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Among more than 30 viruses infecting strawberry, aphid-transmitted viruses including Strawberry mild
yellow edge virus (SMYEV), Strawberry mottle virus (SMoV), Strawberry crinkle virus (SCV), and Strawberry
vein banding virus (SVBV) have been considered as the most economically important viruses of straw-
berry in the world. To determine the incidence of these four viruses in major Korean strawberry cultivars,
field surveys were conducted in major production areas during 2018-2019. In our surveys, SMYEV and
SMoV were detected with low infection rates of 0.7% and 1.3%, respectively, whereas SCV and SVBV
were not detected. No obvious symptoms were observed in the strawberry plants infected by SMYEV or
SMoV. Since no sequences of SMoV Korean isolates have been reported, we initially determined nucleo-
tide sequence of the 3' untranslated region (UTR) of seven SMoV isolates obtained during the surveys.
The 3' UTR sequences (782 nt) of seven Korean isolates were phylogenetically compared with those of
the previously reported SMoV isolates. Phylogenetic analysis revealed that most Korean isolates are
closely related to Canadian isolates and only little evolutionary differentiation occurred among the Kore-
ans isolates. This might be due to the low incidence of SMoV in strawberry in Korea.
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Table 1. List of primers used to detect four aphid-transmitted strawberry viruses

Virus Primer Sequence (5'—3’) Reference or GenBank database Gene Size (bp)
SMYEV ~ CF ACAATCGCCCTGGTCAGTAATTCC Kwon et al. (2018) cp 729
CR TGGAGCTGGGTAGAAGAAGTGAGA
SMoV 3UF CGACAGTTCTCTATGTAGGACACC AJ311875°, AJ311876° KU177218°, KU177219° 3' UTR 782
KU200454°, KU200457°, KU200459°, KU200461°
3UR CATCTATCTAAAGTTAAGTCTACA
NaY RdF ATATCCGGATTTGAGAACA AY250986, AY331389, AY331386, AY331390, RdRp 527
AY331385, AY331387, AY331388
RdR CCTTAACATTGGTGGCAGAC
SVBV CF AGAGAAAGACTCGAACAATG HE681085, KT250632, MH894295, X97304, cP 959
KR080547, KP311681, KX950836, KX787430
CR CCATATTGTGTTTCCGGTGA

SMYEV, Strawberry mild yellow edge virus; SMoV, Strawberry mottle virus; UTR, untranslated region; SCV, Strawberry crinkle virus; RdRp, RNA-
dependent RNA polymerase; SVBV, Strawberry vein banding virus; CP, coat protein.

°For RNAT.
°For RNA2.
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Table 2. Incidence of four aphid-transmitted strawberry viruses in major Korean cultivars during 2018-2019

Fragaria ananassa cv.
Virus
Maehyang Seolhyang Geumsil Santa Mooha Jangha Others®
SMYEV 3/322 1/183 1/169 0/42 0/88 0/51 0/63
SMoV 1/322 2/183 2/169 1/42 0/88 0/51 0/63
scv 0/322 0/183 0/169 0/42 0/88 0/51 0/63
SVBV 0/322 0/183 0/169 0/42 0/88 0/51 0/63

SMYEV, Strawberry mild yellow edge virus; SMoV, Strawberry mottle virus; SCV, Strawberry crinkle virus; SVBV, Strawberry vein banding virus.
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Table 3. Information of SMoV isolates analyzed in this study

Isolate Host” Year Country Accession No. Reference
MH F. x ananassa cv. Mihong 2017 Korea MG418837 Present study
MaeH F. x ananassa cv. Maehyang 2018 Korea MN520311 Present study
SH-P F. x ananassa cv. Seolhyang 2018 Korea MN520312 Present study
ST F. X ananassa cv. Santa 2018 Korea MN520314 Present study
GS-G F. x ananassa cv. Geumsil 2018 Korea MN520309 Present study
GS-S F. x ananassa cv. Geumsil 2019 Korea MN520310 Present study
SH-S F. x ananassa cv. Seolhyang 2019 Korea MN520313 Present study
1134 F.vesca 1987 Netherland AJ311876 Thompson et al. (2002)
197-3A F. X ananassa 1989  Czech Republic AJ496589 Thompson and Jelkmann (2003)
197-3B F.vescaUC4 1989  Czech Republic AJ496590 Thompson and Jelkmann (2003)
1141 F.vesca UC5 1987 Netherland AJ496581 Thompson and Jelkmann (2003)
1166 F. vesca UC5 1987 Netherland AJ496582 Thompson and Jelkmann (2003)
1265 F. vesca UC5 1987 Netherland AJ496584 Thompson and Jelkmann (2003)
1266 F. vesca UC5 1987 Netherland AJ496585 Thompson and Jelkmann (2003)
1278 F.vesca UC5 1987 Netherland AJ496586 Thompson and Jelkmann (2003)
1280 F.vesca UC5 1987 Netherland AJ496587 Thompson and Jelkmann (2003)
1509-4 F.vesca UC5 1999 Poland AJ496588 Thompson and Jelkmann (2003)
1248 F.virginiana 1999 Poland AJ496583 Thompson and Jelkmann (2003)
3CH F. chiloensis 2001 Chile AJ496591 Thompson and Jelkmann (2003)
CN1 F. x ananassa cv. Hokowase 2005 China AY919307 Yang et al. (2007)
NSper3 F. X ananassa 2013 Canada KU200457 Bhagwat et al. (2016)
NSper17  F.xananassa 2013 Canada KU200459 Bhagwat et al. (2016)
NSper51 F.x ananassa 2013 Canada KU200461 Bhagwat et al. (2016)
NB926 F.x ananassa 2014 Canada KU200454 Bhagwat et al. (2016)
Ontario F. X ananassa 2014 Canada KU177219 Bhagwat et al. (2016)
AG F. X ananassa 2018 Iran MK303324 Unpublished
K3 F. X ananassa 2018 Iran MK303320 Unpublished
K9 F. X ananassa 2018 Iran MK303322 Unpublished
SQA F. X ananassa 2018 Iran MK303323 Unpublished
SS2 F. X ananassa 2018 Iran MK303321 Unpublished

