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MOLECULAR CHARACTERIZATION OF AN EGYPTIAN
- ISOLATE OF TOMATO MOSAIC TOBAMOVIRUS
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ABSTRACT

Tomato plant is recorded to be one of the most economical vegetable crops in
Egypt. This crop was found to be widely and severely infected with tomato mosaic
tobamovirus (TOMV). An Egyptian isolate of ToMV was subjected to melecutar
characterization. The viras was purified from tobacco eaves using differential cen-
trifugation. The electron microscopy of purified virus preparation showed the pres-
ence of rod-shaped virus-like particles with a model size close to 300 X 17 nm. The
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) showed a single coat protein
band with molecular weight of about 17 KDa. ToMYV coat protein gene (cp) was iso-
lated and amplified using immunocapture reverse transcriptase polymerase chain re-
action (IC-RT-PCR) and its size length on agarose gel was found to be 479 bp. The
nucleotide sequence of the viral genome was studied, as a genome composed of
6383 nucleotides was sequenced and its organization was addressed. Furthermore,
the similarity between the ToMV-Egy genome and some overseas isolates was de-
termined. Similarity between ToMV-Egy and five TMV isolates from USA, Austra-
lia, China, Japan and Russia was ranged from 79 to 99% and from 55 to 98% based
on the nucleotide sequence and the deduced amino acids, respectively .

Key Words: ToMV, Purification, SDS-PAGE, Coat protein, IC-RT-PCR, Genome,

Sequence
INTRODUCTION National Agricultural Library sites
http://nile.enal.scieg)). The virus dis-

Tomato (Lycopersicon esculantum L)  eases were found to be the most serious

is one of the most economical vegetable
crops worldwide which is subjected to
different pathogens (Broadbent, 1964;
Brunt et al 1996} .In Egypt, the culti-
vated area of such crop at the year 2003
was about 430207 feddan and gave a
yield of about 6328725 tons (Egyptian

diseases as they reduce the yield as well
as the quality of such crop (El
Hammady et al 1983).

Tobamoviruses were reported to be
one of the most economically important
virus group infecting tomato (Vam
Regenmortel e al 2000). Brunt ef af
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468 El-Borollosy; El-Afifi; Sadik and Abdel-Ghaffar

(1996) reported that tobacco mosaic
tobmovirus  (TMV) causes mosaic

symptoms with financial foss ranged from

12 to 33 % of tomato yield.

The stability of tobamoviruses can be
recognized as their longevity in vitro is
several years and concentration in sap is
often over 1 g/t (Harrisor et al 1971) so
virus yield can be high as 10 g/kg of fresh
infected tissues (Stace-Smith and Mar-
tin, 1993). The virus particles are rigid
helical rods with 300 nm in length and 17
nm in width (Harrison et of 1971 and
Sadik et al 2000), having five percent ss-
RNA with a molecular weight of 2x10°
Da surrounded by coat protein subunits
with a molecular weight of 17-18x10° Da
(Brunt et al 1996).

The size of Tobamoviruses genome
was found to be 6383-6395 nt and con-
sisting of three genes coding for repli-
case, movment and coat viral proteins
(Ohno & al 1999 and Geolet & af
2002).

Several ToMV strains have been
placed into two groups depending on the
location of the assembly origin within the
last stretch of 1000 nucleotides.The as-
sembly origin of group 1 (common strain)
is located between 850 to 975 nt from the
3' end, and that of the group 2 {Cowpea
strain and cucumber green mottle mosaic
virus) is between 300 to 500 nt (Fukuda
et al 1980 and Meshi et al 1983).

This investigation aimed to study
some molecular characters of an Egyptian
isolate of ToMV, therefore isolation, am-
plification and determination of ToMV-
CP genc size using IC-RT-PCR were
carried out. Sequencing the viral genome
of this isolate and its relationship to some
overseas TMV isolates were also nnder-
taken,

MATERIAL AND METHODS

Virus source

In this study, an isolate of ToMV was
obtained from Laboratory of Virclogy,
Department of Agricultural Microbiol-
ogy, Faculty of Agriculture, Ain Shams
University, Shubra El-Kheima, Egypt.
This isolate was biologically confirmed
by mechanical inoculation on some dif-
ferential hosts, ie. Datura metel, Nico-
liana glutinosa, N.tabacum cv. White
Burley, Lycopersicon esculantum
ev.Duke and finaly maintained on N. ta-
bacum cv. White Burley .

Virus purificartion

Two hundred grams of systematically
ToMV-infected leaves from V. tabacum
cv. White Burley were frozen in liquid
nitrogen and ground into a fine powder.
The virus was purified using differential
ultracentrifugation as mentioned by El-
Ahdal et al (1984). The fina! pellets were
resuspended in 1 mi of 0.05 M sodium
phosphate buffer, pH 7.2 and kept at 4°C.
The purified preparations were evaluated
by electron microscopy as a negative
staining technique described by Milne
and Lesemann (1984) was used for de-
termination of the virus particle morphol-
ogy. The grids were examined with a
Philips 400T transmission electron mi-
croscope, Electron Microscopic Unit,
Specialized Hospital, ‘Ain Shams Univer-
sity, Cairo, Egypt.

