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1.	Introduction
Expansins are a group of proteins that are capable to modify 
the mechanical properties of plant cell walls by a nonen-
zymatic mechanism. These proteins are encoded by large 
multigene families and are widely distributed in plant species 
(Kuluev et al., 2016). Expansins are implicated in the growth 
responses of plants to adverse environments (Gao et al., 
2010; Han et al., 2012; Lu et al., 2013). The enzymes of the 
xyloglucan endotransglycosylase family can potentially have 
two distinct catalytic activities, with radically different effects 
on xyloglucan: xyloglucan endo-transglycosylase (XET) 
activity results in the nonhydrolytic cleavage and ligation of 
xyloglucan chains, whereas xyloglucan endo-hydrolase (XEH) 
activity yields irreversible chain shortening (Rose et al., 2002). 
In angiosperms, XET/XTHs are typically encoded by large 
multigene families (Rose et al., 2002). There is information 
about the participation of XET/XTHs in providing tolerance 
to water deficit caused by drought and salinity (Choi et al., 
2011). It has been shown that XET/XTHs expression has been 
induced by a broad spectrum of abiotic stresses, including 
drought, high salinity, and cold temperature (Kuluev et al., 
2017). The aim of our study was to elucidate the molecular 
mechanisms of expression regulation of expansins and xylo-
glucan endotransglycosylases under changing environmental 
conditions and to determine the role of these proteins in ensur-
ing growth and productivity, both under normal conditions 
and under the action of drought and hypothermia. Tobacco 
was chosen as a model object, including the transgenic lines 
of this plant expressing expansins and XTHs genes.
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2.	Materials and methods
Plants of the N. tabacum cv. ‘Petit Havana SR1’ were grown 
in 450-ml pots filled with universal soil substrate “Terra vita” 
in a greenhouse at +27 °C under 140 mmol m–2 s–1 photon 
flux density and photoperiod of 16/8 hours (day/night) within 
40  days (twelve leaves stage) and then subjected to stress 
treatments. Cadmium stress was induced by exposing plants 
to 100 μM cadmium supplied as Cd(CH3COO)2 for 16 h. 
For freezing and cold treatments, plants were exposed to a 
temperature of 0 or 10 °C for 6 h and 8 h, respectively. Heat 
stress treatment was performed by incubating tobacco plants 
at 42 °C for 6 h. Drought stress was induced by withholding 
water supply for 2 days. For salt stress treatment, tobacco 
plants were germinated on universal soil for 40 days, then 
roots were carefully washed and plants were transferred for 
5 days on hydroponics solution (10 % Hoagland-Arnon so-
lution). After that, plants were incubated for 2 h at different 
concentrations of NaCl (20, 80, 170, 250, 350, and 850 mM). 
After stress treatments, leaves were frozen in liquid nitrogen 
and used to isolate total RNA. Untreated plants served as 
controls. Expansin genes were used as target genes: NtEXPA1, 
NtEXPA4, NtEXPA5 and NtEXPA6 of tobacco, as well as the 
NtEXGT gene encoding one of the xyloglucan endotrans-
glycosylases of tobacco. When conducting our research, we 
also used T1 lines 35S::NtEXPA5, DMV::NtEXPA1, NtEXPA4i 
(NtEXPA4-silenced), XVE::NtEXPA1, 35S::NtEXGT of the 
previously created transgenic tobacco Nicotiana tabacum L. 
var. ‘Petit Havana SR1’.
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3.	Results and discussion
Transcript levels of the NtEXPA1, NtEXPA4, and NtEXPA5 
genes were increased in response to NaCl, drought, cold, heat, 
and 10 μM abscisic acid (ABA) treatments but were reduced in 
response to more severe stresses, i. e. cadmium, freezing, and 
100 μM ABA. In contrast, no changes were found in NtEXPA6 
transcript level after all stress treatments. The NtEXGT gene 
was also up-regulated by salinity, drought, cold, cadmium 
and 10 μM abscisic acid treatments and down-regulated in 
response to 0 °C and 100 μM abscisic acid. Based on the data 
obtained, it was possible to suggest that the genes studied are 
involved in the regulation and maintenance of growth under 
the action of abiotic stress factors. In addition, we examined 
the involvement of tobacco expansins and XTHs in the regu-
lation of abiotic stress tolerance by transgenic approaches. 
Transgenic tobacco plants with constitutive expression of 
NtEXPA1 and NtEXPA5 exhibited improved tolerance to salt 
stress: these plants showed higher growth indices after NaCl 
treatment and minimized water loss by reducing stomatal 
density. In contrast, NtEXPA4-silenced plants were charac-
terized by a considerable growth reduction under salinity 
and enhanced water loss. Root growth and stress tolerance 
of transgenic tobacco plants with constitutive expression of 
the NtEXPA1 and NtEXPA5 genes, as well as with reduced 
expression of the NtEXPA4 gene with prolonged cultivation 
under drought, salinity and low positive temperatures, were 
investigated. Increased expression of expansin genes led to 
an increase in the growth rate and the length of the roots, both 
under normal growing conditions and following exposure to 
a temperature of +12 ºС and 50 mM NaCl. Also, increased 
expression of expansin genes influenced the change in fresh 
and dry weight of the shoot, leading to their increase when 
they were exposed to hypothermia. Transgenic plants with a 
reduced level of expression of the expansin NtEXPA4 gene 
were characterized by a decrease in the fresh and dry weight 
of the shoot under the action of drought and low positive tem-
peratures. 35S::NtEXGT tobacco plants also showed higher 
rates of root growth under salt-stress conditions, greater frost 
and heat tolerance as compared with the wild-type tobacco  
plants.

4.	Conclusions
Overall, data obtain may indicate the involvement of the 
NtEXPA1, NtEXPA4, NtEXPA5 and NtEXGT genes of to-
bacco in growth regulation under the action of hypothermia, 
drought and salinization. We suppose that genes can be used 
to improve root growth, as well as to increase the productiv-
ity of transgenic plants under the action of hypothermia and 
moderate salinity. 
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