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1980 > Lovisolo™ & i3y M4 (4 + § 25f8m 4 o 21V & & o
Bo%e oo 3P2005& W e p AR MG - HhehmAa o 4 WG Luteovirus
Tobamovirus ~ Cucumovirus ~ Potyvirus ~ Tospovirus ~ Comovirus ~ &2 Begomovirus
o B 2006 12 % 5 S F B> Tospovirus ~ Begomovirus ~ 2 Crinivirus %
mﬁ#%*%ﬁ&*%ﬁﬁ%’%va?éi@%%mﬁﬁ’%kﬁ«
s Ay 4 09 o
BATE G LY B 38 RN R A ¢ Begomovirus 2
& (geminiviruses) € 5 FARIEF /& o BAp= L5 - (L5 DNA A)
&3 iE (4 Y H 5 DNA A2 DNA B)é”ﬁﬂi,ﬂ%ﬁ L DNAZ fﬂ’iﬁ VA RAER
RSB FF - SRATR AR L o 21T F KRNAA FIH
ﬁ‘fiiﬁf}fﬁi CEBEFERLAT %\#m}?i-sr T4 w2 T > £ 5 DNAZ 7148
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Begomovirus B L A T BEN LB 5
%ﬁﬁfﬁmﬁfé » T B2008TFT L ER A EAARLERT AT RELF S
MEERM - FAABERNFERLESFLARF P e ABERS
(Squash leaf curl virus * f§ #SqLCV) » * 4 N u w2454~ # 8 SQLCVE %
o G NRBEEDE P FAGR - TR ) K R e TR s R
WLy AESTHE A EBF BT 4886 %0807
B REFda BR2FIE T DG L o Begomovirush m%* i+ o
# i (Bemisia tabaci species complex) T @ 3 (4Bl = #777) o Fls i ¥ brig
SEER ER A R0 TP L MY Y m&ﬁ%ﬂ(&w EIREITR T T ME
BANVAZIREN oy ROFTRRTPHAF ORI
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AR R EEAY X FREHSICADBERAZFE F
7 Fé?m:}ﬁai%’{lﬁ A R EIELE S B ank o A IR (Tas
Mg R e fie ‘-””ﬁﬁ* B i‘fﬁ_ﬁr”ﬁﬂm:ﬁfs o N AR I
#’;#ﬁ oo 5 W F T IV },’;‘3 g R F L E B 4 J'ls}"i",f TR ER W
BT ELLAREPPRE sl gL %P{v * o 7V uﬁ%ﬁg R i~ B i fd
# (Primary inoculum) > & &5 % B4

BEFEL SqLCVRAL /K
Bl- ~Tfes 82 it B @75 AER(Z) % # % Squash leaf curl virus (SQLCV)
B AL ) B AP 8§ % E DR A 4

W ('!‘lf'%% %'fut""i‘ﬁ" ) °

Fig. 1. Healthy (left) and Squash leaf curl virus (SqQLCV)-infected muskmelon
plants at early stage after setting. Notice that the young buds and leaves of the
SqLCV-infected plant show severe downward curling symptoms (as indicated
by the arrows).
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B = -~k i (Bemisia tabaci) 3 SQLCVZ 4/ & B> B EEF A E P F o B
G o  BABT R FARERFETHRAEY T 5 » NOBRSFRP
fehp T E 2 pREEp s 0F .

Fig. 2. The whitefly (Bemisia tabaci) is the vector of SQLCV. Whiteflies are
usually found feeding and mating on the back side of the leaves. Growers and
monitoring workers are advised to frequently check the back side of leaves for
the infestation of whiteflies and take prompt actions to prevent the spread of the
disease.
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=~ EA I I RAT USqLCVE % s 2 A A itk o J IR ek
T ARl HSQLCVZ 4 DNA » P ik e 8- ke ¥ 2 £ o
Fig. 3. Muskmelon plants showing leaf curling symptoms similar to those
caused by SqLCV infections at early stage after setting. The symptom-less
plantlet (A) was found to be infected by SqQLCV and developed severe
symptoms at later stages. However, the symptomatic muskmelon plantlets
showing downward leaf curling symptoms (B, C, and D) were SqLCV-free, and
recovered to normal phenotype after about one week.

