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Abstract Alfalfa dwarf disease, probably caused by

synergistic interactions of mixed virus infections, is a

major and emergent disease that threatens alfalfa produc-

tion in Argentina. Deep sequencing of diseased alfalfa

plant samples from the central region of Argentina resulted

in the identification of a new virus genome resembling

enamoviruses in sequence and genome structure. Phylo-

genetic analysis suggests that it is a new member of the

genus Enamovirus, family Luteoviridae. The virus is ten-

tatively named ‘‘alfalfa enamovirus 1’’ (AEV-1). The

availability of the AEV-1 genome sequence will make it

possible to assess the genetic variability of this virus and to

construct an infectious clone to investigate its role in

alfalfa dwarfism disease.

In Argentina, alfalfa (Medicago sativa L.) is a primary

forage crop and a major feed component in dairy and beef

cattle production systems. In 2010, a rhabdovirus, named

alfalfa dwarf virus (ADV), was found associated with

alfalfa plants showing symptoms of shortened internodes

(bushy appearance), leaf puckering and varying-sized vein

enations on abaxial leaf surfaces [1]. The plants that

showed these distinct symptoms were diagnosed as being

co-infected by ADV and alfalfa mosaic virus (AMV),

which led to significant yield losses and reduced the useful

economic life of the crop [2]. Between 2010 and 2015,

alfalfa dwarf disease had a prevalence of over 70 % in

several growing regions of Argentina, and preliminary

evaluations showed yield reductions of up to 30 % (S.

Lenardon, personal communication). Deep sequencing of

small RNAs of alfalfa plants collected in the central region

of Argentina showing dwarfism symptoms revealed the

presence not only of AMV and ADV but also of a virus

related to pea enation mosaic virus 1 (PeMV-1), the type

member of the genus Enamovirus, family Luteoviridae [3].

In this work, we describe the complete genome

sequence of this new enamovirus associated with alfalfa

dwarf disease in Argentina, which was tentatively named

‘‘alfalfa enamovirus 1’’ (AEV-1). Five samples of symp-

tomatic alfalfa plants showing dwarfism were collected

from the same field, located in Manfredi (central region of

Argentina), and pooled, and total RNA was extracted using

TRIzol Reagent (Life Technologies) according to manu-

facturer’s instructions. This total RNA was sent to Fasteris

Life Sciences SA (Plan-les-Ouates, Switzerland), where the

bands located between 21 and 30 bp were excised, purified,

processed and sequenced on an Illumina HiSeq 2000. Raw

data were processed using the pipeline ngs_backbone 1.4.0

[4] to remove adaptor barcode and low-quality regions. The

cleaned reads were assembled de novo using the software

package Velvet v0.6.04 [5], and the identity of individual

contigs was analyzed using BLASTn and BLASTx. Two

assembled sequences (contigs) of 3,024 bp and 1,489 bp

were obtained (Fig. 1a). The follow-up reverse
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transcription PCR (RT-PCR), rapid amplification of cDNA

ends (RACE), cloning, and Sanger sequencing confirmed

the sequences of both contigs (Fig. 1b), closed the gap

between the two contigs, and resulted in assembly of a full

genome sequence (GenBank accession number KU297983)

(Fig. 1c).

The complete sequence of AEV-1 consists of 5,726

nucleotides (nt). Five open reading frames (ORFs) were

predicted (Fig. 1c), and the genome structure resembled

that of PeMV-1 [6]. The first ORF, ORF 0, consists of 909

nt encoding a putative P0 of 303 amino acids (aa) with a

calculated molecular mass of 33.7 kDa. In enamoviruses,

P0 has been shown to function as an RNA silencing sup-

pressor [7]. The second ORF, ORF1, which contains 2,292

nt, is predicted to be expressed by a ribosomal leaky

scanning mechanism for a protein P1 (764 aa, 85 kDa).

