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Reproducible and consistent cell annotation is the basis for scRNA-seq analysis

HIPC (Human Immunology Project Consortium): Pooling infection and vaccination resources for cell-resolution understanding
under more broader contexts.
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Webinar 1 Recap and Challenge Progress So Far SCRNA-seq Annotation

Benchmark Challenge

The challenge started on April 13, 2026:

e Registered teams received team-specific credentials and dataset access

e Teams are tasked with annotating immune cell types from scRNA-seq datasets using
any annotation pipeline, mapping to the provided Cell Ontology tree at the highest
possible granularity

e Submissions (annotation.tsv + readme + GitHub repo) are due by June 12, 2026

e All resources (datasets, ontology tree, submission templates, and guidelines) are
available at: https://immunespace.org/hipc-scrna-seg-annotation-benchmark-challenge/
e Questions? Use the ImnmuneSpace Solutions Center.



https://immunespace.org/hipc-scrna-seq-annotation-benchmark-challenge/
https://discuss.immunespace.org/c/hipc-scrna-seq-annotation-benchmark-challenge/42
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Immune cell-type annotation: Background
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e Definition:
o labeling immune cell-types is critical for understanding immune responses in infection, vaccination, cancer, etc.
e Biological challenges:
o noise + sparsity in scRNAseq make it challenging to cut off cells by a single gene
o lack of known, well-expressed marker genes at scRNAseq level for many subsets
m  many known cell surface markers not necessarily well expressed at RNA level
o clustering and then labeling clusters has issues because cells cluster by TCR, cell-cycle, donor, etc.
m cells can exist in continuous states too (naive — effector — memory; resting — activated — exhausted)



Immune cell-type annotation - Analysis & Workflow Challenges

e no universal "ground truth" for many datasets

o many annotations are manual: subjective, labor-intensive, poor reproducibility
e many automated tools don'’t give great depth or are sometimes very wrong

o also often hard to audit why a specific label was assigned
Author Manual Annotation 2-Round Method Annotation Cell Typist Tool Annotation

(Wemens)  (vaes)

Goal: Evaluate the consistency, accuracy, and resolution (granularity) of scRNA-seq cell-type
annotations across independent bioinformatics teams and pipelines.
> Build a multi-expert reference of cell-type annotations!



«sBoHIPC

Celltype Annotation Tree ScRNA-seq Annotation

Benchmark Challenge

A B c D E F
1 Celitype cl: ID Parent Class isTerminalNo«Definitions
2 Blood Cell CL:0000000 None FALSE A material entity of anatomical
3 Platelet CL:0000233 Blood Cell TRUE A non-nucleated disk-shaped ¢
[Eoram e —— 4 RBC CL:0000232 Blood Cell TRUE A red blood cell. In mammals, |
5 HSC CL:0000037 Blood Cell TRUE A stem cell from which all cells
| | 6 Doublet None Blood Cell TRUE An often technical artifact in sir
7 Leukocyte CL:0000738 Blood Cell FALSE An achromatic cell of the myelc
8 Lymphoid Cell CL:0000542 Leukocyte FALSE A lymphocyte is a leukocyte co
S 9 NK Cell CL:0000623 Lymphoid Cell TRUE A lymphocyte that can spontar
10 T Cell CL:0000084 Lymphoid Cell FALSE A type of lymphocyte whose de
'_'_ 11 CDA4 T Cell (ab) CL:0000624 T Cell FALSE A mature alpha-beta T cell that
12 /CD4 Naive / T Central Memory CL:0000895 CD4 T Cell (ab TRUE An antiaen inexperienced CD4
: e Tree contains broad lineages (e.g., Lymphoid,
Myeloid) and high-resolution subtypes
(conventional DC 1, plasmablast).
o .
e Use the Nomenclature in the Cell-type Tree to
: :
ensure naming conS|stency
Current version of Tree H H
Undatod o6t May i e Go for highest level of resolution you can support
:
2026) with confidence
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Overall Workflow