Pt BT B m A R E SRR F A Hpd AT
PRt R ARSI 2ZATIME G EF B OO Duffy &
Holmes(2008) & P i Bigs 4 & ivTomato yellow leaf curl virus(TYLCV):h
AFHERME 2 NTYLCVAFIMDNAGF L F 2 5 B YR #
EFA288x 107K R P o L P RE PR FMA ] T R DR
R B FLEE o RELD DR i AR TR A RS Tl
RIEE - PR RRIEL G oA P RHNE A AR OES BE 2 A
PSR MR AR ER R FFE A ZFENFEH

Flp o AFTG A B PR G e Ao plE S ek k¢ SQLCVZ
W (TR AR > T - B BT R S A RIEA N SqLCVZ R 5k
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MDA HFEELETRAPIO01gZ E T BR(FF LERF 5 B
- &3 & #& A%} **Eppendorf-| ¢ > ™ Eppendorff B % B > T4 » 100
(12 DNA ¥ B~ f67;% (10mM Tris-HCI pH 8.0, 0.1 mM EDTA, 1%, Triton
X-100) UD3r % ¢ 0 B 9060°C 2 Fo ik de B BAIES A HBTS o 4o » B
Phenol (pH 8.0)i& T DNA S B~ o (G & K {8 0 B b i o 4e 2 253 M 4%
5% FPE 0 R & 1838 7 MR PP TR o T eDNATR P 5B S g 1
BFE20 e Sk Y s RS S ERBIF B2 R -

7% % 3% 3% 34 /2 (Rolling circle amplification, RCA)

gl :fgai L8 Bk HOLDNA v 1R 4 i £ 17 2 RCASHDR -
F]4t A A 7 %% Inoue-Nagata % 4 (2004) % Haible % < (2006) e~ 2 > 12
RCA™ j# i {7SqQLCV & FIHDNA e Bl © &2 2 3 § F LAy i ik 7]
BEZIFTN > T HY 6-merd #8513 ¥ > 7 41 * Phi29 DNA polymerase
SIDNAGESE (% 5 0 IR iF £ (30°C) ™ & 17 Ttk 4F Tz 3 17 % o wlag »
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bedit o d A HADNAR IR ERY 2 LR Y FRE L
R B HRDNA 7| cig ip] > 2 (Mo B E posls %) 2 FIE2 4 A 7
= H LTk RDNA > 1 5 i & 2 417 A RCAGHCHE - Fl 27 § 9;&%’
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Tt md ik oq 3 BUSQLCVE R B 2 ma v i & % o
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AT R AL o TR Y DR MBS HA S0 BT ¥ LDER AR R
4 (Ageratum yellow vein virus, AYVV)Z B 2 £33t Fenfact SF # 0
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A RS AeBle A7 0 MRCA™ AR FE T E R
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o ‘“RCA%%*E%#DNA%S—%F  FltE S R B O S e
B~ & o R FIME B (plasmid DNA) S 7 7 #c AARCAH 1 » F]pt >
FEFRRCAN teDNA L+ 22 & FEdd o *FF 7 £ * Southern blot analysis > ¥
SQLCV i 30 A F Nl R B T 5 74 B8R E A7 o S5 4o B> 47
70 0 %3000 bp B £ $£373000 bprDNAEF 4 7 1 iF s e s 0 Hép
i) & 3 DNARE# 357 w“SqLCV o F]H > RCAZfe & s = LB E 2 A
LR 73 R R R DAL G Al R R e

=g

+

i



S AMARERERLEY B2 R L RS A ATMES LA 213

AW SglLCy TLCY
W E E P B+E B+P E+P P B+E B+P E+P b M B E P EB+E B+F E+P

ﬁnndhdh

bp

Enzyme digestion: B{BamH 1), E{EcoR I}, P(Pst )

AYWAHTLEY AVWHEGLCY TLCYASHLCY
P B+E D+P E4P E__P_BiE BiP E4P E P B+ BiP E+P

Enzyme digestion: B(BarH ), E(EcoR 1), P(Pst )

Blw ~ R TR N 4532 (Rolling circle ampliﬁcation i HRCAFEZ 7
"4 % % (BamHI, EcoRl, Pstl)sn% *» kBT % W 7 b /A4 I{%—a- [E % &
¥ "R Iﬁi-‘r (Ageratum yellow vein virus, AYVV)> & /* JJ”* el I{iiavr (Squash leaf curl
virus, SQLCV) » £ § 3038 ¥ 5 & (Tomato leaf curl virus, TLCV) ] ¥ b 2 45
EE -

