 
the potential significance of acknowledged, but often overlooked, shortcomings in current approaches. 

For researchers studying AIRR-C repertoires, enhanced germline sets can improve signal and reduce 
noise, providing a clearer picture of mutation levels, clonal structure, and response specificity. With 
these benefits come concerns: what are the best sources of germline sets to work with, and how can 
their applicability for a particular study be confirmed? 

Germline Andreas Lossius (University of Oslo) 

Immunoglobulin heavy-chain constant gene polymorphisms in multiple sclerosis 

Multiple sclerosis (MS) is a chronic inflammatory disorder of the brain and spinal cord. B cells seem to 
play a critical role in the pathogenesis, as B cell depletion has proven to be efficacious. It is known that 
clonally related antibody-secreting cells (ASCs) infiltrate the brain, meninges, and cerebrospinal fluid of 
patients. However, the mechanisms driving the B-cell response and shaping the immunoglobulin 
repertoires remain unclear. 

The humoral immune response in the cerebrospinal fluid of MS patients is dominated by the IgG1 
subclass. Using antibodies against allelic markers of the IgG1 constant heavy chain, we investigated the 
ASCs in the cerebrospinal fluid of patients carrying the IGHG1*02 and IGHG1*03 alleles. Surprisingly, 
we found that patients carrying both alleles had an almost exclusive enrichment of ASCs expressing the 
IGHG1*02 allele in their cerebrospinal fluid. This contrasted with the distribution of these cells in the 
blood, where the ASCs were evenly distributed between the two alleles, as expected from random allelic 
exclusion. We confirmed the preferential usage of this allele at the transcript level using single-cell RNA-
seq, and for intrathecally secreted antibodies by investigating oligoclonal IgG1 bands on isoelectric 
focusing gels. We did not observe such a preferential utilization of a particular heavy chain allele in 
patients with Lyme neuroborreliosis or Varicella Zoster Virus encephalitis, which are infectious diseases 
of the central nervous system with humoral immune responses directed against the causative agents. 
Further investigation of the immunoglobulin variable gene repertoire in the IGHG1*02-expressing ASCs 
in MS patients revealed a preferential pairing of the IGHV4 gene family with the IGKV1 gene family. The 
IGHV4-39 gene, in particular, showed the highest frequency of pairing with IGKV1-5 and IGKV1(D)-33. 

These findings collectively suggest an interplay between genetic factors in shaping the B-cell response 
in MS. They highlight the importance of considering constant gene polymorphisms and allele-specific 
responses in the context of autoimmune and infectious diseases. We are currently using long-read 
sequencing to map the IGHC genes in MS patients and to construct haplotype-resolved de novo 
assemblies of the patients’ IGH locus. 

Biomedical Science Encarnita Mariotti-Ferrandiz (Associate Professor, Sorbonne 
University) 

Unveiling the Potential of Blood T Cell Receptor Repertoire as Biomarkers for Autoimmune and 
Inflammatory Diseases 

Autoimmune and inflammatory diseases (AIDs) pose a significant societal burden due to their chronic 
and debilitating nature. Addressing the need for disease-specific treatments, curative interventions, and 
enhanced prognostic markers is imperative. While T and B lymphocytes play pivotal roles in 
autoimmune disorders by targeting tissues, their involvement in inflammatory conditions appears less 
specific, although some diseases exhibit tissue specificity. To bridge this gap, we conducted an analysis 
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of the T-Cell Receptor (TCR) repertoire using next-generation sequencing in patients across various AID 
contexts. 

TCR sequencing was performed on total blood or sorted CD4 T effector cells (Teff), CD4 T regulatory T-
cells (Treg), and CD8 T-cells from the blood in different clinical trials. By employing a combination of 
classical and descriptive diversity analyses along with innovative machine learning (ML) techniques, our 
objectives were to provide an atlas of AIDs based on the TCR repertoire and identify TCR repertoires 
alterations across the autoimmune and inflammatory spectrum and within each condition. 

