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Detection of Viruses Caused Leaf Spot and Crinkle Leaf in Strawberry

cv. Praratchatan 80 Growing in Fang District, Chiang Mai Province
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Abstract: Strawberry cultivation using stolon from repeatedly long-term mother plant is possibly accumulated
with various viruses and affected to plant growth, flowering, fresh fruit yield, and qualities. The purpose
of this research was to explore the infection of virus in strawberry cv. Praratchatan 80 in Ban Nong Tao
and Ban Khop Dong (Mon Pin sub-district) and Ban Mae Ngon Khi Lek (Mae Ngon sub-district), Fang district,
Chiang Mai province. A total of 175 strawberry leaf samples were collected from 43 symptomatic samples
and 132 non-symptomatic samples. Virus detection was conducted by using a reverse transcription-
polymerase chain reaction (RT-PCR) technique. The result showed that there were 134 samples (76.57 %)
of virus-infected strawberry. Of the detection number, 92 samples (52.57 %) were identified as a single
infection, including 80 samples (45.71 %) of strawberry latent ringspot virus (SLRSV) and 12 samples
(6.86 %) of strawberry crinkle virus (SCV). Mixed infection of SLRSV and SCV was also detected at 42
samples (24.0%). Detected samples in each area were found 58 samples (77.33 %) in Ban Nong Tao,
59 samples (78.67 %) in Ban Khop Dong and 17 samples (68 %) in Ban Mae Ngon Khi Lek. The nucleotide
sequences of DNA synthesis for the CP gene — RNA 2 (SLRSV) and L protein gene (SCV) regions were
obtained from PCR products with sizes of 497 bp and 345 bp, respectively. They were then analyzed
and compared to the GenBank database. Results showed that the nucleotide sequence of 497 bp was similar
to 5 isolates of SLRSV (Mint 454, NCGR MEN, Eg, Mint-CP2 and W16) at 89.21 - 99.8% identity and the
sequence of 345 bp was similar to 4 isolates of SCV (1554, KG, H2399 and H2395) at 94.4 - 100% identity.
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To the best of our knowledge, this is the first report of SLRSV and SCV virus infecting strawberry in Thailand.
Keywords: Strawberry virus disease, Praratchatan 80, RT-PCR, strawberry latent ringspot virus, strawberry crinkle virus

unAnea: miﬂqﬂmmm‘imﬁ"m”f;mmﬂ%m”uw”uﬁﬁ‘umﬂw”uq"ﬁ”qﬂﬁ%ﬂﬁ?ﬁi@imﬂﬂ'wm'faLﬂmLﬂummmu
ﬁﬂﬁlﬁmmmmmmL%fﬂif;é’ammq%ﬂﬁﬂj aqnaranisasytAuin nsAnnan UsinuarAnnINTas
nadnsediuess 1isnil ﬁfi“mqﬂimmiﬁmﬁ’mwmemwwmiL'*ﬂ”]ﬁwmm@\u'%ﬂqi‘”mluam@ﬂum?
WUGNILINTNU 80 ﬁquxﬂ@uﬂ‘Lu 3 WA ldun e thuseuds suadeutiy wasihussdeudman
FUaUAaeY SanaE1e SandaFasls Tnalfudetnsluansadiuasd S1u9u 175 Aeene anduiingns
an1379413A S1UAL 43 Frating uarliiEAIeIN131941AR UL 132 Faatng thanAnEuasAsaniiie
la5amaemaiian Reverse transcription - polymerase Chaln reaction (RT-PCR) mmmuwmwu%smw
S 191 134 Fratihe Anutanay 76.57 1esiaatneianun wafly nsdnane iR Saeas 52.57
anla54a strawberry latent ringspot virus (SLRSV) ATUIU 80 Aaeeng wazlasa strawberry crinkle virus
(SCV) AU 12 piaaging LaNUNA s nana s AuTedelafara 2 afla 41984 Su9u 42 Faeging
Aaludanay 24 WsutannsnananyUluudasiud T8un Thumeas s1uau 58 faid (77.33%) tNuaaua
AU 59 ARLNg (78.67 %) WAL UL UTIEN S1uau 17 Haatn (68%) HANITAILATIZWALEULE
AL CP gene - RNA 2 (SLRSV) uaz L protein gene (SCV) anuananaiauiavesljisen PCR laanau
fandlalned 497 gl uaz 345 fiua audndu etz Boufiauiugiudeya GenBank wudn &1
finndatelne 497 flua fanundratudauianalelnsaedalafa SLRSY 491w 5 lalaian (Mint 454,
NCGR MEN, Eg, Mint-CP2 uaz W16) iszfupanauilon 89.21 - 99.8% uazariuilanalelns 345 giug
fannundariuidelasa scv anuau 4 lalaian (1554, KG, H2399 Uag H2395) N3LAUAIN NI oY
94.4 - 100% swiAsuiiasiuidunismsanuidelada SLRSV uaz SCV luansadiuess WUFNILI1TNY 80
\fuasausnaestlszmalng