Purified preparation was also evalu-
ated spectrophotometry and viral yield
was calculated according to the equation
given by Noordam (1973).
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Raising polyclonal antibodies specific
to the ToMY isolate

Antiserum against the ToMV was
prepared by injecting two adult New Zea-
land white rabbits (2-4 kg) with purified
viral preparation according to the method
described by Makkouk and Gumpf
(1976) .The injections were at one week
interval, first dosage (3.5 img) was taken
intramuscularly with complete adjuvant,
the second was injected iniravenously
(2.5 mg). The third and the fourth injec-
tions (3.5 mg each) were taken intramus-
cularly with incomplete adjuvant The
normal serum was obtained before start-
ing the injection schedule by bleeding the
rabbits. The clarified serum, was pipetted,
placed in Eppendorf tubes and stored at -
20°C.

Isolation and purification of immu-
noglobulins G (IgG)

1gGs were isolated from the antiserum
according to Steinbuch and Audran
{1969). One ml of virus antiserum was
added to 2 ml of (.06 M sodium acetate
buffer (pH 4.8) and dialyzed three times
against the same buffer; 0.082 ml
Caprylic acid was added with stiming and
teft for 30 min at 28 °C. Mixture was cen-
trifuged at 8000 rpm for 10 min; super-
natant was dialyzed two times agaiust
0.05 phosphate buffer (pH 7.2) for 4 h.
The IgGs were precipitated using satu-
rated ammoninm sulfate and collected by
centrifugation at 8000 rpm for 10 min
Pellets were resuspended in 1ml distilled
water. Concentration of IgG was adjusted
to 1 mg/mi (1.4 optical density (OD) at
280 nim) and stored at -20 °C,

Antiseram titer

Indirect ELISA (I-ELISA} (Koenig
and Paul, 1982) was used to determine
the specificity as well as the dilution end
point (DEP) of the purified antiserum.
Twelve double fold dilutions of the an-
tiserum were use against clarified ToMV
tobacco infectious sap. As a control, the
normal serum (dilusion 1/2) and healthy
sap were used.

SDS-PAGE of ToMYV coat protein

The molecutar weight of coat protein
snbunits of ToMV was determined by
SDS-PAGE using 4% stacking gel on a
12% resolving gel and the buffer system

“as described by Laemmli (1970) and

Shukla and Ward (1988).
Molecular siudies
1- IC-RT-PCR

IC-RT-PCR was caitied out according
to Weidemann and- Maiss (1996) with
some maodifications for the isolation and
amplification of ToMV-CP gene. Purified
virus particles were captured in ToMV-

. 1gG coated wells of an ELISA plate. The
“viral RNA was released by adding 25 pl

of Tris buffer [10 mM Tris-HCL (pH 8.0)
containing 1 % Triton X-100] to each
well and ELISA plates was kept at 65 °C
for 5 min. The cDNA was created using
the coat protein gene reverse primer and
Moloney Murine Leukemia Virus Re-
verse Transcriptase (M-MLV Reverse
Transcriptase). The following primers
were used for the amplification of CP
gene:

5'ATGTCTTACTCAATCACTTC3 (for
ward) and 5"ATTTAAGATGCAGGTG
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CAGA 3’ (reverse) (purchased from Invi-
trogen Corp., USA). A 50 pui PCR reac-
tion mix contained the primers (1pM fi-
nal concentration cach), Taq DNA poly-
merase (1.0 U), 200 uM of each dNTPs,
1X PCR reaction buffer . Reaction was
overlaid with 50 p! mineral oil. PCR con-
ditions were 94°C - initial melting for 3
min followed by 35 cycles of 94 °C /1
min, 55°C /1 min and 72°C /2 min, with
72 °C /10 min final extension.

The PCR product was analyzed on |
% agarose and the size kength of the CP
gene was determined using Gel-Pro Ana-
lyzer software (Media Cybernetics,
USA).

2. Sequence of the ToMV genome

The nucleotide sequence of the fuil
length of ToMYV isclate genome was de-
termined using Sanger's dideoxy method
(Sanger et al 1977). The method based
on the fact that a nucleotide with a dide-
oxyribose sugar (missing OH group on 3'
carbon) terminates polymerization of
DNA. A primer complementry to one
spot of the viral cDNA was annealed, The
anncaled templates were separated into 4
tubes each having all 4 dNTPs and only
one of the dideoxy (ddNTP). DNA poly-
merase was used for the syanthesis of new
strands in the presence of 355-ATP. The

. products in each tube (different radio-
labeled population of nucleotide frag-
ments) were analyzed on polyacrylamide
gel using gel documentation system.
ToMV full genome sequencing was done
at  Molecular  Virology  Group-
Biotechnology, Group-Department of
Plant Biology, The Royal Veterinary and
Agricultural University (KVL), Copen-
hagen, Denmark,

Sequence analysis

DNA sequences related to ToMV ge-
nome of different isolates were collected
from GeneBank (http://www.ncbialm
nibLgov). These isolates are from;
Australia [NC 002692, Lee et al 2002
(Personal  communmication)], China
[AS395129, Shao et al 2001 (Personal
communication)], Japan {(X02144, Ohno
et al 1999), Russia {Z92909, Belenovich
et al 1997 (Personal communication)] and
USA (NC_001367, Geolet et al 2002).
These sequences were aligned with
the nucleotide sequence of the Egyptian
ToMV  (ToMV-Egy) using the
DNASIS software (Hitachi Software
Engineering Co., Ltd.). DNA sequence
was transiated to the deduced amino acids
and aligned using DNASIS software.
Similarity between isolates was carried
out using GeneDoc software
(http://www.psc.edu/biomed/genedocs) and
phylogenic trees were drawn using
MEGA?2 software (hitpv/iwww.megrsoftware.
net/)