We developed several TCR signature strategies adapted to the different datasets available and validated 
on publically available datasets classically used for ML method benchmarking. 

We applied one of these strategies to (i) tissue-specific autoimmune disorders like type 1 diabetes (T1D) 
and rheumatoid arthritis (RA) in adult patients, (ii) sequential samples from lupus patients undergoing 
low-dose IL-2 treatment, and (iii) inflammatory diseases such as myocardial infarction and 
osteoarthritis. Through these analyses, we identified TCR signatures capable of predicting disease onset 
(in i), clinical response to treatment (in ii), or disease outcomes (in iii). Validation of these signatures on 
external datasets further supports their reliability. 

In summary, our findings demonstrate that peripheral blood TCR repertoires harbor valuable disease-
specific information that can serve as biomarkers to enhance the diagnosis, prognosis, and management 
of AIDs, ultimately improving patient care. 

Finally, this study underscores the potential of ML approaches for classification purposes, highlighting 
their promise in the realm of biomarker discovery. However, it also emphasizes the critical need for high-
quality and harmonized data sharing initiatives. By facilitating access to standardized datasets, we can 
refine ML methods and deepen our biological understanding of ML-based biomarkers. Such 
collaborative efforts hold the key to unlocking the full potential of ML in biomedical research and clinical 
applications. 

Basic Science Nina Luning Prak (Professor, University of Pennsylvania) 

Identification of pathogenic B cells in type 1 diabetes 

In type 1 diabetes (T1D), T cells, helped by autoreactive B cells, destroy the insulin-producing beta cells 
in the pancreas. The identification of pathogenic B cells could facilitate earlier disease detection and 
intervention that may delay or prevent autoimmune attack before organ damage. To that end, we are 
using immune repertoire profiling approaches to identify and characterize tissue-based B cells in organ 
donors with and without T1D. Leveraging tissue samples and extensively phenotyped organ donors from 
the human pancreas analysis program, we are studying clonal networks of B cells in pancreatic lymph 
node (PLN), mesenteric lymph node and spleen of organ donors with and without T1D to identify and 
characterize tissue-resident B cell populations. This analysis has generated thousands of tissue-spanning 
clones and candidate clones of interest that are large and enriched in PLN. Coupled with cell sorting and 
single cell analysis, we are further studying clones that reside in memory B cell subsets. In parallel, we 
are studying autoantigen-enriched B cell populations and isolating monoclonal antibodies of 
autoantigen-binding B cells. Finally, we are tracking candidate clones derived from both of these 
approaches through immune repertoires of different individuals to search for repertoire motifs that may 
distinguish T1D autoimmunity from health. 
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Machine Learning Niranjani Prasad (Microsoft Research) 

Decoding the adaptive immune system using deep generative models 

Recent advances in high-throughput sequencing of the adaptive immune system have unlocked a new 
path to diagnosing diseases, from viral infection to autoimmune disease and cancer. To do so, we need 
to learn the mapping from observed immune response to specific disease antigens. This poses a number 
of challenges in practice:  immune repertoires are highly diverse---with much of the signal specific to 
individuals---and are influenced by various genetic, environmental and experimental factors beyond the 
disease of interest.  

In this talk, I present the Adaptive Immune Repertoire-Invariant Variational Autoencoder (AIRIVA), a 
generative model that learns a low-dimensional, interpretable, and compositional representation of TCR 
repertoires to disentangle such systematic effects in repertoires. We apply AIRIVA to two infectious 
disease case-studies: COVID-19 (natural infection and vaccination) and the Herpes Simplex Virus (HSV-
1 and HSV-2), and empirically show that we can disentangle the individual disease signals. We further 
demonstrate AIRIVA's capability to: learn from unlabelled samples; generate in-silico TCR repertoires by 
intervening on the latent factors; and identify disease-associated TCRs validated using TCR annotations 
from external assay data.  

