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Genes HC-Pro, CIP, NIb, and CP are known to be the most conservative in genome of the potyviruses. The
comparison of nucleotide sequences of these genes for 32 viruses of Potyvirus genus was carried out. The
fragments with the highest percent of identity were selected, amplified from full size cDNA of Turnip mosaic
virus (TuMYV), and inserted into a high-copy TOPO-vector, used for the transformation of competent E.
coli cells. The construction of vectors for plant transformation on the basis of commercial vector pBI1121
was performed. ¢cDNA corresponding to one separate (HC-Pro, CIP, NIb or CP), two (HC-Pro and CIP),
and three (HC-Pro, CIP, and NIb) conservative regions was inserted into the vector. The transformed cells
of A. tumefaciens carrying plasmids pBI121 were obtained.
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Introduction. Potyviruses, in particular — genus
Potyvirus, cause serious diseases in plants in all cli-
matic zones of the Earth, including Europe, Africa,
Asia, Oceania, North and South Americas [1]. Now-
adays there are physical, agrotechnical, biological,
and chemical approaches to fighting potyvirus infec-
tions of plants. However, regardless of wide applica-
tion, these approaches did not reveal sufficient effi-
ciency as they are not able to provide the complete
elimination of virus from plant organism [2].
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Since the presentation of the concept of patho-
gen-induced resistance (PIR) in 1985 [3], the direction
of searching the ways for relieving the plants of viruses
shifted towards the formation of transgenic plants, re-
sistant to the mentioned pathogens. Currently, there are
numbers of genetically modified plants, possessing ge-
nome regions of viruses and demonstrating high resis-
tance to the effect of the latter [4—6]. One of the ways of
obtaining this sort of resistance is the development of
transgenic plants on the basis of RNA-dependant si-
lencing of genes, which, at the condition of natural en-
vironment, is one of the most important mechanisms of
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plant protection [7-9]. This post transcriptional pro-
cess is initiated by molecules of double-stranded RNA
and results in degradation of complementary RNA [10,
11].

The application of transformation of plants using
Agrobacterium tumefaciens allowed obtaining a num-
ber of plants with high resistance to potyviruses [12,
13]. However, most of the experiments were aimed at
the application of certain genes to enable the resistance
[14—16], which turned out to be rather long-lasting, yet
it was disadvantageous for the possibility to be over-
come by other virus strains, i.e. narrow range resis-
tance. Minding the aforementioned, important task of
today is the development of wide range resistance to
numerous strains and types of viruses [5, 17, 18].

Current work was aimed at the construction of
transformation vectors, containing one, two, or three
conservative regions of potyvirus genome in order to
compare obtained resistance of plants to Potyvirus rep-
resentatives.

Materials and Methods. Selection of conservative
regions of potyviral genome. The comparison of nucle-
otide sequences of HC-Pro, CIP, NIb, and CP genes of
32  Potyvirus viruses using Bioedit software
(www.mbio.ncsu.edu/BioEdit/bioedit.html) and
DNAStar (www.dnastar.com) allowed selecting con-
servative fragments on the basis of percentage of iden-
tity and the presence of important functional regions.

Viral cDNA. Full-length cDNA of Turnip mosaic
virus (TuMV) was used as a source of DNA regions for
incorporation into the vectors for transformation of
plants.

