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Introduction

Aim To obtain the transgenic carrot and celery plants able to express recombinant thaumatin II in order
to increase plant stress tolerance. Methods. Agrobacterium-mediated transformation of carrot and celery
seedlings was used for obtaining the transgenic plants. Presence and transcription of the transgene in
plant tissues were proved by PCR and RT-PCR analysis. The plants were tested for biotic stress tolerance
by in vitro antifungal and antibacterial activity assays and for salinity and osmotic stress tolerance by
plant survival test in presence of NaCl and PEG in different concentrations. Results. Transgenic plants
able to express recombinant thaumatin II gene (transcription proved for 60—-100 %) were obtained by
agrobacterial transformation. The transgenic carrot plant extracts inhibited growth of the studied phy-
topathogenic bacteria strains but exhibited no antifungal activity. Survival level of transgenic plants un-
der the salinity and osmotic stress effect was definitely higher comparing to the untransgenic ones. The
analysis of photosynthetic pigment content in the transgenic carrot plants showed no significant differ-
ence of this parameter under salinity stress that may indicate the possible protective activity of the recom-
binant protein. Conclusions. The obtained in our study transgenic carrot and celery plants able to express
the recombinant thaumatin II gene were characterized by antibacterial activity and increased tolerance to
salinity and osmotic stress factors.

Keywords: carrot, celery, thaumatin II, Agrobacterium-mediated transformation, stress tolerance.

recombinant thaumatin gene [2—4]. Thaumatin is a
sweet-tasting protein isolated from Thaumatococcus

Such environmental stresses as soil salinity, drought
and pathogen infection are considered the most harm-
ful ones that can severely limit the plant growth and
productivity [1]. Nowadays the transgenic approach-
es are successfully used for creation of the crops
with over-expression of the genes that encode speci-
fic defensive proteins which are induced in response
to different types of stress and pathogen attack. Re-
cent studies have shown the enhanced plant abiotic
stress tolerance in addition to plant resistance to fun-
gal pathogens for the transgenic plants carrying the

daniellii (Benth) fruits and known for its strong ho-
mology to thaumatin-like defensive proteins that are
considered to alter the membrane permeability and
the cell signal transduction cascades in plants and
fungi as a result of stress or pathogen infection [2,
5]. Here we report the obtaining of transgenic carrot
and celery plants able to express the recombinant
gene of thaumatin II protein. The antibacterial and
antifungal in vitro assays were carried out in order to
find out whether this gene expression supports the
resistance of the obtained transgenic crops to patho-
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gen infection. The plant testing for in vitro osmotic
and salt stress resistance enabled the identification of
the plant lines able to develop and generate biomass
under stress conditions.

Materials and Methods

Plant material. Aseptic carrot plants cv. Nantska, Ko-
rotel, Red Giant and Perfektziya and celery ones cv.
Paskal, Zephyr, Yablochnyi were used for our study.
The seeds of carrot crop lines Konservna-2, Dobir-1,
Dobir-4 were generously provided by the Institute of
Vegetable- and Melon-growing, NAAS of Ukraine.
Seeds were surface-sterilized by dipping in 70 %
ethanol for 2 min followed by 2 % sodium hypochlo-
rite for 15 min and rinsing four-times in sterile dis-
tilled water. The carrot and celery seeds were germi-
nated on MS medium [6] for 10—14 days.

Binary vectors and bacterial strains

The plasmid vectors pCB171 and pCB169 contained
the sequence coding for recombinant thaumatin II
gene fused with plastid targeting transit peptide se-
quence driven by 35S CaMV promoter and the selec-
tive genes of neomycin phosphotransferase II (nptll)
and phosphinothricin N-acetyltransferase (bar) res-
pectively driven by nopaline synthase (N0s) promot-
er [7, 8]. Both constructs were transferred to Agroba-
cterium tumefaciens nopaline strain GV3101 and
Agrobacterium rhizogenes agropine strain A4 and
then used for the plant genetic transformation. The
bacterial suspension was cultured over night in lig-
uid LB medium (10 g/l hydrolyzate casein, 5 g/l
yeast extract, 10g/l NaCl, pH 7.2) at 28 °C on rotary
shaker (200 rpm) with 50 mg/I carbenicillin for both
bacteria species and additionally 50 mg/l rifampicin
for A. tumefaciens.