I will go on to describe some of the ongoing work to translate such generative models to learning 
meaningful representations of the TCR sequence space, tackling the extreme diversity of TCRs. These 
models hold promise not only for improving diagnostic performance, particularly in diseases with highly 
heterogenous response, but also for advancing our understanding of the binding interactions between 
TCRs and pMHC complexes, which can be crucial to the development of new therapeutics. 

Basic Science Jasmine Rowell (Research Fellow, University College London) 

Investigating the foetal and young adult T Cell Receptor (TCR) thymic repertoires 

The thymus is essential for T cell development and TCR repertoire selection. It undergoes several 
fluctuations in output and function during the life of a mouse. In our study, we compared the αβTCR 
repertoire generated in the foetal thymus to that of the young adult, to investigate how these life-stages 
impact the TCR repertoire, in particular variable (V) and joining (J) gene segment usage, and repertoire 
diversity and distribution. To achieve this, we TCR sequenced FACS-sorted CD4+CD8+ double positive 
(DP), CD4+CD8- single positive (SP4) and CD4-CD8+ (SP8) foetal and young adult thymocyte populations. 

We found that the foetal TCRβ repertoire was less diverse, less evenly distributed, with fewer non-
template insertions, and all foetal populations contained more clonotypic expansions than young adult. 
Life-stage had a greater impact on TCRβ and TCRα gene segment usage than cell-type. Foetal repertoires 
showed bias towards 3’TRAV and 5’TRAJ rearrangements in all populations, whereas adult repertoires 
used more 5’TRAV gene segments, suggesting that progressive TCRα rearrangements occur less 
frequently in foetal DP cells. To examine the influence of the rate of differentiation on VJ gene usage, 
we synchronized the differentiation of adult DP thymocytes by treating young adult mice with 
hydrocortisone to deplete the adult thymus of all but the most mature cells. After hydrocortisone 
treatment, the new recovering DP thymocyte population showed more foetal- like 3’TRAV and 5’TRAJ 
gene segment usage. Thus, differences between foetal and control young adult TCRαV-J rearrangements 
in DP cells may be the result of slower differentiation in the adult thymus, allowing more time for 
multiple rounds of TCRαV-J rearrangements in the DP population.  
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Furthermore, in foetus we identified distinct β-chain combinatorial VxJ usage and predicted α and β 
CDR1xCDR2 usage in SP compared to adult, indicating that MHC-restriction is governed by a differing 
set of rules in the foetal TCR repertoire. These data reinforce the idea that foetal and adult αβT-cells 
have distinct properties and functions, with foetal T cell repertoires using differing gene segments, less 
diversity and higher clonotypic expansions and more closely encoded by genomic sequence than the 
adult. 

Germline Yana Safanova (Assistant Professor, Pennsylvania State University) 

Comparative Analyses of Immunoglobulin Loci in Mammalian Genomes 

A central challenge faced by all organisms is defending themselves against pathogens, including those 
that are often rapidly evolving. Early in the lineage leading to jawed vertebrates, evolution devised an 
ingenious solution in the adaptive immune system – in which sets of germline immunoglobulin (IG) 
genes, collectively called the IG loci, undergo a process called V(D)J recombination that generates an 
immensely diverse collection of antibodies (antibody repertoire) with a potential to recognize a huge 
variety of pathogens. We have a remarkably limited understanding of what the IG loci, and the resulting 
antibodies look like for essentially all (non-model) species — these loci are among the parts of the 
genome left on the cutting-room floor when reference genomes are released. This is because until very 
recently, the IG loci had been nearly impossible to assemble as the structural complexity of the regions 
thwarted standard assemblers designed for short-read sequences. It is only with the advent of long-
read sequencing platforms and specialized assembly algorithms over the last several years that 
researchers were able to reliably conduct population level sampling and variant curation. Recent studies 
pioneered techniques for estimating the IG gene content from existing genome assemblies and 
produced the first estimate of the number of V, D, and J genes in a phylogenetically diverse set of 
mammals. While these methods are a substantial advance, many challenges related to detection of 
highly diverged IG genes, IG gene verification, IG gene naming, and comparative analysis remain 
practically unaddressed. In this talk, we will present the state-of-the-art solutions to annotation and 
comparative analysis of highly diverged IG loci and discuss open immunogenomics questions. 
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Early Career Events 
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Three early career and student events were hosted at the AIRR-C Meeting VII: 

