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Most strawberry viruses exist relatively low titers in tissues, and strawberry tissues include high levels of
contamination by polysaccharides and phenolic compounds. These traits make the efficiency of strawberry
diagnosis difficult. In this study, we tested different commercially available kits and reagents to secure optimal
RNA extraction methods to determine virus detection from strawberry leaves. Total RNA was isolated from
leaves of strawberry mottle virus (SMoV)-infected strawberry cultivar ‘Mihong'. The efficiency of total RNA for
virus diagnosis was confirmed through SMoV detection by one-step or two-step reverse transcription and
polymerase chain reaction (RT-PCR). Among those, the RNeasy plant RNA kit was best to isolate RNA and the
isolated RNA was good enough for further applications. To ensure a reliable detection for strawberry viruses,
synthetic diagnosis clones for major seven strawberry viruses such as strawberry mild yellow edge virus,
SMoV, strawberry latent ring spot virus, strawberry crinkle virus, strawberry pallidosis associated virus, straw-
berry vein banding virus and strawberry necrotic spot virus have been constructed. Based on the synthetic
genes in each clone, primer sets for seven strawberry viruses were designed and tested an RT-PCR condition
through a simultaneous application of the same annealing temperature that allowed to achieve an efficient
and convenient diagnosis.
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Table 1. Information on the selection of synthetic genes for diagnostic clones of major seven strawberry viruses

Virus GenBank database Gene selection location  Selected gene size (bp) Gene region Cloning vector
SMYEV AJ577359 5,074-5,902 829 CcpP pGEM-T Easy
KR350471 5,075-5,903
KR707814 5,073-5,901
SMoV MG418837 1-782 782 3'UTR pGEM-T Easy
SLRSV AY860979 1,144-1,640 497 Polyprotein pGEM-T Easy
(MP-CP)
SCV AY250986 25-587 563 L protein (RdRp) All'in One
KJ748457 4-566
AY331390 58-620
AY331385
AY331386
AY331387
AY331388
AY331389
SPaV AY262160 1-747 747 R2 (CP) pTOP-Blunt-V2
AY262159
MF401547
MF420344
AY488138 4,286-5,032
SNSV AY363228 1,264-1,998 736 R3 (CP) pTOP-Blunt-V2
JF781586 1,265-2,000
KU053514 1,265-2,000
NC008706 1,264-1,998
SVBV KX787430 1,916-2,874 959 ORFIV pTOP-Blunt-V2
KRO80547 (CP)
MH894295
KX249738
KX249737
KX249736
KX249735
X97304 1,902-2,863
KX950836 1,911-2,869
HE681085
KP311681 1,919-2,877
KT250632
KX950840 105-1,063
KX950837
KX950837

Gene synthesis: Macrogene (Seoul, Korea).
SMYEV, strawberry mild yellow edge virus; SMoV, strawberry mottle virus; SLRSV, strawberry latent ringspot virus; SCV, strawberry crinkle
virus (SCV); SPaV, strawberry pallidosis associated virus (SPaV); SNSV, strawberry necrotic shock virus; SVBV, strawberry vein banding vi-
rus; CP, coat protein; UTR, untranscribed spacer; MP, movement protein.
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Tzanetakis, 2006; Spiegel} Martin, 1998) (Table 1). =] ¢} 7
32007920080} &7|1tole} o] et WYz ALIA &
3 FHE ST ARAE §78% o4 SMoV, SMYEV, SVBY
SPaV7} AZE|9 o (Choi 5, 2009), HL 2017-20194 ot
U &4 EFo) Oigt YA} Ao A= SMYEVE}F SMoV
2%0] 38 WA Hholal el 202 ZAEIGItCho 5, 201
Kwon 5, 2018, 2019).

