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Genes HC-Pro, CIP, NIb, and CP are known to be the most con ser va tive in ge nome of the potyviruses.  The
com par i son of nu cle o tide se quences of these genes for 32 vi ruses of Potyvirus ge nus was car ried out.  The
frag ments with the high est per cent of iden tity were se lected, am pli fied from full size cDNA of Tur nip mo saic
vi rus (TuMV), and in serted into a high-copy TOPO-vec tor, used for the trans for ma tion of com pe tent E.
coli cells.  The con struc tion of vec tors for plant trans for ma tion on the ba sis of com mer cial vec tor pBI121
was per formed.  cDNA cor re spond ing to one sep a rate (HC-Pro, CIP, NIb or CP), two (HC-Pro and CIP),
and three (HC-Pro, CIP, and NIb) con ser va tive re gions was in serted into the vec tor.  The trans formed cells
of A. tumefaciens car ry ing plasmids pBI121 were ob tained.

Keywords: vec tor, cloned DNA (cDNA), Poly mer ase Chain Re ac tion (PCR), trans for ma tion, re stric tion
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In tro duc tion. Potyviruses, in par tic u lar – ge nus
Potyvirus, cause se ri ous dis eases in plants in all cli -
ma tic zones of the Earth, in clud ing Eu rope, Af rica,
Asia, Oceania, North and South Amer i cas [1].  Now -
a days there are phys i cal, agrotechnical, bi o log i cal,
and chem i cal ap proaches to fight ing potyvirus in fec -
tions of plants.  How ever, re gard less of wide ap pli ca -
tion, these ap proaches did not re veal suf fi cient ef fi -
ciency as they are not able to pro vide the com plete
elim i na tion of vi rus from plant or gan ism [2].

Since the pre sen ta tion of the con cept of patho -
gen-in duced re sis tance (PIR) in 1985 [3], the di rec tion
of search ing the ways for re liev ing the plants of vi ruses
shifted to wards the for ma tion of trans gen ic plants, re -
sis tant to the men tioned patho gens.  Cur rently, there are 
num bers of ge net i cally mod i fied plants, pos sess ing ge -
nome re gions of vi ruses and dem on strat ing high re sis -
tance to the ef fect of the lat ter [4–6].  One of the ways of 
ob tain ing this sort of re sis tance is the de vel op ment of
trans gen ic plants on the ba sis of RNA-de pend ant si -
lenc ing of genes, which, at the con di tion of nat u ral en -
vi ron ment, is one of the most im por tant mech a nisms of
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plant pro tec tion [7–9].  This post transcriptional pro -
cess is ini ti ated by mol e cules of dou ble-stranded RNA
and re sults in deg ra da tion of com ple men tary RNA [10,
11].

The ap pli ca tion of trans for ma tion of plants us ing
Agrobacterium tumefaciens al lowed ob tain ing a num -
ber of plants with high re sis tance to potyviruses [12,
13].  How ever, most of the ex per i ments were aimed at
the ap pli ca tion of cer tain genes to en able the re sis tance
[14–16], which turned out to be rather long-last ing, yet
it was dis ad van ta geous for the pos si bil ity to be over -
come by other vi rus strains, i.e. nar row range re sis -
tance.  Mind ing the afore men tioned, im por tant task of
to day is the de vel op ment of wide range re sis tance to
nu mer ous strains and types of vi ruses [5, 17, 18].

Cur rent work was aimed at the con struc tion of
trans for ma tion vec tors, con tain ing one, two, or three
con ser va tive re gions of potyvirus ge nome in or der to
com pare ob tained re sis tance of plants to Potyvirus rep -
re sen ta tives.