i. Networking is in the AIRR: A speed networking early career event! This event gave early career 

scientists the opportunity to interact with professionals from various sectors including academia, 

industry, and non-profit. Mentors were grouped by sector at different tables and mentees had the 

opportunity to rotate through as lunch progressed. Discussions were informal with an emphasis 

on helping early career scientists understand what options may be available to them in their career 

trajectories. Each table was provided with a few questions to help start the conversation. 

Moderated by Lorissa Corrie and Edel Aron. 

ii. Service as an Early Career Researcher: The rewards of being active in the AIRR Community. "I 

need to focus on papers so I can get a good postdoc/faculty position/tenure!" or "I don't know 

enough to contribute meaningfully!" Everyone has lots of reasons to not become an active 

member of the AIRR-C, and early career researchers face some extra barriers. However, there are 

rewards to participation that are specific to early career researchers, as well. I first joined the AIRR-

C as a postdoc nearly a decade ago and will share my experiences and how it has helped shape 

my career. Presentation by Chaim Schramm 

iii. Early Career Development Panel Discussions: A panel of academic and industry experts discussed 

how they got to where they are now! With a focus on career paths, this event was a great 

opportunity to hear about the many ways to be involved and work in the AIRR-C, as well as to ask 

questions from career scientists from a variety of sectors and areas of research. This event began 

with a light reception, followed by a series of short introductions and an open question and answer 

period. Panelists: Janine Schuurman, Nina Luning Prak, Nina Senna, Pieter Meysman, and Steven 

Kleinstein. Moderated by Lorissa Corrie and Edel Aron. 

The early career events were a huge success with more than 50 early career participants and 20 mentors 

(including five panelists and one speaker) participating. 
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Industry Networking Reception & Hot Topics Round Table 

As part of the Industry Networking Reception there was a ‘hot topics in the field’ round table session. This 

session offered a unique opportunity for industry partners and scientific researchers to engage in an 

exciting discussion.  

The tables were moderated by pairs of AIRR-C WG Co-leaders and Industry Partners. Corey Watson was 

the chair of the session with the help of the co-chairs Nina Luning Prak, Ulrik Stervbo, William Lees, Bjoern 

Peters, Eve Richardson, and Brian Corrie, as well as the industry partners Henk-Jan van den Ham (Enpicom), 

Andrew Farmer (Takara Bio), and Alex Chenchik (Cellecta). 

The goal of this session was to foster discussion about the future needs and challenges in current and 

future ‘hot topics in the field.’ The following five topics were chosen: 

i. Antibody Discovery 

ii. AIRR-seq epitope / antigen annotation 

iii. Datasets and applications / tools for mining the repertoire 

iv. Biological Standards/Controls / Methods 

v. Data sharing & data standards for AIRR analysis and software (from annotation to modeling) 
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AIRR-C 2024 EFIS Travel Awards 

The AIRR-C was successful receiving a travel award from the EFIS - European Journal of Immunology - to 

help junior faculty members, post-docs, and students to attend the AIRR-C VII Meeting. We are delighted 

to recognize the Meeting VII travel award recipients. 

 

From left to right: 

1. Lonneke Scheffer (NO) 

2. Easton Ford (US) 

3. Ayelet Peres (IL) 

4. Alexandra Elsakova (EE) 

5. Vanessa Mhanna (FR) 

6. Farzaneh Meimandi Parizi (NL) 

7. Romi Vandoren (BE) 

8. Cole Jensen (US) 

9. Eric Franciskovic (SE) 

10. Yu Ning Huang (US) 
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Lightning Demonstrations 

Software & Tools - Lightning Demonstrations 

June 4, 2024 

2:00 pm to 4:10 pm 

ImmuneWatch DETECT Sander Wuyts 

ImmuneWatch DETECT is a reliable and fast TCR-epitope interaction annotation tool. It can annotate 
the most likely epitope candidate for a full TCR repertoire in under a minute. Its great performance was 
recently demonstrated in the IMMREP23 challenge, in which it ended in first place. We are now planning 
to release a publicly available version, so that the whole research community can make use of it. In this 
demo, we will provide the audience with an overview of the main functionalities of the new DETECT 
platform as well as some specific use cases on how it can generate novel insights. 

