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Abstract: In this study, an Egyptian isolate of potyvirus known to be zucchini yellow
mosaic potyvirus (ZYMV) was isolated from leaves of the cultivar Giza 1 watermelon
plants which cultivated in Agricultural Experimental Research Station, Sids, Beni Suef,
Egypt. The double antibody sandwich (DAS)-enzyme-linked immunosorbent assay (ELISA)
was carried out using polyclonal antibodies specific to ZYMYV. The helper component
proteinase gene (He-pro) of WMV was isolated by reverse transcriptase-polymerase chain
reaction (RT-PCR) using primers based on the DNA sequence of ZYMY virus, strain KR-
PA. The blast searches identify the He-pre sequence as a part of Water Melon Mosaic
Potyvirus (WMV). The sequence analysis showed that the isolated He-pro gene belongs to
a new 1solate of WM Vs and its DNA sequence and deduced amino acid were compared with
the He-pro of the French, China and Pakistan isolates. This study showed that the Egyptian
isolate is closer to Pakistan isolate than French and China isolates, however, the
phylogenetic tree showed that using one gene is not enough to relate these isolates to
each other.
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INTRODUCTION

Plant viruses are a persistent threat toward production of both watermelon and other cucurbits
in Egypt as well as in the World. There are several common viruses that can affect cucurbits, including
zucchini mosaic potyvirus (ZYMYV), watermelon mosaic potyvirns (WMYV), papaya ringspot
potyvirus (PRSV) {(Verma, 1988) and cucumber mosaic cucumovirus (CMV). Depending on the type
of viral infection, the infected plants show stunted, mottled, or crinkled light green colored leaves.
Moreover, fiuits may be irregular in shape, mottled or warty. In Fact the superinfection is a frequent
phenomena of potyviruses which can be detected in infected cucurbit plants in particularly,
watermelon for example by PRSY and WMV, In Egypt, ZYMYV is known to be one of the most
abundant potyviruses that infect cucurbits. However, the common methods of detecting the infected
cucurbit plants were based on morphological and serological methods. Therefore, differentiation
between ZYMYV infection and WMV infection is not convenient using the conventional methods
especially due to their morphological sirmilarity although differentiation among WM Vs was dong using
monoclonal antibodies (Desbiez et f., 2007). ZYMYV was first reported in Cucurbita pepo, in Italy by
Lisa ef al. (1981). Afterwards the presence of the virus was reported in Algeria, Australia, Egypt,
Germany, Israel, Japan, Jordan, Lebanon, Moroceo, Spain, Taiwan, England, Twkey and USA
(Davis, 1986; Brunt er af., 1996). WMV was notisolated or identified in Egypt and the infected
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watermelons and cucurbits were known to be infected with ZYMV. WMV is probably distributed
worldwide (Purcifull ef «f., 1984) mostly in temperate and Mediterrancan regions and was first
reported in Citrulfus lanatus by Webb and Scott (1965). They reported that the WMV-infected
watermelon showed yellowish (chlorosis), mosaic, motfled, deformed or/and stunted leaves and stems.
WMYV is transmitted by at least 29 species of Aphids, such as Adyzus persicae or Aphis craccivora
(Edwardson and Christie, 1986). WMV has been known to be transmitted by mechanical inoculation
and to infect more than 170 plant species belonging to 27 families (Shukla ez af., 1994). At the
molecular level, WMV is closely related to SMV in most of its genome and could consider as a
divergent strain of this virus, moreover, it also appears to share a recombination with Bean common
mosaic virus (BCMV) in the P1 coding region (Desbiez and Lecog, 2004). The first report of full-
sequenced WMV was from France (WMV-Fr) (Desbiez and Lecog, 2004) followed by China (WMV-
CHN) (Wu et al., 2006) and Pakistan (WMV-PK) (Ali ez af., 2006).