Ma te ri als and Meth ods. Se lec tion of con ser va tive
re gions of potyviral ge nome. The com par i son of nu cle -
o tide se quences of HC-Pro, CIP, NIb, and CP genes of
32 Potyvirus vi ruses us ing Bioedit soft ware
(www.mbio.ncsu.edu/BioEdit/bioedit.html) and
DNAStar (www.dnastar.com) al lowed se lect ing con -
ser va tive frag ments on the ba sis of per cent age of iden -
tity and the pres ence of im por tant func tional re gions.

Vi ral cDNA. Full-length cDNA of Tur nip mo saic
vi rus (TuMV) was used as a source of DNA re gions for
in cor po ra tion into the vec tors for trans for ma tion of
plants.

Am pli fi ca tion of frag ments. Am pli fi ca tion of con -
ser va tive re gions of genes HC-Pro (505 nt), CIP (620
nt), NIb (580 nt), and CP (455 nt) with TuMV cDNA
was per formed by PCR (de na tur ation – 1 cy cle: 95°C/5
min; an neal ing – 30 cy cles: 95°C/30 sec, 58°C/30 sec,
72°C/30 sec; elon ga tion – 1 cy cle: 72°C/5 min).  To
am plify HC-Pro frag ment, two prim ers were used,
namely pTuHCXbaI
(5¢-GCTCTAGATAATAATAACAGTCGAGTGTG-
3¢), con tain ing XbaI re stric tion site and two TAA
stop-codons, and mTuHCSacIXhoIKpnI
(5¢-CGAGCTCCTCGAGGGTACCGTGAATTTGTG
AGTTG-3¢), con tain ing re stric tion sites for SacI, XhoI,
and KpnI.  Am pli fi ca tion of con ser va tive re gion of CIP

gene was car ried out us ing pTuCIPXbaIKpnI
(5¢-GCTCTAGAGGTACCTAATAAAGACATATT
ACTAATGGG-3¢) primer, con tain ing re stric tion sites
for XhaI and Kpn and two stop-codons, and
mTuCIPXhoIPacI
(5¢-CCCTCGAGTTAATAAACCAACTTTCATCGT
TATT-3¢), con tain ing re stric tion sites for XhoI and
PacI.  To am plify NIb, the fol low ing prim ers were
used: pTuNIbPacI
(5¢-CCTTAATTAATAATAACCTAGGAAAGATG
GGAG-3¢), con tain ing PacI re stric tion site and two
stop-codons, and mTuNIbXhoISalI
(5¢-CCCTCGAGGTCGACAATCATCTCCGTTGAC
G-3¢), con tain ing re stric tion sites for XhoI and SalI. 
Am pli fi ca tion of con ser va tive re gion of CP gene was
car ried out us ing pTuCPAvrIISalI
(5¢-CCCCTAGGGTCGACTAATAAAATGGTTTAA
TGGTCTGG-3¢) primer, con tain ing re stric tion sites for 
AvrII and SalI and two stop-codons, and mTuCPXhoI
(5¢-CCCTCGAGAACGCCCAGTAAGTAATG-3¢),
con tain ing XhoI re stric tion site.

TOPO-clon ing and ver i fi ca tion of the pres ence of
frag ments in TOPO-vec tor. TOPO-clon ing of the am -
pli fied cDNA frag ments was car ried out us ing a com -
mer cially avail able multicopy PCR 2.1-TOPO vec tor
(Invitrogen, USA), 3.91·103 nt long, in ac cor dance to
the pro to col (www.invitrogen.com).  Vec tor-trans -
formed Esch e richia coli cells were in cu bated in LB me -
dium (1% trypton, 0.5% yeast ex tract, 0.5 NaCl) for 1
hour at 37°C.  Af ter in cu ba tion, E. coli cells were in oc -
u lated onto LA se lec tive me dium (LB, 1.5% agar) with
IPTG (isopropyl-b-D-tiogalactopyranoside) and X-gal
(5-bro mine-4-chlo -
rine-3-indole-b-D-galactopyranoside).  Eight sep a rate
col o nies were taken from each Petri dish to ver ify the
pres ence of HC-Pro, eight col o nies for CP, two col o -
nies for CIP and five col o nies for NIb.  Se lected col o -
nies were in cu bated in 1 ml LB for 8 hours at 37°C.  E.
coli cells were cen tri fuged for 1 min at 1 000 g, then
supernatant was ex tracted and the sed i ment was added
300 ml of TENS so lu tion (TE-buffer, 0.1 N NaOH,
0.5% SDS).  Af ter slight stir ring, the so lu tion was
added 150 ml of NaOAc and cen tri fuged for 2 min at
5 000 g.  Then supernatant was added 900 ml of 100%
eth a nol and cen tri fuged for 2 min at 10 000 g.  100%
C2H5OH was re moved and then 900 ml of cold 80% eth -
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a nol were added.  Af ter re moval of 80% eth a nol, mi cro
tubes were dried in air. Then mi cro tubes were added 50 
ml of dis tilled wa ter and stirred in or der to dis solve
DNA.