Stage 1
Sign up & access

Register your team
Get unique credentials

Download dataset
via ImmuneSpace

Stage 2
Read & Learn

Challenge goals

Challenge guidelines
Submission instructions

L Highest granularity possible

Stage 3
Annotate & map

Manual or automated
Map to cell ontology

Stage 6
Evaluation

Concordance (alignment)
Consensus (agreement)
Granularity (resolution)

A A

v Post-hoc analysis

All resources are available at:

Stage 5
Submit

Single .zip bundle
annotation.tsv + readme
Via Google Form only

Stage 4
Validate & package

Check .tsv annotation format
Reproducible code on GitHub
L (R Markdown or Jupyter)

_4

https://immunespace.org/hipc-scrna-seg-annotation-benchmark-challenge/



https://immunespace.org/hipc-scrna-seq-annotation-benchmark-challenge/
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Dataset overview and updates based on Participants’ feedback

scRNA-seq Annotation
Benchmark Challenge

Studies by Immune Exposure

Dataset summary

Datasets with Studies where Infection_study_01, Infection_study_02
raw counts data FASTq files where
(9/16) available vaccination_study_01, vaccination_study 02,
vaccination_study_03, vaccination_study 04,
- vaccination_study_05, vaccination_study_06,
o vaccination_study_08
Infection Exposure Type Vaccine g-
(]
Studies by Disease/Vaccine Type X | Datasets with The author provided | Infection_study 03, Infection_study 04,
raw count data raw count data and Infection_study_06, Infection_study_07
provided by FASTq data was not
authors (6/16) available vaccination_study_07, vaccination_study_09
g Datasets with Bonus study vaccination_study_10
c only log count
O | datais available
M | (1/16)

@z&@ 4\0\? %‘Q& \f"’i& »&& w\”?\)«\4§°c?\ S\Q (\*5\" <,°°@\ e 1?{( . . . . . .
S PSS F & & Each team is given 8 required studies plus 1 Bonus study (vaccination_study_10).
\\\o\o’ & s~ < £ ““ ” : H i i B a
s o & Teams “must” submit annotations to at least the 8 required studies.
\\\
00

Subtype




Participants' questions related to datasets RNAHIPS

Benchmark Challenge

Only processed data is provided

HIPC scRNA-seq Annotation Benchmark Challenge

& Apr16

Hi there,

| noticed that the provided data has been processed. Some h5ad/rds didn’t include raw counts,

and genes were filtered. In some data, only about 1200 genes were retained. | believe at least M issi ng gene names in dataset

>
raw counts of all genes are needed for the analysis. Could you check the data? HIPC scRNA-seq Annotation Benchmark Challenge

Best,

fdu & Apr 30
Yoshi . ffy (¢ pi

One of the datasets we have been assigned does not have gene names assiged in the h5ad
object. Looking at the adata.var_names slot just gives:

Index(['@", '3', '4', , '13', '14', '15', '16',

Thanks. Honestly, without the complete raw count data, we can’t move forward with the '37285', '37286', '37287', '37288', '3729@', '37291', '37292', '37293',
challenge... '37294', '37295'1,
dtype='object', length=29085)

There are no gene symbols or IDs in the
adata.var

8 days later dataframe either

. fduffy Apr 30

This is also a problem for us: we rely on raw count data for our labeling. Also, is there a way to
know how the data has been processed in the h5ad objects?

I'm not naming the dataset here for confidentiality, but happy to provide this.

It looks like /vaccination_study_10/ is also missing raw/unfiltered counts. Are those forthcoming,
or are they unavailable as in the infection_study 07 case?




