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4 Background

Influenza A viruses pose a major global health threat due to their high mutation rates and pandemic potential.

Vaccination is a cornerstone
strategy for controlling both
seasonal and avian influenza.
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« Labor-intensive, time-consuming, * Accumulation of viral genomic

and low-throughput. data.
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SFluNexus: antigenic pre

(A) Data collection (B) Data preprocessing
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(E) Web interface
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Overview of FluNexus.

tion and visualization

£ pata Preprocess ( Antigenic Prediction

Tutorial
Guidelines for data input, tool

usage, and result interpretation.

Antigenic Cluster
Mapping the antigenic relationship of
influenza A virus.

© visualization
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platform

(2] Support

? Data Preprocessing
o

Data preprocessing for Hl and HAL.

Antigenic Prediction
Sequence-based tools for online antigenic
prediction with practical guidance.

FluNexus

Antigenic Map
Mapping the antigenic evolution of influenza A
virus.

https://flunexus.com/
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B FluNexus features a data preprocessing

module for HA1 and HI data of influenza

A viruses;

FluNexus facilitates online antigenic
prediction, utilizing ten state-of-the-art
antigenic prediction tools, and offers
practical guidance based on a
comparative evaluation of their
performance;

FluNexus provides a visualization module
for mapping antigenic evolution of
influenza A viruses, incorporating a novel
manifold-based method for antigenic
cartography.



Data preprocessing

FluNexus A Home £ DataPreprocess [l Antigenic Prediction @ Visualization ¢ Support

&) Datalnput ( 85 options (7}

Upload HA1 sequence data (.fasta) a Upload HI data (.csv/.xlsx) a Preprocess HA1

Preprocess HI o

HA1_preprocess_H3.fasta HI_preprocess_H3.csv
33.59KB 54.26KB

Subtype OHL @®@H3 OHs
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Preprocessed Data

HA1l data A
virus sequence
A/BI/16190/1968 QDLPGNDNSTATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQSSSTGKICNNPHRILDGINCTLIDALLGDPHCDVFQDETWDLFVERSKAF SNCYPYDVPDYASLRSLVASSGTLEF ITEGFTHTGVTQNGGSNACKRGPG o

SGFFSRLNWLTKSGSTYPVLNVTMPNNDNFDKLYIWGVHHPSTNQEQTSLYVQASGRVTVSTRRSQQTIIPNIGSRPWVRGLSSRISTYWTIVKPGDVLVINSNGNLIAPRGYFKMRTGKSSIMRSDAPIDTCISECITPNGST
PNDKPFQNVNKITYGACPKYVKQNTLKLATGMRNVPEKQT

A/BI/16398/1968 QDLPGNDNSTATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQSSSTGKICNNPHRILDGINCTLIDALLGDPHCDVFQDETWDLFVERSKAFSNCYPYDVPDYASLRSLVASSGTLEFITEGFTWTGVTQNGGSNACKRGPG
SGFFSRLNWLTKSGSTYPVLNVTMPNNDNFDKLYIWGVHHPSTNQEQTSLYVQASGRVTVSTRRSQQTIIPNIGSRPWVRGLSSRISIYWTIVKPGDVLVINSNGNLIAPRGYFKMRTGKSSIMRSDAPIDTCISECITPNGST
PNDKPFQNVNKITYGACPKYVKQNTLKLATGMRNVPEKQT

A/HK/1/1968 QDLPGNDNSTATLCLGHHAVPNGTLVKTITVDQIEVTNATELVQSSSTGRICNSPHRILDGKDCTLIDALLGDPHCDVFKNETWDLFVERSKAFSNCYPYDVPDYASLRSLVASSGTLEFITEGFTWTGVTQDGGSNAFKRGPG

FluNexus features a data preprocessing pipeline for users to process their own uploaded data
on the “Data Preprocess” page.
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Antigenic prediction tools

FluNexus @ Home £ DataPreprocess [l Antigenic Prediction @ Visualization @) Support
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FluNexus provides both online and open-source implementations of ten sequence-based
tools for antigenic prediction. The integrated tools comprise PREDAC, CNN-M23, CNN-PSO,
MFPAD, PREDAC-CNN, AdaBoost, IAV-CNN, PN-AgEvaH1, PREDAC-Transformer, and FluAttn.
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Benchmarking of antigenic prediction methods
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Comparison of the ability to discriminate antigenic variants from non-variants across methods.



Benchmarking of antigenic prediction methods

Retrospective test
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Comparison of the ability to discriminate antigenic variants from non-variants across methods.



Benchmarking of antigenic prediction methods
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Benchmarking of antigenic prediction methods
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{: Benchmarking of antigenic prediction methods
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4{Improved mapping of antigenic evolution and visualization

FluNexus @A Home £ pataPreprocess [l AntigenicPrediction @ Visualization ¢ Support

Loss: 3546.7

Antigenic map:

https://https://flunexus.co
m/atmap.html/

Antigenic cluster:

https://https://flunexus.co
m/mcl.html/

The FluNexus web platform incorporates two interactive visualization modules:

O Antigenicmap O Antigenic cluster
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Q:&nproved mapping of antigenic evolution and visualization

Antigenic maps generated by
FluNexus, Racmacs, UMAP,
PCA, and t-SNE using the HI
data under temporal sampling.
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FluNexus+t-SNE

Antigenic maps generated b
FluNexus, Racmacs, UMAP,

PCA, and t-SNE using the HI
data under temporal sampli

Racmacs+PCA

Racmacs+t-SNE

{Amproved mapping of antigenic evolution and visualization
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Summary

O In this study, we present FluNexus, a one-stop-shop web platform that streamlines antigenic
prediction and visualization for influenza A viruses.

J FluNexus is a versatile platform that integrates interactive modules for data preprocessing,
online antigenic prediction with practical guidance for researchers, and visualization of
influenza A virus antigenic evolution.

d The core workflow and visualization framework of FluNexus can also be applied to other
pathogens when assay-derived antigenic measurements and corresponding genomic

sequences are available.

d Website: https://www.flunexus.com/

Xingyi L1, Chunyan Zhou, Han Wu, Kexin Xiao, Jun Hao, Dongmin Zhao, Guohua Deng, et al. 2026. FluNexus: a versatile
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