°Host description: species or indicator plant (UC4, F. vesca and Fragaria virginiana bybrid; UC5, F. vesca, F. chiloensis, and F. virginiana hybrid).
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Fig. 1. An alignment of nucleotide sequences of the 3" untranslated region of 7 Korean isolates of Strawberry mottle virus and RNA1 and
RNA2 of the isolate 1134. Sequences were aligned by ClustalX2. The consensus sequences are shown at the top. For each position, bases in
a majority and bases in a minority are showed in the light gray background and white background, respectively. Extra bases only found in
the Korean isolates are boxed. Polyadenylation signal (AATAAA motif at position 164-169), is underlined. Accession numbers of the isolates

in Table 3.

* 20 * 40 * 60 * 80 * 100
CGACAGTTCTCTATGTAGGACACCGGCTCTTGGTAGTtGGGTGTaAtAaCCCTTCTTTGCCCCTAAGTGGGATECCAAGGAACACTGTAAACAGTGCCTC
CGACAGTTCTCTATGTAGGACACCGGCTCTTGGTAG CCTTCTTTGCCCCTAAGTGGGAT]
CGACAGTTCTCTATGTAGGACACCGGCTCTTGGTAGT"GGGTGT
CGACAGTTCTCTATGTAGGACACCGGCTCTTGGTAGT"GGGTGT‘A
CGACAGTTCTCTATGTAGGACACCGGCTCTTGGTAGTUGGGTGTLWA

CGACAGTTCTCTATGTAGGACACCGGCTCTTGGTAGT"GGGTGT”A

* 120 * 140 * 160 * 180 * 200
CTGTTAGCGAGaTCAGGTGACGATCCAAGCCCAAAGAEGCTGGTGGTGTATTCCTCACTAAGGEGTTGGAGT cTtGGGAACCCCCATATTGGTCATTACG

CTGTTAGCGAGATCAGGTGACGATCCAAGCCCAAAGACGCTGGTGGTGTATTCETCACTAAGG
CTGTTAGCGAGHTCAGGTGACGATCCAAGCCCAAAGA!GCTGGTGGTGTATTCITCACTAAGG
CTGTTAGCGAGHTCAGGTGACGATCCAAGCCCAAAG GCTGGTGGTGTATTC{@TCACTAAGG
CTGTTAGCGAGETCAGGTGACGATCCAAGCCCAAAG A
CTGTTAGCGAGATCAGGTGACGATCCAAGCCCAAAG
CTGTTAGCGAGHTCAGGTGACGATCCAAGCCCAAAG
CTGTTAGCGAGHTCAGGTGACGATCCAAGCCCAAAG
CTGTTAGCGAGHTCAGGTGACGATCCAAGCCCAAAG‘

* 220 * 240 * 260 * 280 * 300
GTGAAAGATAACACGTGAATATTCTTTCATCTGTGCTGGTATGGTGGGGGGCGTGAtCCCTTTACTTGAAACACATGGAATAGGTTCTGTGGTaCCTTGA
GTGAAAGATAACACGTGAATATTCTTTCATCTGTGCTGGTATGGTGGGGGGCGTGAYCCCTTTACTTGAAACACATGGAATAGGTTCTGTGGT!
GTGAAAGATAACACGTGAATATTCTTTCATCTGTGCTGGTATGGTGGGGGGCGTGA
GTGAAAGATAACACGTGAATATTCTTTCATCTGTGCTGGTATGGTGGGGGGCGTGA
GTGAAAGATAACACGTGAATATTCTTTCATCTGTGCTGGTATGGTGGGGGGCGTGA]