Genetic transformation

The bacterial suspension culture was sedimented by
centrifugation (4,000 rpm, 4 °C). We used liquid MS
medium with 200 uM acetosyringone for resuspen-
dation of the obtained sediment with its further cul-
tivation on rotary shaker (200 rpm) at 28 °C for 1 h.
The plantlets were inoculated with the obtained bac-
terial culture by vacuum infiltration. Then they were
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incubated on sterile blotting paper for 48 h in scat-
tered day light.

The inoculated carrot explants were cultivated on
MS medium with 2 mg/l Dicamba to stimulate callus
forming, with 100 mg/l kanamycin as selective agent
and 500 mg/l cefotaxim for bacterium elimination.
In 5-6 weeks the primary carrot callus clones were
put on hormone-free MS medium with the antibiot-
ics of mentioned concentrations and were cultivated
for 3—4 months at 22-23 °C, 16-hour-period lighting
for regeneration. In 4-5 weeks the obtained celery
callus clones were transferred to B5 medium [9] with
0.1 mg/l naphthaleneacetic acid and 0.6 mg/1 kinetin
for plant regeneration, 600 mg/l cefotaxim and 5 mg/l
Basta or 100 mg/l kanamycin as selective agents.
The obtained plants were moved to glass tubes and
then rooted in MS medium.

Molecular analysis of the transgenic plants

PCR The total plant DNA was extracted by CTAB-
method [10]. The total agrobacterial DNA was ex-
tracted according to Draper et al. [11]. The transgene
presence in the obtained plants was proved by PCR
analysis. The analysis was carried out using 5" gcatg
cccaccttcgagatcg3™ u 5 gcettgeatgectctagactgeagtt3”
primers for amplification of 642 bp thaumatin gene
fragment under such conditions: 5 min at 94 °C — 30
cycles (30s at 94°C; 30s at 68 °C; 45s at 72 °C) — 5 min
at 72 °C. To detect bacterial contamination we applied
primer pair 5’-atgtcgcaaggcagtaagccca-3’, 5’-ggagtc
tttcagcatggagcaa-3°’[12] for amplification of 432 bp
fragment of virD1 gene under the following condi-
tions: 5 min at 94 °C—30 cycles (30s at 94 °C; 30s
at 60 °C; 30s at 72 °C) — 5 min at 72 °C. The samples
were fractionated in 1 % agarose gel in TBE buftfer.

RT-PCR The total plant RNA was extracted ac-
cording to Logermann et al. [13]. The synthesis of
first cDNA chain on DNA-free RNA matrix was car-
ried out using kit #K1612 (Fermentas) for RT-PCR
analysis according to the enclosed instructions. Two
parallel reactions in the presence and absence (nega-
tive control) of reverse transcriptase were carried out
for each sample. We used the described earlier prim-
ers and conditions for further amplification of thau-
matin II gene fragment.



Construction and analysis of the transgenic carrot and celery plants expressing the recombinant thaumatin II protein

Antibacterial activity assay

Phytopathogen bacteria strains (Pseudomonas sy-
ringae 8511, Pectobacterium carotovorum 8982,
Xanthomonas campestris 8003b, Agrobacterium
tumefaciens 9626) were kindly donated by D. Za-
bolotny Institute of Microbiology and Virology,
NAS of Ukraine.

The extracts of carrot leaves or taproots were pre-
pared by triturating in double volume of 1M PBS
buffer and further several-step centrifugation (10000
rpm for 5—7 min; 15000 rpm for 25 min., 4 °C). The
obtained plant extracts were tested for antimicrobial
activity by modified disk diffusion method. The
transgenic plant extracts, the extracts of untrans-
formed plants and PBS buffer were dropped (34 ti-
mes on each Petri dish) on the bacterial lawn. The
bacterial cultures were cultivated in thermostat at
+28 °C. The antibacterial activity of the studied ex-
tracts was evaluated visually according to the zones
of bacteria growth elimination in 24 hours. The ex-
periment was repeated three times.

