
26

BIOTECHNOLOGIA  ACTA, V. 8, No 2, 2015

Genetic engineering is a rapidly 
developing branch of biotechnological 
research. The tasks of genetic engineering 
are diverse. They include researches aimed 
at fundamental investigations of transferred 
genes functioning and also an applied research 
aimed at developing of biotechnology for 
practical and commercial application. The 
latter include the development of strategies of 
biologically active compounds production from 
plant material using modern biotechnological 
approaches. 

Naturally synthesized compounds and 
recombinant plant-derived compounds 
(animal or microbial origin) are among the 
substances of practical interest. Use of 
modern biotechnological techniques including 
genetic engineering methods allow to create 
medical plants with significantly increased 
level of accumulation of biologically active 

substances (BAS), secondary metabolites and 
stored sugars. Genetic engineering methods 
application allows constructing so called 
“edible vaccines” — edible plants which 
synthesize viral and bacterial recombinant 
antigens or transgenic plants as a source of 
another recombinant compounds for medical 
purposes. Compositae family includes 
numerous plant species used on medicine. 
These plants are of special interest for 
improvement via genetic engineering methods 
as a source of BAS.

Increasing of accumulation of biologically 
active compounds in transgenic plants and 
“hairy” roots

Obtaining of plants that can find practical 
application as a system for BAS synthesis is an 
ultimate goal of experiments in plant genetic 
engineering. Up to now numerous laboratories 
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The review focused on the data concerning current state in the field of Compositae “hairy” roots and 
transgenic plants construction using A. tumefaciens- and A. rhizogenes-mediated transformation to 
obtain biologically active compounds, including recombinant proteins. The article presents data on the 
results of genetic transformation of Cichorium intybus, Lactuca sativa, Artemisia annua, Artemisia vul-
garis, Calendula officinalis, Withania somnifera and other Compositae plants as well as studies on the 
artemisinin, flavonoids, polyphenols, fructans and other compounds accumulation in transgenic plants 
and roots.

The data show that the use of biotechnological approaches for construction of “hairy” roots and trans-
genic plants with new features are of great interest. The possibility of increase in the accumulation of 
naturally synthesized bioactive compounds and recombinant proteins production via A. tumefaciens and 
A. rhizogenes-mediated transformation have been shown. In vitro cultivation of transgenic plants charac-
terized by high level of bioactive compounds accumulation and synthesis of recombinant proteins makes 
it possible to obtain guaranteed pure raw material. Using of biotechnological approaches preserved natu-
ral populations of plants is particularly important for rare and endangered plant species.
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carry out studies aimed at obtaining of 
biotechnological plants for producion these 
compounds in high quantities in comparison with 
the ones production in nontransgenic plants. The 
level of accumulation of valuable compounds 
in plants obtained after transformation of 
Agrobacterium tumefaciens can greatly exceed 
that the one in the control plants.

Transformation using A. rhizogenes is 
the way for so-called “hairy” root culture 
obtaining. These roots as well as transgenic 
plants accumulate BAS quite often in greater 
amount than the basal nontransformed plant. 
This increase is a result of foreign genes 
transfer to the plant genome. Selection of 
the most productive “hairy” root lines, which 
are characterized by rapid growth and high 
BAS accumulation level, their cultivation in 
bioreactors is a basis of creation of industrial 
biotechnologies for manufacturing of 
compounds with medical properties. 

Artemisia sp. Compositae family plants 
are of great interest as a source of biologically 
active compounds. These plants synthesize 
artemisinin compound with antimalarial 
properties. En effective antimalarial medicine 
Coartem (Novartis International AG) based 
on one of the semi-synthetic derivatives of 
artemisinin is not produced in Ukraine now. 
Interest in artemisinin production increased 
due to high efficiency of this compound in 
malaria treatment [1, 2] as opposed to earlier 
and now applied medicines based on quinine. 
The latter have a number of contraindications, 
side effects and are not effective against 
some types of malaria parasites (Plasmodium 
falciparum is resistant to aminohinolons).

A. rhizogenes and A. tumefaciens are 
used for wormwood plants transformation 
in order to construct lines with high 
artemisinin content. Artemisinin content 
and essential oils accumulation were studied 
in A. annua transgenic roots and plants using 
chromatographic and masspectrometry methods. 
“Hairy” roots growing conditions in bioreactors 
and possible ways of BAS synthesis increasing 
(Table 1) were also determined including the 
optimization of the culture medium composition, 
the choice of transgenic root lines with high 
level artemisinin accumulation and transfer 
in plant genome genes that indirectly increase 
artemisinin synthesis.