AdA: Tsaliaansadiues® wezaaniu 80 RT-PCR Tealuqnluansadiuess Tsalutuluansadiuess

AN dodutefinemanslussuudaaiuesim nead

HARADITIRIMNT AR 1N sUgnuazdananan b

an3a1ues3 (Fragaria x ananassa Duch.) ‘Eiwmumqmmidm?@gﬂﬁl 1 (119) M duwinsu
Lﬂu‘wmmeﬂwvlm‘ummuwlumsm‘lﬁnﬁm war  lunsudsgdidun@nduaising o) uazdaaminglu
umiﬂ@ﬂﬂmqLLWiuaﬁﬂiuquﬂﬁﬂmummﬂaﬁ”mﬁ- sUuunsutlszniuan (ansadiuasiAnilALaotAN)
e iy snneulasy Amdadiensy a1neIAe  ANeudINUGT nananaasadiuesilszauilym
Jmdamasysal aneaiia avneiasmdmun BRinuazaunnnanananas Tnelul w.e. 2564
waza N Aandadelud s Imﬂmﬂﬁuﬁ:ﬁ NERINg WITLLANATNIBIUTENY nARARseTiuaTT

inzmsnsfiuagniudaqiune Wugnszanamn 80 wadaldiiias 27.23 Auslefiuiign 45 13 anaeann
(Praratchatan 80) Lum@’mmmm@umu ‘mmm 1 w.e. 2561 D9 13.98 61U (41.21 Fustaiuntlgn 45 1)

¥

w1 neanaaas iufieues J13lnA wanan nid (ToyasununanAnansadiuess Wlgwszammu 80
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FruadeuTuLa A UALIeY 8NN Sanda
el T A, 2561 - 2564, dadTULASRRILNERAT
Ti\muwmq@f]m?zﬁf]ﬁqgﬂﬁ 1 (8ln4)) Faflunaunann
Trymniaidvnanaaeslsauazunasdngvg ann
aneiualatlaon IneennslsafiiAnannlasafiasay
ag lusuiug vinldinauansanis lusn dause uas
waszuniu iluglasspdnAnysanisiasnauin
UTUUNANAR TUIANA AIHARBLAAININNITAAA
anRY

a5 strawberry latent ringspot virus (SLRSV)
WAL strawberry crinkle virus (SCV) Lﬂummﬁﬁm%ﬁ'ﬁ
nadviane uanwzwela lusung dunseinis
Iaenn nnsamaitadelsaasandusesldinatinnig
FqTuanaiiunan watla RT-PCR @ungnvnunld
lunisasaaifaselafasiafiidu RNA Tae lo5a
SLRSV %J\‘i’%”m'agiel,m\‘iﬁSecoviridae ana Nepovirus
ﬁmiﬁuqmm LY bipartite positive-sense ssRNA
sznaunae RNA 1 waz RNA 2 (Borodynko et al.,
2007) ‘ﬁlfli"]mWuﬂﬂﬁ‘L‘i’J”]ﬁ’]@ﬁﬂﬁﬂLﬁ?iﬁfﬁﬁ@‘ﬂﬁh\‘i
unsvanevialan 1 ansadiuess (Fragaria spp.),
s1&flass (Rubus idaeus), % (Prunus spp.), 5@'3'
(Lilium spp.), NUATU (Rosa spp.) kazNznan (Olea
spp.) Inawuan ﬁm'ﬁ'gﬂL%ﬁ’]@’]ﬂ@'f;u‘lmg%yl,mmﬁ
anN9aeslspag9dmLau (Dullemans et al., 2020; Tang
et al, 2013) doulaia SCV Anag lured Rhabdoviidae
Ana Cytorhabdovirus ﬁ@ﬂ?ﬁuﬁﬂi?mmu negative
- sense ssRNA Lﬂul,%@‘ﬁlﬁmﬂu@uumﬁmuﬁﬁLbfh
NANEERIATLLD TS (Franova et al., 2019) Lﬁ;m‘ﬁm
AN AN LIRS (single infections) dana’ls
NANARUAZAMNINIBIHNANARAAAT 20 - 30% 91N
Aanindarnansfonaeaidale faTiinag (mixed
infections) 1 I nanARanAIgde 80% B notadl
HansEnURanisainglnaressuldiutanasdnsas
(Rao and Reddy, 2020; Thompson et al., 2003)

antlywiinanasnfAseiaiunnudny
Basnnammamaiinresdeloiaiidninaiaansad-
weSiugnezanannu 80 uuiinldsunissaaiu
nisnzilgnansadiuasiainiseeunans Tneld
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wallafidacuuiningelunsnsasey iansuy
5\1L%@mLwﬁﬁﬂﬁmmammemmwmmmmﬁm
anas uaziduunamislunisinendeanvalsnleda
vevansedivest panadiniudszwinadelasanuia
a1Ae waziiuuuanisluniswmuiAuiugansed-
wefaealsn sandenneiudqeiugine lddudu
udWugluntswizdgnuaznanansadiua sy
dszwmelnasalil