Data submission fo

rmat
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scRNA-seq Annotation

-

submission_bundle.zip

annotation.tsv  One file per dataset

cell_barcode / predicted_cell_type
_ AAACCTGAGAAACCTA-1 CD4-positive T cell
AAACCTGAGAAGGCCT-1 classical monocyte
AAACCTGAGACAGACC-1 k naive B cell
AAACCTGAGACGACGT-1 plasmacytoid DC

Labels must match CT_Ontology_Spreadsheet_*.xIsx exactly

readme.docx

Detailed methodology

Software versions

Manual intervention steps

GitHub repo link

R Markdown or Jupyter notebooks etc

;L

Fake Pipeline ApproachSummary.docx 27-Feb-2026 22:03
vaccination study 01 annotation fakePipeline.tsv 27-Feb-2026 21:54
vaccination study 03 annotation fakePipeline.tsv 27-Feb-2026 21:56
vaccination study 04 annotation fakePipeline.tsv 25-Feb-2026 01:52
vaccination study 06 annotation fakePipeline.tsv 25-Feb-2026 01:52
vaccination study 07 annotation fakePipeline.tsv 25-Feb-2026 01:52

Benchmark Challenge

J
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Data access and submission walkthrough ScRNA-seq Annotation

Benchmark Challenge



https://docs.google.com/file/d/1DrxH7IBjAKrXeIaA7LCllpSahglRNwjC/preview

Example: Overview of Semi-Automated LJI cell type annotation approach

«sBoHIPC

scRNA-seq Annotation

Step 1: Run the Semi-Automated LJI
2-Round Method for Celltype Annotation
on each Dataset

Step 2: Map the Labels to the best
Node in the Ontology Tree

//
/ CD4 T Effector Memory |
o
—i=
[corcaion}————~fo e T ]

(D8 Cytotoxic /T Effector Memory

Benchmark Challenge

Step 3: Collect Annotations Per

Dataset + Pipeline Description
* confidence scores are optional *

vaccination_study_01_annotation_2RoundLJI.tsv

cell barcode predicted cell type cqanfidence score
AAACGCTAGGATACAT-1-0 B Cell
AAAGGATTCAGAGTGG-1-0 B Cell
AAAGGGCCATGAATCC-1-0 B Cell
AAAGGGCTCTAGCATG-1-0 B Cell
AAAGGTACACGAAGAC-1-0 B Cell
AAAGGTACATCTCAAG-1-0 B Cell

infection_study_01_annotation_2RoundLJI.tsv

cell barcode predicted cell type ctafidence_scof'e
AAACCCAAGAGGATCC-1 B Cell
AAACCCACACGTACAT-1 Cell

cell
cell

AAACCCACAGAACTAA-1
AAACCCACATGCCGAC-1

B
AAACCCACACTGAATC-1 B Cell

B

B

2RoundLJI_ApproachSummary.docx
Fake Pipeline

This document outlines the approach, resources, methods, and key findings from our
participation in the HIPC Single-Cell Annotation Benchmark. It is intended for participants
to demonstrate a structured approach to writing a methodology description document.

Summary of Approach

Our approach focused on i i unsupervised clustering

followed by manual expert-guided annotation refinement. We prioritized robust feature
selection to mitigate batch effects and ensure generalizability across diverse single-cell

RNA sequencing (scRINA-seq) datasets. The main goal was to achieve high-fidelity cell
type assignment by integrating information from muitiple reference sources.
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scRNA-seq Annotation
Benchmark Challenge

Example: Overview of Azimuth-based annotation approach

Step 1: Annotate the dataset with
Azimuth PBMC cell type list based on
the marker list on their website