Iso lated plasmid DNA was used for am pli fi ca tion. 
The se quence of frag ments was also checked us ing au -
to matic DNA se quenc ing sys tem (Ap plied Biosystems,
USA).

Cloning of pBI121. cDNA 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 XbaI and XhoI enzymes.  To
construct the plasmids with two regions, HC-Pro and
CIP were cut using XbaI/KpnI and KpnI/XhoI enzymes.  
To obtain the strucutre with three conservative regions,
HC-Pro, CIP, and NIb were split with XbaI/KpnI,
Kpn1/PacI, and PacII/XhoI restrictases, respectively. 
GUS gene was cut out of commercial vector for
transformation of pBI121 plants using restrictases XbaI
and XhoI.

Elec tro pho re sis of re stric tion prod ucts was per -
formed in 1.2% agarose gel.  Frag ments, cor re spond ing
to the sizes of HC-Pro, CIP, NIb, and CP re gions as
well as vec tor pBI121 were cut out of gel and eluted us -
ing Mi cro Elute DNA Clean/Ex trac tion Kit (Genmark,
Tai wan).  Elu tion prod ucts were ex am ined for the pres -
ence of DNA frag ments by elec tro pho re sis in 0.8%
agarose gel.

The regions were inserted into pBI121 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 pBI121.  To obtain pBI121 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 ml 10´
ligation buffer, 1 ml of 25 mM ATP, 1 ml DNA-ligase,
12 ml of distilled water.  The mixture was incubated at
16°C for 8 hours.  Competent E. coli cells were
transformed with 15 ml of ligation product using the
method of chemical transformation [13, 19] and
inoculated onto LA medim with kanamycin (50 mg/l).

Screen ing of E. coli cells for pres ence of plasmids,
con tain ing cDNA of potyvirus genes. Six E. coli col o -
nies were se lected from each Petri dish.  Se lected col o -
nies were in cu bated in 5 ml of LB me dium at 37°C for 8 
hours.  Plasmid DNA was iso lated us ing Plasmid
miniprep pu ri fi ca tion Kit (Hopegen Bio tech nol ogy En -
ter prise, Tai wan).  Frag ments HC-Pro, CIP, NIb, CP,
HC-CIP, and HC-CIP-NIb were am pli fied by PCR. 
Re stric tion anal y sis was per formed with XbaI and XhoI
restrictases.  Re stric tion prod ucts were ex am ined by
elec tro pho re sis in 0.8% agarose gel.

