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An efficient method for the plant regeneration and Agrobacterium-mediated transformation with

interferon-a2b gene has been developed for chicory C. intybus L. cv. Pala rossa. The regeneration with
efficiency about 100% was induced on the MS medium supplemented with 0.5-2.5 mg/l kinetin and 0.5 mg/l
NAA. The transformed plantlets were recovered with 26.9% regeneration frequency on basal medium with

25 mg/l kanamycin.  According to PCR-analysis the npt II and ifn-a2b genes were integrated into the
genome of the  transformed plants. 
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In tro duc tion. C. intybus L is a bi en nial rep re sen ta tive
of Asteraceae fam ily. Chic ory is grown in many geo -
graphic re gions – Eu rope (Bel gium, Ger many, France), 
the USA, South Amer ica, and In dia. The at ten tion to
this plant is ex plained by the fact that it is used in both
cook ing (salad sorts, in par tic u lar) and pro duc tion of
cof fee sub sti tute. Its me dic i nal fea tures are at trib uted to 
the pres ence of inulin, coumarins, flavonoids, and vi ta -
mins [1]. Chic ory is anti-hepatotoxic, anti-ul cer,
anti-in flam ma tory, cardiotonic, and di uretic means,
used for treat ment of di a be tes, AIDS, tu mours, tachy -
car dia, etc. [2-4]. Chic ory is also used in pro duc tion of
a se ries of med i cal prep a ra tions, such as LIV52. Thus,

it is an in ter est ing ob ject of cell en gi neer ing which may 
be used for creating plants with immunomodulating
features.

One of the con di tions of ef fi cient trans for ma tion of
plants is the avail abil ity of re gen er a tion meth ods. This
al lows ob tain ing max i mal num ber of shoots from such
plant explants as roots, leaves, and stalk buds [1, 5, 6]
with al most 100% re gen er a tion frequency [7].

The quan tity of in ves ti ga tions in ge netic trans for -
ma tion of chic ory is rather lim ited. The main goal of
ex per i ments was to de velop plants with changed phe -
no type, with in duc tion of flow er ing [8], re sis tance to
her bi cides [9], syn the sis of fructan [10], in par tic u lar.
Since chic ory is used in cook ing with out any pre lim i -
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nary ther mal treat ment, this plant may serve as an ob -
ject of ge netic trans for ma tion, e.g. in cre at ing plants
with immunomodulating fea tures. There are cur rent
meth ods, al low ing ini ti a tion of syn the sis of bi o log i -
cally ac tive sub stances in plants [11]. The phar ma ceu ti -
cal re com bi nant bi o log i cally ac tive pro teins of plant
or i gin have a se ries of ad van tages com pared to the
prep a ra tions of mi cro bial or i gin.  The for mer are not
cost-con sum ing in production and storage, they are
also applicable for mass production [12]. 

a-in ter feron is a reg u la tor of the mam ma lian im -
mune sys tem. It en hances the func tion of cytotoxic
T-lym pho cytes and phagocytic ac tiv ity of
macrophages, pro motes lysis of in fected cells, and
slows down the de vel op ment of vi ral in fec tions. There -
fore, the de vel op ment of new meth ods of ob tain ing
clean in ter feron prep a ra tion is an ur gent and prom is ing
task of biotechnologies. There are some phar ma ceu ti -
cal prep a ra tions of re com bi nant in ter feron, de vel oped
on the ba sis of bacteria using the methods of genetic
engineering. 

Ge net i cally mod i fied plants with in ter feron gene
were ob tained over 20 years ago [13]. Those works
were aimed at us ing anti-vi ral ac tiv ity of in ter feron in
or der to pro tect plants from dis eases [14, 15]. The cre -
ation of trans gen ic plants with in ter feron gene is a new
and ac tively de vel op ing di rec tion of cur rent in ves ti ga -
tions. Though cur rently mod i fied plants have not found 
their prac ti cal ap pli ca tion yet, the pos si bil ity of ex pres -
sion of in ter feron gene in the plants of po tato [16], rice
[17], and salad [18] was viv idly dem on strated. The re -
com bi nant in ter feron was shown to have immunogenic
ac tiv ity [19], thus, it may be used with therapeutic
purposes.