L4 as
aUnsaluazaannsg

1. MsNuAaatnelsa

vivdaednsluanduansediuafinug
WILIVTNIU 80 21glszanad 100 - 120 1 fuans
ansaanalsalada i lusne (mosaic) 4aTAANY
(mosaic streak) “m&h\‘ifaumqu (ringspot) 117199
(curling) lusixyw (crinkle) AUKATTUNTU (stunting)
Larduansesiuefinliuanieinisanslsa (non-
symptomatic) anuiasinumsnsgignansadiuess
TunUedLsn (19°56'52.1"N 99°05'03.1"E) tinuai
S (19°55'35.2"N 99°03'18.7"E) ﬁﬂumﬂﬂuﬂu HAY
ﬁmmimu%mﬁﬂ (19°47'46.6"N 99°07'55.8"E)
ALALIe1 8o Amdadeslud seudnahen
FUINAN W.A. 2564 - NNTIAN W.A. 2565 A1UIU 175
Aaae ﬁuﬁﬂmmi'ﬁ'ﬂmnguu’tuLL@:‘ﬁuﬁ'Lﬁu
Fangne L AuinE 147 20 aeATaTas e
Yhanafnenfidueuaznmanidelasadaeinaia
Reverse transcription - polymerase chain reaction
(RT-PCR)

2. nMsanAaNslauLe
WnedsluansediuesTunainensisuie
InefnuLla1aNn3tues Barman et al. (2017) ua’ly
ansadiuasian 100 Aaansn Aaelulnsiauivan
I¥azi@an 1hin 2X CTAB buffer (2% CTAB, 2% PVP,
100 mM Tris-HCI pH 8.0, 25 mM EDTA pH 8.0
waz 2M NaCl) Usums 650 tulasams way 2-
mercaptoethanol U3snnms 20 Tulasans wn 'l
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fignunnil 65 asAsaidaa 1wnan 30 wndl Lix
chloroform: isoamy! alcohol (24:1) UTu1ms 250
Tulnsans Tunsalidnfuuna 15 37 uda
Bl Tumdeesnnazneud 12,000x g ﬁlqmmﬁ 4
avrnTadaa Wunan 15 unil mniugeansazans
daula (supernatant) laasluvaan microcentrifuge
tube WA 1.5 UadaRT LAN isopropanol UsNmg
500 lulAsams udasinliudi -20 sernimaFaa 1l
1987 15 Wil Tuwdeeanazneuil 12,000 g 1l
1281 10 W9 ANAZNAUALE 75% ethanol UTuNm3
1.400 lulnsans Tuwdeannnznaui 7,500x g 1l
1981 5 WA mﬂmﬂfaumﬁﬁuvaﬁqmuqﬁ 25 89AN
waldied aza18nzNauaae DEPC water U3unms 50
ulnsang Unfignunfl 58 evraaides ilunan
10 w7 TughainAruRugMgll (water bath) uda
Lﬁuﬁ*ﬂmﬁqmuqﬁ -20 a9ANLIALTEA TAAIAIIN
u?zgw%rmmm{l,ﬁul,@ﬁqm Nanodrop™ One UV-Vis
spectrophotometer (Thermo Fisher Scientific, USA)
AeunnIasamIdelasa

3. nsmeranLaalasananinaiin RT-PCR
darms1ef cDNA Tnafldaunduan
ansazanaaeslfiizen laun enfidue Ysuamse
11ulAsdng, reverse primer Ussnms 1 lulnsans,
5x reaction buffer Usu1ms 4 lulasans, 10 mM
dNTP Mix Uunms 2 lulms@ms, RiboLock RNase
inhibitor (20 U/uL) U3u1ms 1 1ulAsaRs, M-MuLV
reverse transcriptase (200 U/uL) U3ums 1 lulnsams
(RevertAid first strand cDNA synthe3|s kit, Thermo
Scientific, USA) Usuiliuinsdaasinduanida
(nuclease-free water) lumﬂ?mmzﬁ;‘wﬁ 20 lulmsams
Uuiguvgdl 42esaaaidoa e 60 il
wdn1in cDNA Ala 1R n 3 i B ulelunasan
naasmaenatla PCR Tnaddiunanaasansazans
1891 n58n i DreamTaq PCR Master Mix (2X)
(Thermo Scientific, USA) iunms 125 lulasdans,
cDNA U3u1ms 45 lulasdns, specific SCV wae
SLRSV forward primer 131155 1 Tulasams, specific
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SCV uaz SLRSV reverse primer 1511m3 1 lulAsang
(Table 1) Usui5unmsmag dndusindge Waunme
avia 25 lulpsAms Alunreeideloia SLRSV fidanin
mmw'ﬂmﬂu@'quuﬁaﬁwpu movement protein
(MP) gene W.a ¥ coat protein (CP) gene 11 RNA2
szndnafiamdla A Runie 1,144 - 1,641 Tnafaunn
szanns 497 gLua (bp)%‘lﬁum@\u%ﬂvlfsi‘”m SCV U
131anuaying (conserved region) fidenunAmagey
atluu L protein gene sxu319fanaTe Insauua
14,545 - 14,559 TN au1NAlseNnns 345 ALua (bp)
Taaldaraulnsinafinaududeyaly GenBank
database (Klerks et al., 2004; Koloniuk et al., 2018;
Tzanetakis et al., 2006) mﬂﬁuﬁwﬂg‘jﬁ?m PCR e/l
mmwmiLﬂ?{ﬂuLLﬂmqmmﬁ‘Lum‘mﬁiwﬁumm
specific primer (Table 2) (l\/lastercycler® nexusXx2,
Eppendorf, Germany) AT1a@aLNANARLI 381 PCR
(PCR products) TnemTeN 1.5% agarose gel 11
a197azane 1X TBE buffer nan@daniaa RedSafe™
dye (iNtRON Biotechnology, USA) #$9271AT1WHA
AaenAilA gel electrophoresis AMTNANIANE 100
Taas luwaan 45 und uazdesnalaugs UV 4o
302 Wil s LAFENT LAY WaaTIHNUNIA3IAFe L
udauazdnatiluuan InadefnatanananaLauLe
29417713811 PCR (PCR product) ot 1ﬂﬁw1ﬁu?qm’§
wagaanzfarnuinaale indnunssui seeeLiiem
Macrogen UszinAnIva La &81A399 ABI3730x1
automated sequencer (Applied Biosystems, USA)
thnannsmssaside lhsanndanmniesaznisd
Ynaneveadelada (% infection rate) ANNATNI3UB
Rodrigues et al. (2019) Tmﬁ@‘mmiﬁﬁmmﬁqﬁ