Most of the genes that used to identify WMV were using the polyprotein (P1) gene or the Coat
Protein (cp) gene. Helper component proteinase (He-pro) was not used before to relate WMVs to cach
other. He-pro known to fulfill many functions in viral life cyele (Urcuqui-Inchima ef af., 2001) it was
recognized as indispensable helper factor for wirus host-to-host transmission by Aphid vectors
(Thombury er af., 1985). It has a protease activity to release itself from the precursor polyprotein
(Oh and Carrington, 1989). Not only He-pre has a general enhancer function of infectivity and genome
amplification but also cell-to-cell and systemic movement in plant (Kasschau ef af., 1997). Recently
it has been identified as a suppressor of Post Transcriptional Gene Silencing (PTGS)
(Anandalakshmi ez af., 1998, Brigneti ez al., 1998; Kasschau and Carrington, 1998, Pruss ef af., 2004).
Due to new molecular methods have been emerged as a new trend to resist plant viruses such as using
RNA Interference (RNAIi), it is important to identify and know the genomic sequence of the
viruses of interest. In this study we isolated the He-pre from a viral isolate used to be known in
Egypt as ZYMV but post gene isolation and sequencing showed its similarity to WMVs. This step
was very important in order to resist WMV using molecular techniques which would be impossible
since it was known to be ZYMV. A comparative study between the WMV-Eg and WMV-Fr,
WMV-CHN and WMV-Pk was performed to show the relationship of the Egyptian isolate to the
other isolates.

MATERIALS AND METHODS

Virus Isolation and Propagation

Leaf samples of watermelon plants cv. Giza 1 showing virus-like symptoms were collected from
the open field at Agricultural Experimental Rescarch Station, Sids, Bemi Suef Governorate, Egypt.
These samples were transferred to the lab in ice and kept at -20°C till used.

The infectious sap was prepared and then Eskandarani squash plants were mechanically
inoculated in the presence of an abrasive (Carborandom, 600 mesh) as described by Allam ef of. (2000).
The inoculated plants plus the control were kept for symptoms developing under controlled
greenhouse at biocontainment rooms for 4 weeks.

ELISA Detection

The Double Antibody Sandwich (DAS)-enzyme-linked immunosorbent assay (ELISA) was
carried out using polyclonal antibodies specific to zucchim yellow mosaic potyvirus (ZYMV) raised
at AGERI, ARC, Giza, Egypt as described by Clark and Adams (1977).

RT-PCR

Total RNA was extracted from infected Eskandarani squash plants by SV total RNA Isolation
system (Promega) according to the mamifacturer's instructions. RT-PCR was performed according to
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the manufacturer's mamual of one step RT-PCR kit (QIAGEN) using Forward primer (ZvHpF) 5'
ATG TCG TCG CAA CCG GAA GTT CAG TTC TTC and Reverse primer (ZvHpR) 5 TTA CCA
ACT CTG TAA TGC TTC ATC TCG C designed according to the nucleotide sequence of HC-pro
of ZYMV strain KR-PA (AY278998, Kwon ef al., 2005). The reaction mixture (50 pl) was
containing: 400 pM dNTPs, 0.6 pM of each primer and 1.1 pg total RNA template. The thermal cycler
program was as the following: 50°C for 45 min; 95°C for 15 min for one cycle followed by 40 cycles
of 94°C for 45 sec, 50°C for 45 sec, 72°C for 2.5 min and 72°C for 10 min. The PCR product was
purified from the gel by the gel extraction kit (Qiagen) and cloned into pGEM-T Easy vector system
I (Promega) and transformed into Escherichia coli JM109 strain.

Sequencing Analysis

Three different clones carrying He-pro were completely sequenced in the genomic facility in
AGERI, ARC, Egypt. Each clone was sequenced in both directions by using M13F and M13R
universal primers using the Big Dye terminator reaction mix (Applied Biosystems). The sequences
were run on a 3700 ABI automated sequencer. Sequencher 4.1 (Gene Codes Corporation) was used to
assemble the contiguous sequences. BLAST searches {Altschul ef al., 1990) were performed on the
resulted sequence to verify authenticity before any phylogenetic analyses were undertaken. The DNA
and deduced amino acid (aa) sequences were also compared with the other He-pro from closely related
isolates of the same virus using GenDoc program.

Phylogenetic Analyses

The DNA sequence of the He-pro isolated from the WMV-Eg strain was aligned using Lasergene
Megaline program (DNAStar, Madison, WT) against the three He-pro sequences from the completely
sequenced WMVs (France strain AY437609, Chinese strain DQ399708 and Pakistani strain
AB218280). The sequences used for alignment were trimmed to the size of the He-pro gene without
the primer sequences used for PCR. The alignments were performed on the DNA and amino acid basis.
The ancestral relationships among the four WMV’s are presented as a phylogenetic tree created by the
lasergene megaline program.