Amplification of fragments. Amplification of con-
servative regions of genes HC-Pro (505 nt), CIP (620
nt), NIb (580 nt), and CP (455 nt) with TuMV ¢cDNA
was performed by PCR (denaturation — 1 cycle: 95°C/5
min; annealing — 30 cycles: 95°C/30 sec, 58°C/30 sec,
72°C/30 sec; elongation — 1 cycle: 72°C/5 min). To
amplify HC-Pro fragment, two primers were used,
namely pTuHCXbal
(5'-GCTCTAGATAATAATAACAGTCGAGTGTG-
3"), containing Xbal restriction site and two TAA
stop-codons, and mTuHCSaclXholKpni
(5'-CGAGCTCCTCGAGGGTACCGTGAATTTGTG
AGTTG-3'), containing restriction sites for Sacl, Xhol,
and Kpnl. Amplification of conservative region of C/P
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gene was carried out wusing pTuCIPXbalKpnl
(5'-GCTCTAGAGGTACCTAATAAAGACATATT
ACTAATGGG-3") primer, containing restriction sites
for Xhal and Kpn and two stop-codons, and
mTuCIPXholPacl
(5'-CCCTCGAGTTAATAAACCAACTTTCATCGT
TATT-3"), containing restriction sites for Xhol and
Pacl. To amplify NIb, the following primers were
used: pTuNIbPacl
(5'-CCTTAATTAATAATAACCTAGGAAAGATG
GGAG-3'), containing Pacl restriction site and two
stop-codons, and mTuNIbXholSall
(5'-CCCTCGAGGTCGACAATCATCTCCGTTGAC
G-3'), containing restriction sites for Xhol and Sall.
Amplification of conservative region of CP gene was
carried out using pTuCPAvriiSall
(5'-CCCCTAGGGTCGACTAATAAAATGGTTTAA
TGGTCTGG-3') primer, containing restriction sites for
Avrll and Sall and two stop-codons, and mTuCPXhol
(5'-CCCTCGAGAACGCCCAGTAAGTAATG-3"),
containing Xhol restriction site.

TOPO-cloning and verification of the presence of
fragments in TOPO-vector. TOPO-cloning of the am-
plified cDNA fragments was carried out using a com-
mercially available multicopy PCR 2.1-TOPO vector
(Invitrogen, USA), 3.91-10° nt long, in accordance to
the protocol (www.invitrogen.com). Vector-trans-
formed Escherichia coli cells were incubated in LB me-
dium (1% trypton, 0.5% yeast extract, 0.5 NaCl) for 1
hour at 37°C. After incubation, E. coli cells were inoc-
ulated onto LA selective medium (LB, 1.5% agar) with
IPTG (isopropyl-B-D-tiogalactopyranoside) and X-gal
(5-bromine-4-chlo-
rine-3-indole-PB-D-galactopyranoside). Eight separate
colonies were taken from each Petri dish to verify the
presence of HC-Pro, eight colonies for CP, two colo-
nies for CIP and five colonies for NIb. Selected colo-
nies were incubated in 1 ml LB for 8 hours at 37°C. E.
coli cells were centrifuged for 1 min at 1 000 g, then
supernatant was extracted and the sediment was added
300 pl of TENS solution (TE-buffer, 0.1 N NaOH,
0.5% SDS). After slight stirring, the solution was
added 150 pl of NaOAc and centrifuged for 2 min at
5000 g. Then supernatant was added 900 pl of 100%
ethanol and centrifuged for 2 min at 10 000 g. 100%
C,H;sOH was removed and then 900 ul of cold 80% eth-
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anol were added. After removal of 80% ethanol, micro
tubes were dried in air. Then micro tubes were added 50
pl of distilled water and stirred in order to dissolve
DNA.

Isolated plasmid DNA was used for amplification.
The sequence of fragments was also checked using au-
tomatic DNA sequencing system (Applied Biosystems,
USA).

Cloning of pBII2]. c¢DNA fragments of
conservative regions of HC-Pro, CIP, NIb, and CP
genes were cut out with TOPO-vector and
corresponding restrictases. To obtain the structure with
one conservative region fragments HC-Pro, CIP, NIb,
and CP were cut with Xbal and Xhol enzymes. To
construct the plasmids with two regions, HC-Pro and
CIP were cut using Xbal/Kpnl and Kpnil/Xhol enzymes.
To obtain the strucutre with three conservative regions,
HC-Pro, CIP, and NIb were split with Xbal/Kpnl,
Kpnl/Pacl, and Pacll/Xhol restrictases, respectively.
GUS gene was cut out of commercial vector for
transformation of pB/121 plants using restrictases Xbal
and Xhol.