1. ¥avaznndrrinanaveadelafaann
fneavianun
Y (PS) x 100

Infection rate (%) = NS

2. fasavnisdivniangveaidalafansay
guluin (madvinananiRenuaznisdinaesw)

Y (SPS or MPS ) x 100
TNS

Infection type (%) =
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Positive sample (PS) A8 Faag1aniinds
pIraaeLNART T AEeNT Usnguauand 497 bp
138 345 bp

Single positive sample (SPS) A8 Fatingi
finnemeaaeundniaiTens Usnguauand 497
bp %78 345 bp NENATLULNLALA

Mixed positive sample (MPS) Ag Fnatinai
finnememaaeuudniaiFens Usnguauand 497
bp %38 345 bp

Total number of samples (TNS) AB AU
fathaiiinanamageLiomn

4. mManagaun1snalan
nagaunnsialsareedelisa SLRSV Ing
AaulagaNniaues Tang et al. (2013) W luansed-
lwefiandufinsanuidelasa SLRSV Aaeda RT-
PCR u1uA 1 0.05 M phosphate buffer pH 7.5 e
Ugnieriaitameae (@nsedies siugnsznam 80)

¥lufsiadunan 48 $alus udatgnideasuuiie
NAAaL 13814 silicon carbide (400 mesh) yuluieg
NAARL A1UIY 3 U mmﬂmﬂu (sap |noculum)
11/1‘1/1911_| a3 10-20 wnit udadnseandaeninndusin
3o 1aA9uANTE 0.05M phosphate buffer pH 7.5
unanaaauLinldlulssFauniuauaninuanday
25 - 28 aeAIAEed dunaeinisuulungidwiaan
2-3ddand

nagaunisialzavasidalaia scvine
RPTTOR (grafting) AMTNATN17289 Franova et al.
(2019) Tne It Auly annfunaansediuesslannisn
Beudiuiuluresduneansediue FRnmany
dela¥a scv zﬁ”qmmﬁﬂwmxmmiﬁﬂmﬂgLflumm
2 -3 ddanit

A9an 301258 SLRSV Uaz SCV Aaeds
RT-PCR luN1nageLuasaniinania1nisesisa
efudunanimaasunisielspreadelasass
2 1im

Table 1. Sequence of specific primers and forward reverse specific primers used in RT-PCR and positions

within the viral genome.

Primer name Sequencing (5'-3') Amplification product Target gene Reference

SCVF CATTGGTGGCAGACCCATCA 345 bp L protein gene Klerks et al.

SCVR TTCAGG ACCTATTTG ATG ACA (2004)

SLRSV F CCTCTCCAACCTGCTAGACT Coat protein (CP)  Postman et

SLRSV R AAGCGCATGAAGGTGTAACT 497bp gene - RNA 2 al. (2004)

Table 2. Amplification steps of RT-PCR assays
Primer Initial denaturation  Denaturation  Annealing  Extension Final extension Cycle

SCVF,R 95 C 95 C 58 C 72°C 72°C 39*
10 min 158 30S 1 min 10 min

SLRSVF,R 94C 9 C 50 C 72°C 72°C 30*
5 min 1 min 1 min 1 min 10 min

*The quantity of cycles in the RT-PCR process, specifically for the denaturation, annealing, and extension steps exclusively,

was assessed.
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a o e a (2 a 4
5. msmnmwmmumﬂﬁiﬂiwm LLASNITILATISN

WRUNNANNANNUEI N UG NN

ihdayanismsradipsziasutonala ne

w13As i e llsunsy Blast (National Center
for Biotechnology Information: NCBI)(https://blast.
ncbi.nim.nih.gov/Blast.cgi?PROGRAM=Dblastn&PA
GE_TYPE= Blast Search) 1seuiiiauiudesaatun
109130954 SLRSV LAy SCV Alds18eulu
GenBank database a1ntih@nfuianaTalnsaes
WARZAULMUINNA ATz TaLa LN 99 R T
B (multiple sequence alignment) Iﬂﬂ%ﬁ%ﬁlﬁ
ClustalW 4azaFNIUNUANAMNANAUENIINUGNITH
(phylogenetic tree) A8AEN1I9ANANAINIE Maximum
Likelihood a2 bootstrap a114314 1,000 51 Ineld
Tamura-Nei model (Tamura and Nei, 1993; Tamura
et al. 2021) lulilsunsu MEGA 1asiu 11 (Molecular