RESULTS AND DISCUSSION

In this investigation, an Egyptian isolate of WMV, used to be known as ZYMV in Egypt, was
obtained. This virus was isolated from watermelon leaves naturally exhibited virus-like symptoms and
propagated by mechanical inoculation of the infectious sap obtained from infected squash plants
Eskandarani cultivar.

DAS-ELISA was used as a confirmatory test using polyelonal antibodies specific to ZYMV
which serologically related to WMV, ELISA showed that no positive reaction was found in the healthy
sample that used as a control compared to the infected plants which showed values ranged from 0.853
t0 0.918 at A,y nm (Table 1). The results indicate that the virus under investigation is either ZYMV
or related to it.

Table 1: DAS-ELISA detection of the FEgyptian isolate of WMV-FEg used to be known as ZYMV in squash plants
mechanically inoculated with the infectious sap extracted firom virus-infected watenmelon samples

ELISA detection

Dilutions

1:10 1:15 1:20
Samples ELISA value Result ELISA valie Result ELISA valie Result
Infected 0.871 + 0.918 + 0.853 +
Negative control (Healthy) 0.293 - 0.358 - 0.261 -
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Fig. I. ET-PCE analysis to confirm the WY anthenticity, M 15 1 Eb ladder (Fermentas), W refors
to the usage of WMV specific primers, 5 refers to theusaze of SMV specific primers and £
wfers totheusage of ZY MY s pecific primers

In Ezyvpt, the vims under nereshizationwr 5 wenbfied as ZYMY simece itusmally sives posihve
results with DAS-ELIS A azamst Z¥ MV arbbodies and s ince Watermmelon 15 one of the variable hosts
of Z¥ MV Dhring different stady to 1solate He-pro fiom Z¥ MY, ET-PCE was used toisolate the He-
prousing prmers desizred bsed on the Z¥ MV -sequence alizrument fiom the Basic Local Alizmnent
Seawh Tool(BLAZT). The 1sclated ~ 1.3 Eb wras clored 1n the pGEM-Teasy vector and sequenced.
Fesults showed that the 1solated He-pro 15 sivular to He-pro of WV,

In addition to0 perform ET-PCE and sequencing thwee tines, another PCE experiment
was pefonned to eliminate the possibility of WMV mpernnfecton with other wimses such
as SMV or ZVMV. The pimers used were desigmned to distmguish the WV, SMYV and
ZT¥MYV fiomeach ctherby tarpeting umgque DA sequence ineach vims . Al fovarard prmers wee
desizned based on the 5° UTE of the coat proten DHA sequences and the mverse primes wem
desizned based om a umgue region mn the 3° UTE of each of the viral genomes. The results
showed expected band (=~ 1kb) with the WMV -based prmers and no band with the SMV, or
Z¥MV-based primes (Fig. 1).

From the previons resalts, the wims under investigation can idemify as a newr Egyptianis olate
of WV (WHMV-Ez) [ne to the lack ofinfoematiom provided for the WV He-pro sequernce,
the alignment was pedonned wing the He-pro sequences fiom the complete zenome of WV
which were available recertly i 2004 for WHV-Fr (AY437609) 1olated 1n France and 2008
for WMVY-CHN (DQIFV0E) and WIMV-Fk (AB218250) 1solated from Clina and Palastan,
respectvely (Deshier and Leoog, 2004 Al eral, 2006, W et of | 2008). For the sake of acouracy,
the DH & sequernce homologoas to Z¥ MY pramers was escchided fom the DHA ahzmhent becase
thewr desizrs were baosed on the Z¥V MY sequence. The DHA alizmnent of He-pro of WHIV-
Eg, WMV-Fr, WMV-CHN and WMV-Fk showed 1595 mclectide differerces out of 13186y,
145 of them wer wanable amongst all WHVs while 30 of them were exchisive to WHV-Ez
alome (Fiz. 2). The miclechde differences m He-pro of WMV -Eg are the highest amongst all
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WHMV-EG 83
WMV-Pk 83
WMV-CHN 83
WMV-Fr 83
WHMV-EG 166
WMV-Pk 166
WMV-CHN 166
WMV-Fr 166
WHMV-EC 248
WMV-Pk 249
WMV-CHN 249
WMV-Fr 249
WHMV-EG 33z
WMV-Pk 33z
WMV-CHN 33z
WMV-Fr 332
GAGGG ATGGAGCACGTaAAGAAATTAATtGAaAGATCgACTGCAGAGAAT TGAgCTTaCAAACGTCAATGGAGATtGTgAG
340 * 360 * 380 * 400 *
WHMV-EG ATTA A A A A A SAAR 415
WHMV-Pk 415
WMV -CHN 415
WHMV-Fr 415
420 * 440 * 460 * 450 * 5
WMV-EG A A 5 2 5 A 498
WMV-Bk 498
WMV-CHN 458
WHMV-Fr 458
WMV-EG & G AA Clai AA TITGCTTTGT GATAA SGAMA ANEET
WMV-Ek . A TTTGCTT A 581
WMV-CHN A A 581
WHMV-Fr 581
WMV-EG 664
WHMV-Pk 664
WMV-CHN 664
WHMV-Fr 664
WMV-EG 747
WMV-EBk 747
WMV-CHN 747
WHMV-Fr 747
WHMV-EG 830
WMV-EBk 830
WMV-CHN 830
WHMV-Fr 830