Chen et al. [3] transferred farnesyl 
diphosphate synthase (FDS) gene in one of the 
first experiments to obtain Artemisia annua 
transgenic roots and founded difference 
in growth rate of transgenic root lines and 
artemisinin accumulation up to 2–3 mg/g 

roots dry weight. The authors obtained 
A. annua transgenic plants using A. 
tumefaciens-mediated transformation. 
These plants synthesized and accumulated 
artemisinin up to 10 mg/g weight that is 2-3 
fold higher than the content of the compound 
in the control plants [4]. In transgenic 
plants obtained by Han et al. [5] artemisinin 
accumulated in amount up to 0.9% dry weight, 
which is 34.4% more than in the control. 
Banyai et al. [6] also obtained transgenic 
Artemisia plants with 2.5–3.6 fold increased 
artemisinin accumulation as compared with 
the control. The results depended on the 
vector used for the transformation. It should 
be noted that the researchers used FPS gene 
for the transformation and confirmed thereby 
regulatory role of farnesyl pyrophosphate 
synthase in the artemisinin synthesis.

Transfer of isopentyl transferase ipt 
gene has lead to an increase of cytokinins 
and chlorophyll content in transgenic A. an-
nua plants. This phenomenon resulted in 
increase of artemisinin content in transgenic 
plants up to 70% [7]. High level artemisinin 
synthesis also observed after Artemisia 
plants transformation using HMG-CoA 
reductase and amorpha-4,11-diene synthase 
genes [8], beta-caryophyllene synthase 
gene [9], ADS, CYP71AV1 and CPR genes 
[10], AaWRYK1 gene [11] HMGR and FPS 
genes [12]. Artemisinin synthesis level had 
any changes in transgenic plants with fpf1 
gene (flowering promoting factor1) from 
Arabidopsis thaliana, but transfer of this gene 
has led to early flowering [13, 14]. Giri et al. 
constructed transgenic roots using different 
strains of agrobacteria and identified 
differences in the artemisinin amount [15].

Variation in cultivation conditions 
can also lead to changes in the artemisinin 
accumulation. Weathers et al. [16] studied 
the effects of some factors such as the content 
of auxins, cytokinins, hybberelic and abscisic 
acid and ethylene content on the artemisinin 
accumulation in A. annua roots and have 
identified that 2-izopentyladenine addition 
to the culture medium stimulated artemisinin 
production. The cultivation of transgenic 
A. annua roots in different types of bioreactors 
was evaluated and cultivation process 
parameters were defined [17–20]. A. dubia, 
A. annua, A. absinthium, A. indica, A. vul ga-
ris, A. absinthium transgenic roots also were 
obtained and the influence of the composition 
of the culture medium (macro-, microsalts and 
sucrose concentration) on the growth rate of 
the roots was studied [21–23].
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Table 1. Increasing of secondary metabolites and storage compounds accumulation 
in plants of Compositae family due to transformation

Plant species Transformation 
using The results of transformation References

Artemisia annua A. rhizogenes
Transgenic roots with farnesyl diphosphate synthase 
gene were characterized by different growth rate and 

artemisinin content (2–3 mg/g DW) 
[3]

Artemisia annua A. tumefaciens
Transgenic plants synthesized artemisinin up to 10 mg/g 

(farnesyl diphosphate synthase gene was used for the 
transformation)

[4]

Artemisia annua A. tumefaciens
Transgenic plants synthesized artemisinin up to 0.9% 
DW (farnesyl diphosphate synthase gene was used for 

the transformation) 
[5]

Artemisia annua A. tumefaciens
Transgenic plants were constructed using farnesyl 

pyrophosphate synthase gene. These plants accumulated 
artemisinin in 3.6 fold more amount than the control plants 

[6]

Artemisia annua A. tumefaciens Transgenic plants carried ipt gene accumulated 
artemisinin

[7]

Artemisia annua A. tumefaciens
A. annua plants over-expressed HMG-CoA reductase and 
amorpha-4,11-diene synthase genes. Influence of these 

genes expression on artemisinin content was studied
[8]

Artemisia annua A. tumefaciens
Artemisinin biosynthesis enhancement in transgenic 

A. annua plants by downregulation of the beta-
caryophyllene synthase gene was studied

[9]