Step 2: Map the Azimuth listto CT
ontology tree manually

Step 3: Use confidence scores
to assign celltypes to each cell
barcode

v celltype.ll azimuth_I3 hipc_i3 hipc_i2 hipc_i1
CD4 Naive CD4 Naive / T Central Memory CD4T Cell (ab) T Cell |nfectlon_study_O1_unnotut|on_1‘eqm22.1'sv
B cell_barcode predicted_cell_type confidence_score
Moo Monocyte monocyte CTSS, FCN1, NEAT1, LYZ, PSAP, S100A9, AIF1, MNDA, SERPINA1, TYROBP CD4 TCM_1 CD4 Naive / T Central Memory CDA T Cell (ab) T Cell AAACCCAAGGGCAATC-1  Memory B Cell 0.972855376
CD4T CD4+ T cell CD4- ti Ipha-bet: IL7R, MAL, LTB, CD4, LDHB, TPT1, TRAC, TMSB10, CD3D, CD3G AAACCCACAGCTGAAG-1 Naive B Cell 57055062
+ T cel -positive, alpha-beta s 5 9 . F i
e . CDHICME2 Coiiialveiiiiicentaliencry ErvEdE) | el AAACCCAGTCTICGAA-1  CD8Naive /T Central Memory 0.830276351
AAACCCAGTTCCGCTT-1 Classical Monocyte 0.84603496
CD8T  CD8+Tcell CDB-posiiive, alpha-beta  CD8B, CD8A, CDAD, TMSB10, HCST, CD3G, LINC02446, CTSW, CDSE, TRAC CD4 TCM_3 CD4 Naive / T Central Memory CD4 T Cell (ab) T Cell AAACGAACAAGGTTGG-1 Platelet 0.965490411
desl AAACGAAGTCTACAAC-1  NKCell 0.386466283
NK natural killer natural killr coll NKG7, KLRD1, TYROBP, GNLY, FCER1G, PRF1, CD247, KLRF1, CST7, GZMB CDAIEM (El Y B ey CerwealEa | el AAACGCTAGGCTTAAA-1 Classical Monocyte 0.708748066
cell AAACGCTCATGACCCG-1 CD8 Cytotoxic / T Effector Memory 0.537683154
CD4 TEM_2 T Effector Memory CDA T Cell (ab) T Cell AAACGCTGTACCGTGC-1  CD8 Cytotoxic / T Effector Memory 0.764407819
B Bcell mature B cell CD79A, RALGPS2, CD79B, MS4A1, BANK1, CD74, TNFRSF13C, HLA-DQAT, "
\GHVLNEF2G AAACGCTGTGAATGAT-1 Classical Monocyte 0.928810193
CD4 TEM_3 CD4 T Effector Memory CD4 T Cell (ab) T Cell AAACGCTTCACTGTTT-1 Classical Monocyte 0.843844549
other. other T cell mature T cell CD3D, TRDC, GZMK, KLRB1, NKG7, TRGC2, CST7, LYAR, KLRG1, GZMA AAAGAACAGAAATTCG-1 Classical Monocyte 0.73821862
T CD4 TEM_4 CD4 T Effector Memory CDA4 T Cell (ab) T Cell AAAGAACAGCCAAGTG-1 CDB8 Cytotoxic / T Effector Memory 0.529996526
bC dendritc cell dendritic cell CD74, HLA-DPA1, HLA-DPB1, HLA-DQA1, CCDC88A, HLA-DRA, HLA-DMA,
CST3, HLA-DQB1, HLA-DRB1 CD4 CTL T Effector Memory CDA4 T Cell (ab) T Cell

UMAP_2

predicted.celltype.|1

&par,

Bor

UMAP_2

predicted.celltype.|2

UMAP_2

predicted.celltype.I3

5 o
UMAP_1

5 0
UMAP_1

5 o
UMAP_1

Treg Naive

Treg Memory

CD4 Proliferating

CD8 Naive

CD8 Naive_2

Treg

Treg

CD4 T Effector Memory

Naive / T Central Memory

CD8 Naive / T Central Memory

CD4 T Cell (ab)
CD4 T Cell (ab)
CDA4 T Cell (ab)
CD8 T Cell (ab)

CD8 T Cell (ab)

T Cell

T Cell

T Cell

T Cell

T Cell

team22_ApproachSummary.docx

Summary of Approach

Our approach uses reference-based per-cell rather than unsupt
Each cell is annotated against the Azimuth pbmgref reference, which projects query cells onto a
healthy PBMC manifold and assigns labels at three granularity levels (L1, L2, L3). The L3
predictions are then mapped to the HIPC cell type ontology via a curated lookup table. Cluster-
level confidence is used to decide whether each cell can retain its fine-grained leaf label (I3) or
should be demoted to a more reliable parent node (12). Cells whose Azimuth label has no
equivalent in the HIPC ontology (e.g. innate lymphoid cells, double-negative T cells) retain their
raw Azimuth label.