Ma te ri als and Meth ods. The seeds of chic ory C.
intybus L. cv Pala rossa were used as pri mary ma te rial. 
The seeds were ster il ized in 70% eth a nol (1 min), 25%
so lu tion of com mer cial prep a ra tion Belizna (10 min),
then washed in dis tilled wa ter (60 min). Later the seeds

were grown in agarose me dium MS [20] at 16-hour
light photoperiod, 24°C.

Cotyledonous and leaves of 10-12-day-old seed -
lings were used for re gen er a tion of shoots and trans for -
ma tion. They were transected and cul ti vated at 16-hour 
light photoperiod, 24°C.

The fre quency of plant re gen er a tion from
cotyledonous and leaf explants was de fined us ing cul ti -
va tion on me dia, dif fer ent in the con tent of salts and
phytohormones (Table 1).

The trans for ma tion was per formed us ing
Agrobacterium tumefaciens (strain GV3101) with vec -
tor con struc tion pCB124 (Fig. 1). T-DNA of pCB124
vec tor con tained a se lec tive gene nptII, tar get gene
ifn-a2b, and calreticulin – a leader se quence, al low ing
ac cu mu la tion of a tar get pro tein in endoplasmic
reticulum. 

Bac te ria were grown at LB me dium [23] with an ti -
bi ot ics (100 mg/l carbenicillin, 50 mg/l rifampicin, 25
mg/l gentamicin) for 48 hours at 27°C. Bac te rial cells
were pre cip i tated by centrifugation (300 g, 10 min); the 
pre cip i tate was pre-sus pended in the so lu tion of 10 mM 
MgSO4. Transected leaves were in cu bated in bac te rial
sus pen sion for 30 min, dried with fil tra tion pa per, and
cul ti vated on agarose MS me dium for two days. Later
the explants were se quen tially ap plied on me dium No.1 
(for one week) and No.2 (Ta ble 1) with the ad di tion of
an ti bi ot ics – kanamycin (25 mg/l) and cefotaxime (600
mg/l). The shoots were rooted on the MS me dium with -
out hor mones, but with antibiotics in the same
concentrations.

 Ge nome DNA was ex tracted from green leaves of
ster ile plants ac cord ing to [23].  PCR of ge nome DNA
was per formed on Mastercycler per sonal 5332 am pli -
fier (Eppendorf) with ther mo static lid in vi als with ul -
tra-thin walls. The re ac tion mix ture con tained sin -
gle-mis sion PCR-buffer, con tain ing am mo nium sul -
phate, 0.2 µmol of cor re spond ing prim ers (Ta ble 2),
200 µmol of each desoxinucleotidetriphosphate, 0.5
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Fig.1 Scheme of T-DNA vector pCB124 for Agrobacterium-mediated transformation of Cichorium intybus: LB and RB - left and right

boundaries of T-DNA; nptII - gene of neomycin phosphortransferase II; ifn-a2b - gene of interferon-a2b; NOSpro and NOSter - promotor

and terminator of nopalinsynthase gene, respectively; 35Spro - promotor of 35S-protein gene from the genome of cauliflower mosaic virus;
OCSter - terminator of octopinsynthase gene; cal - calreticulin



122

MATVIEIEVA  N. A. ET. AL.

units of Taq-poly mer ase, and 10-50 ng of DNA-sam ple.
The to tal amount of re ac tion mix ture equalled 20 µl.

The am pli fi ca tion con di tions were as fol lows: pri -
mary de na tur ation – 90°C, 3 min; 30 cy cles of am pli fi -
ca tion (94°C, 30 sec – 60°C, 30 sec – 72°C, 30 sec); fi -
nal poly mer iza tion – 72°C, 5 min.

Re sults and Dis cus sion. The ef fi ciency of ob tain -
ing ge net i cally mod i fied plants via Agrobacterium-me -
di ated trans for ma tion de pends on re gen er a tion ca pa bil -

ity of explants used. There fore, we stud ied the
specificities of re gen er a tion of chic ory plants on nu tri -
ent me dia, dif fer ent in the con tent of macroelements
and phytohormones (media No.1-8, Table 1).

The ex per i ments re vealed the ab sence of sig nif i -
cant dif fer ences be tween the fre quen cies of shoot re -
gen er a tion of two types of explants – cotyledonous and 
leaves – on all the me dia, ex cept for me dium No.7. The 
for ma tion of shoots was ob served af ter 10-15 days.