Antifungal activity assay

Phytopathogenic fungal culture was isolated from
the carrot samples incubated on three solid nutrient
media: malt extract agar, potato-dextrose agar and
Czapek agar medium at 28 + 2 °C for 14 days [14].
The isolated culture was studied using light micro-
scope MBI-6. The length and width of macro- and
microconidia, the size of chlamydospores and diam-
eter of fungal hyphae were measured (x320 enlarge-
ment). The isolated plant pathogenic strain was iden-
tified as Fusarium solani (Martius) Saccardo [15,
16]. The fungal inoculum (1 ml) of conidia suspen-
sion (1 x 10° / ml) was mixed with 100 ml medium
and cooled to 30 °C in order to provide fungi ho-
mogenous growth [17]. The extracts of carrot leaves
or taproots were prepared by triturating in double
volume of buffer containing 100 mM Tris HCI, pH
8.0, 5 mM Na EDTA, 100 mM NaCl, 10 mM beta-
mercapthethanol with 2.5 % PVP and further sever-
al-step centrifugation (10000 rpm for 5-7 min;
15000 rpm for 25 min, 4 °C). The extracts (100 pl)
were added to 1 cm diameter lunula and incubated

for 24h at 4 °C to enable diffusion of their compo-
unds into agar. Tris-buffer was used as a control. The
plates were incubated at 28 + 2 °C for 24-48 hours
with further visual estimation of the zones of fungi
growth inhibition.

Plant analysis for osmotic
and salt stress tolerance

The transgenic carrot plants and untransformed (con-
trol) ones were cultivated on MS-based media con-
taining 100 mM NaCl, 200 mM NaCl, 300 mM
NacCl, 5 % PEG 6000 and 7 % PEG 6000 for 10 days
(NaCl) or 15 days (PEG) in order to evaluate the
plant salt and osmotic stress tolerance. Meanwhile,
we estimated the plant growth parameters and meas-
ured their relative growth rate (RGR). RGR was cal-
culated as RGR = (InM, — InM)) / (t, — t) where M,
and M, — yielding plant masses, t, and t, — harvest
times. [18, 19].

To measure the photosynthetic pigment content in
the stress-effected plants we prepared the extracts by
plant triturating in four- fold volume of dimethyl sul-
foxide and further incubation in heated bath at 67 °C
for 4 hours. The extract optic density (649, 665 and
480 nm) was measured by spectrofluorimeter and
then the pigment content was calculated according
to Wellburn et al. [20]

Results and Discussion

Agrobacterium-mediated transformation of carrot has
been reported to provide the opportunity to enhance
stress-tolerance and resistance to fungal pathogens by
introducing genes encoding chitinases, glucanases,
thaumatin-like proteins, osmotin or lysozyme [3, 21,
22]. However, we did not manage to find any reports
concerning the transgenic celery plants containing the
transgenes encoding for pathogen-resistance proteins,
though the successfully obtained transgenic celery
plants have been reported to carry the introduced re-
porter or pharmaceutical protein genes [23, 24].

In our study the primary carrot callus clones (Fig.
1, A) were moved on regenerative medium with an-
tibiotics in mentioned concentrations in 5-6 weeks
after genetic transformation. First regenerates were
formed via somatic embryogenesis in 3 months (Fig.
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Fig. 1. Formation of the primary carrot callus clones on the selective medium (A), regeneration of carrot (B) and celery (C) kanamy-

cin-resistant plants

642 b.p.

Fig. 2. PCR analysis (thaumatin gene fragment) of the transformed plants (A): M — DNA marker ladder (1 Kb Plus DNA Ladder,
Fermentas), 1 — negative control (no template DNA), 2 — positive control (plasmid DNA pCB171), 3 — negative control (untrans-
formed plant DNA), 4-10 — DNA of the studied plants.

RT-PCR analysis of transgenic carrot plants for proving the thaumatin gene transcription (B): M — DNA marker ladder (1 Kb Plus
DNA Ladder, Fermentas). RT-PCR analysis of transgenic carrot plants for proving the thaumatin gene transcription (B): M — DNA
marker ladder (1 Kb Plus DNA Ladder, Fermentas), 1 — negative control (no template DNA), 2 — positive control (plasmid DNA
pCB171), 4, 6 — plant cDNA (reaction in presence of reverse transcriptase), 5, 7 — plant cDNA (reaction without reverse transcriptase).