RESULTS & DISCUSSION

The ToMYV isolate causes severe mo~
saic symptoms on tomato plants was
propagated on N. fabacum cv White
Burley after it was biologically confirmed
and found to give necrotic local lesions
on D. metel and N. glutinosa plants, se-
vere mosaic and mosaic ccompanied
with vein banding on tomato and tobacco,
respectively, These results were also re-
ported by Brunt et al (1996).

Purification of ToMYV isolate and its
evaluation

A virus yield of about 4.9 mg/ml
(about 86 mg per 100 gm infected ¥. fa-
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bacum cv. White Burley leaves) was ob-
taincd with a good purity, A = 1.541
and Assoneo Of about 1.37 . The yield of
tobamoviruses, which are very stable and
present in large quantities in infected
plants, was about 100 mg of virus per 100
g infected tissue {Stace-Smith and Mar-
tin, 1993). The purified virus preparation
was negatively stained with 2% uranyl
acetate and results in Figure (1) showed
the presence of rod-shaped panicles
measuring 300 nm in length and 17 nm in
width which found to be in full agreement
with Brunt et af (1996). Resulis showed
that no virus particles were obtained from
the healthy tobacco plants.

Figure 1. Electron microscopy of purified
virus preparation stained with
2% uranyl acetate (Mag.
X60,000).

Production of antiserum

For the ToMV isolate, a specific
antiserum was produced, [gGs were
purified and its titer was determined
using [-ELISA. Data in Table (1) show
that antiserum reacted up to dilution of
172048 with clarified infectious sap and
no positive results were obtained with the
healthy sap among the [-ELISA tech-
nique. This result agrees with that found
by El-Ahdal et af (1996).

Table 1. Determination of antiserum titer

using -ELISA.
Dilution ELISA value Result
at Agsnm

Undiluted 2.173 +
172 2.001 +
1/4 1.446 +
1/8 1.351 +
/16 1.319 +
1/32 0.953 +
1/64 0.705 +
1/128 0.661 +
1/256 0.630 +
1/512 0.495 +
171024 0.403 +
172048 0.195 +
174096 0.060 -
Control* 0.087 -

{1/2). +=Positive.

*=Clarified infected sap with normal serum
—=Necgative.
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Molecular weisht of ToMV-CP

Results in Figure (2) show that the
SDS-PAGE analysis of the punfied
ToMV preparation indicated that ToMV-
CP appearced as one band with a molecu-
lar weight of about 17 KDa . This result
was agreed with that found by Gabrial
and Lister (1973); Parent et ol (1985)
and Matthews and Dodds (1998) who
reporied that MW of TMV-CP was 19, 16
and 17.5 KDa, respectively.

30
20.1

144

Figure 2. 12% SDS-PAGE of purified
virus preparitions (Lanes 1
and 2). M: Protein marker

(Promega, USA),

El-Borollosy; EI-Afifi; Sadik and Abdel-Ghaffar

IC-RT-PCR

The agarose gel analysis of the [C-
RT-PCR product indicated a single band
with size length of 479 bp which is the
expecied size for the ToMV- CP gene
(Figure 3). Such result was in harmony
with that found by Choi and Park
(1986) and Geolet et al (2002).

M(bp) 1

& N

2000,

500

479bp
400 il

100

" Figure 3. IC-RT-FCR. for the amplifica-
tion of ToMV- CP gene . Lane
M . DNA Ladder (Promega,
LUSA), lames 1, 2, 3&4:
ToMV-CP gene,

Sequence of TMV genome

The nucleotide sequence of the full
genome of the applied ToMV isolate was
studied. Results in Figure (4) showed that
the genome is consisted of 6383 nucleo-
tides, represents three gencs as shown in
Figure (5). The replicase gene (rep gene)
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1 GTATTTTTAZAACAAT T ACCAACAAZAAZAAT AR R AATAR I ATIAZATTTTACATT
Untranselated regisa

