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Nucleic acid sequence comparison between the Egyptian strain (G!IfJ) and the
American strain (ND18) of Barley Stripe Mosaic Virns (BSMV) revealed a high degree of
sequence similarity of y RNAs. comparing to PRNAs t_)l' both su'ains..' On (he u[her hand
nucleotide and amino acid sequences of the two strains revealed differences in the §°
untranslated region (UTR) between the coat protein and b gene. It was clear that, five bases,
and 18 out of 116 amino acids were found different, three amino acids insertion. and one
amino acid delction. Little differences were also observed regarding the 5 UTR of RNA ya,
as six nucleotides were chanued. 12 out 162 amino acids were differed and one amino acid
deletion. G119 strain was cross reacted specifically with the monoclonal antiserum raised
acainst the coat protein of NDIS stain and the two coat proteins were indistinguishable in

their sizes

INTRODUCTION

Barley Stripe Mosaic
Hordeivirus (BSMV) is one ol the
most  dangerous  viruses  alfecting
batrley and wheat all over the world.
The importance of this virus comes
from its seed transmissibility in
extremely high percentage (Brunt ef
af.. 1996, Sutic et al.. 1999. and Zein.
Salwa. 2002). BSMV is a positive
sense-stranded RNA  virus composed
of three genomec.ff. and y that encode
a total of eight proteins (Donald er al..
1997). BSMV has an attractive system
for dissecting components. which
contribute to common mechanisms of
viral replication and movement. In
addition 10 the ease with which
biologically active recombinant DNA
clones can be isolated from different
strains of BSMV (Donald et al.. 1993).
Recently, distinction among related
viruses and related strains based on

nucleotide sequence analysis of viral
coal  protein  genes provide more
critical — examination of intravirus.
interogroup. and intergroup variations
than previously had been possible
(Solovyev et al.. 1999). In the present
study PCR technique was applied to
differentiate between the Egyptian
strain G119 and the American strain
NDI8 of BSMV. The sequence
analysis of portions of the genome of

strain G119 was compared with the

corresponding  of NDI8  strain.
Morcover the SDS-PAGE  eluted
protein  of G119 was reacted
specifically  with the monoclonal
antibodies raised against ND18 using
western  blotting  technique.  The
molecular weight of the coat protein of
the Egyptian strain  (G119) was
identical to that of the American strain
(ND18). it was 22KDa.

The barley stripe mosaic virus (BSMV) genome
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MATERIALS AND METHODS

Virus isolates

The Fgypuan stran (G119) of
BSMV  previously  isolated  and
identificd by Zein Salwa (2002) was
propagated on batley plants cv. G119,
The Amenican strain (ND18) provided
by Jackson's laboratory at the Univ. Of
Califormia, Berkeley, USA  was
propagated on barley plants cv. Black
hulless. The infected plants were kept
under greenhouse conditions (27-30
°C). Barley leaf seedlings of cv. G119
emerging from infected sceds were
used for western blotting assay.

Oligonucleotide primers

In the present work four
pnimers Kindly provided by Jackson
were used as shown in Table (1).

Nucleic acid extraction and reverse
transcription/polymerase chain
reaction (RT/PCR)

The total nucleic acids were
extracted from barley leaves infected
by the Egyptian strain (G119) and
other infected by the American strain
(ND18)  following the method
described by Halpern and Hillman
(1996). The reverse transcription
reaction (RT) was performed in 20 pl
total volume using the Thermoscript
RT-PCR reaction Kit (Gibco-BRL). 50
ng of random primer was incubated
with 10 pg-5 pg of total nucleic acid
and /or ND18 viral RNA (provided by
Jackson’s laboratory) at 65°C for §
min and the mixture was placed on ice.
Ten pl of the reverse transcription
reaction  mixture contained 0,01 M
DTT, 400 U/l RNase OUT, 2 mM
dNTPs mix, and 15 U/ul Thermoseript
RT enzyme was added. The reaction
mixture was transferred to a thermal
cycler preheated to the following
conditions: 25°C for 10 min, followed

by 20-50 min at 50°C, then the RT-
reaction was terminated by incubation
at 85°C for 5 min (Donald et al,
1997). Four primers were used in the
present study 10 ng/ul of each of
oligoncleotide 492 base pair fragment
of the f} genomic the upstream primer
660 downstream primer bb-4  as
shown in (Table 1) and base pair of
oligonucleotide 559 bp fragment of the
y genomic upstream primer 5 gamma
and downstream +557 as shown in
(Table 1). The reaction mixture was
incubated at 95°C for | min, annealing
at 48°C for | min and extension 73°C
for 3 min for 25 cycles The PCPR
products were electrophoresed 1n
agarose gel. Ten pl of the reaction
mixture containing 8 pl of the PCPE
product for Bb+UTR for genomicf and
yatUTR for genomic y and 2 ul of
loading dye were analyzed on 1%
agarose gel dissolved in 1X TAE
buffer (Sambrook er al , 1989 1nd El-
Banna, Om-Hashem er o/ 2000) in

the presence of 0.5 mg/m! ethidiom
bromide and photographed withy M
Polaroid camera under U\

transilluminator (wavelength '245 nm
The size of the PCR produc

we:lghtofDNA markers | Kilo b.1~':