Evolutionary Genetics Analysis)
NANITNANRAY LL@%%@']‘J‘Q:!‘
1. MSNAUAIRENNTSALATANHUEAINS

aannastivdaetnsluansediuesTnug
WILINTNIU 80 181)sTNNL 100 - 120 F1 AU

175 Faaging luiufiTunsesuasiure U fs
(ﬁquaﬁ@uﬁu AN Sandadealud) auau
fufaz 75 fete wasruldseuTvEn (ANLALN-
991 81NN F9uTpLTea lud) AU 25 Faating
wusetrsluansadiuesinliuansainisaeslsn
154 a1uau 132 faetng wazFaet1sluansadiuess
finansennisaalsalosa sauau 43 deeng Tdun
271n191us19 TUAN999UMIUN AATAAIT Fsy ilelu-
tiu geuludaue uazlufawinédn (angil) (Figure
1, 2) LAYANNITUATLUNTY AugzinnIsas AL ls
(Figure 2)

2. n1smsaauILaalaFa SLRSV uasz SCV Aae
wAlA RT-PCR

AnImsaanIZeleda SLRSV 1az SCV AN
foat1eluansadiuefTnugnezsanIu 80 uild
Tumuedsn fuseude uaziulsseudivan
RMUIU 175 A9 Aae specific primer (SLRSV
FRUAZ SCV FR) iiauiiaufugapunudaiy
AR3RTLUATINUENIZINTNIY 80 nanide (healthy
plant) wudn UfjAi3en PCR 2@9g Insiuas SLRSV Wu
LA ST HIwNA sz 497 Awa (bp) (el
19N) AU 122 Arae1e AnliluFesaz 69.71 294

o dotn 8

o &5 Yool

Figure 1. Virus-like symptoms on naturally infected strawberry Praratchatan 80 cultivar leaves showing non-

symptomatic (A), crinkle (B), crinkle and malformation (C), ringspot (D), mosaic streak (E),

mosaic and ringspot (F), malformation (G) and crinkle, leaf curling and malformation (H).
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Figure 2.

Virus-like symptoms found on leaves and strawberry plants in the field are as follows: non-

symptomatic (A), leaf crinkle (B), tillering dwarf and leaf curling (C), ringspot and crinkle (D), and

crinkle and dwarf (F), These symptoms were compared with those of a non-symptomatic plant (E).

Fnasingyianam wiaaniily WnTinuseasi a1uau
56 99819 NUIBLAIRNUI 50 ARBENT LAZLINUWN-

JAUTMAN AU 16 Faaeing (Figure 3) uazh sl

SCVWuLmuﬁLﬁumﬂmﬂg 345 ALud (bp) (WALl
uan) mmu 54 mfammmﬂumﬁm 30.86 184
Faneinaianun utieenilu fufiTumedsn S11a
23 et TIUTRLAY AN1U 25 AR LAstiNuLL-

WUAMAN AU 6 FaBtine (Table 3) visile lnsias

agesaiindresiu linadjisaniusaetansed-
- &
Wwesslanmias
‘_—‘a‘: o 1 & eddl =
NANIATIALTANLIA 889 lUARIBT LT NN
MIEVINAELLLLA I 211491 92 FaasingA Al uFasay
52,57 M3dnnaneredie 158 SLRSV 411014 80 faaei
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(45.71 %) waznsdnrnatseeaidelada SOV Suau
12 2884 (6.86 %) wananEganLnIsdsinans
321709178 SLRSV UAT SCV 41191 42 Faating
Aoiflufasay 240 1a3f90t 19 anun LazFaatng
‘Lummm’m@ﬁmﬂﬂmngunuﬁLﬁuva (Al uaL)
ﬁﬁmu 41 fineee Anilufasas 23.43 28990819
s (Table 3) Telsiugnsennisraslsnlada
defiansanuanisiansidgelasasiuiu
nnsudnse n1suRluLazFAuanTadIuesT wudn
lugnsediuefinliuaniainisaeslsaiinnsid
YiansuLLAsraadelifaveansain Taansaa
WU SLRSV 41NN91 SCV siaiidlifiens 1 fatingd
LansaN1sTadlsATIANANNIEE SOV HANNTAATI
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Figure 3. RT-PCR detection of strawberry latent ringspot virus (SLRSV) (A) and strawberry crinkle virus

(SCV) (B) from strawberry Praratchatan 80 cultivar. Lane 1-10: strawberry leaves sample

collected in Mon Pin and Mae Ngon sub-district, Fang district, Chiang Mai province. (A) Lane 1,

2, 4-6 and 8-10 (top) showed 497 bp SLRSV-specific amplicons. and (B) Lane 3, 5 and 6 (bottom)

showed 345 bp SCV-specific amplicons. H: healthy plant; (-): negative (nuclease-free water); (+):

positive SLRSV infected and M: 100 bp molecular weight marker.

Table 3. Result of SLRSV and SCV detection by RT-PCR from strawberry Praratchatan 80 cultivar.