The pipeline s i notobook and produves 2 doan
hres.column submission tabie Qen_bwséz mgggm_m nd confidence. score.

Datasets Used

We worked on all datasets except two studies (Infection 07 and vaccination 10). Input was a
Seurat object filtered counts and per-cell metadata. No additional
filtering was applied prior to annotation!

Exact Method Used

Step1: We received the dataset as a p Seurat object
RNA assay (counts layer). Author-provided cell-level QC
filterina_doublet remaval) was retained as-is We

raw counts in the
gene count
sanity checks on the innut —




Example: Overview of Azimuth-based annotation approach: Submission : 8 HIPC

scRNA-seq Annotation
Benchmark Challenge

pramodsshinde / HIPC-Single-Cell i -models &

Name (© Issues 11 Pullrequests &) Agents (O Actions [ Projects (O Security and quality |~ Insights 8 Settings

B infection_study_01_annotations_azimuth.csv &) HIPC-Single-Cell-Annotation-Benchmark-models  Private ® Watch 0 -
8 infection_study_02_annotations_azimuth.csv

B infection_study_03_annotations_azimuth.csv B+ 18ranch © OTags Rycaloitls D) (CAddifie ™)
B infection_study_04_annotations_azimuth.csv

B infection_study_06_annotations_azimuth.csv

B team22_PramodShinde_HIPC_ApproachSummary.docx
B vaccination_study_01_annotations_azimuth.csv 5 os-stere S —
B vaccination_study_02_annotations_azimuth.csv B ity had readme st week
B vaccination_study_03_annotations_azimuth.csv D ganure had readme fast weck
&) vaccination_study_04_annotations_azimuth.csv L EeE DRE RN ey
B vaccination_study_05_annotations_azimuth.csv B README.md SECLTiLS LEUUES:

ﬂ pramodsshinde Edit readme 232d59e - last week 1) 6 Commits

I8 codebase Add readme last week

x@ vaccination study 06 annotations azimuth.csv [ team22_PramodShinde_HIPC_ApproachSum...  Updating team ID last week
B vaccination_study_07_annotations_azimuth.csv
B vaccination_study_08_annotations_azimuth.csv
| vaccination_study_09_annotations_azimuth.csv

() README 32 MIT license A=

HIPC Single-Cell Annotation Benchmark

Team 22 — Pramod Shinde, Postdoctoral Researcher, Systems Immunology

S u b m iss i o n Fo I de r Reference-based per-cell annotation of PBMCs using Azimuth + a curated HIPC cell type ontology mapping.

https://qgithub.com/pramodsshinde/HIPC-Single-Cell-Ann
otation-Benchmark-models.qgit



https://github.com/pramodsshinde/HIPC-Single-Cell-Annotation-Benchmark-models.git
https://github.com/pramodsshinde/HIPC-Single-Cell-Annotation-Benchmark-models.git
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Submissions Evaluation Framework scRNA-seq Annotation

Benchmark Challenge

Annotation consistency evaluation Evaluator evaluation
Quantify how each annotator influences overall agreement and
Goal: identifies potential inconsistencies.
Evaluate the consistency of cell type annotations across
multiple sources (original authors, teams). Key idea (Leave-One-Out evaluation)
Agreement metric (Fleiss’ k) e Remove one annotator at a time
e Recompute agreement using the remaining annotators
e Measures agreement among multiple annotators e  Compare to the full agreement
beyond chance e If agreement increases after removal — that annotator may

e k= 1:perfect agreement reduce consistency

e k= 0:agreement equals random chance e If agreement decreases — that annotator aligns well with

e  Provides a global measure of annotation others

consistency
Per-cell-type analysis

e  Perform evaluation at each ontology node (cell type level)
e  Capture fine-grained differences across the hierarchy
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T|me||ne scRNA-seq Annotation