Table (1): The nucleotide scquences
of the four primers are illustiatcd

Primer | Nucleotide sequence

(1) ~660 §" TCATTTCCAGATC

= , ..{
(2) bb-4 s’ ceccrrmuc,\nm. 3
() H'gamma | 5* GTATTAGCTTG AGC Ml 1
(4) +557 bAALtlIlALiHLn\L:
Cloning
I-Ligation;

The amplified PCR products of

[ and ¥ genomes were cloned directly
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into TOPO-TA cloning kit (Invitrogen
company  pamphlet). The PCR
products TOPO s linearized with 3°
overhang of (T) residues, this allows
the PCR inserts to ligate efficiently
with the vector. The ligation reaction
was performed in § pl total volume
reaction, 10 ng of PCR products and 10
ng/pl of TOPO vector. The ligation
reaction was incubated for 5 min at
room temperature and then placed on
ice until one shot transformation
reaction starts.  TOPO'™  cloning
provides a highly efficient. S min, one
step cloning strategy for the direct
insertion of Taq polymerasc-amplified
PCR product into a plasmid vector.

TOPO™ cloning exploits the
ligation activity of topoisomerase by
providing an activated, linearized TA
veclor using proprietary (echnology
(Shuman, 1994).

2- Bucterial transformation

Two pl of the ligation reaction
was carefully transferred into .50pl
competent £ coli bacteria. strain
DH3a into tube. The tube was shaken
gently and placed on ice for 30 min.
The mixture was heat-shocked for 2
minutes in a water bath at 37°C. After
addmg 300 pl LB medium at room
temperature. the mixture was incubated
for Ih at 37 °C with shaking. 50pl
aliquots of the transformation culture
and 40 pl X-gal were plated together
onto duplicate LB-medium plates. The
plates were incubated overnight at 37
“C.  White colonies  containing
recombinant plasmid were tested by
restriction analysis of mini-preps.

3-Isolation of recombinant plasmid DNA
Jrepareation

Single white colony was
inoculated separately into LB-medium
with ampicillin (80mg/ml) overnight,
at 37°C in shaking water bath.
Recombination plasmids were
extracted using alkaline lysis mini

preparation procedure (Maniatis ef al.,
1982).

I-Restriction analysis of
minipreparation of plasmid DNA
(digestion)

Mini preparations were
analyzed by digestion with restriction
enzyme and gel electrophoresis
(Maniatis e/ al., 1982). Restriction
enzymes used for recombinant plasmid
digestion for each clone is listed in
table (2). The digestion reactions were
heated at 37 °C for Th. then terminated
by addition 3 pl loading buffer and
electrophoreses in agarose gel in TAE
buffer. The minipreparation was used

for kit sequencing.

Table (2): Restriction enzyme used
for recombinant plasmid digestion in

minipreparation

Restriction
Clone Vector

enzyme
i TOPO- EcoR1.
L TA Nocl
genomicf)
bl TOPO- EcoR1.
o TA EeoRl
genomic y

DNA Sequencing

Automated DNA  sequencing
reactions were performed according to
Rubio ¢/ al. (1999) using the MI3
reverse primer. Sequencing reactions
contained 3pl sequencing mix (Big
Dye Terminator Cycle Sequencing
Ready reaction Kit in conjunction with
the ABI PRISM TM 337 Genetic
Analyzer from PEPKIN- ELMER
(Applied Biosystem Division Foster
City 6. CA. USA). 3 ul sequencing
buffer, 0.7 pl S pmol/pl primer, and 1
sl DNA. Sequencing reactions were
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placed in a thermal cycler for 25 cycles
as follows: 95°C for 30 sec, 50°C for
15 sec, and 60°C for 4 min. Reactions
were precipitated with S pl 3 M
sodium acetate pll 5.2, 50 pl 100%
ethanol, and incubated at room
temperature for 15 min. Samples were
centrifuged at 14,000 rpm for 20 min,
rinsed with 796 ethanol and dried. The
sequencing reactions were analyzed on
a 5% sequencing gel and compared the
sequence between the RNA of the
Egyptian strain  (G119) and the
American strain (ND18).