_ Detected (samples) Not detected Total
Location
SLRSV SCV SLRSV+SCV  (samples) (samples)

1. Ban Nong Tao, Mon Pin 35 2 21 17 75
2. Ban Khop Dong, Mon Pin 34 9 16 16 75
3. Ban Mae Ngon Khi Lek, Mae Ngon 11 1 5 8 25
Total (sample) 80 12 42 41 175

% Infection 45.71 6.86 24.00 23.43 100.00

ARAARBINLIINENNULD Borodynko et al. (2007) WAz
Frazier et al. (1987) ﬁﬂdwqdﬂuﬁmmﬂmﬁwumi
d¥aneLUAEnTadela e SLRSV vide SCV iTn
T lRTugnan1svmunrelsakazaIn1salsn
BEN9TALRN WAMNNLAAAINNTEINALLLFINY
(mixed infection) ﬂJ‘ﬂdL%’ﬂVLQi\Vm SLRSV kag SCV 11
Tinguansainaslusuyn luse lusieaunoau
aluei setludue lflinadnuasuaszuniy
(Figure 2, Table 4) LTULASINF1I9181911099 Franova
et al. (2019) wae EL- Morsy et al. (2017) ‘ﬁlwudw
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fuansadiuasingnisaloda SCV i vinaesaniy
alaFasiin

&

24 11U strawberry mild yellow
edge virus (SMYEV), strawberry mottle virus
(SMoV), strawberry vein banding virus (SVBV)
ay strawberry latent ringspot virus (SLRSV)
wanse1nng luanaden Tuain auialudn dsuyu
LAZLATLUN T Yatin YN an e e T e loFaLTle
aladenviednisidviansunuisenaldifly
SUATILUANT WANITEI NN ANe WL LTI N Uazyinled
Nruansainisveslsnliaeneguusiuazainenaiy
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Table 4. The characteristics of symptoms on strawberry Praratchatan 80 cultivar associated with virus

detection by using RT-PCR technique

Detected virus

Symptoms

1. SLRSV
SCV
SLRSV and SCV
(Mixed infected)

Non-symptomatic

Ringspot, crinkle, mosaic, mosaic streak,

dwarf and stunning

Non-symptomatic and crinkle

leaf curling, deformation,

WRenieamanNanan (Martin and Tzanetakis, 2006:
Moyer et al., 2021)

3. MINARALNISNalsn

annnsdgnidelafa SLRSV uudund
ARRTLUATE WUGWIZINTNIU 80 WL FUNAIUARY
GRIMEEAMETY RN n3zansasiely (Figure 4) Wie
FIIRABLANERE RT-PCR fiALfisenuauan uazgn
Ao liifindffsen (Winaduay) asnadesiy
meerunslgniielaa SLRSV uuansediueds
F. ananassa W&Awa N5 lUMASY (yellowing) luqa-
AN (mottling) (Kheder, 2021) dlethlufanagey
wman e lafadaeds RT-PCR nuLALALEULe
(wawfluuan) ‘Luwwm@uwﬂ@mfﬁ@ memmw’miu
ﬂmﬂgl,mum@um (naLfuaw) siad ATNHTULIITEY
mmwﬂﬁﬂgummLLmnm\mumuwmmﬁ"ﬂmm
Tsadnsinana @elasa SLRSV anunsndneman'ls
Tnedtnaurdnluuansanisluisvanaailn
Aafllg i innsdnideudls (Martin et al., 20086;
Tang et al., 2013)

Fundnamsedivedd Wugwazsaniu 80 7
ﬂQﬂL%‘ﬂVLQ{@ SCV #asinnssiai (grafting) Taarldinu
luansediuasiiugnszsaniu 80 Uasnalsn wugn
wassenafiung 2 - 3 flanv luansesiueauans
a5 luamsing Wty (Figure 5) uazgamILAN
Liuansannis iietiuinsaandelefadonda
RT-PCR wuLaUAEWwe (naifluuan) luianageyud
Ugnide uazgarauaulilmnguouidue ey
AL) ASIITLIINENNUYDY Franova et al. (2019) Tése
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A4 F. vesca aanlsn nduduneniidelesalela-
LaN StrV-1 Wudn wamaanislusaidan (ight
green) wulula (vein clearing) ﬂ@T\iLaﬂuﬁdLﬂuLQm
4 flad uaziiietinllnsagaudaeds RT-gPCR
wursnguoniidue (wauluuan) seadelasalals-
Lan Strv-1 u@nmnﬁ Frazier et al. (1987) 578411491
{dela5a SOV anunsndnanenlsndaanissiendld
d1endaannsinavenlsadaeinau

a o o a o 4
4. ﬂ’]‘i’)Lﬂ’iﬂ%M@’]ﬂHu’Jﬂ@iﬂ‘lﬂﬂ

MNN1TATIAEAL PCR product FneaE gel
electrophore3|s Wummﬂumﬂw\‘mum 134 Finat
AINTINUA 175 F288i1a anTuinFaagi1a 71
HALINATUIL 30 FAratng Tneudailu nauanuas
SLRSV A1 15 Fin0e19 WATNALANTAY SCV 15
Fa0gig AN 3 MUTITIALAatNe 13LATETR A
faealalndulzauneuiuansuiaaalalneduy
grudeaya GenBank wudn a1duiinaalelndain
Faadreansadiuesiinsaany 1381958 SLRSV
flanuwileusuidelna SLRSV leTmian Mint 454
(HQ456535.1) TneflidaFidusAanawilan (% identity)
AIAATDINFAZFIBENITENTNN 99.3 - 99.8%, laTa-
1an NCGR MEN 454.001 (AY461735.1) 99.3 - 99.6 %,
lalaian Eg (MT648777.1) 97.7 - 97.8%, lalaian
Mint-CP2 (AY438666.1) 98.7 — 99.0% waz lalaian
W16 (DQ324375.1) 88.49 - 89.21% N@ﬁwﬁﬁiﬁ
A9AARBNAL Postman et al. (2004) Fauanalidiugn
specific primerﬁﬁmm’imwwmﬁmx‘lﬁ’u CP gene
_RNA 2 1091301954 SLRSV #1u1s0&etAszy



MTA19LNEAT 40(1): 85 - 99 (2567)

Figure 4. Symptoms on strawberry mechanically inoculated with SLRSV on cv. Praratchatan 80 showing
mosaic leaf streak symptoms (B and D). The control (A and C) did not show any symptoms of

the disease.