LZGraphs Thomas Konstantinovsky 

The LZGraph is a graph-based model for analyzing adaptive immune receptor repertoires, where the 
nodes represent unique sub-patterns and edges connect sequential sub-patterns. The weights of the 
edges are proportional to the transition events between the connected nodes, normalized by the out-
degree of each node. The graph can also include information on the V and J gene usage of the sequences 
contributing to each edge. Three main graph types are presented in the paper, including “Naive,” 
“Nucleotide Double Positional,” and “Amino Acid Positional” graphs, with the latter two appending 
positional information to the nodes. This ensures that the resulting LZGraph is a directed acyclic graph, 
which allows for constant flow from the root node to the terminal node, avoiding self-loops or cycles. 
The inclusion of positional information enhances the interoperability of the graph, as each node can be 
associated with a specific position in the CDR3 sequence. 

AbSolution Rodrigo García Valiente 

AbSolution is an R Shiny tool for interactive analysis and exploration of Ig-Fab-sequence features. It is 
built on the principles of accessibility, flexibility and scalability. Through its interface, the user can access 
and process the data, interact with it and explore its behaviour at different levels in a customizable way. 
It works with memory-mapping techniques to provide an environment able to handle numerous and 
diverse datasets at once. 

AnalyzAIRR Vanessa Mhanna 

AnalyzAIRR is an R package developed to analyze bulk Ig/TCR repertoire datasets. It allows a general 
data exploration to evaluate the homogeneity within defined groups, identify outliers and filter them 
out. Moreover, it proposes a set of diversity measures and statistical metrics applicable at any level of 
granularity. Thus, single-sample repertoire explorations or in-depth cross-comparisons of AIRR datasets 
can be conducted leading to ready-to-publish visualization graphics. AnalyzAIRR is complemented with 
a guided workflow to help users in their analytical strategy, and a Shiny web application making it user-
friendly for biologists with little or no background in bioinformatics. 
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ACE Configurator for ELIspot Dhuvi Karthikeyan and Jin Seok (Andy) Lee 

ACE Configurator for ELISpot (ACE) is a standalone GUI AND CLI program that facilitates sequence-aware 
ELISpot assay design and deconvolution of immunogenic peptides end-to-end. It uses a fine-tuned ESM-
2 to predict epitope similarity and we leverage this novel axis of optimization to enhance multiplexed 
ELISpot efficiency. We demonstrate ACE’s robustness by rigorous benchmarking on various real-world 
scenarios. 

reportAIRR Ayelet Peres 

reportAIRR is an interactive app for exploring adaptive immune receptor repertoire quality, facilitates 
easy comparison of features across repertoires through multi-sample reporting. Additionally, the tool 
enables in-depth qualitative exploration using the interactive single-sample report, complete with 
convenient note-taking capabilities. Key features include: 

• Processing Step Insight: Comprehensive quality control for each processing step. 

• Outlier Identification: Effortless spotting of potential outliers through dynamic statistical 
surveys. 

• Dual Viewing Modes: Compare repertoires in multi-sample reports and explore qualitatively in 
single-sample reports with note-taking. 

• Structured Database: Fast and easy repertoire data querying with a robust database structure. 

• Revolutionizing Quality Observation: Gain insights into repertoire quality throughout 
processing steps 

ALIGaToR Chaim Schramm 

ALIGaToR ("Annotator of Loci for ImmunoGlobulins and T Receptors") is a tool for the automated de 
novo annotation of V, D, J, and C genes in (unrearranged) genomic sequences. ALIGaToR works with 
contigs covering all or part of the locus and classifies identified genes as functional, ORF, or pseudogenes 
based on the presence/absence of predicted RSS and expected splicing motifs. 