Trans for ma tion of A. tumefaciens us ing pBI121
plasmid. A. tumefaciens cells were in cu bated in 50 ml of 
LB me dium with 5 µl of strep to my cin (50 mg/l) at 28°C 
for 8 hours till CD60 = 0.5.  The cells were pre cip i tated
by cen tri fug ing at 5 000 g (5 min, 4°C).  The sed i ment
was dis solved in 10 ml of 0.15 M NaCl and cen tri fuged
at 5 000 g (5 min, 4°C).  The sed i ment was dis solved in
1 ml of cold 20 mM CaCl2.  0.2 ml of sus pen sion was
trans ferred into new mi cro tubes and added 1 ml of
plasmid DNA, iso lated from E. coli.  Mi cro tubes were
placed into con tainer with liq uid ni tro gen for 1 min, and 
then in cu bated at 28°C for 2–4 hours.  A. tumefaciens
cells were in oc u lated onto LA me dium with kanamycin 
(50 mg/l) and in cu bated at 28°C for 2–3 days.

Ver i fi ca tion of A. tumefaciens cells for the pres ence 
of plasmids with one, two, and three con ser va tive re -
gions. Plasmid DNA was iso lated from spe cific bac te -
rial col o nies of A. tumefaciens.  The re gions of HC-Pro, 
CIP, NIb, CP, HC-CIP, and HC-CIP-NIb were am pli -
fied us ing PCR.  Plasmids, iso lated from E. coli cells,
were se lected as con trol.

Re sults and Dis cus sion. The ef fi ciency of pro cess
of RNA-de pend ant si lenc ing of genes – the mile stone
of re sis tance of trans gen ic plants – is de ter mined as the
per cent age of complementarity be tween RNA of vi rus
and DNA of transgene.  Ef fec tive pro cess of in ac ti va -
tion of vi rus RNA is achieved at 50+% of the num ber of 
com ple men tary bases [19, 20].  Thus, in or der to con -
struct vec tors, the pri mary task was to dis cover and to
se lect the most con ser va tive re gions in genomes of 32
potyviruses, with the pur pose of in creas ing the pos si -
bil ity of com ple men tary bind ing with trans gen ic DNA.  
The level of homology of 5¢- and 3¢-ter mi nal ends of
potyvirus genes P1, P2, and NIa is less than 50% [1]. 
We car ried out the com par a tive anal y sis of nu cle o tide
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se quences of the fol low ing genes: HC-Pro, CIP, NIb,
and CP of Potyvirus vi ruses.  These genes re vealed the
level of homology to be higher than 50% (Fig.1).  The
se lec tion of con ser va tive frag ments de pended heavily
on the pres ence of re gions, re spon si ble for vi tal func -
tions of the vi rus.  Thus, amino acid se quence of
HC-Pro con ser va tive re gion con tained CC/SC mo tif,
re spon si ble for the rep li ca tion and sys temic mo tion of
the vi rus, and RNA re gion, nec es sary for the trans fer by 
plant louses.  Con ser va tive re gion in amino acid se -
quence of CIP gene con tains nu cle o tide-bind ing re gion
of CxxCxxGKS, spe cific for many helicases [1].  NIb
frag ment con tained three (I, II, and III) of eight re gions, 
con ser va tive among all RNA-polymerases of vi ruses

with pos i tive RNA-ge nome [21].  CP re gion con tained
highly con ser va tive frag ment of five codons, which
was shown for to bacco etch vi rus to be re spon si ble for
replication of potyviruses [11].  The men tioned frag -
ments were am pli fied from full-length TuMV cDNA
us ing PCR.  The re sults of am pli fi ca tion re veal the
pres ence of frag ments, cor re spond ing to the sizes of
con ser va tive re gions (Fig.2, a).