Figure 5. Symptoms on strawberry grafted with SCV-infected clones on cv. Praratchatan 80 showing mosaic
and crinkle symptoms after grafting (B and D). The control (A and C) did not show any symptoms

of the disease.
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nandRRLEweesfAsen POR fidaunatlszunm
497 piua uazldmaaaeusaedeluansadivesily
NuTisnese Soda@edlnly

faednsluansefiuefinasanuizelisa
scv fanumileuruidelasa scv lelsian 1554
(AY331385.1) Tnaiflilesiiudaauimilangeqnans
WARZAIaE 19921919 99.3 - 100%, laldian KG
(AY331386.1) 99.3%,1’&15]’1%’\\1/] H2399 (MZ326669.1)
98.7 - 98.8% wazlalaian H2395 (MZ326668.1)
94.7 - 94.9% #1NN30AUATLVHANAR AL WLE 71T
wntlsrnnnd 345 Aiua wazldnsiaaau L protein
gene veaidelasa scv lelniansing 7 & wenannil
fanuan ansuidaaalalndalnuulsduiaandn
10% aun3at T Idd1 A unara e ldlunns
pragatiunzang i ldiduivunalunismga
Aladelan (Posthuma et al., 2002)

5. N9ATISURHNUNRAMNANNUENIN
WUENTTHN

Aola3a SLRSV fumiis CP gene - RNA 2
(497 bp) lelmianfiuenannansediness wug
WeEI1TNY 80 NuRFuareuily AuaLey
Snaeae IiunAnEnluauddail cMo1-cMos
(AG05640531 - AG05640535) LAz llTauLiiey
sriuilanalelndiudeyaniaiugnssuaeide
SLRSV lalgiansing fisneenly GenBank @1snsn
uriveenléidu 2 nqulng Tneidelafafiinandnm
¥t (CM01-CM05) ffﬁvmﬂfﬂuﬂziuﬁ 1895Anunddn
fu lelgian Eg (MT648777.1), 454 (HQ456535.1),
MEN 454.001 (AY461735.1), Mint - CP2 (AY438666.1),
6-6 (KF695119.1), Clematis 14-021 (MF796994),
DSMZ PV - 0247 (MZ405641.1), W 16 (DQ324375.1)
Az N 31 (DQ324374.1) (Group 1, Figure 6) LL@;%ijﬁ]l 2
Teun lalaan DSMZ PV - 1314 (MW854292.1), Mint
515 (HQ456537.1), Gorz 2 (DQ324376.2), Rosa 14 - 025
(MF797002.1), Lilium 13 - 023 (MF796976.1), Lilium
14 - 007 (MF796984.1), EA4 (JN859089.1), Lilium
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13- 024 (MF796978.1), Lilium 14 - 010 - 2 (MF796988.1)
Lz Golden peach - NZ (MN082041.1) (Group 2, Figure 6)

L%@VLQM SCV s L protein gene (345
bp) almaniivnun A luweudses cMo1-CMos
(AG05640631 - AG05640635) ifFaiiie Uiy daya
mqﬁu@ﬂmimmﬁ?@ scv lelgiansne wuda
lalnianiivhandinen CMO1-CMO5 fﬁ"ﬂ@ﬂ_j’lunziuﬁ 1
eur lalaian 1554 (AY331385.1), KG (AY331386.1)
WAz H2339 (MZ326669.1) (Group 1, Figure 7) waz
naud 2 ldur Talaian H2395 (MZ326668.1), SAr1
(MG251308.1), SS26 (MG251309.1), F3 (MG251306.1),
SAr15 (MG251310.1), SAr6 (MG251307.1), SS23
(MG251312.1) way SS21 (MG251311.1) (Group 2,
Figure 7) FelafaThinunAnmn A uduiusiuide
M%%WMM’WWUL%@Tuumﬁﬂqﬁﬂﬁﬂﬁqimn
Ffidiugn nsmsanylunlasdgnaiugssusif
felifinasuniemsmanylulsandlnaanieudy
BIAFANITLAURNAUG LNAANUET UNAIWIUE LAY
f‘fmﬂ@uﬂﬁ'ﬁwﬁq dlesanidelaga scv aunn
dnamenlneinansau wazideloda SLRSY 41anan
A1ENAANINNAANUS aLeadLany (pollen) WA
ldiRauclesld (Allen et al,1970; Martin and
Tzanetakis, 2006)
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AG05640532 SLRSV isolate CMO02 (This study)

=

AG05640531 SLRSV isolate CMO1 (This study)

AG05640535 SLRSV isolate CMOS (This study)
<L AG05640534 SLRSV isolate CM04 (This study)
™ - AG05640533 SLRSV isolate CM03 (This study)
o [ MT648777.1 SLRSV isolate Eg
HQ456535.1 SLRSV isolate Mint 454
s " { AY461735.1 SLRSV isolate NCGR MEN 454.001
* | A438666.1 SLRSV isolate Mint-CP2
KF695119.1 SLRSV isolate 6-6
MF796994.1 SLRSV isolate Clematis 14-021