SCviz 193210] B el ol A AL 1 LEgichZellers)
Vaughan, 1932). o] ufoll A% B7]] 74 Ta}e i o]
22 7} o4 Bht SPave} Bt AR AL 1 9] F5E] o
o) AR Holel Aot Bzt AEls A$ Melrt Ak (Fra-
zier 5, 1987). SCVE= A4 44 F B2 0. 2 Chaetosiphon
&ofl &3f= A=l 23l 10-1927e] 5715 AA Ad
Flth(Krczal, 1982; Richardson %5, 1972; Vaughan, 1933). SMoV
= w) AR 74 Esk wYsHs Blol2l AR Chaeto-
siphon&ol] £3l= AGlEof| 9l vtgsE AgiA oz A
=, B3} G E(Aphis gossypii)oll QA= AGEThHFrazier
9} Sylvester, 1960). HFo|2| A AlFo] theFato] & 7495
Ao] Gl 97t BAIE Aol 3 Hholel AFY e
D7) ST Y $£3FFE 30%7HA] AT Cieslinska,
2019; Freeman} Mellor, 1962). SMYEV= 1922 0] n]= 2
g EZYoloflA 222 H gt violg|A = B7] AuljR|of|A] 7}
% &3t B2 7h-eH| shtoltt. vHiol2A AlFo] thekst
o] Z+EA] 43 &AL 0-30%2 2}o]7} @rh(Tzanetakis
9} Martin, 2013). SMYEV= Chaetosiphon<s A5 &0 2]} <
£&4gHrA) 6 2 A HETHCraig} Stultz, 1964). SVBV= E7|
AupR| ol A go] WA = Gheth @52 AEAdd= 5
APS UHERHA) SEAIRE THE wholai 2ot Bk dAlel 3i3)
7} AZtHMahmoudpour, 2004). SPaV= F. virginiana®l| 43}
= FF Y9 Al A 7R Sk S H 2Ry F
vesca®ll &= 52 FE5AN0 2 ZhFEtHConverse, 1987).
SLRSVi= 715 RI917}F w9 Wlo] 272 12559 A& A
7|9, Xiphinema<;ol| &3}= A% E= T4k o8 AgE
(Murant, 1974). 212 )20 4 WAIsE Aol 24ko] Q7]
U S40] 9l F-9ol the wpoleie} By7hIEo} itk
(Milkus, 2001; Stace-Smith, 1970). SNSV= 1956 ]| &]-2 ¢+
A tola 2 @7lo] B AEIGS T WAS Holx) o
A5k T holel Ao} HAHIE R A %ol Fauy) 53]
A gAbo]] Gk mIZITh SNSV= FAbol| &fsf 35% o4 A
Qo] A B2 A v G FE ERfste] AL Aol
Z Q3 ufo|H A2 A A tHVeetil 5, 2016).

Al WY G2 A, 2= B AE Y wkel &
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AR oA 50L P A= ACTINT F-AAS tl= = ARSIt
ACTINT §-H=}0] ZZ-2 9J3 Zetolull 7] B oA AL
s ﬁa}oltﬂ%— P%O}S’iEHZhang , 2018).
A& AA RNAE 53125 T
o] 57} A=+ A=} Triz I—% 0]-8-3}4tt. Trizol (Invitrogen,
Carlsbad, CA, USA)S ©]-83F RNAE FE3t+= W A=A

oA Z|AJSH= AHERITHZ SHTh FEH A=A A RNA
ZEE vlo|YAE HE3| YA F 7] ©WH2 2 RT-PCR
2 4345} t) One-step RT-PCRE St K Hof RT-PCRo]| B &
?h BE AloFo] 50131014 cDNA @} PCRE g ]| 0] 0]
A £ s JAstE AFL R, o] 7F2H| 3Fel Genetbio
(Nonsan, Korea)2] A|&-& A RAS] AHE- AR o]-8-3}
Atk RT-PCR HF2-& 93} &= 2 AL t-Sa} 7}, 60°Coj A
4557} RT HH-S-2 23] 5 94°Coj| 4] 28 E¢}1 ¥A] 3, 94°C 30
% WA, 52°C 40% annealing, 72°C 1& extension= 353] <=
3 T ulx|ako 2 72°Co)| A extension A7 108 48 & ¢
=25}k Two-step PCRE cDNAS Tt=E= A4S 9RsE & 2
3} PCR WH-2 Sashgld] W e 7R et FAsH)
2=83}%ITHChung 5, 2009). RT-PCR HF-2-of] A3t Zafolm =
Table 20| A% SMoV Z}o|HE AF8-5F3iTh

