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comprehensive biological information, focusing solely « Based on complete genomes (HTS) 5 $3
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genomic data with biological insights to effectively |
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identification N . The rapid data accumulation in major biological databases such as

HECOLAKTERY LIVDSTPPEGT —E%: = ass‘ﬁ‘ied TG UniProt, EMBL, and GenBank (NCBI) has created unprecedented
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I = proteomics research. Nonetheless, in Virus Kingdom, the absence

S5 e AT 0 — =1 T of standardized protein naming conventions across different taxa

ﬁ' %v y %ﬁ — P2 associated keywords considerably complicates their effective integration, annotation
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Using a comprehensive dataset comprising over 150,000 viral

protein sequences from UniProtKB, we successfully standardized
the nomenclature of common viral proteins across the entire viral
kingdom. This was achieved through an integrated methodology
combining the identification of structural and functional motifs
with advanced text analysis and synonym clustering techniques.
Such an approach dramatically improves the consistency of protein
naming and functional annotation conventions, facilitating
comparative analyses across taxa, unlocking the full analytical
potential of proteomic datasets for virus research.
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Linking Physico-chemical Protein Properties to the Biological

COHtEXt With HARAMO Begonia cucullat§enincasa hispidg|asine coracana

Cyamopsis tetragonoloba —_— Prunus mahaleb B Q1-Q2
: ; Q2—-03
- - . . \V bt F f
We generated about 9,000 physicochemical features for each protein using the e TN Prunus ceresifer B edian
ProtLearn pipeline. A database of more than 28,000 known plant host-virus . Medicago sativa
relationships was constituted. Sesamum indicum Camptotheca acuminata

Atractylodes macrocephala

Using a Holistic AutoML-driven Robust pipeline optimization tool for Applied Multi-Omics
(HARAMO) that we designed, we identified key physicochemical signatures (amino acid Cucumis maderaspatanus
composition, properties of secondary structures and intrinsic disorder) of proteins that
are involved in virus-host specificity in plants. Our protein-based approach achieved
MCC scores in host plant prediction ranging from 79.6 to 98.6%, depending on the input
viral protein and the target plant, offering predictive insights for epidemiological
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surveillance of emerging threats. Fevillea trilobata . Prunus dulcis
Tragopogon pratensis Securigera varia
UniProtKB ProtLearn Table 1: Physicochemical properties .
. . Descriptor groups Descriptor Number of Features Digitaria didactyla Maclura tricuspidata
Physicochemical

Protein sequences Amino Acid Composition Amino acid composition 20

Centaurea cyanus Pachyrhizus erosus

Amaranthus viridis
‘ Trifolium hybridum
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Lactuca saligna Robinia pseudoacacia

characterization Dipeptide composition 400 Paspalum conjugatum Senna occidentalis
Tripeptide composition 8000 . o .
NKMFCQLAKTCPV ..LWVDSTPPPGT ‘ PrDtlearn CO]leiIlt Tl’iads (CTD) Conjomt Tf"md' ComPOSition 21 Eﬂrghu m x almum Ulgna riukiuensis
‘ Conjoint Triad - Transition 21 Sorghum halepense . Cucumis anguria
Conjoint Triad - Distribution 105 Trichosanthes cucumering ff3 zeqyptiacnaseclus vulgaris
Conjoint Triads Conjoint Triads 343
Intrinsic Disorder (LCider) Amiino acid properties 25
Total 8935 1 H H H
Virus/Host relationship by PredOmics

Overall, we have developed and trained over 5,000 protein-based prediction pipelines to

ﬁl]t)::iig HARAMO explore complex virus—host relationships. These models are integrated into an interactive
Haramo is a two-step python online dashboard that enables predictions based on both our protein database and user-
Data “\ AutoML package conceived submitted FASTA/FASTQ protein sequences. This tool is designed to support
scaling [/ _ . to automatically design a experimental research, enhance epidemiological surveillance, and assist decision-
Feature Protein- complete pipeline adapted to making by relevant authorities.
selection et basl‘;db'};f“ the data before optimizing
e ”ty) hyperparameters. Moreover, Our integrative framework offers a robust resource to better understand virus—host
Anomaly ‘/ it is especially suited to dynamics and will serve as a foundation for biological validation in collaboration with a
L \w orocess multi-omics data and newly formed consortium of partner laboratories specializing in plant health.
Machine to distinguishing noisy data
learning from informative data. Eventually, this tool may be extended to animal viruses to meet public health needs.
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