Fig. 4. Detection and differentiation of different geminiviruses by Rolling
cirucle amplification coupled with restriction digestion analysis. Total DNAs
extracted from plants infected singly with Ageratum yellow vein virus (AYVV),
Squash leaf curl virus (SqQLCV), or Tomato leaf curl virus (TLCV), or doubly
with either two of the three viruses, as indicated on top of each panel, were
subjected to RCA reactions according to Haible et al. (2006), followed by
restriction digestion with BamHI (B), Ecorl (E), and PstI (P), as indicated on top
of each lane, and agarose gel electrophoresis. The gels were then stained with
Ethidium Bromide (EtBr) and visualized by UV illumination. The expected
position of full-length SQLCV DNA A was indicated by the arrows. Molecular
size markers (M) and the position of representative maker DNA band were as
indicated.
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BT ~ RS ﬁsfﬁi i2 (RCA)HH # 2 5 # KR DNAZL 5148 » ¥ fe & BamHI
EEILE SR ml%’gbéfﬂllé}\”u*{ﬂ\ﬂ%4}%_*}’\4‘i7]Lz\r’}
% o SqLCV > & ér”*"DNA?EﬂP VI R TR S (R ELATR) 0 A S
T 1% 5 (M)E 3000 bpif F 2 i ¥ &7 3Bl = 2 0 g 2 SqLCVZ 1 & aFlit iz
d FREAE LA T o

Fig. 5. Detection of SqLCV circular genomic DNAs by Rolling circle
amplification (RCA) plus restriction enzyme digestion. Total DNAs extracted from
muskmelon leaf samples were subjected to RCA reactions according to Haible et al.
(2006), followed by restriction digestion with BamHI and agarose gel
electrophoresis. The gels were then stained with EtBr and visualized by UV
illumination. The expected position of full-length SQLCV DNA A was indicated by
the arrows. Molecular size markers (M) and the position of 3000 bp DNA band
were as indicated. The identities of each sample were indicated on top of each lane.
Samples infected with SQLCV were shown with red fonts plus a star sign, *.



GBI EFERAY B pA LR L AAWER LA 215

M AFAD 4B a8 O AR AN AT

9
BRI b 0808 g 00 g A ,\g, B A NH AN NS AR A 9N 8 8 AN

RCA, Southern blot

Bl ~ e > R L E i RRCAM BZ2F 5 & o

Fig. 6. Confirmation of results of Rolling Circle Amplification (RCA) by
Southern blot analysis. Total DNAs extracted from muskmelon leaf samples
were subjected to RCA analysis 'V, followed by digestion with the restriction
enzyme BamHI. The reactants were analyzed by electrophoresis through a 1 %
agarose gel and visualized by eithidium bromide staining and UV illumination
(Left panel). The same gel were then subject to Southern blot analysis using
DIG-labeled DNA probes specific to DNA A of SqQLCV (Right panel). The
identities of each sample were indicated on top of each lane. M, molecular size
marker (1kb Ladder, New England BioLab). The expected position of the
full-length DNA A component of Squash leaf curl virus was indicated by the
arrows on the right.

3000-
bp

RV Ll T AR RS TR RS LN
2 (Enzyme-linked Immunosorbent Assay, ELISA) ~ & & 4 %7 iT K =
(Immuno-diffusion) ~ & & f#=4éF J& /% (Polymerase chain reaction, PCR) ~
B 2R3 AR PE AP pRIE 42 £ 5% & 22 (Southern blot, northern
blot, western blot analyses)% > %4 (¥2 i & 2 i [ | ~ FH LA L8 %
-~ ERRE GO R 2 W P A pE S B R
Mo B SRR I RER W R B2 ;%% ot LA B F i+
PRI RFNAIIF L D EEHELAPITN #Bi«m:),*m o BRI+ iE
s PikiefRE REMAAHF B PRIAFVHEHELSFZSFFHIFDE
oA A A AR R R e g OSIO0 o g B sk At
B L 7 B D % LAMP(Loop-mediate isothermal amplification)
Hojprrs P-id 1 RISqQLCV (Kuan et al., 2010)ig 4t i b e = % 1oL 54
LR E 2 B R R R o R enR o R L H AR B ITFER
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Pk Salati® A (2002) 5§ PR e ¥ e R ST (7 iRk 0 0 d £
(=2t )‘)?"“,% i 0 @ f ot MR ERT D
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$7 o B % 4oB = 977 0 SQLCVA FIM A 7|2 A HE H 12§ 5§+ Ol
B 0 5 R TA BT eSqQLCVIR & 0 A F a0 BT 23RN 4R
Fenh # o W5 2 $8(99-03-e1-3-2, 99-03-¢l-3-9)k fF4F 3 L m T el 3 0 B
TS AR R ASqLCVE 3 5 A i d th ko TR R P MR
| o