Artemisia annua A. tumefaciens Artemisinin biosynthesis in transgenic A. annua plants by 
overexpressing ADS, CYP71AV1 and CPR genes was studied

[10]

Artemisia annua A. tumefaciens Overexpression of AaWRYK1 gene increased 
artemisinin content in A. annua plants

[11]

Artemisia annua A. tumefaciens Co-overexpression of the HMGR and FPS genes enhanced 
artemisinin content in A. annua plants

[12]

Artemisia annua A. tumefaciens The effects of fpf1 and CO genes on A. annua flowering 
time and artemisinin biosynthesis was studied

[13], [14]

Artemisia annua A. rhizogenes
Influence of different Agrobacterium rhizogenes strains 
on “hairy” root induction and artemisinin production in 

A. annua was studied
[15]

Artemisia annua A. rhizogenes The effect of phytohormones on growth and artemisinin 
production in transgenic A. annua roots was defined

[16]

Artemisia annua A. rhizogenes Growth of A. annua “hairy” roots in bioreactors for BAS 
production was demonstrated

[17], [18], 
[19], [20]

Artemisia dubia 
and Artemisia 

indica
A. rhizogenes A. dubia and A. indica “hairy” roots were inducted and 

artemisinin accumulation was analyzed
[21]

Artemisia 
vulgaris A. rhizogenes

The conditions for A. rhizogenes-mediated 
transformation of A. vulgaris were optimized. Essential 

oils accumulation was studied
[22]

Artemisia 
absinthium A. rhizogenes A. absinthium transgenic root culture was initiated [23]

Lactuca sativa A. tumefaciens Increasing of flavonoids and polyphenols content in 
transgenic plants with CHI gene was detected

[24]

Lactuca sativa A. tumefaciens
Increase of inulin accumulation occurred in transgenic 

plants overexpressed asparagine synthetase A gene from 
Escherichia coli

[25]

Cichorium 
intybus A. tumefaciens Inulin was synthesized in transgenic plants harbouring 

onion fructan:fructan 6G-fructosyltransferase gene
[26]
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Cichorium intybus and Lactica sativa edible 
plant (Compositae) are of interest for genetic 
transformation experiments. Trans genic 
lettuce plants obtained via Agro bacterium 
tumefaciens-mediated transformation 
(chalcone isomerase gene of chinese cabbage) 
were characterized by 1.4–4.0-fold flavonoids 
content increase. The results of this study have 
shown the possibility of construction of lettuce 
plants with a high content of flavonoids. 
Authors also determined the role of CHI gene 
in the synthesis of these compounds [24].

Compositae plants are known to synthesize 
fructans. These compounds exhibit a wide 
range of biological activity — gepatoprotective, 
prebiotic activities, they normalize lipid and 
calcium metabolism. Sobolev et al. [25] noted 
30-fold increase of the content of inulin in 
transgenic lettuce plants with the Escherichia 
coli asparagine synthetase A gene. Transfer 
of Allium cepa 6G-FFT fructan:fructan 
6G-fructosyltransferase gene to the chicory 
plant has led to neoinulin synthesis (Liliaceae 
storage fructan) in transgenic plants [26]. 
Transgenic chicory roots enabled synthesis of 
esculin. Amount of esculin in these roots was 13-
fold higher than in the roots of nontransformed 
plants [27]. Enhancement of growth and 
coumarin production in “hairy” root cultures of 
Cichorium intybus under the influence of natural 
fungal elicitors [28] and performance of “hairy” 
roots cultivation in bioreactors of different 
configurations [29] were studied. Transgenic 
Cichorium intybus and Lactuca sativa “hairy” 
roots and regenerated plants (Figure) using 
A. rhizogenes-mediated transformation were 

obtained in our experiments. It was shown 
that some “hairy” roots lines accumulated 
fructans in greater amount than the roots of the 
control plants. CharkorTM, IvinTM and BiolanTM 
growth regulators using stimulated fructans 
accumulation in transgenic roots [30].

A. rhizogenes bacteria were used to obtain 
transgenic Arnica montana [31], Calendula 
officinalis [32], Ocimum basilicum [33], 
Withania somnifera [34, 35], Tragopogon 
porrifolius [36] “hairy” roots (Figure). 
Transgenic Calendula officinalis roots 
synthesized an oleanolic acid and Ocimum 
basilicum “hairy” roots accumulated rosmarinic 
acid. The results of these experiments indicate 
that the approach aimed at the transgenic roots 
construction and obtaining of compounds with 
valuable properties are promising and can bring 
significant economic benefits in case of selection 
of the most productive transgenic lines.