PCR prod ucts were in cor po rated into TOPO-vec tor 
and trans formed into com pe tent E. coli cells.  The lat ter
were in oc u lated onto LA me dium with the in duc tor of
tran scrip tion of vec tor gene of IPTG galactosidase and
the prod uct for split ting us ing X-ga1 en zyme.  Dur ing
the in ser tion of PCR-prod uct into the re gion of
galactosidase (1acZ) in Topo-vec tor, en zyme-en cod ing 
gene was bro ken and there fore, was nei ther tran scribed

nor trans lated.  Thus, cells, con tain ing Topo-vec tor, are
not ca pa ble of syn the siz ing galactosidase and of split -
ting the sub strate.  Con se quently, they formed white
col o nies vs. blue col o nies in which X-ga1 in ter acted
with the en zyme.  To ver ify the pres ence of in serted
frag ments, five dif fer ent col o nies were se lected for am -
pli fi ca tion of in cor po rated re gions by PCR among eight 
white col o nies from lawn of E. coli cells, trans formed
with HC/Topo and CP/Topo; two col o nies from lawn of
E. coli cells, trans formed with CIP/Topo, and two col o -
nies from lawn of E. coli cells, con tain ing NIb/Topo. 
The re sults of am pli fi ca tion re vealed the pres ence of
frag ments in Topo-vec tor, with their sizes cor re spond -
ing to the size of each con ser va tive re gion (Fig.2, b). 
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Fig.1 Level of homology be tween nu cle o tide se quences of ge nome re -
gions of 32 vi ruses of Potyvirus ge nus, 1 – lit er a ture data; 2 – re sults,
ob tained by us

Fig.2 Electrophoregrams of am pli fi ca tion
prod ucts of HC-Pro (1), CIP (2), NIb (3),
CP(4) with full length TuMV cDNA (a)
and am pli fi ca tion prod ucts of CIP, NIb (b) 
and HC-Pro, CP (c) from TOPO-vec tor
(band num ber cor re sponds to the sam ples
of cer tain col o nies, see text for ex pla na -
tion)



Vec tor for trans for ma tion of plants pBI121, 14·103 nu -
cleo tides long, with se lec tive marker of
neomycin-phosphotransferase II (nptII), con di tion ing
the re sis tance to kanamycin, was used.  Be side nptII,
pBI121 con tained glucuronidase gene (GUS), which
was sub sti tuted by con ser va tive re gions.

The frag ments were cut out of Topo-vec tor, while
GUS was cut out of pBI121.  cDNA of frag ments and
pBI121 were cut out of agarose gel for elec tro pho re sis
and eluted.

To ob tain the vec tor with one con ser va tive re gion,
cer tain frag ments of HC-Pro, CIP, NIb, or CP were in -
serted into the vec tor for trans for ma tion of pBI121
plants.  To ob tain the plasmids with two frag ments,
HC-Pro and CIP were in serted into pBI121.  Block of
frag ments of HC-Pro, CIP, and NIb were also in serted
into plasmid to ob tain the struc ture with three con ser va -
tive re gions.  The pres ence of struc ture with three con -
ser va tive re gions in the vec tor was ver i fied us ing re -
stric tion anal y sis.  For this pur pose, six col o nies of E.
coli cells, trans formed with HC-CIP-NIb/pBI121 were
se lected.  Thus, the pres ence of DNA re gions with cor -

re spond ing size of frag ments has been de ter mined
(Fig.3).

Trans for ma tion of com pe tent A. tumefaciens cells
was also sub jected to PCR in or der to ana lyse the pres -
ence of plasmids, con tain ing con ser va tive re gions.  The 
data ob tained re veal the pres ence of vec tors 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
frag ments of HC-Pro and CIP, and 1705 for three
bound re gions of HC-Pro, CIP, and NIb (Fig.4).

Thus, we se lected TuMV genes, which share the
high est per cent age of iden tity with 31 vi rus of
Potyvirus ge nus.  Con ser va tive frag ments of four
potyvirus genes were se lected tak ing into ac count the
homology of nu cle o tide se quence and the pres ence of
im por tant func tional re gions.