- 02010 % 17 329 YR s NI ERF (Squash leaf curl virus)*> = &
BARTAMEFE AT LRSS LTRSS B4
Table 1. Incidence of Squash leaf curl virus infections in various cucurbits and

viruliferous ratio of whiteflies in Erlun and Lunbei areas from January to
September, 2010.

Leaf samples Whitefly samples

Crop species Total RCA Disease Total RCA  Virulifer

number (+) incidenc number (+) ous ratio

e

Cucumis melo 740 489 66.1% 669 245 36.6%
var. reticulatus
(E{N)
Citrullus 190 37 19.4% 100 16 16%
vulgaris (& J*)
Cucumis melo 30 16 53% 10 7 70%
var. Makuwa
(A %)
Cucumis melo 40 37 92.5% 10 2 20%
var. conomon
(A& )
Benincasa 30 22 73.3% ND ND ND

hispida (* )
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2R AT o

Fig. 7. Complete DNA-A sequences of 30 representative geminiviruses isolated
from cucurbits were retrieved from GenBank ) and used in the phylogenetic
analysis with those of 57 local isolates collected during 2006 to 2010 period.
The programs PileUp and PaupSearch in the GCG Package (Accelrys Inc.) were
used in the phylogenetic analyses using default parameters. The “distance”
criterion was used in the reconstruction and evaluation of the phylogenetic tree.
The names, accession numbers, species (abbreviations), and the locality of
sequences, respectively, were listed as the following: P133.seq, EU487041,
Squash leaf curl Philippines virus (SQLCPV) isolate P133, Philippines; P88.seq,
EU487033, SqLCPV isolate P88, Philippines; P54.seq, EU487031, Squash leaf
curl China virus (SqQLCCNYV) isolate P54, Philippines; Wgl.seq, EU310406,
Squash leaf curl Philippines virus isolate Wgl, Taiwan;JD.seq, EF532620,
Squash leaf curl virus (SqQLCV), Jordan; YL.seq, EU479710, SqLCYV isolate YL,
Yunlin, Taiwan;VNB.seq, NC 007339, SqLCCNV-[B], Viet Nam; In.seq,
EU573715, SqLCCNV- [Pumpkin:Varanasi], Northern India; USCA.seq,
DQ285014, Squash mild leaf curl virus isolate 4, California, USA; USCA-R.seq,
AF421552, Squash mild leaf curl virus-[Imperial Valley], California, USA;
USNB.seq, AF110189, Bean calico mosaic virus, Nebraska, USA; Idc.seq,
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AY184487, SqLCCNV  -[Pumpkin:Coimbatore], India; USCA10.seq,
DQ285016, SqLCV isolate 10, Imperial Valley, California, USA; VNB2.seq,
AF509743, SQLCCNV -[B], Viet Nam; VNK.seq, AF509741, SQLCCNV -[K],
Viet Nam; US-1990.seq, M38183, SqLCV, USA; USNB2.seq, NC 003504,
Bean calico mosaic virus, Nebraska, USA; USCA-3.seq, NC 004645, Squash
mild leaf curl virus-[Imperial Valley], California, USA; US-1991b.seq,
NC 001936, SqLCV, USA; Phili.seq, AB085793, SqQLCPV, Philippines; Id4.seq,
DQ026296, SqLCCNV -[Pumpkin: Lucknow], North India; MCl.seq,
EF197940, SQLCCNYV isolate MC1, Malaysia; AFPK.seq, EF199774, SqLCPV
-[Taiwan] isolate AFPKS5slv, Shanhua, Taiwan; PA1-TWTn.seq, DQ866135,
SqLCPV isolate PA1, Tainan, Taiwan; G25.seq, AM260206, SQLCCNYV isolate
G25, China; Hn6l.seq, AM260205, SqQLCCNV isolate Hn61; Egypt.seq,
DQ285019, SqLCV isolate Cairo, Egypt; WAZ.seq, AF256203, SqQLCV strain
SLCV-WAZ, Arizona, USA; CN-Bg.seq, AB027465, SQLCCNYV, China. For
isolates identified in this study, two- or four-digit numbers were used to identify
the year (in Republic of China Calendar year) or the month and date (isolated in
year 2009) of collection of each isolate, respectively. The length of the scale bar
represents the distance of 0.1 substitutions per site.