GA CGTGCACGCAtGGCaTTGCAAGGtAAAAGGATAG AggGAACCAATGACAATGGCGTGCATTTC AGGCAgGATGGtAA

Fig. 2: Continued
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840 * 860 * 880 * 900 *
WMV-EG i 2GGARA : GAEC ET C 913
WHV- Bk 913
WMY-CHN 913
WMV-Fr 913

920 * 940 * 960 * 980 *
WMV-EG ! A AR 994
V- Bk 896
WMY-CHN 994
WMV-Fr 994
WMV-EG 1079
WIV- Bk 1079
WMY-CHN 1079
WHV-Fr 1079
0 * 1100 * 1120 * 1140 * 1160
WMV-EG T A i = ! 4 C 1162
WV-Bk 1162
WMYV-CHN : N FACE : 1162
WMV-Fr o g R ey TT VAT GEC LATGTTT =T GTGTAFATGETT( AWGTTTTH e : 1162
TGTtATaGTgCCAAAACT TGEGCAATGEGCC ACAATGTTTGAT GT GECCACAGLTGTGTALAT GTT GACAGT TTTCCATCCTG
WITV-EG 1245
WY Bk 1245
WMY-CHN 1245
WHV-Fr - ;1245
TTeGGEaTCTETS

WTV-EG ;1318
WHV- Bk ;1318
WMY-CHN ;1318
WMV-Fr LA A ATCAMAT ;1318

AAAGCTGGEACAGTQAATCAACT ATtCRAATTEGCATCAAATGACTETGCACA

Fig. 2. Nucleotides alignment of He-pro among different WM Vs isolated from Egypt, France, China
and Pakistan. He-pro of WMV -Eg showed the highest exclusive variable nucleotides (50 nt)
comparing to other WMVs which showed 30, 29 and 18 nt differences in WMV-Fr, WMV-
CHN and WMV-PLk, respectively

other WMVs, followed by WMV-Fr, WMV-CHN and WMV-Pk which showed 30, 29, 18
exclusive nucleotide differences, respectively. On the amino acid level, the alignment showed 21
amino acid (aa) differences amongst all 4 He-pro of WM Vs, 13 a.a. of them were variable among all
4 He-pro WMVs while 8 were exclusive to WMV-Eg alone. The He-pro of WMV-Eg has the most
exclusive a.a. differences followed by WMV-Fr by 7 differences, however on the contrary to the
DNA results, WMV-Pk showed more a.a. differences (4) than WMV-CHN that has only one
a.a. exclusive difference (Fig. 3). Although the DNA alignment showed nucleotide differences along
the whole DNA sequence, the a.a. differences were restricted to the first two third of the a.a. sequence
and the last third portion remained similar with only two a.a. differences. This indicates that the 3°
portion is the most conservative domain of the Hc-pro protein. He-pro known to be consists
of three regions: An N-terminal region essential in aphid transmission, central region has several
functions such as RNA silencing suppression and a C-terminal region has proteinase activity
(Plisson et al., 2003).
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200 * 220

*PEPITF
ISI@REPITM
FEE‘ITI‘

3z0
YIDLPATETDR
IDLPATETDR
YIDLPATETDR
Y IDLPATETDE.