Medium constituents
Content in the medium, mg/l

¹ 1 ¹ 2 ¹ 3 ¹ 4 ¹ 5 ¹ 6 ¹ 7 ¹ 8

Macroelements MS* MS MS MS Â5** Â5 Â5 Â5

Microelements MS MS MS MS MS MS MS MS

Thiamine 1 1 1 1 1 1 1 1

Pyridoxine 1 1 1 1 1 1 1 1

Nicotinic acid 1 1 1 1 1 1 1 1

Biotin 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01

Ca-pantothenate 1 1 1 1 1 1 1 1

Inositol 100 100 100 100 100 100 100 100

Kinetin 2,5 0,5 – – 2,5 0,5 – –

Benzylaminopurine – – 2,5 0,5 – – 2,5 0,5

a-NAA 0,5 0,05 0,5 0,05 0,5 0,05 0,5 0,05

Morpholinoethansulpho
nic acid

1000 1000 1000 1000 1000 1000 1000 1000

Casein hydrolyzate 300 300 300 300 300 300 300 300

Sucrose 30000 30000 30000 30000 30000 30000 30000 30000

Agar 6000 6000 6000 6000 6000 6000 6000 6000

N o t e : *Macro- and microelements for MS [20]; **macroelements for B5 [21]

Table 1
Content of nutrient media for investigation on plant regeneration from cotyledonous and leaf explants of chicory

Gene
Primer

Size of amplified
fragment, b.p.

nptII
5'- cctgaatgaactccaggacgaggca-3'

5'- gctctagatccagagtcccgctcagaag-3'
622

ifn-a2b
5'-ctcctgcttgaaggacag-3'
5'-ggagtcctccttcatcag-3'

264

Table 2
Primers, used to confirm the presence of nptII  and  ifn-a2b 



The com par i son of the re gen er a tion fre quency on me -
dia with dif fer ent con tent of macroelements dem on -
strated that the avail abil ity of MS macrosalts is the op -
ti mal con di tion. Thus, af ter 3 weeks the fre quency of
re gen er a tion of shoots on these me dia equalled
60-100%, whereas the same in dex was 0-50% in the
pres ence of B5 macroelements   (Fig. 2, 3). MS and B5

me dia are dif fer ent in the amount of ni tro gen (in the
form of cat ions NH4

+ and an ions NO3 -  ), the con cen tra -
tion of which in MS me dium is much higher. The in -
crease in ni tro gen con cen tra tion is a possible stimulus
for regeneration process of chicory plants.

The com par i son of the im pact of phytohormones
on the pro cess of shoot re gen er a tion re vealed that the
use of me dium with kinetin in creases the re gen er a tion
fre quency com pared to the me dium with
benzylaminopurine (BAP). For in stance, the re gen er a -

tion fre quency on me dium No.2 (MS, 0.5 mg/l kinetin)
was higher than that for me dium No.4 (MS, 0.5 mg/l
BAP) – 100 and 70%, re spec tively.  Be sides, the time
pe riod, nec es sary for re gen er a tion ini ti a tion on me dia
No.1 and No.2 with kinetin, was much shorter (7-10
days) than that for me dia No.3 and No.4 with BAP
(14-20 days).  The in crease in cytokinins (both kinetin
and BAP), 0.5-2.5 mg/l, did not re sult in the increase in
regeneration frequency.

There fore, it was dem on strated that the use of nu tri -
ent me dium with MS macroelements and kinetin al -
lows ob tain ing re gen er a tion of chic ory plants with the
max i mal fre quency (up to 100%). Since high ef fi ciency 
of shoot re gen er a tion is one of the rea sons of suc cess ful 
trans for ma tion, this me dium was used in ex per i ments
of cre at ing genetically modified plants.

The trans for ma tion was per formed us ing A.
tumefaciens with vec tor con struc tion pCB124, T-DNA
of which con tained se lec tive gene nptII and tar get gene
ifn-a2b. The ex pres sion of npt-II gene gives more ad -
van tages to trans formed cells, pro lif er a tion of which
takes place in the pres ence of se lec tive con cen tra tion of 
kanamycin. To de ter mine the lat ter, we tested five con -
cen tra tions of an ti bi otic – 10, 25, 50, 100, and 150
mg/l. At the kanamycin con cen tra tion of 25 mg/l and
higher   there were no green shoots, re gen er at ing from
cotyledonous leaves, and the explants per ished. Thus,
the con cen tra tion of 25 mg/l was defined as the
selective one.

