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(EHV) 1, EHV-3, and EHV-4 from the USA using a hybrid

assembly approach
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ABSTRACT We report near-complete genome sequences of equine herpesvirus (EHV)
1, 3, and 4 from the USA. Hybrid assemblies combining Illumina and Oxford Nanopore
reads yielded high-quality genomes, enhancing understanding of EHV diversity and
evolution in the USA.
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f the nine equine herpesvirus (EHV) that are members of the family Herpesviri-

dae, genus Varicellovirus, EHV-1, EHV-4, and EHV-3 are major pathogens of equids
worldwide (1-6). There are limited sequences of EHV-4 and EHV-3 worldwide and none
from the USA. Here, we report near-complete genome sequences of two EHV-4 isolates
(KY22-1 and KY18UT29), one EHV-3 isolate (KY25-1), and seven EHV-1 isolates (KY17UT30,
KY21UT70, KY23UT75, KY24UT16, KY24UT26, KY24UT38, and KY24UT61) (Table 1) using
hybrid assembly of short (lllumina MiSeq) and long (Oxford Nanopore Technologies
[ONT]) reads. Hybrid assembly has been used previously for human herpesviruses,
helping overcome limitations of both short- and long-read technology (7-10).

Nasal swabs, oral swabs, and pooled fetal tissues (Table 1) that were qPCR positive
only for EHV-1, EHV-4, or EHV-3 were used for virus isolation. Equine dermal cells (EHV-4)
or fetal equine kidney cells (EHV-1 and EHV-3) were used for isolation (11). All samples
originated from Kentucky, USA. A culture supernatant (passage 0) was used for DNA
extraction using the DNeasy Blood and Tissue Kit. This DNA was subjected to both
short- and long-read sequencing. Illumina libraries were prepared using NexteraXT and
sequenced on a MiSeq platform using MiSeq v2 or v3 chemistry, generating paired-end
reads of 150, 250, or 300 bp. Nanopore libraries were prepared with the ONT Rapid
Barcoding Kit (SQK-RBK114.24) and sequenced on MinlON Mk1B devices using R10.4.1
flow cells. Base calling and demultiplexing were performed using Dorado (v7.4.13) within
MinKnow (v24.06.8) employing the super accurate model. Samples were sequenced
across multiple MiSeq and MinlON runs.

Reads were further processed using fastp (v0.24.0) on a Q score of 10 and a minimum
length of 100 for nanopore sequences (12) and a Q score of 30 and a minimum length
of 30 for lllumina reads. Host-derived reads were removed by mapping to the Equus
caballus reference genome (EquCab3.0) genome using Bowtie2 (v2.5.3) (13). Approxi-
mately 0.3%-75% of Illlumina reads and 5%-88% of Nanopore reads mapped to the
host genome and were removed prior to downstream analysis. Remaining reads were
subjected to both de novo assembly and reference-guided assembly. De novo assem-
blies were generated using Flye (for Nanopore reads) and SPAdes. Viral contigs were
identified by BLASTn analysis against the NCBI nucleotide database. For reference-guided
consensus generation, reads were mapped to reference genomes LC075587 (EHV-4),
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TABLE 1 Clinical information, genome statistics, and sequencing data for EHV-1, EHV-3, and EHV-4 isolates
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Isolate GenBank Genome Total number Total number of N50 (Nanopore) Source/clinical Collection date Accession
ID length of reads/ reads/coverage history (yr-mo) number
(bp)/GC % coverage (Nanopore) (BLASTN %,
(INlumina) closest match)
EHV-4isolate  PP765803 144,789/50.28 3,263,696/2,71470,793/113% 3,445 Nasal swab 2022-05 LC075587.1
KY22-1 X (respiratory (99.79)
infection)
EHV-4isolate  PQ630624 144,617/50.26 971,166/391x 507,742/498% 2,544 Pooled tissue 2018-12 LC063142.1
KY18UT29 (abortion) (99.70)
EHV-1isolate  PQ630625 148,241/56.49 1,317,003/332x 309,184/160x 2,086 Nasal swab 2017-11 NC_001491.2
KY17UT30 (respiratory (99.93)
infection)
EHV-1isolate  PQ630626 148,567/56.41 1,507,622/1,26819,735/35% 1,009 Pooled tissue 2021-03 KT324731.1
KY21UT70 X (abortion) (99.90)
EHV-1isolate  PQ630627 150,226/56.66 1,474,282/1,22713,089/22x 731 Pooled tissue 2023-02 NC_001491.2
KY23UT75 X (abortion) (99.85)
EHV-1isolate PQ630628 149,680/56.52 986,844/353x 33,983/48% 1,750 Pooled tissue 2024-01 LC109622.1
KY24UT16 (abortion) (99.90)
EHV-1isolate  PQ630629 149,562/56.55 1,712,100/514x 35,169/44% 1,519 Pooled tissue 2024-02 NC_001491.2
KY24UT26 (abortion) (99.86)
EHV-1isolate  PQ630630 149,540/56.50 2,221,405/2,20123,759/39% 713 Pooled tissue 2024-01 LC109622.1
KY24UT38 X (abortion) (99.87)
EHV-1isolate  PQ630631 149,221/56.57 863,873/591x 58,861/87x 4,175 Pooled tissue 2024-01 KT324731.1
KY24UT61 (respiratory (99.88)
infection)
EHV-3isolate  PV541150 151,555/68.09 285,019/106x 1,119,406/328x 998 Oral swab (oral ~ 2025-02 NC_024771.1
KY25-1 ulceration) (99.79)

NC_001491.2 (EHV-1), and NC_024771 (EHV-3) using Minimap2 (v2.28) (14), followed
by consensus calling with Ococo (v0.1.2.6) (15). Assemblies were polished by mapping
lllumina reads using BWA-MEM (v0.7.18) (16) and performing a single round of Pilon
(v1.20) (17). Assemblies were annotated in Geneious Prime (v2024.0.4) using the transfer
annotation tool. For EHV-4 isolate KY22-1, small unresolved terminal repeat regions
in the short-read assembly were resolved using long-read consensus sequences. The
assembled genomes showed >99.7% nucleotide identity to their closest corresponding
GenBank reference strains. These genome sequences provide updated genomic data for
EHV circulating in the USA and support future studies of viral evolution and pathogenic-

ity.
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