1, B). The regeneration of celery plants was observed
in 7-8 weeks after obtaining celery callus clones on
regenerative medium with selective agents in men-
tioned concentrations (Fig. 1, C). We managed to
obtain up to 4-5 transgenic carrot plants or 2-3 cel-
ery ones from each callus clone though we consid-
ered them as one regenerated formation due to the
same origin. The control untransformed carrot and
celery explants were unable to form callus on the
media with selective agents.

The frequency of carrot and celery plant genetic
transformation is shown in Table 1 as a ratio of the
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obtained callus clones to the total quantity of the ex-
plants. No significant difference of this parameter
was observed for diverse carrot cultivars or crop
lines but it was observed for celery cultivars proba-
bly due to low regenerative capability of Zephyr hy-
pocotyle and leaf explants (results not shown). There
was no significant difference of genetic transforma-
tion frequency for two Agrobacterium strains used
for genetic transformation.

PCR analysis proved the presence of recom-
binant thaumatin IT gene (Fig. 2, A) for 60—100 %
of the studied plants and showed the absence of
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Fig. 3. Antibacterial activity of the studied plant extracts: A — test for the extract activity against Pecto-
bacterium carotovorum 8982, B — test for the extract activity against Xanthomonas campestris 8003b

agrobacterial contamination for all of them. RT-
PCR analysis proved the transcription of the target
gene (Fig. 2, B).

The expression of the thaumatin gene was resulted
in sweet taste properties for such transgenic crops as
potato [25], tomato [26], cucumber [27] etc. But we
found no taste difference between the obtained trans-
genic carrot plants and the control untransformed
ones. Meanwhile, no alteration of taproot taste has
been reported earlier for the carrot plants with proved
accumulation and activity of the recombinant thau-
matin-like proteins [3, 28].

Antifungal activity analysis of the transgenic car-
rot plant extracts was carried out using F. solani
(Mart.) Sacc phytopathogenic strain. We observed
no fungal mycelium growth inhibition in our in vitro
experiments. At the same time a number of the re-
ports concerning the carrot, tomato and tobacco
plants carrying the thaumatin-like III gene sequence

showed the increase of plant antifungal activity to
Alternaria dauci, A. solani A. petroselini, A. radicini,
Botrytis cinerea, Rhizoctonia solani, Sclerotinia
sclerotiorum [25-27, 29], the transgenic canola, rice,
banana, strawberry plants with the thaumatin-like
gene sequences exhibited increasing antifungal ac-
tivity to S. sclerotiorum, R. solani, F. oxysporum,
B.cinerea respectively [30-32, 4]. Here the further
antifungal activity analysis of the obtained thauma-
tin-containing carrot plants seems to be necessary
with other phytopathogenic fungi species.

The protein extracts of young transgenic plants
inhibited the growth of all the studied phytopatho-
genic X. campestris 8003b, A. tumefaciens 9626, P.
carotovorum 8982, P. syringae 8511 strains even be-
yond (3—8 mm) the measures of drop area. According
to Patyka et al. [33] the bacteria growth inhibition
zones of 3-8 mm (12-20 mm diameter) allowed us
to consider the studied bacteria strains slightly sensi-

Table 1. Frequency of Agrobacterium-mediated transformation of carrot and celery plants

el Quantity . Prssenfie

. Quantity Quantity of selective Frequency of introduced target

Cultivar of explants agent-resistant plants of transformation, % of PCRl;ri:Iyzed gene sequences

p in plants

Carrot plants

Konservna-2 224 67 28.6 7 7

Perfektziya 110 36 31.1 5 5

Dobir-3 154 44 28.5 5 4

Nantska 195 51 26.5 6 6
Celery plants

Zephyr (pCB169) 127 13 10.2 7 5

Yablochnyi (pCB169) 196 37 18.8 10 6

Yablochnyi (pCB171) 216 38 17.6 9 8
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Fig. 4. RGR-test of the studied carrot plants: NT — nontransgenic plants, T171 — transgenic carrot plants with the gene of thaumatin
II protein
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Fig. 5 Photosynthetic pigment content in the studied carrot plants: NT — nontransgenic plants, T171 — transgenic carrot plants with
the gene of thaumatin II protein, TgusA — transgenic carrot plants with gusA instead of the thaumatin II gene