Immcantation Steven Kleinstein 

The Immcantation framework provides a start-to-finish AIRR-compliant analytical ecosystem for high-
throughput AIRR-seq datasets. Beginning from raw reads, Python and R packages are provided for pre-
processing, population structure determination, and repertoire analysis. Over the past decade, the 
widely-used Immcantation framework has continued to grow to adapt to the evolving high-throughput 
Adaptive Immune Receptor Repertoire sequencing (AIRR-seq) methods. The most recent techniques 
allow the joint identification of the adaptive immune receptors and the inspection of the transcriptional 
status at the single-cell resolution. This demo will provide an overview of the broad range of capabilities 
that Immcantation provides, with a special focus on the recent methods that use single-cell information 
to improve clonal relationships detection, lineage tree building, integration of transcriptomics gene 
expression, and incorporation of additional metadata and annotations. 
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MAbFactory Anne Poupon 

MAbFactory offers easy and fast access to a comprehensive range of antibodies-related data and tools. 
Whether you need to search for anteriority landscape, patentability or evaluate the interest of a target, 
our solution will save you time and increase your productivity. MAbFactory can benefit to a large range 
of customers working in biology, life sciences, and in particular in antibody drug discovery and biologics 
development. 

RepCred Ayelet Peres 

Adaptive immune receptor repertoire sequencing (AIRR-seq) data provides a wealth of biological and 
clinical insights, including identifying therapeutic monoclonal antibodies, assessing vaccine responses, 
and monitoring disease status. However, both experimental and computational problems can radically 
skew annotation and key repertoire statistics, including gene usage, somatic hypermutation levels, and 
clonal structure. Evaluating the quality of the processed AIRR-seq data is thus a critical initial step in 
data analysis. Here we present RepCred, an easy-to-use R package that takes an AIRR-formatted 
rearrangements TSV file as input and produces a graphical report that can be used to quickly appraise 
repertoire credibility and identify potential problems. RepCred can be installed from 
https://github.com/airr-community/rep-cred and is also available as a Docker image and as an analysis 
tool in the iReceptor Gateway (https://gateway.ireceptor.org/). 

 

  

https://github.com/airr-community/rep-cred
https://gateway.ireceptor.org/)
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Deep Dive Tutorials 

Software & Tools – Deep Dive Tutorials 

June 4, 2024 

Session A: 4:30 pm to 5:30 pm and Session B: 5:50 pm to 6:50 pm 

Digger William Lees 

Digger is a toolkit for the automatic annotation of V, D and J genes and associated features in IG/TR 
genomic loci. In the hands-on tutorial I will briefly explain the features of these 'unrearranged' 
sequences and show how you can use the tool to annotate single sequences or entire loci. The talk will 
be interesting to anyone working with species that are poorly covered by existing reference sets, and 
anyone who would like to understand more about the regulatory regions of V, D and J sequences, and 
their possible biological significance. 

Dowser Kenneth Hoehn 

Dowser is an R package for building, visualizing, and analyzing lineage trees using B cell receptor 
sequences. The goal of this tutorial is to demonstrate how to build B cell lineage trees and use them to 
understand B cell dynamics using longitudinally-sampled single B cell sequence data. This tutorial will 
cover each of these topics, with emphasis on newly developed methods for building trees using paired 
heavy and light chain sequences from single cell sequencing data. We will also briefly cover topics like 
identifying B cell clones when analyzing single cell data using other packages in the Immcantation 
framework, which is a start-to-finish ecosystem of BCR analysis packages.  

