ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 5

UDC 577.13:581.1 doi: https://doi.org/10.15407/ubj90.05.050

ACTION OF METHYL JASMONATE AND SALT STRESS
ON ANTIOXIDANT SYSTEM OF ARABIDOPSIS PLANTS
DEFECTIVE IN JASMONATE SIGNALING GENES

T. O. YASTREB", Yu. E. KOLUPAEV*?, N. V. SHVIDENKO", A. P. DMITRIEV?

'Dokuchaev Kharkiv National Agrarian University, Ukraine;
e-mail: plant_biology@ukr.net;
2Karazin Kharkiv National University, Ukraine;
3Institute of Cell Biology and Genetic Engineering,
National Academy of Sciences of Ukraine, Kyiv;
e-mail: dmitriev.ap@gmail.com

Role of jasmonate signaling in the regulation of stress-protective systems in Arabidopsis under salt
stress remains insufficiently studied. For its clarification, comparative studies with mutants lacking various
protein components of jasmonate signaling are advisable. In this connection, effects of methyl jasmonate (MJ,
50 uM) and salt stress (NaCl, 150 mM) on functioning of antioxidant and osmoprotective systems of wild-type
Arabidopsis plants (Col-0) and ones defective in jasmonate signaling, namely coil (mutant for gene coding
the protein COIll, which participates in removal of repressor proteins of transcription factors of jasmonate
signaling) and jinl (mutant defective in gene encoding the transcription factor JINI/MYC2, one of the key in
Jasmonate signaling), were investigated. Salt stress inhibited growth of plants of all three genotypes. Treat-
ment with MJ before salt stress positively influenced only the growth of wild-type plants. In contrast to mutants
coil and jinl, Col-0 plants treated with MJ, under conditions of salt stress, kept close to the control values of
water and total chlorophylls content, and the content of carotenoids increased. The coil plants under normal
conditions differed from wild-type plants and jinl mutants by reduced activity of guaiacol peroxidase and
catalase and increased proline content. Treatment with MJ did not affect the activity of antioxidant enzymes
and proline content in both mutants defective in jasmonate signaling. Under salt stress, the activity of superox-
ide dismutase, catalase and guaiacol peroxidase, as well as the content of proline and anthocyanins, in wild-
type plants treated with MJ, were significantly higher than in control plants. The role of jasmonate-dependent
protective systems in resistance of Arabidopsis plants to salt stress is discussed.
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t present, specific proteins have been iden-
A tified for the transduction of jasmonic acid

(JA) signal into the genetic apparatus of
plant cell [1, 2]. It is known that the physiological
activity of JA is manifested after its transformation
into jasmonoyl-L-isoleucine. In this regard, the JAR1
protein, displaying activity of aminoacyl synthetase,
which conjugates amino acids with jasmonic acid, is
considered as one of the first components of chain of
transduction of its signal into the genetic apparatus
[3]. At the same time, the COIL1 protein, which is part
of the SCF/COI1 complex conjugated with ubiquitin
enzymes, is considered to be the jasmonate recep-

tor specifically binding jasmonoyl-L-isoleucine [4].
An interaction of jasmonoyl-L-isoleucine with COI1
leads to its activation and interaction with JAZ- (Jas-
monate-Zim-Domain) proteins, JA-signal repressors
that are sent to 26S proteasomes for degradation [5].
Consequently, a signaling pathway of JA is opened
for specific transcription factors MYC2, MYC3 and
MYC4 [4]. It is believed that JINI/MYC2 is one of
the major positive regulators in jasmonate-inducible
gene expression in Arabidopsis thaliana [5, 6].
Recently, JA and its derivatives are considered
to be important regulators of plant resistance not
only to biotic, but also to abiotic stresses, incl. to
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salt [7, 8]. Earlier, we showed less effective functio-
ning of stress-protective systems under conditions
of salt stress in Arabidopsis mutant jin! treated with
JA compared to wild-type plants [9]. However, the
transcription factor JIN1/MYC?2 is involved in the
effects of not only JA but also abscisic acid (ABA)
[10-13] and, probably, nitric oxide [14, 15]. Moreover,
a number of studies have indicated the involvement
of the transcription factor JINI/MYC2, previously
activated by jasmonate signal, in the regulation of
ABA-dependent salt stress reactions [16]. Therefore,
it remains unclear whether the low salt tolerance of
the jin/ mutants is due to the violation of jasmonate
signaling, or the differences in salt tolerance of wild-
type plants and the jin/ mutants are due to the in-
volvement of the JINI/MYC2 transcription factor
in other signaling pathways. On the other hand, it
is known that the transduction of jasmonate signal
occurs not only with the help of the JINI/MYC2
transcription factor, but also with the ERF family
proteins (ERF1, ERF2, ERF5 and ERF6), which
combine effects of JA and ethylene and are involved
in regulation of expression of a number of genes
[5, 17].