tive to the protein extracts of young transgenic plants.
At the same time the protein extracts of the trans-
genic plants with no thaumatin gene that have been
cultivated earlier on the selective media did not in-
hibit the growth of phytopathogenic bacteria but
even stimulated X. campestris 8982 and A. tumefa-
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ciens 9626 growth. This fact allowed us to exclude
possible effect of the selective antibiotic on the ac-
tivity of protein extracts of the transgenic plants with
the thaumatin II gene. The extract of transgenic cal-
lus culture slightly inhibited A. tumefaciens 9626
growth (no more than 3—4 mm) and did not affect the
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growth of any other bacterial strain probably due to
the genetic instability of undifferentiated cell culture.

The thaumatin-like proteins are known to have
such physiological function as plant protection aga-
inst osmotic stress conditions. [34] In our study the
survival level of the transgenic carrot plants express-
ing the recombinant thaumatin gene was definitely
higher comparing to control untransgenic ones as the
latter did not manage to survive on the media with
5 %, 7.5 % PEG 6000 and were characterized with
much lower vital and growth potential on the media
with NaCl. Whereas the RGR-test showed no sig-
nificant changes for the transgenic plants under the
salt and osmotic stress effect (Fig. 4), the RGR of the
control plants declined twice, their leaves being yel-
lowish, wrapped and less-numbered in the presence
of 200-300mM NaCl. Such biomass decreasing of
the untransformed plants may be supplemented by
water loss under the salt stress effect. We presume that
higher vital level of the transgenic carrot plants under
the salt stress effect could indicate a possible protective
activity role of the recombinant protein in the transgen-
ic plants. Furthermore, we identified the transgenic car-
rot plant lines able to develop and generate biomass
under osmotic and salt stress conditions.

Photosynthesis is a dominant physiological proc-
ess thus the limitation of plant growth by stress fac-
tors is usually connected with it. The salt stress is
considered to cause the decline of chlorophyll and
carotenoid content in leaves [35]. Chlorophyll/caro-
tenoid ratio and chlorophyll a/b ratio (normally 3:1)
are known to increase in the early stress-effect peri-
od and chlorophyll a/b ratio may decrease in case of
the prolonged treatment. So, the measuring of photo-
synthetic pigments content in the studied plant tis-
sues could allow us to analyze the physiological state
of the obtained plants under the salt and osmotic
stress effect. Moreover the analysis of photosynthet-
ic pigment content appears quite interesting in view
of the possible consequences of using the plasmid
vectors which contained the sequence of recom-
binant thaumatin II fused with plastid targeting tran-
sit peptide for the genetic transformation.

Analysis of the chlorophyll content in the non-
transgenic plants proved the predicted decline of

chlorophyll content in plant tissues in case of salt
concentration increasing in the nutritive media. The
chlorophyll concentration appeared to decrease
greatly so that the chlorophyll a/b ratio was charac-
terized by nearly three-time fall that agrees well with
the earlier studies [36, 37]. At the same time this pa-
rameter did not significantly differ in plant tissues of
the obtained transgenic carrots despite the salt con-
centration varying up to 300 mM NaCl in the nutri-
tive media (Fig. 5).

This fact might indicate a possible protective role
of the recombinant protein in the transgenic plant tis-
sues. The chlorophyll/carotenoid ratio in the ob-
tained transgenic carrot plants demonstrated no sig-
nificant difference either. The decreased photosyn-
thetic pigment content in the control transgenic
plants turned out to be comparable with pigment de-
clining in the tissues of the transgenic plants obtained
via genetic transformation using the plasmid vectors
with the reporter gene (gusA) in place of thaumatin
IT one and could be probably explained by Agrobac-
terium transformation stress effect.