CCTTTACTTGAAACACATGG”ATAGGTTCTGTGGT'

CCTTTACTTGAAACACATGG

* 320 * 340 * 360 * 380 * 400
ACCACAACtCc GTCCATCATGACATTAAACTGTTTGGAgATGTCTCTaCCATAAGTGAGACTAgGAtGTGAACCGAATTTCACCAACCCTCATGGAGGG
(BGTCCATCATGACATTAAACTGTTTGGAGATGTCTCT/ACCATAAGTGAGACTAEGA]

* 420 * 460 * 480 * 500
AAAGCtGTGATaGTGGAGTAGTGACCCACTTCagCCGGGTTETCAALAGT CTTTCTTCTAGTGGTGACETACTAGAGCAACCTGAGGTTCGCCCGATCAG
[AAAGCIGTGATAGTGGAE TAGTGACCCACT TAXECCGGGTT(ETCAANA
AAAGC[JGTGATRGTGGAETAGTGACCCACTTECCGGGTTIRTCAA

JAAAGCIGTGA ‘GTGG'rTAGTGACCCACTTIGHCCGGGTTETCA‘

JAAAGCH GTGATHGTGG'rTAGTGACCCACTTlAﬂCCGGGTTrTCAA

[AAAGCLIGTGATEGTGGACTAGTGACCCACTTUAECCGGGTTATCAA PTTTCTTCTAGTGGTGAC,

* 520 * 540 * 600
TGAAAGGCTTTGTGGACACTCCTAAAGATGTGTCAGTTTCACCaTGGGGAGGCTTGATGAGCCCaTGGAATCCTACCTGAAGATTATAACTCAEGCTTGG
[TGAAAGGCTTTGTGGACACTCCTAAAGATGTGTCAET TTCACCTGGGGAGGCTTGATGAGCCCLTGGAATCCTACCTGAACATTATAACTCA
TGAAAGGCTTTGTGGACACTCCTAAAGATGTGTCAGTTTCACC! GGGGAGGCTTGATGAGCCCaTGGAATCCTACCTG"EATTATAACTCA

2HTTTCACC GGGGAGGCTTGATGAGCCCETGGAATCCTACCTG"T TTATAACTCA®
TGAAAGGCTTTGTGGACACTCCTAAAGATGTGTCAﬂTTTCACC GGGGAGGCTTGATGAGCCCATGGAATCCTACCTGAACATTATAACTCA

TGAAAGGCTTTGTGGACACTCCTAAAGATGTGTCAETTTCACCY GGGGAGGCTTGATGAGCCCaTGGAATCCTACCTGllﬁATTATAACTCA

TGAAAGGCTTTGTGGACACTCCTAAAGATGTGTCAGTTTCACCH GGGGAGGCTTGATGAGCCcaTGGAATCCTACCTGllﬁATTATAACTCA

TGAAAGGCTTTGTGGACACTCCTAAAGATGTGTCAEWTTCACC‘ GGGGAGGCTTGATGAGCCC”TGGAATCCTACCTGllnA
rTTTCACCaTGGGGAGGCTTGATGAGCCCaTGGAATCCTACCTGllvA

TGAAAGGCTTTGTGGACACTCCTAAAGATGTGTC

TCACTCTGG G'CCAATAAAATTCTGGAGiCCGCTCTGATGGTGA
TCACTCTGGACCCAATAAAATTCTGGAGECCGCTCTGATGGTGA
TCACTCTGGAGCCAATAAAATTCTGGAGECCGCTCTGATGGTGA
TCACTCTGG rCCAATAAAATTCTGGAG!CCGCTCTGATGGTGA
TCACTCTGG, ECCAATAAAATTCTGGAG!CCGCTCTGATGGTGA
TCACTCTGG rCCAATAAAATTCTGGAGECCGCTCTGATGGTGA
TCACTCTGGACCCAATAAAATTCTGGAGECCGCTCTGATGGTGA
TCACTCTGG CCAATAAAATTCTGGAGHCCGCTCTGATGGTGA
TCACTCTGG‘‘CCAATAAAATTCTGGAGRCCGCTCTGATGGTGA

* 720 * 740 *

760 *
TAGATAAAAGTCTTTAAATTTAACTAGCATTTAATGTCGACGAGTTTCGGCATTCTAACTGTAGACTTAACTTTAGATAGATG

780

1 782
1 782
1 782
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1 782
1 783
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Fig. 2. Phylogenetic analysis of the 3" untranslated region sequences of Strawberry mottle virus isolates. The tree was constructed by
the maximum likelihood method using MEGA 7 program. Seven Korean isolates are marked with arrows. The numbers on the branch-
es indicate bootstrap percentages based on 1,000 replications (only values >60% are shown). Description and accession numbers of
the isolates are shown in Table 3. The Black raspberry necrosis virus (BRNV, GenBank accession No. NC008183) was included as an

outgroup control.
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