97|25 E Hiolg|AE HES] HsiA S AU uf vt
olg|2& HEol 7 AT A& AR HsiA Ashe o

o] $2H5 912 th2A stk of AL Ylste] HEA 2

5B HA RNAE F=5h= S o AdolA 78 4L
Z "lo]giA FHE 0| &&= Qiagen plant mini kit (Hilden, Ger-
many) & A3}tk 18] 37 RT-PCR HHg-2 one-step B O
= sk, oFo] Aol A AFE-3t Genetbio2] A& AHE-S}
%CERNA 25-8-0 2 sl e)= 4+ -8 Al E] 24 Aol &
2 AN A7) B2 SMovell FgE 7S] W 4]
EAIZRE Bo] tehhe 4 ol83ke] RNAS 353

Aolck
SMovell sl @] AlEA R 9g Ashs A7l 5
9 54,69 54, 79540 RNA 32 8.0 2 Bl 4]

& AB) A4 PRl et Aelo) ALg 77 ABA) 7hed)
4719 A|2H1E gk 2 AE YA A7) E th2 A 5t TUsH
AEBAS AT mEet s mraRE 248 Y2
Ta5ke] &3] BA A ofF] BAHAA| 2 AMEA W
S o]? Q& RNA & A8l %k

F2 75 €ldio|Ae| REXL 2T 22 B A mato|
M AIEL A2 35S 98l 78 1A vlol2 s A AN EE
BRstu A} Yok 71E2ATE Bl D7) Aol A SMYEVE}
SMoV ZHFE SESHGAL SLRSVE] 3¢ A AN =ES &
H3}to] ZbZF RNAS &390tk 7 vhog| Ao ot Ak Zat
o|H+ GenBankdl| 5-&H FHPRE vigho 2 A|Fsic)
3% vtolg| Ao tigh Z- vlolgfa AR} FEAES FA

Table 2. List of primers used to detect major seven strawberry viruses based on the selected gene sequences within each positive clone

Virus Primer Sequence (5'—3'") Location Size (bp)