Thus, it is relevant to carry out comparative
studies with mutants lacking various protein com-
ponents in order to clarify the role of jasmonate
signaling in the regulation of stress-protective sys-
tems of Arabidopsis under salt stress. Functioning
of the antioxidant and osmoprotective systems in the
Arabidopsis mutant defective in COI1 jasmonate re-
ceptor under salt stress has not yet been studied, al-
though there are data indicating its role in regulating
biosynthesis of flavonoid compounds, expression of
non-specific peroxidase and ascorbate peroxidase
genes [18, 19], which are important for adaptation to
salinity and other stress factors.

In connection with the foregoing, the aim of the
study was to compare the functioning of the anti-
oxidant and osmoprotective systems of coil (corona-
tine insensitive 1) and jinl (jasmonate insensitive 1)
mutants, defective in jasmonate signaling, and wild-
type Arabidopsis thaliana plants under salt stress in
the presence and absence of exogenous methyl jas-
monate (MJ).

Materials and Methods

Five-week-old plants of Arabidopsis thaliana L.
wild-type (Col-0) and coil and jin/ lines were used
in experiments. Plants were grown in water culture
on Hoagland medium with modifications [20] at
24/18 °C (day/night), illumination of 6000 lux and

10 h photoperiod [9]. MJ (Sigma—Aldrich, USA) at
a concentration 50 uM was inserted into the culture
medium and plants were incubated on it for 24 h.
The optimal concentration of MJ was determined
in preliminary experiments, where the effect of 10-
200 uM MJ on growth parameters of Col-0 under
the salt stress (150 mM) was evaluated. At the end
of the MJ treatment time, plants of three genotypes,
treated and untreated with phytohormone, were sub-
jected to salt stress by transferring to the medium
supplemented with 150 mM NaCl and keeping for
24 h.

For determination of the water content and bio-
chemical analyzes, plates of mature leaves of the ba-
sal rosette were used. The assays were performed
24 h after the transfer of the plants to the medium
with sodium chloride or to the nutrient medium
without MJ.

The amount of water in the leaves was deter-
mined by the usual weighing method, drying the
samples at 103 °C to a constant mass.

Photosynthetic pigments were extracted from
the leaves with ethanol and their content was deter-
mined by spectrophotometric method [21]. The pig-
ment content was expressed as mg/g dry weight of
the leaves.

The activity of antioxidant enzymes was deter-
mined by methods described in detail earlier [22].
The weighed leaves were homogenized in the cold in
0.15 M K, Na-phosphate buffer (pH 7.6) containing
EDTA (0.1 mM) and dithiothreitol (1 mM). The ho-
mogenate was centrifuged at 8000 g for 10 min at
4 °C on MPW 350R centrifuge (Poland). The super-
natant after centrifugation was used for the analy-
sis. The activity of cytosolic superoxide dismutase
(SOD, EC 1.15.1.1), represented predominantly by
Cu/Zn-SOD [23], was determined at pH 7.6 using
a method based on the ability of the enzyme to
compete with nitroblue tetrazolium for superoxi-
de anions, formed due to the aerobic interaction
of NADH and phenazine methosulfate. Catalase
activity (EC 1.11.1.6) was determined at pH 7.0 by
the amount of decomposed hydrogen peroxide per
unit of time. The activity of guaiacol peroxidase
(EC 1.11.1.7) was determined using guaiacol as the
hydrogen donor and hydrogen peroxide as the sub-
strate. The activity of SOD and guaiacol peroxidase
was expressed as arbitrary units/(g dry weight-min),
catalase activity —as mM H,0,/(g dry weight-min).