€l CTACIAE TACAATGCCATACACA T AARI ASCCACATCC TCCOCTTTGC T TGALACCGTCC
¥ = T 2 K Q P 4 FE P L CLREP S
121 GAGG TAATAATACC TT GG TCRACGATC TTGTAAASCGG TS TUTATATGAZAZALC GG TG
E VvV T I P ¥ 5 T I L Qg &8 G VYV T X T Qg R S5
101 ATGAATTIAATCL TAGGGAS CGLALGC CTARAS TUAATT T I TC TAAAG TAS TAAGC CAAG
M N L ML G T A G L X S5 1 F P X * * A K
241 AALRGAS GCTTAT TGO AAL CARAGC CTACCORGA AT TCCARMAT TACATTC TACARC A GC
N R R L L QP XK PT QNS5 XKL B STTR
301 RGARCGC TG TGCAT TCCC TIGCASGL LG T CICCOATCA TTAZRATTCLAATATCTGATGA
R T L CI P L O AV $ DHE " EKENNTI = *
361 TGCAM T TCCCTACGGATCAT TGACATATGATATCGGAGG TAATTTIGCATC TTATC TGT
C X F P T DH * HE M 1 8§ £V I L & L I C
421 TCARAGGHCOAGCATACGTTCAL TGS T TATGC COAATE TGRATG TCCGIGATATAATGE
5 K G EH T FT AY C R I ¥ XS AT *C
48] GOOMGRGGGCTRAMGLRALNG T BT FaAMN TATACCT T TC TAGGC TCRAAGGGGL AN
G TR AKRT V * N YT LGS RGAT
541 AACACGTCCCAMAL TTCCAAAMGGAASGT T TTCGAL ACAT ACGUTRAM TGCCARMAL GANG
H T &2 ¢ T S X A X L 5 T DTTL.XCAQTK
€01 TAGTC TG TCALGATAC T TCCAML G TG THGGCATTC TCASGAA TG T TAC AL GGGAAGAS
* 3 vV 7?71 L S KRV &I L RBEFEY T RTITE
[ 13} TGTATGCTATIGC T I TGCATAG TATATACGATATACC TGS COACGAE TTCGLCLCGGIAL
- €Ml LLlL €1V Y T I Y L P T S S AADRMNIR
121 TGC TGAGARALAA TG TACATG TG TG TTATGCCGC T TTCCAC T TTCCGAGATTTACTIC
€ = E R M Y M C V¥V MM P L s T TF P®PR“LI YT
1 TCGAAGATTCACACG TCAMCCTCGATGAGA T TAATGCA TG TTTCCARMGAGA TCGIGACA,
$ X I & 7 5 T 3 M R L KW ¥ V¥V 3 KT NMNE T
84l GO TGACTT I TICCT I TGCATC TRAGAG TAC TCTTAATTATAGTCATAGTTATTCTAATA
¢ * L Fr P L ¥ LRV LL I IV IVIULI
901 TICTTAAGTATGTI TCCARAL TTACT TCOCAGCC TC TAATAGARGAGG TITACATGAAGG
rLs»uxrFrAKILT S QP LI TTTRXTFT * R
961 AGTTTTTAF T AACTAGAG TARATACCTLG T TT TG TAAM T TT T TAGAATAGATACTTICT
s r* * L L * 1 # 6 F VY »r L E * 1L S
1621 AT TG TACAGGG TS TAGCHCAT AAGGGE TG TALA T AC TEASCAL TT T TAC ARG YA TG
Y CTRY * R I RNV * T VYV S S PFTRI1L1LDUYW
1081 AGACGCATGCCAL TACAMAAGAC TCTTGC A TCTICTTAG
KTEGT?KILLRCA!VK!SC'
114} MGATTCTTCATCAG TTAATTACTGG TT TCCAMMAA TCAGGGA TATGG TGATAG T TCCAL
» I L B QLI TG F C K * G I W~ * TR
1201 TATTTGACATATC TC TCGAGAS TAG TAAAAGAAC AL GCAMGASG TCTTAG TTTCANGGG
Y LT Y L S RL Y KT N AKRRS * Qg G
1261 ACTTTCITIATACAGTG TTAAATCACATTCE TACG TACCAGEUIAAMUGCGCTTACTTACT
T L F 1 @Q¢C * 1 T ¥ VY AR T X PEKARNLLT
1321 COANCGTGETIATCTTTUG TCEAATCRAT TCG TTCRACAG TRATCAT TAN GGG TTACTG
P TCTLS S ¥ 2 TF V R ¢ = 35 L T G L L
13e1 CTAGGTCTGACTGGOA TG TCGAT A M TCAT TATT ACAG TCCTIGTCCATGACOT T TTCC
L 6L $ ¢ s I ¥ 8 ¥ Y & P CR * R 5 5§
1641 TACATACCAAGE TTGCCC T TCTEAAALAL GATC TT T TGA T TAGCAG TTTCCAC TTIGG IC
Y I 3 L pP7T? * K T 1 TF * L A S LELY
1301 CAARIALC TG TCTCALRACA TG TOTCCaA TGALA T T ICCOTAGE TTTCLGCAATECTITCC
Q XK L § E N M C G MM K F F * L § A NL 3
1561 CATCGATUALGAAAA TTGAT AAALCGGAAAL TGA TCAMA TTACGGALAA TUC S TTAG
¥E R $ R XD * * T G N * 8§ KL R RMWDRK *

1621 AGATCAGGG T LA TC T TTATG TCAC TTTCCATGATASS T IAS TTTCTGAS
R = G C P T F w3 L 3 ¥ 1 6 °* F L 3 T K
168} TC T AL TCEACA TGCC o TRl TACACA T T AL CAMAGER T AR ML TOALCAMATCT
¢C g ¥ *TCRARC® TLGEKGTYTIEKIEKTLHRIEKSTC
1741 MAA TG A T I CRATCTATC TETAS T TAMAMA TTCALAM RAS T TCCA TS TIGATCITT
t M EC? I Y LTYTLIEKTIAGTTS S S ®RILNRKT
[§_1e} 8 TTTCCCAGATGTCOCAG TCTT TAGAAG TCGATCCAA TCAC TUCLASCAMSG TAATAC TAG

