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DIFFERENTIAL EXPRESSION
OF WHEAT GENES DURING COLD
ACCLIMATION

ﬂl'e'r‘h-':'n.fe'rfng crops such as winter wheat display .1'41;;1;{,!? -
cant increase in freezing tolerance during a period of cold
acelimation {CA). To gain berter understanding of molecular
mechanisms of CA, it is important o unvavel functions and
regrtfations of CA-associared genes. Differential screening of a
cDNA library constructed from cold acelimated crown tissue
of winter wheat identified three novel CA-associated cDNA
clones. Nucleonide sequence anaflysis showed that the clones
encode a high mobility globular protein { HMGB1), a glveine-
rich RNA-binding protein (TaGRP2), and a LEA D-11 dehy-
drin (DHN 1), Accumalation of the three mRNAs during 14
davs of CA was differentially regulated. In response fo
drovght, and ABA, DHN 14 mRNA rapidly accumufated while
HMGBRT and TaGRP2 mBRNA levels remained unchanged.
The possible functions of each of these genes in cold acelima-
ton ave discussed,
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Introduction. Cold acclimation (CA) is the
process that allows hardy plants to develop essen-
tial tolerance for winter survival through multiple
levels of biochemical and cell biological changes
[1, 2]. Dynamic alteration in gene expression
occurs during CA process. Reports have identified
CA-induced genes from many plant species
including winter wheat [2]. Accumulation of some
of the cold-induced genes shows positive correla-
tion with the degree of freezing tolerance [3, 4].
Functions in cold tolerance have been suggested
for a number of genes |5, 6] (see [7—10] for recent
reviews). Previous research has shown that the
cytosolic calcium concentration increases after
plant exposure to low temperature [11, 12] and
that Ca?* modulates low temperature-induced
nuclear gene expression [4, 13]. A small family of
transcription factors (CBFI-3), identified in
Arabidopsis thaliana, has been shown to activate
multiple cold regulated {(Cor) genes |14, 15]. The
process of CA appears (o require complex and
coordinated expression of a whole battery of cold-
induced genes. Thus, it is important to increase the
number of identified CA-related genes/proteins
with determined functions as well as to unravel
regulatory mechanisms of CA.

In this paper, we report identification of three
novel cDNA clones that accumulate during CA in
wheat crown tissue. Analysis of gene expression
during cold, drought and ABA treatments revealed
that multiple regulatory pathways are involved in
the regulation of CA-related genes.

Materials and Methods. Plant materials and
treatments. Winter wheat plants { Triticum aestivum
L. cv. Chihoku), used for cDNA library construc-
tion and differential screening, were grown under
the following condition. Seeds were planted in
commercial potting mix, irrigated with tap water,
and grown in a growth chamber which is main-
tained under 22/18 °C (day/night) cycles for 28 d.
Control plants were harvested at the end of this
period, Cold acclimation was performed by sub-
jecting the plant to 6/2 °C (day/night) cycles for 14
d. Crown tissue was harvested and frozen immedi-
ately in liquid nitrogen.

Plants used for stress treatments were grown
hydroponically. Surface-sterilized seeds were im-
bibed in the dark for 12 h and planted on a plastic
mesh grid supported by a container filled with tap
water. The container was maintained in a growth
chamber at 25 °C under continuous illumination.
After growing for 7 d, wheat seedlings were sub-
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jected to stress treatments. Low temperature,
ABA, and dehydration treatments were conducted
by transferring the mesh grid to a container with
tap water at 4 "C, 50 pM ABA solution, and with-
out water, respectively.

Construction of ¢cDNA library. Total RNA was
isolated from cold-acclimated crown tissue, using
TRIzol reagent (Invitrogen, CA, USA) and poly
(A)* RNA was purified from total RNA using Dy-
nabeads Oligo(dT):s (Dynal A.S, Oslo, Norway).
cDNA was synthesized with Zap Express cDNA
Synthesis Kit and packaged into the phage parti-
cles with Gigapack Gold Il (Stratagene, CA,
LUSA). A primary cDNA library of 7-10° plagues
was amplified as suggested by the manufacturer's
protocol and then used for differential screening,

Differential screening. Total RNA was isolated
from non-acclimated (NA) and cold-acclimated
{CA) wheat crown tissue, and poly(A)" RNA was
purified as described above. Double-stranded
cDNA was synthesized from poly(A)* RNA, using
a oligo-dT primer (Amersham Pharmacia Bio-
tech, MJ, USA). Both cDNAs from NA and CA
were labeled with |w-*P] dCTP, and used as
probes for differential hybridization. Differential
hybridization was performed according to the
plague hybridization method [16]. Two copies of
plaque blots from the CA cDNA library, covering
5 10¢ independent plaques, were hyvbridized with
HP-labeled NA and CA cDNA probes. Hybridiza-
tion was carried out at 65 °C with Rapid-Hyb buf-
fer (Amersham Pharmacia Biotech). After over-
night hybridization, membranes were washed once
with 2%85C and 0.1 % SDS for 15 min at 65 °C,
twice with 0.1x85C and 0.1 % SDS for 15 min at
65 °C. After three rounds of screening, several in-
dependent plaques were picked and subjected to in