In case of cul ti vat ing explants on me dia No. 1 and
2 with the ad di tion of kanamycin (25 mg/l) and
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Fig.2 Influence of mineral
components of medium on
regeneration of chicory plants: 
a – MS macroelements, 0.5
mg/l kinetin, 0.5 NAA; b –
macroelements B5, 0.5 mg/l
kinetin, 0.5 mg/l NAA

Fig.3 Frequency of regeneration of shoots from cotyledonous (1)
and leaves (2) of chicory on different media



cefotaxime (600 mg/l) for bac te ria elim i na tion, the
shoot  for ma tion  was  ob served af ter 7-14 days (Fig.
4, a). 

The trans for ma tion fre quency (i.e. re gen er a tion
fre quency of green plants in the pres ence of se lec tive
con cen tra tion of canamycin) was de ter mined ac cord -
ing to the ra tio of the num ber of explants with the
shoots, green on se lec tive me dium, to the to tal num ber
of explants in per cent. It equalled 26.9%, which must
be con nected with high re gen er a tion ca pa bil ity of these 
plants (up to 100%). There were no white plants at the
se lec tion of explants on the medium with antibiotics.

PCR-anal y sis of to tal DNA of eight plants, re gen -
er ated on se lec tive me dium, re vealed the pres ence of
both se lec tive nptII gene and tar get ifn-a2b gene
(Fig.4, b). 

Con se quently, the high est fre quency of plant re -
gen er a tion (up to 100%) was ob served at cul ti va tion
of cotyledonous and leaves of chic ory on the me dium,
con tain ing MS macroelements, kinetin (0.5-2.5 mg/l)
and a-NAA (0.5 mg/l). Agrobacterium-me di ated
trans for ma tion with pCB124 con struc tion al lowed ob -
tain ing trans formed plants with the fre quency of
26.9%. PCR-anal y sis dem on strated that DNA of all
plants un der study had both se lec tive nptII and tar get
ifn-a2b gene. The use of nptII gene in pCB124 con -
struc tion is ef fi cient, since it al lows se lect ing ex actly
trans formed plants. There fore, the method of
Agrobacterium-me di ated trans for ma tion may be used
with the pur pose of ob tain ing trans gen ic chic ory
plants with in ter feron-a2b gene.

Í. À. Ìàòâººâà, À. Ì. Øà õî âñüêèé, ². Ì. Ãå ðà ñè ìåí êî, 
Î. Þ. Êâàñ êî,  Í. Â. Êó ÷óê 

Ïå ðå íå ñåí íÿ ãåíà á³îñèí òå çó ³íòåð ôå ðî íó-a2b â ðîñ ëè íè 

öè êîð³þ (Cichorium intybus L.) ìå òî äîì àã ðî áàê òåð³àëü íî¿

òðàíñ ôîð ìàö³¿

Ðå çþ ìå

Ãå íå òè÷ íà òðàíñ ôîð ìàö³ÿ öè êîð³þ C. intybus L. ñòà íî âèòü
³íòå ðåñ ç îãëÿ äó íà ìîæ ëèâ³ñòü ñòâî ðåí íÿ ðîñ ëèí-³ìó íî ìî äó -
ëÿ òîð³â, ÿê³ ì³ñòÿòü ãåí ³íòåð ôå ðî íó-a2b. Äëÿ îò ðè ìàí íÿ òà -
êèõ ðîñ ëèí îïòèì³çî âà íî óìî âè ðå ãå íå ðàö³¿ öè êîð³þ ñî ðòó
Ïàëà ðîñ ñà òà çä³éñíå íî òðàíñ ôîð ìàö³þ çà äî ïî ìî ãîþ
Agrobacterium tumefaciens. Ïî êà çà íî, ùî ÷àñ òî òà ðå ãå íå ðàö³¿
íà ñå ðå äî âèù³ ç ìàê ðî å ëå ìåí òà ìè MS, ê³íå òè íîì (0,5–2,5 ìã/ë) 
òà a-íà ôòè ëîö òî âîþ êèñ ëî òîþ (0,5 ìã/ë) ñÿãàº 100 %. Ç âè êî -
ðèñ òàí íÿì ïîë³ìå ðàç íî-ëàí öþ ãî âî¿ ðå àêö³¿ âñòà íîâ ëå íî, ùî
ÄÍÊ óñ³õ ïðî à íàë³çî âà íèõ ðîñ ëèí ì³ñòèòü ÿê ñå ëåê òèâ íèé ãåí
nptII, òàê ³ ö³ëüî âèé ifn-a2b-ãåí. Òà êèì ÷è íîì, ìå òî äè êà àã ðî -
áàê òåð³àëü íî¿ òðàíñ ôîð ìàö³¿ ìîæå áóòè çà ñòî ñî âà íà äëÿ îò -
ðè ìàí íÿ ãå íå òè÷ íî ìî äèô³êî âà íèõ ðîñ ëèí öè êîð³þ ç ãå íîì, ùî
çó ìîâ ëþº ñèí òåç ³íòåð ôå ðî íó-a2b. 