Figure 3. DNA sequence and deduced amino acids of the full genome of ToMV-Egy
isolate.
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r P AC AT L * X 3 3" L2 QR @
CASTTATZACCAMC GACAG TG TC TTAC TC TCAL S TT THAA MWCCCAL COAGGC TAATG
g L * A THAN VY ¥ LL 3 ARL NI PPFALMN
TTELGCTAGCAT T AACA T TC TRAAMGCGL TTC THA TSGCGSTTSG TAGT TACC TCAA
Lt K * # C X I L X R LLMXOGK WY * L P 3
CACAICTTAGGAAC TG TCCATAAAGGG TTCCATGECCCG THG TIAG TIGCAATTSOCCG
£ HL R MCP *" R Y R & P VY I 8 C N Y P
GATTATC ToGCGACG T TCC T SAA IC TTCATACAL TASCR AL CACGACAT IGAG TC I TCG
5 ¥ L AT F L ® L ® TL G TR AR L S5 L 5
ALLAG T T ICATATSOCAN AGC TAG TTCG TTAAT TEATAMCC ACA TG TG TTCCATCS TS T
s s £ ¥ g QqQ LV R~ P 38 A2 CcCV AT
ACACSOGCL T TCTTAAAG TTCAA AAATCAMAAAL T TTATASALAGCC TGG TACCC TC LS
T & AL L K P ¥ K * X T L * T AW * P R
TCTCTGE IGCSG TG TUGAMATE TAG MEAMCA TCC TAAAAUA AL AGCCSCGAT TOACC T TG
s LLRC R I ®*" *" K 3S * K I g @R L T L
AAAL TCG TCAAMMG T TCGLAG TTC TGRA TG T TGC TTCGAAAMGG TGO TAL TTAMMCCA T
X LY X 3 $ K F¥»®nlLLRXXGS * L N H
COGCAMGAM CATGCATGOGEGG PTG T TGAGAC TCATGCGAGGAATATCACGTCGCAT
P QR T M H G S L L ARLMRGHMETI T S H
TACTGCAGCAGATCAAT T TCGCA TTATCAC G TGLGATAA TOGCGAC GGG TCGE TG TGA
Y ¥ S T M N F ALSAKATIT GDG WL "
GTICTCAGTCCG TAGTATATTC TSATA TOGE TAAS TCAGGAC TCTCAMAGATTGCTTA
¥ L 3SR *" Y I LI W®LNXS3SG L * XKDCL
AAMGATGGAGAAC CACAC GTTAGT TCAGCAMAGG TOGTT TTGGTHGATGGC G T TCCAGGGT
K % E N B T L Y q QR ¥T % 4 4 AF Q6
GLSGGAIMACAMMLGIIA T T TITCCAGAG TTAATTTTCAACAACA TC TAATIC TG TCC
A G X QR K F raegcidlLKKCT?:I* r L s
CTOGTCGTCAAGE TSCCGAGA TCA TCAGAAGAALGACE TAATGE STCCGGCATAATAG TCG
L VYKL PR®* 3$ R EEKETLMBERA®*Y-* ¥
CTACAMGLATAA TG TGUGOGLCG TCRATICATTC TTGA TEAA TTACGLGLAMAGGGLC AL
L AR I MCA P S I H S * = I T G X G H
GETCICAG TICAAMAGATTG T TCA TAGACGAALG TTTCATGC TGCATAC TCGTIGTG TGA.
AV 3 $ X DC S * T KV " CCTIULUVVY "
ATTICTICG TIGAMATC ICTC TG TRCGATAT TGCATATG I TTATCGAGAC AL CCAAC AAA
L 3 ¥ L X C L CATILIILMKMTEMTETOPHNIK
TTCCGTACA TCAACAGAG TAAL TGG TITCCCG TACCCTGOACAC TTTCLAAAATTGGALG
£ R T 3 TE * LV $ATLHNHTILQQNUVWR
TCEACGAAG TCGAMCMGAAGAAC TAL TC TTCG TTG TCCGGC TATSCCACACATTTCT
s TX S KQgQETETLTLTU PV VY R L M P ¥ ¢t 3
TAMTCAAAGG TATTAAGG ACACF TAATG TGCACG TC TTC TSAMACAMA TCAGTTTCCC
I K G MK DJ T " CARLLINXKRBRNGTE®®
AGGAAATGG TTAG TGGGGE TG G TC TATCAATCE TG TS TCCAAGC CGC TTAAAGGGSAAA
R K ¥ L ¥ 5 L ®% L $ [ L C @ %8 RLXG X
T IR T T T AL AG TC TG AL AAGLAGGC CCTTE TC T AAGGGGE TATHCAGATG TCC
F *" L $H S LT A&RAPF S Q2 G AMITMS
ATACTGTACATSAGG TACAAGS THASACTTATFCAGACG TA T ST TAG T TCGAC TAACAL
E L ¥ M a4 ¥ X ¥V RELE MG T Y &R = F p v o
CTACGCCTS TATE TATCATC FCAGGAGACAG TCCECA TG TTC T TC TCGT TG TCAAGAS
L R L YL 5 8 3 E TV AMPF S 3 A CQOD
ACATAAAA TCC TARAG TAC TACACCG TTS THATSGATCC TTTAGTTAG TATCATAAGAG
T I NP " 35T T P L = WIL * L VY 5 * £
ATITAGAAC GG T TAG TAGTTACTTATTAGACA TG T ACAML TAGA T CAGG TAC TCAAT
T * NG L ¥ ¥ T ft * T C T XK * Qv L N
AGCAA T TALAGG TC AL T TG TG T T TAAMAA T T TCAATC T T TT TG TAGEAGC TCCAAAGA
3 ¥ YR 3 T L CLKXKTI 3 I L T JL QR
CTFRAGATATATC TRATATCCAA T T TAC TATCATAAG TG TC TTCC THGGAACAGCACGT
L. 28I ¢t L I € NN FTMI S VY F L G TAR
TE TR AL TACCACGE TG TTACCATIAAA TTRAL TRACATITC TC TGAA TG TCRANG
€ * T TrTTLLGP®P "N * L T FL *" N S35X
ATTHATATTAZA TATS TU TAASG TE TG TAGE TOC TCCGAMAGATA TCAAMCAAC TTTAR
I A Y * I' ¢ L 8 L * L LRKMSNSJL -