The proline content in the leaves was analyzed
using a ninhydrin reagent according to Bates et al.
[24] and expressed as uM/g dry weight.
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To determine the content of anthocyanins, the
weighed plant material was homogenized in 1% HCl
solution in methanol [25]. After centrifugation of the
homogenate at 8000 g for 15 min, the optical den-
sity of the supernatant was determined at 530 and
657 nm. When calculating the content of anthocya-
nins, the amount of nonspecific absorption at 657 nm
was taken into account [26]. The content of antho-
cyanins was expressed in conventional units as the
value (A, — 0.25A.,)/g dry weight.

The experiments were performed in triplicate
biological replication and each experiment was inde-
pendently reproduced 3 times. The data are presen-
ted as mean values and standard errors and are con-
sidered significant at P < 0.05 except the specially
stipulated cases. The significance of the differences
was evaluated by Student’s #-test.

Results and Discussion

Growth indicators of plants under conditions of
salt stress. Under the action of 150 mM NaCl, a de-
crease in the growth of biomass of wild-type plants
and both Arabidopsis mutants defective in jasmonate
signaling was observed (Fig. 1). Treatment with MJ
under conditions of salt stress improved the growth
of wild-type plants and did not have a positive effect
on growth rates of coil and jin/ mutants.

Water content in leaves under salt stress condi-
tions. Under normal conditions, the water content in
plant leaves of different genotypes did not differ sig-
nificantly (Table). Treatment with MJ did not affect
its content under these conditions. After salt stress,
the water content in leaves of plants of all genotypes
decreased. Pre-treatment with MJ promoted the
maintenance of water proportion close to normal in
the wild-type plants under salt stress. At the same
time, it did not significantly affect the water content
in leaves of both mutants defective in jasmonate
signaling (Table).

Content of photosynthetic pigments in leaves. It
is known that one of the markers of plant resistance
to the action of stress factors, incl. salinity, is the

Water content in leaves of Arabidopsis plants (%)
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Fig. 1. Growth of biomass of Arabidopsis plants un-
der salt stress (150 mM NaCl). Here and in Fig. 2-4:
1 — Col-0 (control); 2 — Col-0 (methyl jasmonate,
50 uM); 3 — coil (control); 4 — coil (methyl jas-
monate, 50 uM); 5 — jinl (control); 6 — jinl (methyl
Jjasmonate, 50 uM), values with the same superscript
letters are not significantly different (P < 0.05)

ability to preserve a pool of photosynthetic pigments
[27]. The content of chlorophylls and carotenoids in
leaves of Arabidopsis of three genotypes did not dif-
fer significantly under normal conditions (Fig. 2). In
the absence of salt stress, the treatment of plants with
MJ did not significantly affect the content of photo-
synthetic pigments.

Under the influence of salt stress, the chloro-
phylls content in plants of all genotypes decreased.
Treatment with MJ contributed to the preservation of
the chlorophylls pool in wild-type plants and did not
significantly affect its value in coil and jin/ geno-
types (Fig. 2). Also under salt stress conditions, MJ
treatment promoted an increase in the content of ca-
rotenoids in leaves of Col-0 plants.

Activity of antioxidant enzymes in plant leaves.
The activity of the key antioxidant defense enzyme,
SOD, in the various genotypes of Arabidopsis un-
der normal conditions somewhat differed (Fig. 3, A).

Genotype Control Methyl jasmonate (50 pM) | NaCl (150 mM) Metlly;%;éTarge(l)tenfi/(I))uM)
Col-0 91.30 £ 0.212 91.00 £ 0.242 88.60 +£0.22° 91.6 £0.22

coil 92.0 £0.2? 91.80 +0.282 89.30 £ 0.32° 89.50 £ 0.25°
jinl 92.10 £ 0.27 91.5+0.3? 89.70 £ 0.25° 90.20 + 0.222P

Values with the same superscript letters are not significantly different (P < 0.05)
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Fig. 2. Content of chlorophyll (A) and carotenoids (B) in leaves of Arabidopsis. Here and in Fig. 3-4: [ —with-

out stress, Il — NaCl (150 mM)
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Fig. 3. Activity of SOD (A), catalase (B) and guaiacol peroxidase (C) in leaves of Arabidopsis

Thus, its value in coil plants was higher than that in
wild-type plants. Treatment with MJ in the absence
of stress did not significantly affect the enzyme ac-
tivity in leaves of plants of all the investigated geno-
types.