Con clu sions. We con structed the vec tors, con -
tain ing one con ser va tive re gion of the genes HC-Pro,
CIP, NIb, or CP of Tur nip mo saic vi rus.  To com pare
the lev els of ac quired re sis tance of trans gen ic plants
against potyviruses, multi-gene struc tures, con tain ing
two con ser va tive re gions HC-Pro and CIP for TuMV
were ob tained.  We also de vel oped vec tors, con tain ing 
three con ser va tive frag ments of HC-Pro, CIP, and NIb
genes.  One-, two-, three-gene struc tures were ob -
tained in trans formed A. tumefaciens cells.Ñòâîðåííÿ
âåêòîð³â òðàíñôîðìàö³¿ ðîñëèí äëÿ îòðèìàííÿ
ñò³éêîñò³ äî ïîò³â³ðóñ³â 

È. Â. Êîð íåé ÷óê, Â. Ï. Ïî ëè ùóê, Ø. Ä. Éå

Ñîç äà íèå âåê òî ðîâ òðàíñ ôîð ìà öèè ðàñ òå íèé äëÿ ïî ëó ÷å íèÿ

óñòîé ÷è âîñ òè ê ïî òè âè ðó ñàì 

Ð å  ç þ  ì å

Íà è áî ëåå êîí ñåð âà òèâ íû ìè ñðå äè âñåõ ó÷àñ òêîâ ãå íî ìà ïî òè âè -
ðó ñîâ ÿâ ëÿ þò ñÿ ãåíû ÍÑ-Ðrî, Ñ²Ð, NIb è ÑÐ. Ïðî âå äå íî ñðàâ íå -
íèå íóê ëå î òèä íîé ïî ñëå äî âà òåëü íîñ òè äàí íûõ ãå íîâ ó 32
âè ðó ñîâ ðîäà Potyvirus è îòî áðà íû îá ëàñ òè, îò ëè ÷à þ ùè å ñÿ ñà -
ìûì âû ñî êèì ïðî öåí òîì èäåí òè÷ íîñ òè. Îáëàñ òè àì ïëè ôè öè -
ðî âàëè ñ ïî ëíî ðàç ìåð íîé êÄÍÊ âè ðó ñà ìî çà è êè òóð íåï ñà
(ÂÌÒ) è âñòðàèâàëè â âû ñî êî êî ïèé íûé ÒÎÐÎ-âåê òîð, êî òî -
ðûì òðàíñ ôîð ìè ðî âàëè êîì ïå òåí òíûå êëåò êè Åscherichia col³.
Ñêîíñòðóèðîâàíû âåê òî ðû òðàíñ ôîð ìà öèè ðàñ òå íèé íà îñíî -
âå êîì ìåð ÷åñ êîé ïëàç ìè äû ðÂ²121, â êî òî ðîé âñòðî å íû êÄÍÊ
îò äåëü íî îäíîãî (ÍÑ-Ðrî, Ñ²Ð, NIb èëè ÑÐ), äâóõ (ÍÑ-Ðrî è Ñ²Ð) è
òðåõ (ÍÑ-Ðrî, Ñ²Ð è NIb) êîí ñåð âà òèâ íèõ ó÷àñ òêîâ ãå íîâ ÂÌÒ.
Ïî ëó ÷å íû òðàíñ ôîð ìè ðî âàí íûå êëåò êè Agrobacterium
tumefaciens, íå ñó ùèå ðÂ²121.

Êëþ ÷å âûå ñëî âà:  ïî òè âè ðóñû, ðå çèñ òåíòíîñòü, êÄÍÊ,
ÏÖÐ, òðàíñ ôîð ìà öèÿ ðàñ òå íèé.
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Fig.3 Elec tro pho re sis of re stric tion prod ucts for de ter mi na tion of the
pres ence of HC-CIP-NIb in pBI121 (band num ber cor re sponds to the
sam ples of cer tain col o nies, see text for ex pla na tion)

Fig.4 Electrophoregram of re sults of PCR for the pres ence of HC-Pro
(1), CIP (2), NIb (3), CP(4), HC-CIP (5), HC-CIP-NIb (6) in A.
tumefaciens and in plasmid con tain ing E. coli, re spec tively
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