Continue
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Molecular characterization of tomato mosaic virus

TACCGAZGE TACGARS GO GO ALEAA TG C TCGL TASAT TLGAL TSI TGGAAAATITAG
Y R w Y ERRNRQGg X C L ARLDCY KT "
TIGC GATGATTAMAGARAT TT TRAAT TCACCAGAS TTS TOVGRAG TAS T TGATATTREAL
L & * L Xx £ I L I B Q S C P E * LI LK
ATACTRCATCT T IAG TG TAGATAAL TTT TTTGATAS TIATITACITAAGAMAAAAGAA
-I LA L * w * 1 % F L I ¥ I Y LRIEKTETL
AACCAME AR AMA T T T T ICAC TCT TTAG TACASAS T TC TUAR TALG TCGRATAGCAMAS L
¥ ¢ T K I F B CLVYVETSTILSTI GG * Q8
AACAN AL TCAS MR T IGE TCAS TTGGCC AATT I TEATIT IS TGRATC TICCALCCGTTG
X B X 5 ¢ L Y S5 ¥ F I L I L V¥ 1 T QP L
ATCASTACAGGCATATGAT TARAGL GLAAZCOAR SO A S A TCOATC TG TOAAT TOAGA
I §$s TG I ~ L X PR N R S RMEKEUYI CQFRMR
CAGAATATCCALL G T TG ARAL GATTG TG TATCAT TLARA LA A AR TCAALGCAATAT T T
¢ N1 ¢ B ¢ KR L C 11 QR IK $ T ¢ Y L
GTCOICTT T T CAL TOAGC T TACAAGFCAAT TAC T T JALAT T ATT GAL TCAAGCAGATTS
¥ L Fr s v 5L Q&GN Y LTV LT Q AD S
TG ICTT T ACGAGRAAGAC RS C LG TOASATEGRASA T T IO T SGAASATCTALALASTC
C S L REL R Y RLRS K 5 35 ET* TV
ATGTOOCARTGGACGTALTTGARGT TECATATTTCGAAS TATGATAAL TC TCARAAC GAGT
M 53 ¢ w T ¥ L $ %W I F R 5 M I 5 L X T 5
TTCATIGTGC TG T TGAGTACGRAATCTGGAGGAGAL TASG TCTOGALLATT TCTTGGAS
¥ I ¥V L L STX S O3 G6GD-®* Y W R I 5§ ¥ O
AAGTGYGEAAACAAGCGCATAGARAAAC CACTC TGAMAIATT ACAC TGO TGGTATARARA
K ¢ & ¥ ¥ ¢ 1 E ¥ P L * ¥ 1 T L L VY * X
COTGTITATGG TACCAGAGAMGAG TGO TGATGTTAC A TTTTATCGG TAATALCGTCA
R vV Y &G T REPRVYVY ¥V M L ¢ LT L SV 1 P S
TCATTGCTTOG TG TC T TECATCAATGL TCCOGATGGAMMAATTGA T AAINGCAGCCTICT
$ L LRY LHAHQIC S R V¥ EK X * * KT P S
GCGCAGA TGACACTTTG T TGTACTTTCCTAAGGG TTCTSASTATCCCGATATACAACANG
A I M T VY CCT T L AV VY S 1 I Y NK
CTGCTAATC TAA TG TERAA T TT TS ASGL CAMAL TS TTCAALAASCAA TATGLC TACTICT
L LI * ¢ 66 I LR P NCSESNNMNGTS
GLGLEAGG TALGTGAT TCATCACGAT AGASG TTGCATASTATAC TACGACCUT TTGAAGT
A G G T *.FrlI T I £ VYV A *TYTTT T L = §
TGATIICGAMME T TGLTGE TAAMACA TCAAGEA TR TCAT TTHRASGAS TTCAAA
* ¥R N L VY LNTS R I I I WA S s L
GATCLUTCTGTGATG TTGC TRAGTCOTTGARAC AR TTGCES TATTACACACAA TTGGAC G
D FS VvV HLL SR * TTITARTITITRNTTT
AL GO IS TGLGEAGG TTCATARMAL LG CCCAC U TGO T S TT TS T I TATARGAL TTTAG
T L LG KR TF¥ I X P P R LV R L TF I RV *
TTAAGTATT TG TCAGATAPMAG TTTIG TTTAGAMGTTTATT IC TTGATGGC TCTAG TTG IT
L § I € ¢ 1 XK F CLEV Y F L MK ALVYY
AMGGTANCGTARATATTAATCAL TTTA TCOA TP MOAMAS TCTGAGAAMLTTCICICS
kK G X ¥V K 1 » £ F I p L S X 5 ¢ X L L P
TCGATSTTCAL GCCTE TAMGAG TG TTATCE TTICAMGET TTRA TAAGATTATGETC AT
2 M T T PV K 8 V M ¥V 5§ ¥ VvV IO K I M ¥ H
GAAMATGAATCATTIG TCTGAAG TAAATC TCTTAMAAGT TG TAMMM TTATAGAMG S TGGA
L £ S L $ ¥ V N L L EKGV FKKLITILIGG
TATG TG T TAG TT GG TC I TG T TG TC TCCGG TRASTCGAA T T TACCAGATAATTGCCGT
Y ¥ C L V&l y vy 35 ¢ £ ¥ 52 L P D NCKR
GGTGG TG TGAL TS TCIGCA TGO TTUACRAGAGAA TEOAMMACL CLACGAACCACATTG
& B vV S ¥V M ¥V DK R WM I ADIPT L
GLGTCATATT ACACTGCUTGL TOC TARMARLC GG TT T A T TTAMAS TGO TC LA TT AL
G 8 Y Y T A A A KKRVF QFEKVY VY P ¥ Y
GOTATTACAM AMAGCATGEALAARASI A AT AT G A ICTT MG TAAATATT ARLALTY
¢ I T T Kb ATLIINKNWNXIIUV¥ VLV " I KN
GTARAA T GAG TOC G T ACT G CCT I e AT AL BA T G TETCIG TG TS TATICTT
vV KM S AG Y C P L S LT F V 5 V C IV
TATAMAMITAATATAMATTGGG T T WAGGLAG AAAS TAM GAT TG TGAM GA TUEAGA
Y KN NI K L &€ L & ¢ ¥ ¥V T § V 5N D G G
CCCATGGAAC TT PCAGAACAAG TTG TTGATGAG TTCATGAGAA TG T TCCARTGTCSCTT