SQLCVA FIR R 2 (£ 4545

L iSqLCVE&'ﬂ%‘” ¥R %Fﬂ*ﬁ?s poa bl R E B R
HESQLCVH A » i (FE Y TR A 47 o SEIFE A (2007)%7F = 3 R o
ASQLCV-Wgl B 7138 {74 4 47 > 3 5 F 91 B gk 2 T 5 9 1~2%:0%
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Fig. 8. Temporal variations of nucleotide sequences of SQLCV genomic DNA A
component. During the 2009 growing seasons of muskmelons, SQLCV samples
were continuously collected from the same location in Tainan. The nucleotide
sequences of DNA A component of each sample were compared to those of the
reference sequences of SqQLCV-Wgl (shown on top of the figure, with the
positions and translational directions of each gene indicated by the arrows) and
SqLCV-YL, using the Gap program in the GCG Package (Accelrys Inc.). The
numbers on the right of each sequence indicate the month, date, and year of the
collection.  Differences with the reference sequence SqLCV-Wgl were
indicated by the vertical bars.
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ABSTRACT

Survey of incidences and analysis of genomic variations of
Squash leaf curl virus in cucurbit crops in southern
and central Taiwan

Jye-Yann Liao', Ting-Chin Deng', Feng-Chyi Lin®, Li-hsin Huang’, Jui-Chu
Peng4, Tsung-Chi Chens,Yi-Chin, Laié, Hsing-Hong Chen6, Ming-Yen Song6,
and Chung-Chi Hu®’

' Plant Pathology Division, Agricultural Research Institute, Council of
Agriculture, Executive Yuan

* Applied Zoology Division, Agricultural Research Institute, Council of
Agriculture, Executive Yuan

3 Taiwan Agricultural Chemicals and Toxic Substances Research Institute,
Council of Agriculture, Executive Yuan

* Tainan District Agricultural Research and Extension Station, Council of
Agriculture, Executive Yuan.

> Department of Biotechnology, Asia University, Taiwan

% Graduate Institute of Biotechnology, National Chung-Hsing University

7 Corresponding author, Email: cchu@dragon.nchu.edu.tw

Cucurbits are economically important crops in Taiwan. However, several
emerging viral diseases have devastated the production of cucurbits and caused
great losses in recent years. Squash leaf curl virus (SQLCV, Geus Begomovirus ,
Family Geminiviridae), transmitted by whiteflies (Bemisia tabaci species
complex) is among the most severe viral pathogens in cucurbits. The
development of efficient and convenient methods for the monitoring of SQLCV
in cucurbits is in need. In this study, modified rolling circle amplification (RCA)
method to detect the circular DNA genome of SqLCV was developed and
applied in the survey of SQLCV in whiteflies and cucurbit crops in the major
production areas in southern and central Taiwan. The results revealed the
common and persistent presence of SQLCV among various cucurbit crops and

whitefly populations. The disease incidences and viruliferous ratios varied
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widely among different crops and whitefly populations, with watermelon and
muskmelon being the lowest and highest, respectively. The spatial and temporal
effects on the variations of SQLCV genomic sequences were further analyzed
using samples collected from various localities in Taiwan over the period of
2007 to 2010. Most genomic variations were identified in intergenic region and
coat protein coding sequences, while the Rep coding sequences were highly
conserved. These results provide applicable references for the tracing of origins
of SQLCV isolates and the design of effective disease management measures for
SqLCV.

Key words : Cucurbits, leaf curl disease, geminiviruses, genome, rolling circle

amplification
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