Immcantation and nf-core/airrflow Gisela Gabernet and Susanna Marquez 

Currently available tools to reconstruct B cell and T cell receptor sequences from AIRR-seq data and to 
infer clonal relationships offer limited parallelization across samples, scalability or portability to HPC 
infrastructures. In this tutorial, we will introduce nf-core/airrflow, an end-to-end bulk and single-cell 
AIRR-seq processing workflow with Nextflow and Immcantation. The Immcantation Framework 
(immcantation.org) is an open source AIRR-compliant comprehensive toolset, which allows the 
processing of bulk and single-cell AIRR-seq data from raw read processing to clonal inference and 
lineage reconstruction. nf-core/airrflow is written in Nextflow and is part of the nf-core project, which 
collects community contributed and curated Nextflow workflows for a wide variety of bioinformatics 
analysis. nf-core/airrflow has already been applied to a variety of studies, and the community of users 
is flourishing. With airrflow, we have validated and extended previously reported findings of convergent 
antibody responses to SARS-CoV-2 with data from 97 COVID-19 infected individuals and 99 healthy 
controls retrieved from iReceptor through the AIRR Data Commons web API. In this tutorial, we will 
introduce this new powerful tool to the participants and will demonstrate how to install nf-
core/airrflow, how to configure it for different compute environments, and how to execute an example 
analysis. nf-core/airrflow is open source, and available free of charge, under the MIT license at 
https://github.com/nf-core/airrflow. Detailed documentation and example results are available on the 
nf-core website at https://nf-co.re/airrflow. Users can join the nf-core dedicated airrflow slack channel 
(https://nf-co.re/join) for questions and feature requests. 

https://williamdlees.github.io/digger/_build/html/index.html
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immuneML Lonneke Scheffer and Charlotte Würtzen 

The powerful ability of machine learning (ML) to analyse sequence data has sparked a surge of AIRR ML 
studies. But besides the challenge of developing new ML algorithms, setting up the computational 
pipelines to thoroughly (and correctly) benchmark new methods against existing solutions is a large and 
complex task. As a result, independently developed methods may be evaluated under different 
conditions, resulting in a lack of transparency regarding which ML method(s) are optimal for a given 
AIRR prediction problem. 

We therefore developed immuneML (https://immuneml.uio.no), a software platform for ML-based 
analysis of adaptive immune receptors and repertoires. immuneML supports the development, 
introspection and reproducible benchmarking of classifiers for immune repertoire-disease status and 
immune receptor-antigen binding prediction. 

At the previous AIRR-C meeting VI workshop we explained how to run immuneML analyses. This time 
around, we will demonstrate how to integrate new ML algorithm components into immuneML, and 
benchmark them. This workshop will in particular be of interest for researchers developing new immune 
receptor or repertoire classifiers. 

ImReP Erik Huang 

ImReP is a computational approach designed to reconstruct adaptive immune receptor repertoires 
accurately using AIRR-Seq and RNA-Seq data. The method efficiently extracts TCR and IG-derived reads 
and assembles corresponding hypervariable region sequences, particularly excelling in assembling 
CDR3 sequences despite sequencing errors and short read lengths. ImReP outperforms existing 
methods in precision and recall rates, as demonstrated through simulations with varying read lengths 
and coverage depths. ImReP facilitates the creation of a systematic atlas of immune sequences across 
diverse human tissues, forming one of the largest collections of CDR3 sequences and tissue types. This 
atlas serves as a valuable resource for comparative analysis and has the potential to enhance studies in 
immunology, contributing to the development of diagnostic tools and therapies for human diseases. 
The advantages of ImReP include the simultaneous capture of clonotype populations from all chains in 
a single run and the ability to detect overall transcriptional responses of the adaptive immune system. 
The scalability of the atlas using large-scale AIRR-Seq and RNA-Seq datasets holds promise for providing 
insights into immune responses across autoimmune diseases, allergies, and cancers. 

iReceptor Gateway - Tool Integration Brian Corrie 

iReceptor is a platform for finding and analyzing AIRR-seq data in the AIRR Data Commons. In this 
tutorial we will explore the new and advanced features of iReceptor's ability to integrate external open 
source tools into the platform for analysis. We will discuss the platforms ability to integrate advanced 
analysis techniques such as single-cell analysis, epitope prediction, and ML approaches, as well as 
discuss tools that we anticipate adding in the near future. 
Log in to the iReceptor Science Gateway to access your free account and start exploring! 