Figure 4. Continue
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P % L ST EV Y DL FPFHRENVYVYUPHKTSV
AGACTCGCARAGTTTCGARS CAMTCC PCARARASAGG TCCRARMATAATAATAATTTA
R LA KT RTKZS S X RGP N NNMNDNL
GG TAAGGGGCG T TCAGGCGAAAGGCCTAME CAARRAS T T T TGATGAAG TTGGAMAASAS
G K G R 3 G GRUPKUPOXSTDEVYGNKTLE
TTIGATAAT T IGAT T AN A T LAMLE COACAL CTCLE TCCCGRATTCTRATTCETATTAA
F oL I EDEATET SV ADS DS Y *
ATATGTCTTAL TCARTCAC TIC TCCATCGRATTIC TG TTITIG TCATC TG TATGGGC TG
! £ L T 35 L L B kKR N L CFCUHLYG L
RCCCTATAGRAT TG T TARAC G T I TG TAZAMATTCG T TASG TAAC CAGT TTEAAMCACRGE
T L * NC* T TF ¥ 2.I R = V T S F KBRS
AALCAMINC TAC TG TCANCAGCAG TTCAGCGALG TG TERARMCTTTCCCTOAGAG L
K g E L L F N 3 5 3 A RCGNILS L ERA

CCGTCAGATTTCCTGGCGATGTTTATAAGS TG TACAGG TACARTGCAG TTTTAGATCCTC -

P $ D FLAMTPFIRCTGT HOQT EF®*I1
TAATTACTGCGT TG TGGHGTCTTTYGATAC TAGGAA TAGAM TAA TCLANS TAGMAN C
* L LK C W SGELLILGIE * 3 K * KT
AGCAGAATCCGACAAMCAGC TGAAALG TTAGA TGC TACCCGLAGGG TAGAL GACGCTACGG
S R I R Q QL XBR * ML P AKG *" T T L A
TIGCAATTCGATC TGC TATAMATAATTTAGTTAATGAAL TAGTAAGAGG TAL TGGACTAT
Lo rp Lt L * I T " L uN®** ¢ VLODY
ACAATCAAMATAC TTTTGAAAG TATG TC TGGG T TGGTC TGGALCTCTGCALCIGOATCTY
T I X I L L KV C L 6V¥ S ¢ PLRLRL
MATGCATAGETGCTGMATATAAG TT TG TG T TICTAMMACACACG TOGTACG TACGAT

K Untranselated region
MG TAAGTCTTI T TCCC ICCAL TTARATCGMAGGG TAG T TC T TUGALLGEGCLEAG T
Untranselated reglon
AAMNCATATATGGTTCATATATG TOCE TAGGCACG TAMAAGC GAGGGATTCGAATTCEC
Untranselated region
CCGRAMCLCOCGGTTGGGECOCA
Untranselated region
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Figure §. Organization of ToMV-Egy genome.
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stants from 72 to 4922. The movement
protein gene (mp gene) starts from 4906
to 5700. The coat protein gene (cp gene)
staris from 5703 to 6182, These genecs
started with ATG and ended with TAA,
as start and stop codons, respectively, as
shown in Table (2). The size length of
rep.mp and cp genes were 4851, 795 and
479 and encoded three proteins with mo-
lecular weights of about 184 , 30 and 17
KDa, respectively . Data of Sadik ef al
(2000) indicated that MW of TMV-RNA
was about 6400 b, i.c., 2 X 10° Da Choi
and Park (1986) reporied that the MW of
TMV-RNA was 2 X 10°, 2.03 X 10°Da
and 2.1 X 10°, respectively.