Under salt stress, the SOD activity in wild-type
plants did not change significantly, but it decreased

slightly in mutants defective in jasmonate signaling
(Fig. 3, A). Treatment with MJ caused an increase in
the activity of SOD under salt stress only in wild-
type plants.

The catalase activity under physiologically nor-
mal conditions in plants of the jin/ genotype did not
differ from that in the wild-type, while at the same
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time it was noticeably lower in coil plants (Fig. 3, B).
Treatment with MJ had no effect on catalase activity
in all three genotypes in the absence of stress.

Under the influence of salt stress, the enzyme
activity was significantly reduced in jin/ plants and
to a lesser extent in wild-type plants. In coil plants,
it did not change significantly. Treatment with MJ
contributed to the preservation of values of catalase
activity, characteristic to normal conditions, in wild-
type plants (Fig. 3, B).

Basic values of the activity of guaiacol per-
oxidase in Arabidopsis plants of different genotypes
differed markedly (Fig. 3, C). Thus, in jinl and es-
pecially coil plants, it was lower in comparison with
the value of wild-type plants. Treatment with MJ
promoted an increase in the activity of the enzyme
in wild-type plants and did not affect its values in
mutants defective in jasmonate signaling.

Under salt stress, the activity of guaiacol per-
oxidase increased in wild-type plants and to a lesser
extent in the jin/ mutants, and in the coil mutant
it remained low. Treatment with MJ caused an ad-
ditional increase in the enzyme activity in wild-type
plants after salt stress (Fig. 3, C).

Proline content in leaves. Under physiologi-
cally normal conditions, the amount of proline in
leaves of coil mutants was approximately twice as
high as in wild-type plants and in the jin/ mutants
(Fig. 4, A). In the absence of stress, MJ treatment
did not cause changes in proline content in all three
genotypes.

In MJ-untreated Col-0 plants, under salt stress,
the proline content increased more than 4-fold, and
in plants pretreated with phytohormone it increased
approximately 6-fold. The jin/ and coil mutants also
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showed an increase in proline content in response to
salt stress, but pretreatment with MJ did not signifi-
cantly affect its amount (Fig. 4, 4).

Content of anthocyanins in leaves. Under nor-
mal conditions, the content of anthocyanins in plants
of all three genotypes did not differ (Fig. 4, B). Treat-
ment with MJ caused its increase in wild-type plants,
but did not affect this index in coil and jin/ mutants.

After salt stress, the content of anthocyanins in
plants of three genotypes decreased. MJ treatment
mitigated this effect only in Col-0 plants (Fig. 4, B).

Jasmonate-dependent regulation of protective
systems in Arabidopsis plants. Discussing the re-
sults, first of all, it should be noted that there are no-
ticeable differences in biochemical indicators studied
in Arabidopsis plants of different genotypes. Thus,
the Arabidopsis coil mutant differed from wild-type
plants by a higher SOD activity, but reduced catalase
and especially guaiacol peroxidase activities (Fig. 3).
Also, for these plants, characteristic proline content
was higher than in other genotypes (Fig. 4, A). It can
be assumed that an increase in the proline content,
which has antioxidant properties [28], compensates
to a certain extent the low activity of enzymes that
destroy hydrogen peroxide for the plants of this
genotype (Fig. 3). The literature describes the ef-
fects of functional interaction of enzymatic antioxi-
dants and proline, as well as their interchangeability
[29]. Note that the differences in biochemical pa-
rameters in the jin/ mutants from those in wild-type
plants were not as significant as those of the coil
mutants. Apparently, the closure of jasmonate signal
associated with the coil mutation (gene coding the
jasmonate receptor COI1) is more stringent than the