The third ORF, ORF2, which is translated by a -1 ribo-

somal frameshift from ORF 1 [8, 9], overlaps this ORF at

its 5́ end and is predicted to produce an ORF1-ORF2 fusion

protein, P1-P2 (1185 aa, 152.7 kDa). P1 and P1-P2 have a

putative involvement in virus replication, while P1 is

considered a serine-like protease, and the frameshift region

(P2) of the P1-P2 protein is thought to contain the core

domains of the viral RNA-dependent RNA polymerase

(RdRP) [6]. A serine-protease-like domain (peptidase S39,

pfam02122, P1 residues 322-526; E-value, 9.26e-59) in

P1, and an RdRP domain (RdRP-4, pfam02123) resem-

bling those from members of the genera Luteovirus, Ro-

tavirus and Totivirus in P2 (P2 residues 152-542; E-value,

1.39e-76) were found when these protein sequences were

analyzed. The fourth ORF, ORF3, consists of 567 nt,

encoding a putative protein P3 (189 aa, 21.3 kDa). The

fifth ORF, ORF5, is a putative in-frame readthrough pro-

duct of ORF3 encoding a fusion protein P3-P5 (491 aa,

54.6 kDa). P3 is the coat protein (CP), whereas the CP

readthrough extension (P5) of P3-P5 is thought to be an

aphid transmission subunit of the virus [6]. When these

protein sequences were analyzed, a luteovirid CP domain

(Luteo_coat, pfam00894) in P3 (P3 residues 52-188;

E-value, 3.87e-67) and a polerovirus readthrough protein

domain (PLRV_ORF5, pfam01690) [8, 9] in P5 (P5 resi-

dues 25-277; E-value, 1.21e-94) were identified. AEV-1

has three untranslated regions (UTR): a 50-UTR of 180 nt, a

30-UTR of 217 nt, and an intergenic UTR of 211 bp

between ORFs 2 and 3. Furthermore, a VPg bound at the 50

end has been described in enamoviruses [8, 9]. These data

indicate that AEV-1 represents the genome sequence of a

virus that should be taxonomically classified in the family

Luteoviridae. Viruses in the family Luteoviridae contain a

single-stranded positive-sense RNA genome and are clas-

sified into three genera, Enamovirus, Luteovirus and

Polerovirus. Unlike poleroviruses, enamoviruses do not

encode a putative P4 movement protein, and luteoviruses

lack a P0 gene [3]. Therefore, AEV-1 appears to be an

enamovirus because it does not encode a P4 protein. The

AEV-1 ORFs were compared to the predicted ORFs of the

two complete PEMV-1 enamovirus genome sequences

available in GenBank (NC_003629 and HM439775) and

those of citrus vein enation virus (CVEV), a tentative

enamovirus [10], in order to determine nucleotide and

Fig. 1 Diagrammatic

representation of the contigs

from de novo assembly of NGS

data (a), the products of RT-

PCR and RACE-PCR (b), and
the putative genome

organization of an alfalfa

dwarfism-associated virus

(AEV-1). Positions are marked

at the extremities (c).
Nucleotide (nt)/amino acid (aa)

sequence identities (%) of AEV-

1 ORFs to those of PeMV-1 and

CVEV (d)
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deduced amino acid sequence identities (Fig. 1d). The

maximum nt sequence identity was 80.3, 80.1 and 49.6 %,

respectively, whereas the maximum aa sequence identity

was 82.7, 82.7 and 50.8 %, respectively (Fig. 1d). There-

fore, the differences in aa sequence identity for each gene

product were greater than 10 %, which is one of the criteria

used by the International Committee on Taxonomy of

Viruses to demarcate species in the genera Polerovirus and

Luteovirus [3]. On the other hand, in a phylogenetic tree

based on the P1-P2 fusion protein aa sequence of viruses of

the family Luteoviridae, AEV-1 clustered with PeMV-1 in

the enamovirus complex (Fig. 2). PeMV-1 infects several

legume crops, including chickpea (Cicer arietinum), faba

bean (Vicia faba), lentil (Lens culinaris) and pea (Pisum

sativum) [11], but it does not infect alfalfa [12]. Taken

together, these results suggest that AEV-1 may belong to a

new species in the genus Enamovirus and would be the first

member of this genus to infect alfalfa.

To determine the prevalence of AEV-1, we examined

alfalfa field samples showing dwarfism symptoms that we

collected between 2010 and 2015 during field trips to

several regions of Argentina, by RT-PCR using specific

primers designed from the polymerase coding sequence.

Forward primer 50 TGACCATGAGTCCACTGAGG 30 and

reverse primer 50 AGTATCTTCCAACAACCACAT 30

amplified a 451-bp diagnostic fragment [13]. AEV-1 was

detected in 56 of the 85 samples collected (65.8 %) and

was widely distributed across Argentina (Supplementary

Fig. 1).

The availability of the AEV-1 genome sequence will

make it possible to assess its genetic variability and con-

struct an infectious clone to investigate the role of this virus

in alfalfa dwarfism disease.
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