The nuclectide sequence of the
ToMV-full genome in this study and the
deduced amino acids were compared with
five overseas TMV isolates from Austra-

477

lia [Lee et af 2002 (Personal communica-
tion)] ,USA (Geolet et “al 2602), Japan
(Ohno et al 1999), China {Shao et al
2001 (Personal commusicaiion)] and
Russia [Belenovich et 2f 1997 (Personal
comunication)]. Similarity ranged from
79 10 99% and from 55 10 97% between
the ToMV-Egy isolates and those of
overscas were obtained based on DNA

- sequence (Table 3) and deduced amino
acids (Table 4), respectively.

The 5-terminus of the ToMV genomic
RNA is capped with 7-methyl gnanosine
which is necessary for virus infectivity ,
this result agreed with (Knapp and
Lewandowski, 2001). Both 126 and 183
KDa proteins are translated directly from
the genomic RNA and are required for
efficient replication (Ishikawa et al
1991 and Lewandowski & Dawson,

Table 2. Comparison between the organization of ToMV-Egy genome and five TMV

isolates from different countries

Genome rep gene mp gene cp gene
Isolates (52252) Start-Stop (I)Kl\]([)‘:; Start-Sop (P KB;[): Start-Stop (PKNI{)‘:;
Australian 6383 724922 184  4906-5700 30 57036182 17.5
ATG-TAA ATG-TAA ATG-TAA
Chinese 6395 69-4919 183 4903-3709 3¢ 3726191 176
ATG-TAA ATG-TAA ATG-TGA
Egyptian 6383 724922 184  4906-5700 30 37036182 17.0
ATG-TAA ATG-TAA ATG-TAA -
Japanese 6384 724922 180  4906-3700 30 37036182 17.0
ATG-TAA ATG-TAA ATG-TAA
Russian 6383 724922 184 4906-3700 30 57036182 17.7
ATG-TAA ATG-TAA . ATG-TAA
American 6395 694919 183 4903.5709 30057126191 170
ATG-TAA ATG-TAA ATG-TGA

PMW = Protein molecular weight.
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Tuble 3. Similarity (%) between the DNA sequences of full genome of five TMYV iso-
lates compared to ToMV-Egy isolate.

{solates Australian C hinese  Egsptian Japanese Russian  Amcrican |
Australian * , .
. Chinese 79 *
| Egyptian 99 79 s
i Japanese 99 79 98 *
. Russian 99 79 98 99 *
American = 79 - 98 79 79 79 *

Table 4. Similarity (%) between the.amino acids sequence of ToMV-Egy and five TMV
overseas isolates. : ' ' '

Isolates  Australian Chinese Egyptian Japanese Russian  Amencan
Australian *

Chincse 55 *

Egvptian 97 54 Sk

Japanese 98 54 97 *

Russian 98 ) _ 54 97 97 *

American 54 95 55 55 55 *

2000). The 30 kDa MP and the 17 kDa
CP are expressed from individeal 3 ~co-
tcrminal  subgenomic mRNAs (Knapp
and Lewandowski, 2001) ‘The MP is
required for both cell-to-cell and fong-
distance movement,and is expressed early
in the infection process (Watanabe et al
1984 and Lehto et al 1990). CP is re-
quired for long distance movement in
many hosts and is expressed later in in-
fection, reaching maximal accumulation

24-72 h post-infection (Siegel ef af 1978},

The 37 untranslated region (NTR) can be

" folded into a scries of pseudoknots

(Knapp and Lewandowski, 2001) and a
terminal {RNA-like structure that will
specifically aminoacylate with histidine.
The 5°-NTR is a strong translational en-
hancer (Gallie and Walbot, 1992} Both
the 5°- and 3'-NTRs contain cis-acting
elements required for replication (Taka-
matsu ¢t al 1991; Buck, 1999 and
Chandrika et al 2000},

The phylogenctic analysis of the pre-
scnt nucleotide (Figure 6) and deduced
amino acids (Figure 7) showed two main
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Figure 6. Phylogenetic analysis of different TMV isolates. A tree based on the DNA
scquences of full genome of five TMV isolates compared to ToMV-Egy

isolate.
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Figure 7. Phylogenctic analysis of different TMYV isolates. A tree based on deduced
amino acids of full genome of five TMV isolates compared to ToMV-Egy
isolate.
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groups. The first group included isolates
from Australia, Japan and Russia. The
second group included isolates from
China and USA. The ToMV-Egy isolate
was found to be too close fo the first
group with similaritics 99 (Figure 6) and
97 % (Figure 7) on the basis of DNA se-
quencing and deduced amino acids,
respectively. On the other hand, the
ToMV-Egy isolate was too far to be an
isolate in group two. As its identities with
the second group as shown in Figure (6)
and Figure (7) were 79 and 54 %, respec-
tively.
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