SMYEV CF ACAATCGCCCTGGTCAGTAATTCC 1-24 829
CR TGGAGCTGGGTAGAAGAAGTGAGA 806-829

SMoV 3UF CGACAGTTCTCTATGTAGGACACC 1-24 782
3UR CATCTATCTAAAGTTAAGTCTACA 759-782

SLRSV MF CCTCTCCAACCTGCTAGACT 1-20 497
CR AAGCGCATGAAGGTGTAACT 478-497

sev RdF ATATCCGGAYTTGARAACA 15-33 526
RdR YTTMACATTGGTGGCAGAC 522-540

SPaVv CF AGGGATGACGTCGCAAATGATAGT 136-159 471
CR GCTCGTCGCTCCCCAGAAT 588-606

SNSV CF TGTYAACAGGGGGAAGAATG 30-49 705
CR ATGTGAGGCAACTCGAGATTA 714-734

SVBV CF GTCAGGAAGARAAGTTACAGG 95-115 836
CR AGGACAACACATATTTCTACG 910-930

Diagnosis: 60°C/45 min-94°C/2 min (94°C/30 sec-52°C/40 sec-72°C/1 min) 35 cycles-72°C/10 min.
SMYEV, strawberry mild yellow edge virus; SMoV, strawberry mottle virus; SLRSV, strawberry latent ringspot virus; SCV, strawberry crinkle
virus; SPaV, strawberry pallidosis associated virus; SNSV, strawberry necrotic shock virus; SVBV, strawberry vein banding virus.
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B4 3 224 WE(pGEM-T easy vector, Promega, Madison,
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A3} TrizolS ©]-83F RNAA| 2 9] 739 actin -F-AXP} =
ZE|A] ko Transzol T3 F-EAME =7t BA Ut 7]
Ed A5 a8 A7 S & 4 AUTHFig. 20). B
7] WA Fixt 5230l et & o JYUgt violz s g
888 v|wslr] ¢3) one-step RT-PCRL} two-step RT-PCRE
Uiro] A4 A3HE v £4519t} One-step RT-PCR 3
2 AHEA] 6579 RNAS-Z B 5 Qiagen A|59] ¢ 2
AEolA vhol 2 HEo] 2 E]lov 11 &]9) AlEoflAl= Bt
olj2 HE o] HA| ek3kth(Fig. 2A). ¥ two-step PCRE| 7
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Fig. 1. Symptoms of strawberry cv.’'Mihong' infected with strawberry mottle virus (SMoV). (A) SMoV-infected plants (mother plants) show-
ing that leaves are stunted, crinkled and curved upward, and malformation of fruits. (B) Runner plants detached from SMoV-infected moth-
er plants showing symptom of leaf curving upward in the young leaves. Arrows indicate adult or young leaves used for RNA extraction in
this study. (C) SMoV-infected plants are stunted with a yellow edge in the young leaves (arrow) compared to healthy plant.
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Fig. 2. Comparison of detection sensitivity of strawberry mottle virus viral RNA prepared with various commercial products from straw-
berry leaves. Total RNA was extracted from a total of seven leaves, one from each of the seven plants using different commercial products.
1, Easy MAG; 2, Ambion; 3, Qiagen; 4, Bio Cube; 5, Transzol; 6, Trizol; P, positive control; N, negative control. (A) One-step reverse transcription
and polymerase chain reaction (RT-PCR). (B) Two-step RT-PCR. (C) RT-PCR with a primer pair Actin | as an internal control using one-step

method.

Constable 5-(2010)2] X 110 2|5}, SPaVE £33t i &
o] g7] upolZ A7} 5ol A 10€71R] = & FEE e 114
FE 1ol A Hiolf A FHEol & HA| Zoken o=
Hpo|2{ A&7t Al EAo A=A 2 EA| ¢l FE7F LA
27] wjZol2tal st 2 A-toll A AR 7171 5HollA 7
7R = B7] vio|f & HEo] & EQith £ =9 7 vlolg
2 F5o) mEbA FY AEA9 o] 7HAEE vHholg| ATt &
TLSHA =] glon, upeba iR e JFTS
817 Ao ¥ £7]|71 = violgiA FAS HleiM= 7 =
2 Hojaky ¢ tHKominek 5, 2009). ©7]9] 79| = A&
of we} violgA HEo| & HA| & 4= Qo B2 A
HO| 7 24X 7] 9HA] o] et o 538S AU
A & 2t AR st Aol B Ao = wetE:

N

ZQ Wy|HIO|A 752| FIThH et gl
ZAH R} T2 1A 9] e}t vpolg
29 7% oy Ao] tit oFAd x& ATk
ok A 22 AF2 oL FRER oS
o 7P BEo] & He {AAE Addsto &
Adsta o 7% vtoli2o] Argl R4 27)
Elo] th3t A= Table 10] LoFalich vlole
A 942 Macrogene] 2#sto] Alatstint. ¢4
B3 A A ) A Zetolm= 7 28
A A7IME Well A iz AEskglar Z+ Letolm of 9
%] & PCR AHE Z7]& Table 20 Hjatgct. 22 Ad=zA
< A7) 18] Zehan]= DNA AHgEo] 245w el ulo]