Construction of plants and “hairy” roots 
that synthesized recombinant proteins

At the end of XX — beginning XXI th 
century bacterial and viral proteins were shown 
to synthesize in transgenic plants [37, 38; 
Table 2]. Antigens synthesized in transgenic 
plants exhibited immunogenicity [39, 40], 
so transgenic plants using as a biological 
system for medical proteins accumulation is 
of interest in biotechnology research. Plants 
produced recombinant proteins can be used 
for the synthesis of valuable compounds for 
further extraction and also as a so-called 
“edible” vaccine which provides direct human 
or animal immunization [41, 42].

Plant species Transformation 
using The results of transformation References

Cichorium intybus A. rhizogenes Production of esculin by C. intybus “hairy” roots was 
studied

[27]

Cichorium intybus A. rhizogenes Fungal elicitors using enhanced growth and coumarin 
production in C. intybus “hairy” root culture

[28]

Cichorium intybus A. rhizogenes Chicory “hairy” roots were cultivated in bioreactors of 
different configurations

[29]

Cichorium intybus A. rhizogenes Fructan accumulation increased in transgenic roots [30]

Arnica montana A. rhizogenes Thymol derivatives synthesis in “hairy” roots 
of A. montana was detected

[31]

Calendula 
officinalis A. rhizogenes Production of oleanolic acid glycosides by C. officinalis 

“hairy” roots was analyzed
[32]

Ocimum 
basilicum A. rhizogenes Rosmarinic acid accumulated in “hairy” root 

of O. basilicum [33]

Withania somnifera A. rhizogenes Withanolide accumulated in transgenic roots [34], [35]

Trаgopogon 
porrifolius A. rhizogenes T. porrifolius transgenic root lines differed in fructan 

accumulation level
[36]
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Lettuce is one of a potential candidates for 
production of “edible” vaccines as used without 
heat treatment. The results of several studies 
using these plants for expression of transferred 
microbial, viral and animal origin genes recently 
were published. Cheng-Wei Liu et al. [43] 
constructed transgenic lettuce plants expressing 
H1N1 influenza surface antigen (neuraminidase) 
in 0.018–0.045% of total soluble protein. 
An immune response against the antigen was 
detected after immunization using transgenic 
lettuce extracts. The authors identified 
transgenic plants as a safe and economical system 
for expression of recombinant proteins for their 
use as “edible” vaccines.

A. tumefaciens-mediated transformation 
was used to obtain the transgenic lettuce 
plants carried HIV (human immunodeficiency 
virus) gap-gp120 gene [44]. Li et al. [45] 
demonstrated the feasibility of producing 
SARS-CoV (respiratory syndrome coronavirus) 
spike protein S1 in nuclear- and chloroplast-
transformed plants, indicating its high 
potential in development of a safe oral 
recombinant subunit vaccine against the 
SARS-CoV in edible plants. Lettuce plants were 
used for surface antigen HBsAg hepatitis B 
virus gene transfer [46]. Kanamycin resistant 
lettuce plantі were obtained after explants 
cocultivation with A. tumefaciens C58C1RifR 
carried HBsAg and nptII genes; the presence 
of both genes transferred was confirmed using 
PCR analysis. Deng et al. [47] introduced the 
fused gene O21-O14-A21 containing both 

type O and A FMDV (foot-and-mouth disease 
virus) epitopes into lettuce. PCR and Southern 
blot analyses confirmed the integration of 
the transferred genes to the plant genome. 
Metabolism of transgenic plants overexpressed 
E. coli asparagine synthetase A gene was 
investigated. In some transgenic lines the leaf 
mass increasing, higher asparagine, glutamine, 
valine, isoleucine and protein levels, lower 
nitrate contents were demonstrated. In one line 
overstored inulin was found [48]. 

Expression of a cholera toxin B subunit-
neutralizing epitope of the porcine epidemic 
diarrhea virus fusion sCTB-sCOE gene 
in transgenic lettuce was demonstrated. 
Expression level of CTB-COE fusion proteins 
reached 0.0065% of the total soluble protein 
in transgenic lettuce leaf tissues [49]. Kim 
et al. [50] transferred Escherichia coli sLTB 
gene to lettuce. Recombinant sLTB protein 
accumulated in amount 1.0–2.0% of the total 
soluble protein.