Êëþ ÷îâ³ ñëî âà: òðàíñ ôîð ìàö³ÿ, Agrobacterium, Cichorium
intybus, ³íòåð ôå ðîí.

Í. À. Ìàò âå å âà, À. Ì. Øà õîâ ñêèé, È. M. Ãå ðà ñè ìåí êî, 
Å. Þ. Êâàñ êî, Í. Â. Êó ÷óê 

Ïå ðå íîñ ãåíà áè î ñèí òå çà èí òåð ôå ðî íà-a2b â ðàñ òå íèÿ 

öè êî ðèÿ (Cichorium intybus L.) ìå òî äîì àã ðî áàê òå ðè àëü íîé

òðàíñ ôîð ìà öèè

Ðå çþ ìå

Ãå íå òè ÷åñ êàÿ òðàíñ ôîð ìà öèÿ öè êî ðèÿ C. intybus L. ïðåä ñòàâ -
ëÿ åò èí òå ðåñ ñ òî÷ êè çðå íèÿ âîç ìîæ íîñ òè ñî çäà íèÿ ðàñ òå -
íèé-èì ìó íî ìî äó ëÿ òî ðîâ, ñî äåð æà ùèõ ãåí áè î ñèí òå çà èí òåð-
ôå ðî íà-a2b. Äëÿ ïî ëó ÷å íèÿ òà êèõ ðàñ òå íèé îïòè ìè çè ðî âà íû
óñëî âèÿ ðå ãå íå ðà öèè ðàñ òå íèé ñî ðòà Ïàëà ðîñ ñà è ïðî âå äå íà
òðàíñ ôîð ìà öèÿ ñ ïî ìîùüþ Agrobacterium tumefaciens. Ïî êà çà -
íî, ÷òî ÷àñ òî òà ðå ãå íå ðà öèè íà ñðå äå ñ ìàê ðî ý ëå ìåí òà ìè ÌS,
êè íå òè íîì (0,5–2,5 ìã/ë) è a-íà ôòè ëóê ñóñ íîé êèñ ëî òîé
(0,5 ìã/ë) äîñ òè ãà åò 100 %. Ñ èñ ïîëü çî âà íè åì ïî ëè ìå ðàç íîé
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Fig.4 Regeneration of canamycin-resistant plants of chicory cv Pala rossa (a) and PCR-analysis of total DNA from plants, transformed with

pCB124 construction, for the presence of nptII and ifn-a2b genes (b: 1, 2, 5, 6 – transformed plants; 3, 7 – control plants; 4, 8 – DNA of
pCB124 plasmid; M – marker)



öåï íîé ðå àê öèè óñòà íîâ ëå íî, ÷òî ÄÍÊ âñåõ ïðî à íà ëè çè ðî âàí -
íûõ ðàñ òå íèé âêëþ ÷à åò êàê ñå ëåê òèâ íûé ãåí nptII, òàê è öå ëå -
âîé ifn-a2b-ãåí. Òà êèì îá ðà çîì, ìå òî äè êà àã ðî áàê òå ðè àëü íîé
òðàíñ ôîð ìà öèè ìî æåò áûòü èñïîëüçîâàíà äëÿ ïî ëó ÷å íèÿ ãå -
íå òè ÷åñ êè ìî äè ôè öè ðî âàí íûõ ðàñ òå íèé öè êî ðèÿ ñ ãå íîì, îáó-
ñëîâ ëè âà þ ùèì ñèí òåç èí òåð ôå ðî íà-a2b.

Êëþ ÷å âûå ñëî âà: òðàíñ ôîð ìà öèÿ, Agrobacterium, Cichorium 
intybus, èí òåð ôå ðîí.
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