Benchmark Challenge

Challenge start:
Credentials and

data access Challenge end:
Submission Benchmarking
deadli
Apr 13 cadiine and evaluation
! Jun 12 (Jun 15 - Jun 26) Results
Active annotation phase Release
(Apr 13 - Jun 12) Jun 29

We are here Results &

beyond
Apr 28,12 PM PT June 8 Scan for sign-up
O
Webinar 1: Webinar 2:
Announcement and Data Before Submission

access check-in check-in




Solutions center for Q&As esRoHIPC

scRNA-seq Annotation
Benchmark Challenge

Submission Rules & Eligibility — HIPC scRNA-seq Annotation
Benchmark Challenge

& HIPC si Annotation Benchmark Challenge

& HIPC scRNA-seq Annotation Benchmark pshinde ¢
Challenge " Entries are accepted throughout the challenge period (). Please read the following rules carefully

Welcome everyone, and thanks for participating in the HIPC scRNA-seq annotation benchmark before submitting.

General Rules

Submissions are accepted from registered teams only. To participate, teams must sign up via the
challenge registration form prior to submitting. Each team must have a designated team lead,
who will receive login credentials and is responsible for the final submission.

@& HIPC scRNA-seq Annotatiol tags pd & New Topic a

A submission is defined as a single attempt encompassing annotations for all assigned datasets.
Each team may submit only once. If a group wishes to submit multiple independent attempts
(e.g., using different pipelines or methods), each attempt must be registered as a separate team.

Each team must annotate only their assigned studies and should not work on datasets assigned
to other teams. To preserve the integrity of the benchmark, please do not discuss your assigned
studies or annotations with other participating teams.

Technical Requirements

All cell type labels must be mapped to the standardized Cell Ontology dictionary provided in
CT_Ontology_Spreadsheet_x.xLlsx . Annotations that do not match the required nomenclature

We will be usi ng ImmuneS pace Solution Center for QA will not be evaluated. All entries must include fully documented, runnable code (R Markdown or
Jupyter Notebook) hosted on GitHub. Submissions without reproducible workflows cannot be

Use your Immunespace account to ask questions. accepted.
How to Submit

htt S://diSCUSS.immuneS ace.or / /h| C-Scrna-se 'annOta When ready, submit your final bundle via the secure Google Form. Submissions via email are not
tion-benchmark-challenge/42 e

For questions related to data access or cell ontology, please write your queries here in the
comments.



https://discuss.immunespace.org/c/hipc-scrna-seq-annotation-benchmark-challenge/42
https://discuss.immunespace.org/c/hipc-scrna-seq-annotation-benchmark-challenge/42

Key takeaways from this webinar «sBoHIPC

scRNA-seq Annotation
Benchmark Challenge

e Participants annotate immune cell types from scRNA-seq data using any annotation (manual,
automated, hybrid) pipeline, mapping to the provided Cell Ontology tree at the highest possible
granularity

e Submissions (annotation.tsv + readme + GitHub repo) are due by June 12, 2026

e Benchmarking and results release by June 29, 2026

e All resources (datasets, ontology tree, submission templates, and guidelines) are available at:
https://immunespace.org/hipc-scrna-seg-annotation-benchmark-challenge/
e Questions? Use the ImmuneSpace Solutions Center.



https://immunespace.org/hipc-scrna-seq-annotation-benchmark-challenge/
https://discuss.immunespace.org/c/hipc-scrna-seq-annotation-benchmark-challenge/42

Thank Youl!



Q&A Session



U

HIPC scRNA-seq Annotation CL®
Benchmark Challenge

Debrief Session (will be announced soon)

HIPC Coordinating Center



Agenda (internal)

Brief challenge outline for new participants (5 mins)
Data and tree update (10 mins)
Questions on the solutions center (5 mins)
Recap on how to do submission (10 mins)
Recap on evaluation pipeline (5 mins)
Open Q&A
Timeline (2 mins):
o Submission deadline

o Post-challenge meeting
o  Manuscript writing plan