jinl mutation. This may be due to the fact that other
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Fig. 4. Proline (A) and anthocyanins (B) content in leaves of Arabidopsis
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protein components are involved in transfer of jas-
monate signal to genetic apparatus, in particular, the
already mentioned ERF protein [5]. It is possible that
the presence of alternative transcription factors in
jinl plants can provide a partial transduction of the
jasmonate signal in genetic apparatus. So, after pre-
treatment with MJ, these plants showed a tendency
to increase the proline content on the background of
salt stress (Fig. 4, A). Under stress conditions, the ac-
tivity of guaiacol peroxidase increased in jin/ plants
(Fig. 3, C). Such effects were not characteristic for
coil mutants defective in the gene encoding the im-
mediate receptor of jasmonate.

On the whole, in both mutants defective in
jasmonate signaling (coil and jinl), after MJ treat-
ment, unlike wild-type plants, there was practically
no increase in salt tolerance. This was expressed in
the absence of a positive effect of MJ on the growth,
water and photosynthetic pigments content in
these genotypes under salt stress (Fig. 1, 2, Table).
In literature, there are data on the participation of
proteins both COI1 [18] and JINI/MYC2 [6] in the
positive regulation of flavonoid content, incl. antho-
cyanins. The jasmonate signal appears to be impor-
tant for the regulation of the prolin content, a multi-
functional protector participating in osmoregulation,
antioxidant protection and maintenance of protein
functional activity under salt stress [28]. Thus, the
proline content in soybean leaves [30] and banana
fruits [31] increased under the influence of exoge-
nous MJ. A positive relationship was established
between expression level of JINI/MYC2 gene and
accumulation of proline. It is noteworthy that pro-
line can have a positive effect on the accumulation
of anthocyanins in plants under stress conditions
[32]. However, the mechanisms of this influence are
still unclear. In the conditions of our experiments,
wild-type Arabidopsis plants treated with MJ under
conditions of salt stress showed an increased proline
content and a pool of anthocyanins was preserved
(Fig. 4), that probably prevented oxidative damage.

An important component of the effect of jas-
monate under salt stress, apparently, is its participa-

tion in the regulation of antioxidant enzyme activ-
ity. As already noted, in both jasmonate signaling
mutants, jinl and especially coil, a decreased activ-
ity of enzymes that neutralize hydrogen peroxide
was observed (Fig. 3). Treatment with exogenous
MJ promoted an increase in the activity of SOD,
guaiacol peroxidase and preservation of catalase ac-
tivity only in wild-type Arabidopsis plants, but not
these mutants. It should be noted that an increase
in the activity of antioxidant enzymes under the in-
fluence of JA was also shown in a number of other
objects [33-35]. It was also reported that JA and MJ
induced the emergence of new molecular forms of
SOD and peroxidase in leaves of wheat and castor
plants [33, 36].

Thus, jasmonic acid and its derivatives appear
to be involved in the regulation of functioning of
complex of protective systems, including antioxi-
dant enzymes, proline, flavonoid compounds, under
an action of stressors (including salinity). Transduc-
tion of jasmonate signal regulating these systems in-
cludes protein complexes containing COI1 and JIN1/
MYC2. However, it is possible that part of the physi-
ological (stress-protective) effects of jasmonate can
be realized without the participation of transcription
factors of the MYC family, for example, with ERF
proteins involved in the ethylene signaling [5]. On
the other hand, as already noted, the transcription
factors of the MYC family can be involved in the
transduction of signals not only of jasmonate, but
also ABA and NO, which are also involved in plant
adaptation to salinity. In addition, ROS, lipid signa-
ling components and other mediators can participate
in the realization of jasmonate effects [34, 35]. Their
possible functional interaction with the main com-
ponents of jasmonate signaling, in particular, with
proteins COIl and MYC2, remains unexplored.