pyTCR Serghei Mangul 

pyTCR, a computational notebook-based solution for comprehensive and scalable TCR-Seq data 
analysis. Computational notebooks, which combine code, calculations, and visualization, are able to 
provide users with a high level of flexibility and transparency for the analysis. Additionally, 

http://www.ireceptor.org/
https://gateway.ireceptor.org/login
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computational notebooks are demonstrated to be user-friendly and suitable for researchers with 
limited computational skills. Our tool has a rich set of functionalities including various TCR metrics, 
statistical analysis, and customizable visualizations. The application of pyTCR on large and diverse TCR-
Seq datasets will enable the effective analysis of large-scale TCR-Seq data with flexibility, and eventually 
facilitate new discoveries. 

Link to the publication: https://www.frontiersin.org/articles/10.3389/fimmu.2022.954078/full 

STEGO.R Kerry Mullan 

Introduction: T cells are critical to protect against a broad array of aberrant cells including pathogens 
and cancer. The hypervariable T cell receptor (TCR), created through recombination of the variable, 
Diversity, and Junction genes, is what allows for recognition of a diverse array of antigens. We can now 
capture both single cell expression data (scRNA-seq) with the paired single cell TCR sequencing (TCR-
seq) data to further understand the role of T cells. Many of the current strategies examine the gene 
expression (GEx) and then describe the TCR repertoire. There is limited focus on the specific clones, 
which may be missing important and actionable features. Here we developed STEGO (Single cell TCR 
and Expression Grouped Ontologies) Shiny R application that focuses on the TCR and then the 
associated GEx profile. 

Program parameters: STEGO.R application can process 10x Genomics data and BD Rhapsody. The 
application includes the Seurat quality control (QC) process, merging with Harmony, followed by 
annotations with scGate. The program also includes TCR clustering (ClusTCR2) and analysing the 
predicted epitopes from TCRex. The TCR → GEx section is broken down into four sections: Top 
clonotype, expanded clonotypes, Clustering and epitope. The Shiny R interface also facilitates the 
program and is accessible to novice R coders. We have also automated downloading of prioritised lists 
of the clonotypes (Single- and Multi-sample), clustering and epitope section. 
https://github.com/KerryAM-R/STEGO.R. 

Novel findings using STEGO when re-analyzing GSE144469, a colon inflammation due to melanoma 
therapy, did not include any scRNA-seq with scTCR-seq analysis. STEGO.R identified limited private 
clonal expansion. Therefore it was ideal to preference the sequence similarity. This process identified 
two TRBV6-2 colitis specific clusters as well as identified TRGV4 cluster specific to the melanoma cases. 
Therefore, this highlighted several actionable TCR for experimental validation. 

TCRex and ClusTCR Pieter Meysman 

In this brief tutorial, we aim to give a hands-on tutorial on how to analyse processed TCR clonotypes 
with unsupervised clustering (using ClusTCR) and epitope annotations (using TCRex). ClusTCR is a 
python package that is designed to rapidly group highly similar sequences across full TCR repertoires. It 
uses a two-step process, wherein first likely candidates are grouped, followed by a slower but more 
accurate clustering. The identified TCR clusters can then be used for further in-depth analysis of shared 
properties across samples. 

The TCRex webtool is able to annotate TCR–epitope binding for AIRR-compliant human full TCR 
repertoires using TCR beta chain information, i.e. the CDR3 amino acid sequence and the corresponding 
V/J genes. It is based on random forest classifiers trained on epitope-specific TCR data collected from 
the manually curated catalogue of pathology-associated T cell receptor sequences (McPAS-TCR), the 
VDJ database (VDJdb) and the ImmuneCODETM database. In total prediction models for 100 different 
epitopes, consisting of 93 viral and 7 cancer epitopes, are provided. 
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