Conclusions

This work reports the obtaining of the transgenic
carrot and celery plants able to express the recom-
binant gene of thaumatin II protein. No taste differ-
ence was observed for the transgenic carrot plants
comparing to the untransgenic ones. The extracts of
the obtained thaumatin-expressing plants were char-
acterized by antibacterial activity. The RGR-test
proved the high vital and growth potential of the
transgenic carrot plant lines under osmotic and salt
stress conditions, so we may presume the possible
protective activity of the recombinant protein in the
transgenic carrot plant tissues under salt/osmotic
stress effect.
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OTpHMaHHS Ta aHAJI3 TPAHCTeHHUX POCIHH MOPKBH
Ta ceJIepH, 3aTHUX eKCIPecyBaTH PeKoMOiHAHTHMIA
oistok Taymarun I1

0. C. JlyuakiBcska, . K. Komapaunekuii, . M. Kypuenxo,
O. M. [Op'eBa, H. B. XKutkeuy, M. B. Kyuyk

Meta Orpumary TPAaHCTEHHI POCIMHHM MOPKBH Ta CEJEpH, IO
EKCIPECYIOTh peKoMOiHaHTHMI TaymaTnH 11, 3 MeToro miaBuIeH-
HS CTpecoCTifikocTi X KymbsTyp. Mertoau. /st oTpuMaHHS
TpaHCIeHHUX POCIHHITpoBOIIAgrobacterium-omnocepekoBaty
TpaHcdopmaniro. [IpUCyTHICTP Ta TPAHCKPHUIILIIO TPAHCTEHIB
minTBepuKyBaan 3a gornomoroto IIJIP ta 3T-IUVIP anamizis.
Busnaganu CTifKiCTh OTpUMaHUX POCIHMH 0 OI0THYHHX CTpEec-
¢akTopiB (aHaniz aHTHOAKTEpiAIBHOI/AHTU(YHTAIBHOI AKTHUB-
HOCTI in Vitro) Ta 110 1ii CoMbOBOro/0CMOTHYHOTO CTPECY (TECT Ha
BrKkuBaHHs pociuH B mpucyTHocTi NaCVIIET y pi3HUX KOHIICH-
Tpauisx). PesynasraTru. TpaHCTeHH] pOCINHA MOPKBH Ta CEJIEPH,
1110 €KCIPECYIOTh I'eH TayMaTHHy 11 (TpaHCKpHIILIIO MiATBepKe-
HO 17151 60—100 %) Oy70 OTPUMAHO ILIIXOM arpo GakTepiaabHOL
Tpancopmarii. EkcTpakTy TpaHCTEHHUX POCIMH MOPKBH iHTi0Y-
BaJIM PICT JOCTIDKYBAaHMX INTaMiB (DITONATOTEHHUX OakTepii,
ajie He MPOSBILUIM aHTH(YHTANbHOI aKTUBHOCTI. PiBeHb BIXKH-
BaHHS TPAHCT€HHUX POCIIHH IPH a0l0THIHOMY cTpeci OyB 3HaUHO
BHUIIMM y TIOPIBHSHHI 3 HETPAHCTEHHUMH POCIMHAMH. AHAII3
BMICTY (DOTOCMHTETHYHHX IIiIrMEHTIB HE I0Ka3aB JOCTOBIPHOI
PI3HUII MOKA3HHKIB JUIS TPAHCTEHHUX POCIHUH IIPH COJTBEOBOMY
CTpeci, 0 MOKe BKa3yBaTH Ha MOXKJIMBY 3aXHCHY aKTHBHICTB pe-
KkoMOiHaHTHOTO Oinka. BucHoBKM. OTpuMaHi y HAIIUX JIOCHTi-
JUKEHHSIX TPAHCTEHHI POCIHHY CEepH Ta MOPKBH, 10 eKCIPECy-
I0Th peKoMOiHaHTHNIT TaymaTuH I, XapakTepu3yBanuch aHTHOAK-

TepiabHOI0 aKTHBHICTIO Ta ITiIBUIIEHOO CTIHKICTIO 10 COBOBO-
IO Ta OCMOTHYHOIO CTpPECYy.

Kawuosi caoBa: MOpkBa, cenepa, taymarus 11, Agrobacte-
rium-ormocepeakoBaHa TpaHChOopMaIlisi, CTPECOCTIHKICTb.