The publication contains the results of the
studies supported by the grant of the President of
Ukraine for competitive projects F70/136-2017 of the
State Fund for Fundamental Research.
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Pojb ’xacMOHATHOI'O CHUTHAJIIHTY B peryJsimii
CTPECHPOTEKTOPHUX CHCTEM apaliforcucy 3a co-
JIBOBOTO CTPECY 3aJIMILAETHCS HEJOCTATHHO BHUB-
yeHoto. J{ms 1i 3’sicyBaHHS MOLIJIBHI TOPIBHSIBHI
JNOCHIJKEHHsT 3~ MYTaHTaMu 33  PI3HUMH
MIPOTETHOBUMH  KOMIIOHEHTaMH  >KaCMOHATHO-
ro CUTHAJIHTY. Y 3B’SI3KYy 3 LHMM JOCIHIJKYBalH
BIIMB MeTmiDKacMoHaty (MK, 50 MkM) i compo-
Boro ctpecy (150 MM NaCl) Ha (yHKITIOHYBaHHS
AQHTHUOKCHJIAHTHOI Ta OCMOIIPOTEKTOPHOI CHCTEM
pocnuH apabinorncucy aukoro tumy (Col-0) i me-
(GeKTHUX 3a >KACMOHATHHUM CHTHAJIHTOM: COil
(MyTaHT 3a TeHoM, mo koaye mpotein COIll, skuit
Oepe ydvacTh y BHJAJICHHI MPOTEIHIB-pEpecopiB
TPAHCKPUMNIIIHHUX  (AaKTOPIiB  KACMOHATHOTO
CUTHAIHTY) i jin! (MyTaHT, ne()eKTHHI 3a TEHOM,
10 KoAye TpaHCKpuniinauii pakrop JINI/MYC2 —
OJIMH 13 KJIFOUOBHX y JKACMOHATHOMY CHTHAIIHTY).
ConpoBuii cTpec iHTi0yBaB PiCT POCITHH BCiX TPHOX
reHotumiB. O0pobka MK mepen comboBHM cTpe-
COM IO3UTHBHO BIUIMBAJIA TiJIBKU Ha PICT POCIHH
nukoro tuiy. Takox y pociua Col-0, 00podieHnx
MK, Ha BimMiHy Big MyTaHTiB COIl i jinl, B ymMoBax
CONTBOBOT'O CTpecy 30epiraiucs ONM3bKI 10 KOH-
TPOJIIO BEIMYHMHU BMICTY BOJIHU, CyMapHOTO BMICTY
XJIOpo(iiB 1 TMiIBUIYBAaBCS BMICT KapOTHHOIIIB.
Pocnuuu reHoTHy COIl y 3BHYallHMX yMOBax
BIJIPI3HSUIHCS BiJl POCTUH UKOTO THITY i MyTaHTiB
Jjinl 3HM)KEHOIO aKTUBHICTIO TBasKOIINEPOKCHAA3H 1
KaTayasu i miIBUIIEHM BMicTOM mpodiny. O6po0-
ka MK He BriMBaja Ha aKTUBHICTh aHTHOKCHIAHT-
HHAX €H3WMIB 1 BMICT TIPOJiHY B 000X MYTaHTIB,
ne(eKTHUX 3a KaCMOHATHUM CUTHAJIIHTOM. 3a co-
JIBOBOTO CTpECy MOKa3HHWKH AKTHBHOCTI CyIEpOK-
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CUAJIMCMYTa3H, KaTalla3u 1 TBasKOJIMEPOKCHIA3H,
a TaKOXX BMICTY IpOJIiHY 1 aHTOIliaHIB y POCIUH
JUKOro THIY, 00poOmeHux MK, Oynu momiTHO
BULIMMH, HIK Yy KOHTPOJbHUX. OOroBOpIOETHCS
pOJIb ’KaCMOHAT3aJIC)KHUX IPOTEKTOPHUX CHCTEM
y 3a0e3MeueHHi CTIHKOCTI pOCIIMH apadiIoNCucy a0
COJIBOBOTO CTPECY.