Electrophoresis of restriction products was per-
formed in 1.2% agarose gel. Fragments, corresponding
to the sizes of HC-Pro, CIP, NIb, and CP regions as
well as vector pBI121 were cut out of gel and eluted us-
ing Micro Elute DNA Clean/Extraction Kit (Genmark,
Taiwan). Elution products were examined for the pres-
ence of DNA fragments by electrophoresis in 0.8%
agarose gel.

The regions were inserted into pBIl121 vector by
ligation with Fast-Link DNA ligase (Epicentre, USA).
To obtain the structure with one fragment of cDNA of
conservative regions, HC-Pro, CIP, NIb, or C were
separately inserted into pB/121. To obtain pBI12] with
two regions, HC-Pro and CIP were inserted into
pBI121, and to obtain the structure with three bound
regions in the vector, HC-Pro, CIP, and NIb were
added together to the ligation mixture. The mixture
was added the vector and fragments (1:3 ratio), 2 pl 10x
ligation buffer, 1 ul of 25 mM ATP, 1 ul DNA-ligase,
12 pl of distilled water. The mixture was incubated at
16°C for 8 hours. Competent E. coli cells were
transformed with 15 pl of ligation product using the
method of chemical transformation [13, 19] and
inoculated onto LA medim with kanamycin (50 mg/1).

Screening of E. coli cells for presence of plasmids,
containing cDNA of potyvirus genes. Six E. coli colo-
nies were selected from each Petri dish. Selected colo-
nies were incubated in 5 ml of LB medium at 37°C for 8
hours. Plasmid DNA was isolated using Plasmid
miniprep purification Kit (Hopegen Biotechnology En-
terprise, Taiwan). Fragments HC-Pro, CIP, NIb, CP,
HC-CIP, and HC-CIP-NIb were amplified by PCR.
Restriction analysis was performed with Xbal and Xhol
restrictases. Restriction products were examined by
electrophoresis in 0.8% agarose gel.

Transformation of A. tumefaciens using pBI121
plasmid. A. tumefaciens cells were incubated in 50 pl of
LB medium with 5 pl of streptomycin (50 mg/1) at 28°C
for 8 hours till CDgy = 0.5. The cells were precipitated
by centrifuging at 5 000 g (5 min, 4°C). The sediment
was dissolved in 10 ml of 0.15 M NaCl and centrifuged
at 5 000 g (5 min, 4°C). The sediment was dissolved in
1 ml of cold 20 mM CaCl,. 0.2 ml of suspension was
transferred into new micro tubes and added 1 pl of
plasmid DNA, isolated from E. coli. Micro tubes were
placed into container with liquid nitrogen for 1 min, and
then incubated at 28°C for 2—4 hours. A. tumefaciens
cells were inoculated onto LA medium with kanamycin
(50 mg/1) and incubated at 28°C for 2—3 days.

Verification of A. tumefaciens cells for the presence
of plasmids with one, two, and three conservative re-
gions. Plasmid DNA was isolated from specific bacte-
rial colonies of A. tumefaciens. The regions of HC-Pro,
CIP, NIb, CP, HC-CIP, and HC-CIP-NIb were ampli-
fied using PCR. Plasmids, isolated from E. coli cells,
were selected as control.