>
oY, r}.
oX %
o o3

4
o ot nd

3
q
Ml o o E 2 N ¥ 2

i

p

o2
o?(. <t
o fr flo
ooy F _—(V”i 2
N
|t =

N NE
oo |l
:lo OL

l>

2
(¢} [rukmu
o

o
©

2|2 mabo]ujo] thgt PCR B 274-< FALSIITE DNA S5
+= 1 ng/ul, 5 ng/ul, 10 ng/ul &2 FE34a1 Z} vlo|g A i

ol NE 9] Ajt2 % (annealing temperature)= Z} =z}
oo} Tmgkol 273ke] 52, 56, 60°C2 LHi=o] PCR HF-E-& 1]
walgich 1 A, Setan| =] i Afolof th oL
A= Ao 2 YERtil(data not shown) PCR 22 = A2
SMYEV, SVBVS] 7% £ Zfolo] & 7 Zfol7} A9] 813
1} SMoV, SLRSV, SCV, SPaV, SNSVe] 72 60°CxHr} 52°C U
56°Coll 4] ZHE7H B 7] UtthFig. 4A). E Hholel ] A

Z20| sl A3 2 Zajo|n] A EQ] Eojrl BT =7
Z Uehyith o5 23E Bige = ghHE SMYEV, SMoV 9
SLRSVS] RNA A| 0] 3t RT-PCRS A 5T T =T-ol oF
4 S0 A vrolE& 4 RNA A RS g2 =2 3714 2
e-&of| thsfl RT-PCRS =35t A glofl A 52°CollA 71 &2
A= PR AEC] TF5= A& U o AT Fig. 48).
Z3H o2, RT-PCR At A| ZekAu|= DNA 1 ng/ule] AF
43} 52°Ce] AFLE PCR 2L HHz70 2 A3t
(Table 2).

FAA QG AHARY BA, 55 G870l that Zepo)
w] A 9 PR 271 o] ket A& =} A ehel
o7} 29 Ee wrebd AR ek S0 v 7% A
O AF =& Fol7] Y= THEA] Fodizet St =
T-E A3t Alo] Hasith 53] vholg A E444 Hol7t
WAL TR B Y] straino] th EASIE R HETH U
& SIBIHE vholalae] PN R AFET Chope Rl Ee)

FAA LA 5 A Zefols] AP} thS SRl 5



176

Research in Plant Disease Vol. 26 No. 3

Mother plants
A Detection E

e M I 2 3 4 1 2 3 4
1kb» ——
May Bl I R e—
1kb» —
June =
1kb»
July - e E e E e - e
Runner plants
Fully unfolded leaves  Folded young leaves
M 1 2 3 4 1 v 3 4
May | o
T e — ey — e e e e —
June 1kb» —
= e - e-— - - - -
Tuly lkb>£

Fully unfolded leaves Folded young leaves

Mother plants

Fully unfolded leaves Folded young leaves
3 4 1 2 3 4

P N

M1 2

Runner plants
Fully unfolded leaves Folded young leaves
2 3 4

P N

M1 2 3 4.1

C e e

H

3]

— e — ——— — —

Fig. 3. Comparison of detection sensitivity of strawberry mottle virus viral RNA from different leaves in strawberry. Total RNA was extracted
from fully unfolded or folded young leaves from mother plants and runner plants. (A) 1-4, four independent strawberry plants; P, positive
control; N, negative control. (B) Reverse transcription and polymerase chain reaction with a primer pair actin | as an internal control.
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Fig. 4. Reverse transcription and polymerase chain reaction (RT-PCR) detection for seven major strawberry viruses using diagnostic syn-
thetic clones (A) and plant RNA samples (B). The corresponding lengths of the expected products using primer sets for each virus are de-
scribed in Table 2. SMYEV, strawberry mild yellow edge virus; SMoV, strawberry mottle virus; SLRSV, strawberry latent ringspot virus; SCV,
strawberry crinkle virus; SPaV, strawberry pallidosis associated virus; SVBV, strawberry vein banding virus; SNSV, strawberry necrotic shock
virus; NC, negative control (RNA from healthy plant); PC, positive control (1 ng/pl of diagnostic synthetic clone).
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