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In 2015, a nationwide survey was carried out to investigate about occurrence pattern of virus infecting
foxtail millet. A total 100 foxtail millet leaf samples showing virus-like and abnormal symptoms were
collected in the seven main cultivated regions of Korea. Four viruses were identified using reverse
transcription polymerase chain reaction and RNA sequencing. Of the collected 100 foxtail millet
samples, 10 were Barley virus G (BVG), 4 were Rice stripe virus (RSV), 1 was Northern cereal mosaic virus
(NCMV), and 1 was Sugarcane yellow leaf virus (ScYLV) infection. To our best knowledge, this is the first
report of BVG and NCMV infecting foxtail millet in Korea and ScYLV is expected as new Polerovirus
species. This research will be useful in breeding for improved disease-resistant foxtail millet cultivars.
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Fig. 1. Map of South Korea showing
the location of the five provinces where
foxtail millet samples collected in 2015.
Numbers indicate collected sample num-
ber.
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Fig. 2. Various virus symptoms of foxtail millet naturally infected in the field. (A, D) Chlorotic stripe. (B, C) Yellowing streaking.
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Table 1. Primer pairs used for detection of reported virus from foxtail millet

Acronym* Primer Oligonuleotide sequence (5'to 3') Amplicon size (bp) Target gene'

BSMV BSM-F10 AACGATGCACTCACGCAAAG 282 Beta
BSM-R10 CGAAAGGCCAGCACACTTTC

CMMV CMM-F10 GCGCAATTGGATTCGATGCT 676 -
CMM-R10 CCGCTCGCGAATTCTCTACT

JGMV JGM-F10 CCATGGTGAGCAACAAAGCC 551 CP
JGM-R10 TCCAACATTCCCGTCGAGTC

MCDV MCD-F30 TGATCCTCCTCCGGGGGAAA 374 S
MCD-R30 AACCCGTGGAGAAGTGTGCCTA

MCMV MCM-F10 AGAGCTATTCGAGCCAACCC 437 cP
MCM-R10 AACACAGTGCGGTTTTGTGG

MDMV MDM-F10 TATCGAACACCCGAGCAACC 404 Ccp
MDM-R10 CTTTGCACGTGCTGGAGTTC

MRDV MRD-F20 GCGCAATTTGGAAACGTGGT 521 p10
MRD-R20 GCTGTATTTCCCCCTAGCCG

MSV MS-F30 TGTCATCGCTTCGTGGTGAA 529 cP
MS-R30 TTACATTATGTCGCCGGGGG

NCMV NCM-F10 GATCACAATGCCGTGCTGTG 888 3
NCM-R10 CCCTCGGCCCATGAGAATTT

PCV PC-N30 ACACHCAYTGCTATGGTGAAGAGCA 759 p49
PC-C30 TTAAACCYACAACCGTGCTCTWTGG

RMV RM-N30 AAGGTTTCGAAGGTGTGGTTGACG 859 MP 3’
RM-C10 GGATTCGAACCTCTCACTT

RBSDV RBSD-F10 ACTTGGAGCGCAGTAGCGTCA 485 cP
RBSD-R10 ACGGGTGCCAAATGAAATGCTTTTT

RDV RDR8-F10 TGTTGCGGGGCAGACTGGGA 252 cp
RDR8-R10 GCAGTAGCCGTGACGCCAGC

RSV RSR3-F10 TGTGAGAGGCACTGGCTTTGTGAGA 703 cP
RSR3-R10 CACCAACCCGCTGACTTCAGATGC

Srmv SrM-F10 CCGCGAACAATTGCCATCAT 712 cl
SrM-R10 CAGCGTGAATTTGTTCGTCCA

SCMV SCM-F10 GCACGACAGGCAAAATCACA 437 cP
SCM-R10 TGGCATGTACCGCTCTGTAG

*The acronym and GenBank accession number used is: BSMV (Barley stripe mosaic virus, NC003481), CMMV (Cocksfoot mild mosaic virus,
U13918), JGMV (Johnsongrass mosaic virus, AY387828), MCDV (Maize chlorotic dwarf virus, GU594293), MCMV (Maize chlorotic mottle virus,
GU594293), MDMV (Maize dwarf mosaic virus, FM883223), MRDV (Maize rough dwarf virus, LK392325), MSV (Maize streak virus, NC001346),
NCMV (Northern cereal mosaic virus, NCO01346), PCV (Peanut clump virus, L07269), RMV (Ribgrass mosaic virus, HQ667978), RBSDV (Rice
black-streaked dwarf virus, JX994211), RDV (Rice dwarf virus, U36565), RSV (Rice stipe virus, GU230170), SrMV (Sorghum mosaic virus,
KJ541740), and SCMV (Sugarcane mosaic virus, DQ842502).

"Beta, beta B gene; -, no annotation; CP, coat protein gene; S, S-protein gene; p10, p10 protein gene; 3, 3 protein gene; p49, p49 protein
gene; MP, movement protein gene; 3; 3'UTR; Cl, cylindrical inclusion protein gene.
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Table 2. List of the identified viruses from foxtail millet using RNA sequencing

Virus name Acronym Genus No. of contigs
Barley virus G BVG Polerovirus 6
Northern cereal mosaic virus NCMV Cytorhabdovirus 3
Rice stripe virus RSV Tenuivirus 123
Sugarcane yellow leaf virus ScYLV Polerovirus 2

Total

134

Table 3. Primer sets used for confirmation of the virus existence in samples

Virus name (acronym) Primer name Oligonucleotide sequence (5'—3’) Amplicon size (bp)

Barley virus G (BVG) MYDV-CT-F5 GACATCTACTCTTTGAGTTTC 568
MYDV-CT-R5 TCCTTATTCCTCTTCGGAAC

Northern cereal mosaic virus (NCMV) NCMV-OF GGACAATCCATCCAGAAGAAA 425
NCMV-1R AGATATCATTAGATTGGCCTTC

Rice stripe virus (RSV) RSRV-F30 CATCACAGTGTCACTGGTCT 571
RSR4-R10 AGTTGATAATAAGAATAGGA

Sugarcane yellow leaf virus (SCYLV) ScYLV-CT-F5 ATAGGTAGGCGACGCTCC 822
ScYLV-CT-R5 TGGAGGCGTACTCTCCGT

Fig. 3. Reverse transcription polymerase chain reaction (RT-PCR)
for virus detection in foxtail millet. Lane M, size marker; lane 1,
Barley virus G (BVG, 568 bp); lane 2, Northern cereal mosaic virus
(NCMV, 425 bp); lane 3, Rice stripe virus (RSV, 571 bp); lane 4, Sug-
arcane yellow leaf virus (ScYLV, 822 bp).
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Table 4. Survey of virus infection in foxtail millet at seven locations of five provinces in 2015

Location’
Infection Virus name* Total
H Y U M N Y J
Single infection BVG 0 0 2 1 2 0 5 10
NCMV 1 0 0 0 0 0 0 1
RSV 0 0 0 3 0 0 1 4
ScYLV 0 0 0 0 0 0 1 1
Double infection BVG+RSV 0 0 0 0 0 0 1 1
BVG+ScYLV 0 0 0 0 0 0 1 1
Non detected 14 10 24 4 17 6 9 84

*BVG, Barley virus G; NCMV, Northern cereal mosaic virus; RSV, Rice stripe virus; SCYLV, Sugarcane yellow leaf virus.
"H, Hoengseong; Y, Yeongwol; U, Uiseong; M, Miryang; N, Naju; Y, Yeosu; J, Jeju.
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