* 380 * 410
K NAELPRILY

ELPRILV

NAELPRILY

ELPRILV

DHACQTMHVIDSFGSLTVGYHVLKAGTVNQLIQFASNDLh

114
114
114
114

171
171
171
171

228
228
228
228

285
285
285
285

342
342
342
342

359
359
359
359

Fig.3: Amino acids alignment of Hc-pro. He-pro of the Egyptian isolate (WMV-Eg) showed 8
exclusive a.a. which were the highest a.a. differences comparing to other WMVs

The phylogenetic tree of He-pro on the basis of DNA and amino acids of the 4 WMVs showed
that the WMV-Eg is close tothe WMV-Pk, while the WMV-Fr is cloge to the WMV-CHN
(Fig. 4 a and b). In spite of that when the three WM Vs (WMV-Pk, WMV-CHN and WMV -Fr) were
align together they showed confusing results. The alignment between the three WhMVs included
the Hc-pro, coat protein, P1 and the whole genome DNA on the basis of DNA and deduced a.a.
sequences. WMV -Pk was distant from the other 2 WMVs (WMV-CHN and WMV -Fr) when He-pro
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He-pro-Eg-DNA He-pro-Eg-DNA
® — r © o
[ ——a £
% Pr
157.5 23.2 CHN
T ] ] T r 1 T 1 1 T T T 1
140 120 106 80 60 40 20 0 20 15 10 5 0
Nucleotide substitutions (x100) Nucleotide substitutions (x100)
He-pro DNA He-pro AA
© i Fr (@) CHN
CHN Pk
130.5 K 3 Fr
T T T T T L T 1 1 T L) T 1
140 120 100 80 60 40 20 O 20 15 10 3 0
Nucleotide substitutions (x100} Nucleotide substitutions (x100)
© CpDNA o ® Cp AA —— Pk
.| . Fr .I | — L
CH CH
48|s T T T T T T T 1 L T T T 1
45 40 35 25 20 15 10 5 O 6 4 2 [t
Nucleotide substitutions (x100) Nucleotide substitutions (x100)
P1 DNA P1AA
(g Fr Fr
_|—|:0H |—| cH
291 .0 L] L] L} ) 1 1 Pk 16I2‘s T T T T T T T 1 Pk
250 200 150 100 50 [} 160 140 120 100 80 60 40 20 0
Nucleotide substitutions (x100) Nucleotide substitutions (x100)
) Whole genome DNA Fr i)} Whole genome AA CH
.|_| Pk .I | Fr
Il(}lslls L} L) T L] T T L] T IC:I_I 7?25‘2 T T T T T T L] T T L] IPk
SEFPSeP Lo vy FISSEFSSPSH 20
Nucleotide substitutions (x100) Nucleotide substitutions (x100)

Fig. 4. Phylogenetic tree of He-pro of the Egyptian, French, Chinese and Pakistani WMV isolates
based on DNA sequence (a) and deduced amino acids (b). A comparison between the French,
Chinese and Pakistani WMV isolates were made on the DNA level for He-pro (¢), CP (), P1
{g) and the whole genome (I). While, the same was performed on the deduced a.a. for He-pro
{d), CP (), P1 (h) and the whole genome (j). The scale under the tree indicates the distance
between sequences in substitution event units

(Fig. 4¢cand d) and P1 (Fig. 4gandh) were used for alignments on the basis of both DNA and a.a.
levels and also when whole genome was used on the basis of deduced a.a. only (Fig. 47). On the
other hand, WMV-Pk was groupesd with WMV-Fr and separated from WMV-CHN on the
basis of coat protein sequence (Fig. 4e, f) alignments of both DNA and a.a. and on the basis of whole
genome sequence alignments of DNA only (Fig. 4i). From the previous results we can include that
the isolate under investigation is a new Egyptian isolate of WMV (WMV-Eg) and it seems closely
related to the Pakistani isolate than the other 2 viruses, however, more sequences need to be done
to confirm that. Also we can conclude that the relation between these viruses can not be
confirmed by using one gene. Hence, the CP which is the most common gene used to relate viruses
in this group is not legitimate since it showed the most controversy results amongst the

other genes.
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