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First Complete Genome Sequence of a Genotype A2,
Subgroup 4 Small Ruminant Lentivirus

Aspen M. Workman,a Michael L. Clawson,a Michael P. Heaton,a Aaron M. Dickeya

aUSDA, ARS, U.S. Meat Animal Research Center, Clay Center, Nebraska, USA

ABSTRACT Genetic variation in the ovine TMEM154 gene associates with suscepti-
bility to small ruminant lentivirus (SRLV) infection. We report here the first complete
genome sequence for a genotype A2, subgroup 4 SRLV isolated from a Hampshire
ewe with two copies of a TMEM154 frameshift mutation predicted to abolish protein
function.

Small ruminant lentiviruses (SRLVs) are a heterogeneous group of viruses that infect
sheep and goats, causing incurable, progressive diseases that impact animal wel-

fare and productivity (1). SRLVs in the United States have been classified into two main
phylogenetic groups, genotype A2, which includes visna/maedi virus-like strains (called
ovine progressive pneumonia virus in the United States), and genotype B1, which
includes caprine arthritis encephalitis virus-like strains (2). U.S. genotype A2 isolates
have been further classified into 4 subtypes based on variation in the gag gene
sequence (3). Viral tropism and host susceptibility to these strains are determined by
host and virus genetics. Genetic variation in the ovine transmembrane 154 (TMEM154)
gene associates with infection susceptibility in sheep (4–6), and SRLV A2 subgroups 1
and 2 infect sheep in association with their TMEM154 diplotypes (7). While the biolog-
ical function of TMEM154 and the role it plays in SRLV infection remain unknown,
apparent coevolution between TMEM154 and SRLVs suggests that TMEM154 plays an
important role in the virus life cycle. Thus, it was hypothesized that sheep lacking a
functional copy of TMEM154 may be resistant to SRLV infection. However, a novel SRLV
A2 subgroup (subgroup 4) was recently identified that naturally infected two sheep
lacking functional TMEM154 and did not appear to be restricted by host TMEM154
diplotypes (3). Thus, it was of interest to obtain a full-length genomic sequence from
this strain to further our understanding of SRLV evolution.

One of the naturally infected ewes harboring two copies of the defective (knockout)
TMEM154 variant died unexpectedly in 2017 (Hampshire ewe, animal number 1150 [3]).
Lung tissue was collected at necropsy and homogenized using a gentleMACS disso-
ciator (Miltenyi Biotec, San Diego, CA) and clarified by centrifugation followed by
filtration through a 0.2-�m syringe filter. Encapsidated viral RNA was enriched by
treating the sample with 20 units of RNase ONE (Promega, Madison, WI) and 30 U of
Turbo DNase (Thermo Fisher Scientific, Waltham, MA) in 1� DNase buffer at 37°C for 90
min. The remaining nucleic acids were isolated using TRIzol LS (Life Technologies, Inc.,
Carlsbad, CA) and used to generate an RNA TruSeq library (Illumina, San Diego, CA)
without the initial step of poly(A) selection on oligo(dT) beads (8). The library was
sequenced on an Illumina MiSeq instrument with a 600-cycle kit (v3) or a 500-cycle kit
(v2), which generated 18,392,804 paired-end reads (2 � 300 bp and 2 � 200 bp,
respectively).

Raw sequence reads were processed using Geneious software (v11.1.4; Biomatters,
Auckland, New Zealand). Index adapters and low-quality reads were removed using
BBDuk (v37.64) as implemented in Geneious. Assembly of the viral genomic sequence
was accomplished using template-assisted assembly, where trimmed reads were
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mapped to a reference U.S. SRLV A2 genome (GenBank accession number KY358787
[9]). A total of 25,099 reads mapped to the reference genome, resulting in an average
coverage depth of 389�. The complete genome sequence of strain 1150 is 9,195
nucleotides long and shares 88.7% and 87.6% sequence identities with the SRLV A2
subgroup 1 and subgroup 2 reference genomes, respectively. This strain represents the
third complete genome sequence belonging to SRLV genotype A2 and the first
belonging to subgroup 4.

Data availability. The genome sequence of strain 1150 was deposited in DDBJ/
EMBL/GenBank under the accession number MH916859. The partial gag sequence of
this strain was previously deposited in GenBank (accession number KP120550 [3]). The
raw sequence data were deposited in the NCBI Sequence Read Archive under accession
number PRJNA497454.
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