Results and Discussion. The efficiency of process
of RNA-dependant silencing of genes — the milestone
of resistance of transgenic plants — is determined as the
percentage of complementarity between RNA of virus
and DNA of transgene. Effective process of inactiva-
tion of virus RNA is achieved at 50+% of the number of
complementary bases [19, 20]. Thus, in order to con-
struct vectors, the primary task was to discover and to
select the most conservative regions in genomes of 32
potyviruses, with the purpose of increasing the possi-
bility of complementary binding with transgenic DNA.
The level of homology of 5'- and 3'-terminal ends of
potyvirus genes P/, P2, and Nla is less than 50% [1].
We carried out the comparative analysis of nucleotide
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Fig.1 Level of homology between nucleotide sequences of genome re-
gions of 32 viruses of Potyvirus genus, / — literature data; 2 — results,
obtained by us
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with positive RNA-genome [21]. CP region contained
highly conservative fragment of five codons, which
was shown for tobacco etch virus to be responsible for
replication of potyviruses [11]. The mentioned frag-
ments were amplified from full-length TuMV cDNA
using PCR. The results of amplification reveal the
presence of fragments, corresponding to the sizes of
conservative regions (Fig.2, a).

PCR products were incorporated into TOPO-vector
and transformed into competent E. coli cells. The latter
were inoculated onto LA medium with the inductor of
transcription of vector gene of IPTG galactosidase and
the product for splitting using X-gal enzyme. During
the insertion of PCR-product into the region of
galactosidase (/acZ) in Topo-vector, enzyme-encoding
gene was broken and therefore, was neither transcribed
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Fig.2 Electrophoregrams of amplification

x1000 b.p.

sequences of the following genes: HC-Pro, CIP, NIb,
and CP of Potyvirus viruses. These genes revealed the
level of homology to be higher than 50% (Fig.1). The
selection of conservative fragments depended heavily
on the presence of regions, responsible for vital func-
tions of the virus. Thus, amino acid sequence of
HC-Pro conservative region contained CC/SC motif,
responsible for the replication and systemic motion of
the virus, and RNA region, necessary for the transfer by
plant louses. Conservative region in amino acid se-
quence of CIP gene contains nucleotide-binding region
of CxxCxxGKS, specific for many helicases [1]. NIb
fragment contained three (I, II, and III) of eight regions,
conservative among all RNA-polymerases of viruses
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products of HC-Pro (1), CIP (2), NIb (3),
CP(4) with full length TuMV c¢DNA (a)
and amplification products of CIP, NIb (b)
and HC-Pro, CP (c¢) from TOPO-vector
(band number corresponds to the samples
of certain colonies, see text for explana-
tion)

nor translated. Thus, cells, containing Topo-vector, are
not capable of synthesizing galactosidase and of split-
ting the substrate. Consequently, they formed white
colonies vs. blue colonies in which X-gal interacted
with the enzyme. To verify the presence of inserted
fragments, five different colonies were selected for am-
plification of incorporated regions by PCR among eight
white colonies from lawn of E. coli cells, transformed
with HC/Topo and CP/Topo; two colonies from lawn of
E. coli cells, transformed with CIP/Topo, and two colo-
nies from lawn of E. coli cells, containing NIb/Topo.
The results of amplification revealed the presence of
fragments in Topo-vector, with their sizes correspond-
ing to the size of each conservative region (Fig.2, b).
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Fig.3 Electrophoresis of restriction products for determination of the
presence of HC-CIP-NIb in pBl12] (band number corresponds to the
samples of certain colonies, see text for explanation)
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Fig.4 Electrophoregram of results of PCR for the presence of HC-Pro
(1), CIP (2), NIb (3), CP(4), HC-CIP (5), HC-CIP-NIb (6) in A.
tumefaciens and in plasmid containing E. coli, respectively

Vector for transformation of plants pBI121, 14-10° nu-
cleotides long, with selective marker of
neomycin-phosphotransferase II (nptll), conditioning
the resistance to kanamycin, was used. Beside nptll,
pBI12] contained glucuronidase gene (GUS), which
was substituted by conservative regions.

The fragments were cut out of Topo-vector, while
GUS was cut out of pBI121. cDNA of fragments and
pBI121 were cut out of agarose gel for electrophoresis
and eluted.