KnwuoBi cnoBa: Arabidopsis thaliana,
COil, jinl, METHIDKACMOHAT, CHUTHAJIHT, COJbOBHI
CTpPEC, CTPECIPOTEKTOPHI CUCTEMH.
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Ponb KacMOHATHOTO CHTHAJIMHTA B PETyJd-
[IHA CTPECCIPOTEKTOPHBIX CHCTEM apaOHIao0ICH-
ca MpU COJIEBOM CTPECCE OCTAETCsA HETOCTATOUHO
n3ydeHHoOU. Jlyisi ee BBISICHEHHS LIEIeco00pa3HBbI
CpPaBHHUTENIbHBIE HCCIIEOBAHUS C MYyTaHTaMU IIO
Pa3IUYHBIM MPOTECHHOBHIM KOMITOHEHTAM >KaCMO-
HAaTHOTO CUTHAJIMHTA. B CBSI3W C 9TUM HUCCIeI0oBaTN
BIMsHHE MeTHiDKacMoHara (MJK, 50 MxM) u co-
neBoro ctpecca (150 MM NaCl) Ha hyHKIHOHUPO-
BaHWE aHTUOKCUJIAHTHON U OCMOIIPOTEKTOPHOU CH-
cTeM pacteHul apabunoncuca qukoro tTuna (Col-0)
1 1e()eKTHBIX TI0 JKACMOHATHOMY CHTHAJIMHTY: COil
(MyTaHT IO TeHy, komupytomemy npotenH COIl,
KOTOPBI Y4YacTBYeT B YAalleHUW TPOTCHHOB-pPE-
MIPECCOPOB TPAHCKPUIIIMOHHBIX (PAKTOPOB KacMO-
HATHOTO CUTHAJIMHTA) W jinl (MyTaHT, NeeKTHBIN
10 TeHY, KOJAUPYIOMEMY TPAaHCKPUIIITUOHHBINA (aK-
top JINI/MYC2 — ovH U3 KJIIOYEBBIX B )KaCMOHAT-
HOM curHanuHTe). COoNeBOl cTpecc MHTHOMpPOBAI
pocT pacTeHMil Bcex Tpex reHotumnoB. OO6padoT-
ka M mepen coneBbIM CTpPECCOM MOJOKUTEIBHO
BIIMAJIAa TOJIBKO HAa POCT PACTEHMH AMKOrO THUIA.
Taxxke y pactenuii Col-0, obpaborannsix MK, B
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OTJIMYHE OT MyTaHTOB COIl u jinl, B yCIOBHSX CO-
JIEBOT'O CTpEecca COXPaHsIUCh OIU3KHUE K KOHTPOJIIO
BEJIMYUHBI COACPKAHUSA BOJBI, CYMMapHOTO COAEP-
KaHMS XJIOPO(QHUIIIOB M MOBBIIIAJIOCH COIEPIKAHHE
KapoTHHOUJIOB. PacTeHus reHoTtuna COil B 00bIU-
HBIX YCJIOBHUSAX OTJIMYAJIUCh OT PAaCTEHUH TUKOTO
THIA U MYTaHTOB jin! TIOHUKEHHON aKTHBHOCTBIO
I'BasIKOJINIEPOKCUAA3bl U KaTasla3bl ¥ TOBBIIIEHHBIM
cojiepxanuemM npoiauHa. Oopadorka MK He Bius-
Jla Ha aKTUBHOCTHh AHTHUOKCHJAHTHBIX 3H3UMOB U
CoJIep)KaHUe MPOJUHA Y 000MX MYTAHTOB, JAC(EKT-
HBIX I10 )KACMOHATHOMY cUTHaJIuHTY. [Ipu coneBom
CTpecce IOoKa3aTelu aKTHUBHOCTH CYIEPOKCH/I-
JUCMYTa3bl, KaTaja3bl W TBasKOJIEPOKCHIA3bI, a
TaK)Xe Cofiep KaHMs MPOJIMHA U aHTOLMAHOB y pac-
TEHUWH AuKoro Trmna, oopadoranubix MK, Obln 3a-
METHO BBIIIIE, YeM Y KOHTPOJBHBIX. OOCy)IaeTcs
pOJIb KaCMOHAT3aBUCUMBIX ITPOTEKTOPHBIX CHCTEM
B 00€CleueHHH YCTOMYMBOCTH pacTeHH apalu-
JIOIICHCA K COJIEBOMY CTpEcCYy.

KnrmoueBbie cioBa: Arabidopsis thaliana,
Ccoil, jinl, MeTHIKaCMOHAT, CHUTHAJIUHT, COJICBOU
CTpecc, CTPECCIPOTEKTOPHBIE CUCTEMBI.
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