Western blotting for protein analysis

Ten barley grain cv G119 were
separately planted and the leaf tissues
were homogenized during 10-14 days
after planting according to the method
of Donald et al. (1993). Samples were
centrifuged at 14,000 rpm for 3 min
and the supernatants were separated
using a polyacrylamide gel electrophoresis
(SDS-PAGE) composed of 10%
resolving gel and 5% stacking gel. The
running parameters were 70V/U using
Biometera vertical cell. Proteins were
transferred onto nitrocellulose
membrane using transfer buffer at
100V/1h: 30min, the membranes were
blocked overnight in 3% (w/v) milk
powder in TBS buffer at 4°C.
Followed by washing in TBS 3 times 5
min each. The membranes were probed
with an monoclonal antibody (provided
by Jackson’s lab) diluted (1:3000)
raised in mouse against the BSMV coat
protein then washed 3 times 5 min
each. The membranes were probed
using a secondary antibody, goat
antimouse conjugate with horseradish
peroxidase (1:7000) and developed
using West Dura extended (Pierce) and
photographed by X- Ray film
Radiogaphique Fujimedical. The size
of the protein was determined
according to the molecular weight of
protein  ladder Prestained Protein

Ladder (molecular weight ranging
from 10-200 KD) using SDS-PAGE.

RESULTS AND DISCUSSION

Nucleic acid extraction and reverse
transcription  polymerase  chain
reaction (RT-PCR)

RNA extracted from Dbarley
plants infected with the Egyptian strain
of BSMV and others infected with the
American strain NDI8 were reverse
transcribed using random  primers
followed by polymerase chain reaction
(PCR)  which amplified BSMV
cDNAs. No PCR products were
obtained when ¢cDNA generated from
uninfected barley plants using the same
procedures (Fig.1). The results show
that the two strains have approximately
492, 559 cach when compared with
1kb DNA ladder that used as a control.
Similar results had reported by Donald
et al. (1997). On the other hand UTR,
Bb gene didn’t gave good band in order
to appear obviously because the primer
designed to NDI8 strain which,
confirmed when we performed
sequence to this gene which indicated
that there were differences in
nucleotides between them.

Cloning and sequence comparison
between the two strains

The PCR products amplified
fromf}, and y cDNAs of the G119 and
NDI8 strains were cloned and
sequenced, The sequence of the
Egyptian strain (G119) was compared
with the American strain (ND18). The
sequences of two strains were
highlighted (Fig 2 and 3). In particular,
when the the untranslated region
between the coat protein and fib gene
of the two isolates were aligmed. Data
presented in (Fig 4) show five bases
that differed. Moreover, amino acid
sequence analysis for the two isolates
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in the same region revealed 18 out of

116 amino acid were different, three
amino acids insertion and one amino
acid deletion (Fig. 5). In the case of the
5* untranslated region the nucleotide
sequence analysis of RNAya ol the two
isolates revealed that six nucleotides
were changed (Fig 6). Whereas amino
acids sequence analysis showed 12 out
of 162 amino acid were differed and
one amino acid deletion (Fig 7)

TOPO™ cloning  provides a
highly efficient. 5 min. one slep
cloning strategy for the direct insertion
of Taq polymerasc-amplified PCR
product into a plasmid vector. Toro™
cloning exploits the ligation activity of
topoisomerase by  providing  an
activated, linearized TA vector using
proprietary  technology  (Shuman.
1994).

In the present work, an attempt
was made to compare the Egyptian
strain (G119) strain of BSMV. which
is prevalent in barley in Egypt with the
North Dakota (NDI8) strain. Data
revealed a high degree of sequence
similarity of y RNAs. comparing to f3
RNAs of both strains. This result is in
agreement with Jackson ¢r «l. (1991)
and Solovyev ef al. (1996). Nucleotide
and amino acid sequences of the two
stramns (G-119 and NDI8) revealed
differences in the untranslated region
(UTR) between the coat protein and ib

492 bp

pene, five bases were differed, 18 o
ol 116 amimno acids were differed, three
amino acids msertion, and one amino
acid deletion. Little differences were
also observed regarding the 5 UTH of
I{NA “”A)‘.’l, SIX N I-'ulull". werne

s changed, 12 out of 162 amimo acids are

differed and one amino acid deletion
The  N-terminal  domamn  found i
BSMV shown to have a role mn the
BSMV b protein RNA  binding
activity in vitro, and these  domains
have little sequence similarity amony
the BSMV [ib proteins  Therefore
exchanges  of the fib Neoterminal
domains between G119 and NDIZ
could provide clues to their specificity
in interaction with virus RNA in vivo
(Solovyev ef al.. 1996 and 1999). This
hypothesis is in agreement with data
showing that BSMV b bound RNA
without any specificity in  vitro
(Donald er  al.. 1997).  These
differences in strain character provide
an excellent opportunity for structure
studies of the genome and genectic
analyses of  biological phenomena
(Jackson ¢/ al.. 1991 and Sutic ¢f o/ .
1999). Nevertheless.  comparison

between virus strains will undoubted!y
lead to the better understanding. how
virus structure is related 1o biological
activity.