MZ405641.1 SLRSV isolate DSMZ PV-0247

Gro'up 1

41 1

0.05

Figure 6. Phylogenetic tree analysis of CP gene—RNA 2 sequences of SLRSV showed that the 5 isolates
of SLRSV in this study were closely grouped with isolate Eg (MT648777.1), Mint 454
(HQ456535.1), NCGR MEN 454.001 (AY461735.1), Mint-CP2 (AY438666.1), 6-6 (KF695119.1),
Clematis 14-021 (MF796994), DSMZ PV-0247 (MZ405641.1), W 16 (DQ324375.1) and N 31
(DQ324374.1) (Group 1). The phylogenetic tree was constructed using MEGA version 11 based
on the Maximum Likelihood method and Tamura-Nei model with 1000 bootstrap replicates. The

numbers at internal nodes indicate bootstrap percentages, and the scale bar represents 0.05

substitutions per site.

DQ324375.1 SLRSV isolate W 16
DQ324374.1 SLRSV isolate N 31

MW854292.1 SLRSV isolate DSMZ PV-1314
 [— HQ456537.1 SLRSV isolate Mint 515

]l L DQ324376.2 SLASV isolate Gorz 2

MF797002.1 SLRSV isolate Rosa 14-025

MF796976.1 SLRSV isolate Lilium 13-023
»

MF796984.1 SLRSV isolate Lilium 14-007

1 SLRSV isolate EA4

MF796978.1 SLRSV isolate Lilium 13-024
MF796988.1 SLRSV isolate Lilium 14-010-2

MNO082041.1 SLRSV isolate Golden peach-NZ

MN259156.1 Peony yellowing associated secovirus strain BJ

ON051013.1 Cnidium vein yellowing virus isolate XN2 XJ2

10

ON051008.1 Cnidium vein yellowing virus isolate GN1 JL2
NC 078686.1 Lychnis mottie virus isolate Andong

ﬁ KR011029.1 Cnidium vein yellowing virus 1 isolate Yeongya
100

LC760338.1 Cnidium vein yellowing virus

= LC382243.1 Lychnis mottle virus J

| — MWO035188.1 Lychnis mottle virus isolate AK 77
100 -

L~ MWO035154.1 Lychnis mottle virus isolate MI 113

~ MWO035164.1 Lychnis mottle virus isolate AR 69

MW035149.1 Lychnis mottle virus isolate NY 28
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Outgroup

Group 2
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- AG05640632 SCV isolate CM02 (This study)
- AG05640633 SCV isolate CMO03 (This study)
AG05640631 SCV isolate CMO1 (This study)

o || AG05640635 SCV isolate CMO5 (This study)

Gro'up 1

L AG05640634 SCV isolate CM04 (This study)
AY331385.1 SCV isolate 1554
" AY331386.1 SCV isolate KG

- MZ326669.1 SCV isolate SCV/H2399

- MZ326668.1 SCV isolate SCV/H2395

« — MG251308.1 SCV isolate SAr1

9 ||— MG251309.1 SCV isolate SS26

— MG251306.1 SCV isolate F3

g
T
Group 2

- MG251310.1 SCV isolate SAr15
+ | MG251307.1 SCVisolate SAr6

- MG251312.1 SCV isolate SS23

%L MG251311.1 SCV isolate SS21

'— KJ748457.1 SCV isolate 4MM

NC 043064.1 SCV isolate HB-A1

4| AY331387.1 SCV isolate 37-1

Outgroup

7t L AY331388.1 SCV isolate 37-2

AY331390.1 SCV isolate 1553

0Q442952.1 Cnidium virus 2 isolate SK

0.05

Figure 7. Phylogenetic tree analysis of L protein gene sequences of SCV showed that the 5 isolates of SCV
in this study were closely grouped with isolate 1554 (AY331385.1), KG (AY331386.1) and H2399
(MZ326669.1) (Group 1). The phylogenetic tree was constructed using MEGA version 11 based
on the Maximum Likelihood method and Tamura-Nei model with 1000 bootstrap replicates. The
numbers at internal nodes indicate bootstrap percentages, and the scale bar represents 0.05

substitutions per site.
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annisasanidalafaluansadiuafinug
WILTNTNL 80 ANNLUAINEATNTLNUNUBIFANLAL
Tuaeua9 Aruanaudly wazi UL I uILnan
ANUALNIDY B1LNBENY A9ndamealud saNTanne
175 AR@819 A2EATRA RT-PCR LAZN133bATIEH
3 o a al o A o ¥ o dl a d’lj
asutapatalng dusuniadinianedananannime
a5a 2 97im A uA strawberry latent ringspot virus
(SLRSV) la e strawberry crinkle virus (SCV) Tu
raag1elunlduansannisraslsatudaulvn uas
NUNNTENNa8FIN UL e I aiaaes lufaasing
luikanaannisredlsm uadsialdiiudnnig-
peaanLtialafanaedsAnanalA LB g9
winnzanlunisiiunldqursaialafaluansed-
- X4 s A . .
wasthgnlununndae ivadasiunisundszunn
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