To obtain the vector with one conservative region,
certain fragments of HC-Pro, CIP, NIb, or CP were in-
serted into the vector for transformation of pBIlI12]
plants. To obtain the plasmids with two fragments,
HC-Pro and CIP were inserted into pBI/21. Block of
fragments of HC-Pro, CIP, and NIb were also inserted
into plasmid to obtain the structure with three conserva-
tive regions. The presence of structure with three con-
servative regions in the vector was verified using re-
striction analysis. For this purpose, six colonies of E.
coli cells, transformed with HC-CIP-NIb/pBIl121 were
selected. Thus, the presence of DNA regions with cor-

responding size of fragments has been determined
(Fig.3).

Transformation of competent A. tumefaciens cells
was also subjected to PCR in order to analyse the pres-
ence of plasmids, containing conservative regions. The
data obtained reveal the presence of vectors in A.
tumefaciens cells, namely, 505 nt for HC-Pro, 620 nt
for CIP, 580 nt for NIb, 455 for CP, 1125 for block of
fragments of HC-Pro and CIP, and 1705 for three
bound regions of HC-Pro, CIP, and NIb (Fig.4).

Thus, we selected TuMV genes, which share the
highest percentage of identity with 31 virus of
Potyvirus genus. Conservative fragments of four
potyvirus genes were selected taking into account the
homology of nucleotide sequence and the presence of
important functional regions.

Conclusions. We constructed the vectors, con-
taining one conservative region of the genes HC-Pro,
CIP, NIb, or CP of Turnip mosaic virus. To compare
the levels of acquired resistance of transgenic plants
against potyviruses, multi-gene structures, containing
two conservative regions HC-Pro and CIP for TuMV
were obtained. We also developed vectors, containing
three conservative fragments of HC-Pro, CIP, and NIb
genes. One-, two-, three-gene structures were ob-
tained in transformed A. tumefaciens cells.CTBopeHHs
BEKTOpiB TpaHchOpMaLii POCIMH IJisi OTPUMAaHHSI
CTIMKOCTI JI0 TIOTIBIpyCiB

1. B. Kopueiiuyxk, B. IT. Honuwyx, II. JT. He

CozaHue BEKTOPOB TpaHC(HOpPMALMU PACTCHUH [UIS IOJIYy4EHUs

YCTOWUYMBOCTH K TOTUBUPYCAM

Peswome

Haubonee koncepsamugnvimu cpeou 6cex yuacmros 2eHOMAa NOMUsU-
pycos sisnsiiomest 2ewvt HC-Pro, CIP, NIb u CP. Ilpogedero cpashe-
HUe HYKIeOMUOHOU NOCIe008AMeNbHOCMU OAHHbIX 2eH08 Yy 32
supycoe poda Potyvirus u omobpansl obracmu, omauuaowuecs ca-
MbIM 8bICOKUM NpoYeHmom udenmuynocmu. Obracmu amniu@uyu-
posanu ¢ noanopasmepnou kJJHK supyca mozauku mypuenca
(BMT) u ecmpausanu 6 evicokoxkonutinviti TOPO-sexmop, komo-
poim mpancghopmuposanu Komnemenmusie kiemku Escherichia coli.
Croncmpyuposansl 6eKmopbl Mmpancgopmayuu pacmenutl Ha oCHo-
6e Kommepueckou naazmuosl pBI121, 6 komopoii ecmpoenvt K/[JTHK
omaenvro 0onozo (HC-Pro, CIP, NIb unu CP), 0eyx (HC-Pro u CIP) u
mpex (HC-Pro, CIP u NIb) koncepsamuerux yuacmkog cenoe BMT.
Honyuenvt  mpancpopmuposanuvie Agrobacterium
tumefaciens, Hecywue pBI121.

Knrouegvie cnosa: nomusupycwei, peszucmenmuocms, k/JHK,
I[P, mpancghopmayus pacmenuil.
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