In our studies A. tumefaciens and A. rhi zo-
genes were used to obtaine Cichorium intybus 
and Lactuca sativa transgenic plants and 
“hairy” roots carried esxA:fbpB fused genes 
of Mycobacterium tuberculosis ESAT6:Ag85B 
antigens [51, 52]. We also transferred human 
interferon-2b ifn-2b gene in C. intybus and 
L. sativa [53, 54] and studied antiviral activity 
of extracts from transgenic plants and roots 
[55]. The possibility of Artemisia tilesii Ledeb 
(Aleutian wormwood) genetic transformation 
using ifn-2b gene was studied in our 
experiments. The frequency of root formation 
was up to 100% and did not differ in the case 
of younger or older leaves used as explants 
(Figure).

Expression of F1-V immunogenic protein 
of Yersinia pestis was detected in transgenic 
lettuce plants [56]. Mice immunized with 
lettuce expressing the F1-V antigen developed 
systemic humoral responses. So, the transgenic 
plants could be used as a candidate for a plant-
based plague vaccine production. Lettuce 
plants were also used for expression of a 
cholera toxin B subunit-neutralizing epitope 
of the porcine epidemic diarrhea virus fusion 
gene [57, 58]. The expression level of CTB-COE 
fusion proteins reached 0.0065% of the total 
soluble protein [58]. 

Thus, the results of resent investigations 
testified to efficiency of usage of bio-
technological approaches to create plants with 
novel traits. A. tumefaciens and A. rhizogenes 
transformation methods using allows to 
increase accumulation of valuable compounds 
in plants traditionally known as a source of 

Cichorium intybus (a), Lactuca sativa (b), 
Tragopogon porrifolius (c), Atremisia tilesii (d) 

“hairy” root culture carrying human ifn-2b gene

a

dc

b
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biologically active substances. Cultivation of 
biotechnological “hairy” roots in bioreactors 
makes it possible to obtain guaranteed 
friendly raw materials, which is important 
in consideration of progressive environment 
pollution. Using of “hairy” roots allows to 
save natural plant populations and at the same 
time use plant material for production of high 
quality plant-derived compounds for medical 
and agricultural purposes. 

Transgenic plants, including edible, are 
good alternative for synthesis of biologically 
active compounds. Progress in the plants 
molecular biology and genetic engineering 
has lead to the development of approaches 
for foreign genes high expression including 
bacterial and viral antigens for vaccine 
production in plants. Transgenic plants 
have been demonstrated to be an attractive 
heterologous expression system for more 

than 100 recombinant proteins production 
in the past 10–15 years [58–63]. For 
example Biolex company has commercialized 
recombinant interferon production using 
transgenic duckweed plants [64, 65]. 
Heterologous proteins such as therapeutics, 
antibodies, vaccines and enzymes for 
pharmaceutical and industrial applications 
may be successfully expressed also in edible 
or medical Compositae plants. These plants 
can be promising alternatives to microbial 
synthesis of BAS due to product safety, cost-
effective biomanufacturing, recombinant 
proteins post-translational modifications in 
plant cells production system. Development 
of technologies for production of plant 
derived recombinant proteins can be used in 
medicine for the creation of “herbal” drugs 
for the prevention and treatment of numerous 
diseases.

Table 2. Experiments for construction of Compositae transgenic plants 
and “hairy” roots synthesized recombinant proteins

Plant species Transformation 
using

Transformation results Refe-
rences

Lactuca sativa A. tumefaciens Transgenic plants synthesized NA (neuraminidase) protein of 
H1N1 influenza surface antigen

[43]

Lactuca sativa A. tumefaciens Lettuce transgenic plants with HIV gap-gp120 gene were con-
structed

 [44]

Lactuca sativa A. tumefaciens Transgenic plants accumulated SARS-CoV spike protein  [45]

Lactuca sativa A. tumefaciens Transgenic lettuce plants carrying hepatitis B virus antigen 
HBsAg were obtained

[46]

Lactuca sativa A. tumefaciens Transformation of lettuce with FMDV epitopes fused gene  [47]

Lactuca sativa A. tumefaciens NMR metabolic profiling of transgenic lettuce overexpress-
ing the E. coli asparagine synthetase A gene was defined

[48]

Lactuca sativa A. tumefaciens A cholera toxin B subunit-neutralizing epitope of the porcine epi-
demic diarrhea virus fusion gene was transferred in lettuce plants