559 bp

Fig (1): PCR amplication of portions of the {3 and y cDNAs from the BSMV NDI8 and G119
solate. RNA extracted from BSMV-infected plants or vieal RNA was reverse transcribed using
random primer followed by PCR amplification using the primers <660 and bb-4 (A), or S'gnmm:
and 4357 (B) PCR products were analyzed on a 1% agarose gel Lanes!. size markers: lanes 2
NDIE ¢DNA clones: lanes 3 NDIE vRNA: tanes 4. NDIS infected barley: lanes —f-. (Hl.;;

infected barley: Yanes O, unindected barley
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(COCTETTEANGCOOTARAAGGATGTACATATCTATC AT T AT TTTG M TATTTATTTTCTTTTACT
10 20 30 4) 50 60 T
I8 UR  CCTOCTOTTGARGOGGTARAAGGATGTACATATGIATCT, nﬂmam

GL19 UR ccrﬁcmmmmmmmmmmm VYITTIGTTTAT

e
TPPAGTITT]‘GCPPTTMCGCT‘I‘PMCFAGHTGTPTIGACTITASCC

90 90 100 10

D18 UR TTTAGTTTTIGCTITITA RACTAGATGTATTGACTITAGCC
GUI UR  TTTAGTITTICCTITIT PAACTAGATGTATTGACTTTASCC

0

™0

17
117

Fig. (4): An _a!ignmenl of the nucleotide sequence of the untranslated region between the coat protein
and Bb gene in RNAP of the ND18 and G119 strains.

IT15 beta b
cll¥ oeta b

1S beta b
G118 beta b

MMCETY 'E:E.‘TI"F"EC' 'i""' [7E SI‘IP:" 5 I‘; ;I'I .l'f'E BSSTbEI..!ETLI"'Jr.II;fI'P[m JE\ Ib-sl* g ﬂJ.:

TO EU 3{,'- ﬁU 5[} 60 "0
MOUTK TVEE NG DSy K GRS TIPAVP TG 2HG » #GDLSSTSKLXE TLKVADQTPLSVINGAES AL 63
IOV TETVEEK TS :]If?':llbIIP:f.":TZfJFJLHGDESSTaELRETLKWNJTPL‘-T'u'Etuy.‘{?:y Bt

B3 P T T R I I
:l'";F\""J"P}J.r.‘I'i" | i:.E"IJ (PER rrwf <3 ::;‘_‘FF.B_-:::}SF_ET-HJLH-;_*;
3 % 06 19
DSSDRQ2GPYLATT/EKEPELKPNVKKSKERRIQKP; ACFSRPNCLKG
DSSGRG TAPKLATIVEFY PELNHKIKESKXKRN)TPPAQOSRENDLES

Fiv (5 ali . ; : .
¢ (5). An alignment of the amino acid sequence of the amino-terminus of b proteins of the NDIS

and G119 strains.
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5 B gt |

11 12
g

Fie. (8) Analyses of G 119 infected seed. Samples were analyzed by SDS-PAGE followed by western
bkhming using antiserum Raised against the coat protein of the ND I8 strain of BSMV. Lanes|. 8. NDI$
infected black hulless barley: lanes 2-12, leaf samples grown from G119 infected seed: lanes 7, 14

uninfected black hulless barley.CP = coat protein

Western Blotting for protein analysis

The coat protein of the Egyptian
strain of BSMV purified by SDS-
PAGE was cross reacted specifically to
the antiserum raised against the coat
protein of American strain North
Dakato 18 (ND18) isolate of BSMV.
using western blotting analysis. Four
out of ten plants grown from cv Giza
119 cultivar infected seeds reacted
positively in the presence of the coat
protein of BSMV strain.

In these experiments Black Hulles
barley cv infected with the NDIS8
isolate of BSMV was used as a
positive control (Fig 8). The molecular
weight of the coat protein of the
Egyptian strain G119 was identical to
that of the American strain NDI8

being 22 KD. Solovyev e¢f al. (1999) -

used western blotting analysis for
studying the BSMV triple gene block
(TGB) and compared it with pou semi
latent Hordeivirus (PSLV) and Lychnis
ring spot Hordeivirus (LRSV).
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