IloryueHue 1 aHAJIN3 TPAHCTEHHBIX PACTeHUH MOPKOBH
U ceJibJepest, ClIOCOOHBIX IKCIPecCHpoBaTh
peKoMOMHAHTHBII Oesiok TaymaTuH 11

0. C. Jlyuaxusckas, U. K. Komapuaunxkwuii, 1. H. Kypuenko,
E. M. IOpseBa, H. B. Kurkesuu, H. B. Kyuyk

Hens. [ToryunTts TpaHCTEHHBIE PACTEHHUS MOPKOBH U CEIIbJepest
IKCTIPECCUPYIONIIE PEeKOMOMHAHTHBIH TaymatuH Il ¢ menpro mo-
BBIIIEHUSI CTPECC-YCTOMUMBOCTH 3TUX KyabTyp. Metoabl /s
MOJIyYCHHsI TPAHCTEHHBIX pacTeHui mpoBoauau Agrobacterium-
orocpeioBaHHyl0 TpaHcdopmanmio. IIpucyTcTBue M TpaHc-
KPHIILUIO TPAHCTEHOB NoaTBepkaanu ¢ nomousto TP u OT-
TP ananuzoB. Onpenensian ycTOHUNBOCTb MOMYUYEHHBIX pac-
TEHHUH K OMOTHYECKIM cTpecc-(pakTopaM (aHaInu3 aHTHOAKTEpH-
ANBHON/aHTH(YHIabHOW aKTHBHOCTH iN Vitro) u K JeHCTBHIO
COJIEBOTO/ OCMOTHYECKOTO cTpecca (TeCT Ha BbDKUBBIBAHUE PAc-
tennit B nmpucyrctBud NaCl/TIOT" B pa3nu4HbIX KOHLEHTpAIIU-
sx). Pesyabrarsl TpaHcreHHbIE pacTeHHsT MOPKOBH U CelbJie-
pes, SKcIpeccupyomue reH Taymaruna Il (Tpanckpumims nozu-
TBepkaeHa st 60—100 %) OB MOTydIeHs! ITyTeM arpodaKTe-
pHansHOH TpaHchopManun. DKCTPAKTI TPAHCTEHHBIX PACTEHUH
MOPKOBH HHTHOMPOBANIN POCT UCCIEAYEMBIX ITAMMOB (DUTOIA-
TOTEHHBIX OaKTepHii, HO He MPOSIBIISUTN aHTH(YHIaJIbHOW aKTHB-
HOCTH. YPOBEHb BEDKHBAHHMS TPAHCTCHHBIX PACTEHHUIT pH abu-
OTHYECKOM CTpecce ObUI 3HAUMTEIILHO BBIIIE 110 CPABHEHHUIO C
HETPAaHCTEHHBIMH PACTEHUAMH. AHAIIN3 COAEPKaHMUS (OTOCHH-
TETUYECKHX MUTMEHTOB He MOKa3al JOCTOBEPHOH Pa3HHUIIBI MO-
Kaszarenen Ui TPAHCTeHHBIX PACTEHUH NPHU COJIEBOM CTpecce,
YTO MOXET YKa3blBaTh Ha BO3MOXKHYIO 3aIlIUTHYIO aKTHBHOCTb
pexoMOMHaHTHOTO Oenka. BeiBoasbl. [TomyueHHble B HAaMIUX HC-
CJIC/IOBAaHUSIX TPAHCTCHHBIC PACTEHHS CElbJIepess U MOPKOBH,
IKCTIPECCUPYIOIIIEe PEKOMOMHAHTHBIN TaymatuH 11, xapakrepu-
30BaIUCh AHTUOAKTEPUATBHOW AKTUBHOCTBIO M TIOBBLIIIEHHON
YCTOHUHBOCTBIO K COJIEBOMY M OCMOTHYECKOMY CTPECCY.

KawueBble €J10Ba: MOPKOB, celb/iepeid, Taymarut, Agrobac-
terium-omnocpenoBanHast TpaHcOpPMAIIHsL, CTPECC-YCTOHIHBOCTb.
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