 [49]

Lactuca sativa A. tumefaciens Escherichia coli heat-labile enterotoxin B subunit gene was 
transferred in lettuce

 [50]

Lactuca sativa A. tumefaciens Transgenic lettuce plants carrying Mycobacterium tuberculo-
sis esxA and fbpB genes were constructed

 [51]

Cichorium intybus A. tumefaciens Transgenic chicory plants with Mycobacterium tuberculosis 
esxA gene were constructed

 [52]

Cichorium intybus A. tumefaciens Transformation of chicory plants using human ifn-2b gene  [53]

Lactuca sativa A. rhizogenes  Lettuce “hairy” roots with human ifn-2b gene were obtained  [54]

Lactuca sativa

Cichorium intybus

A. rhizogenes

A. tumefaciens

Antiviral activity of extracts of transgenic chicory and let-
tuce plants with the human interferon 2b gene was studied

[55]

Lactuca sativa A. tumefaciens The immunogenic fusion protein F1-V from Y. pestis was 
introduced into lettuce and transgenic lines were developed. 

Mice immunized with lettuce expressing the F1-V antigen 
developed systemic humoral responses

 [56]

Lactuca sativa A. tumefaciens   The sCTB gene was transferred to lettuce plants. The expression 
level of CTB was relatively high (0.24% TSP) in transgenic lettuce

[57]
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II. СИНТЕЗ БІОЛОГІЧНО АКТИВНИХ 
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Розглянуто дані літератури і власних 
досліджень автора щодо створення 
«бородатих» коренів і трансгенних рослин 
родини Compositae шляхом трансформації 
бактеріями Agrobacterium rhіzogenes та A. 
tumefaciens з метою одержання біологічно 
активних сполук, у тому числі рекомбінантних 
протеїнів. Наведено результати генетичної 
трансформації рослин Cichorium intybus, 
Lactuca sativa, Artemisia annua, Artemisia 
vulgaris, Calendula officinalis, Withania 
somnifera, а також досліджень рівня синтезу 
та накопичення артемізину, флавоноїдів, 
поліфенолів, фруктанів та інших сполук у 
трансгенних рослинах і «бородатих» коренях. 
Отримані дані показують, що трансформовані 
рослини та «бородаті» корені рослин родини 
Compositae здатні синтезувати рекомбінантні 
сполуки відповідно до перенесених генів. 
Розроблення технологій одержання 
рекомбінантних протеїнів, а також інших 
біологічно активних сполук, що продукуються 
у трансгенних коренях та рослинах родини 
складноцвітих, може набути застосування 
у медицині та ветеринарії для створення 
«рослинних» ліків з метою профілактики та 
лікування низки захворювань.

Ключові слова: Compositae, Agrobacterium 
tumerfaciens, Agrobacterium rhizogenes, 
трансгенні рослини, «бородаті» корені, 
біологічно активні сполуки, рекомбінантні 
протеїни.
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инженерии НАН Украины,
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Рассмотрены данные литературы и соб-
ственных исследований автора по созданию 
«бородатых» корней и трансгенных расте-
ний семейства Compositae путем трансформа-
ции бактериями Agrobacterium tumefaciens 
и A. rhi zogenes с целью получения биологиче-
ски активных соединений, включая реком-
бинантные протеины. Приведены результа-
ты генетической трансформации растений 
Cichorium intybus, Lactuca sativa, Artemisia 
annua, Artemisia vulgaris, Calendula officinalis, 
Withania somnifera, а также исследований 
уровня синтеза и накопления артемизина, 
флавоноидов, полифенолов, фруктанов и дру-
гих соединений в трансгенных растениях и 
«бородатых» корнях. Полученные данные по-
казывают, что трансформированные растения 
и «бородатые» корни растений, относящихся 
к семейству Compositae, могут синтезировать 
рекомбинантные протеины соответственно пе-
ренесенным генам. Разработка технологий по-
лучения рекомбинантных протеинов, а также 
других биологически активных соединений, 
продуцируемых в трансгенных корнях и расте-
ниях семейства сложноцветных, может найти 
применение в медицине и ветеринарии для соз-
дания «растительных» лекарств с целью про-
филактики и лечения ряда заболеваний.

Ключевые слова: Compositae, Agrobacterium 
tumerfaciens, Agrobacterium rhizogenes, транс-
генные растения, «бородатые» корни, биоло-
гически активные соединения, рекомбинант-
ные протеины.