vive excision using Exassist helper phage (Strata- |

gene) according to the manufacturer’s instruc-
tions, The excised plasmid DNA was isolated and
purified by the alkaline lysis method [16].
Narthern blot analysis. Total RNA (20 micro-
grams) was separated in 1.0 % formamide-agarose
gel and then transferred onto Hvbond-N*" mem-
brane {Amersham Pharmacia Biotech) according
to standard methods [16]. Rapid-Hyb buffer
{Amersham Pharmacia Biotech) containing
salmon sperm DNA (10 pg/ml) was used for both
prehybridization and hybridization. RNA blots
were hybridized with ¥P-labeled wea 142, weal12,
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or wea34] full-length cDNA at 65 oC for 16 h.
Blots were then washed with 2x8S8C and 0.1 %
SDS for 15 min and twice with 0.1 x88C and (0.1 %
SDS for 20 min at 65 °C and then exposed 1o
Kodak BioMax MR X-ray film (Kodak, New
Haven, CT, USA) with an intensifving screen at
—&0 =C.

DNA sequencing analysis. The cloned DNA in-
sert was sequenced by the dideoxy method using
Thermo Sequence v2.0 kit (Amersham Pharmacia
Biotech) with a DNA sequencer model 373A (Ap-
plied Biosystems, San Jose, CA, USA). The sequen-
ce databases were searched for sequence similarities
at NCBI using the BLAST program. Sequénce
alignments of the DNA and deduced amino acid
sequences were done by ClustalX [17] and visual-
ized using Genedoc software [ 18].

Resulis. Cloning of three ¢DNA clones thar are
accumulared in cold-acclimated crown. A cDNA
library constructed from cold acclimated crown
tissue was screened with labeled cDNA from cold-
acclimated and non-acclimated crown tissues.
The differential hybridization identified several
clones that are preferentially expressed in cold-
acclimated crown. Subsequent Northern blot
analysis revealed three cDNA clones, designated
wea l42, wea2l2, and wea 341, that were induced in
cold-acclimated crown (data not shown). The nuc-
leotide sequencing analysis revealed that wea 142,
wea2l2, and wead4/! encoded a High Mability
Globular (HMG) protein, a glycine-rich RNA-
hinding protein, and a LEA D-11 dehydrin, res-
pectively.

Structure and funcrion of the encoded proteins,
The weal42 encodes a 161-amino-acid-polypep-
tide with the predicted molecular size of 17.2 kDa.
Database searches revealed that the protein encod-
ed by weal42 showed striking homology with
plant HMGBI proteins. The identity to barley
HvHHMG 12 (CAA9D679, [19]) was 92 %, follo-
wed by 86 % identity to a HMGB| protein from
maize (CAA41220; [20], 85 % identity to rice
HMGBI1 (AAP21609; [21]) and 34 % identity to
Arabidopsis HMGB2 (Atlg20693; [22]) (Fig. 1)
Therefore we have designated the wheat HMG-
box proteinas HMGBI. The HMGB| protein con-
sists of the N -terminal domain, the central domain
that contains basic DNA-binding regions (so-cal-
led HMG-box motifs) and the polyacidic C-ter-
minal region, which is thought to interact with his-
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Fig. 1. Multiple aliznment of wheat HMGBI to plant HMG protein sequences. The conserved amino acid residues are

shown as white letters on black background while those with partial conservation are shaded in grev. The aligned sequences

are Triicum aestivimn HMGB1 (AB2722260; this study), Hordeam vilgare HYHHMG 12 (CAAS0679, |19]), Zea mays

HMGBI (CAA41220; [20]), Ovvza sativa (indica) HMGBL (AAP21609; [21]) and Arabidopsis thaliagna HMVYE2

(ALlg20693; |22]). Consensus sequence was indicated in the bottom of the alignment (Cons. ). Numbers on the right refer
o amino acid position from the N-terminal methionine
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Fig. 2. Multiple alignment of TaGRP2 to plant glycine-rich RNA-binding protein sequences, The RNP1, RNP2 motifs

and the Glycine Rich (GR) region are indicated above the sequence, The conserved amino acids are shown as white letters

on black background while those with partial conservation are shaded in grey. The aligned sequences are Triticum aestivim

TaGRP2 (AB272227; this study), Hordeum vilgare BUBO1(AABOTT?49; Dunn et al., 1996), Triticum aestivem whGRPI

(AAATSI0G: [25]), e mays MATG (CAAIIOTT; [26]), A. thaliong AVGRP7 (A12g21660; [24]) and V. splvestris NsRGP1b

(BAAD3T42; [27]). Consensus sequence was indicated in the bottom of the alignment (Cons.), Numbers on the right refer
to amino acid position from the M-terminal methionine

tones and may participate in modifying chromatin The wea2l2 encodes a 163-amino-acid-poly-
structure, peptide with the predicted molecular size of 16 kD
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Fig. 3. Multiple alignment of DHMN 14 to plant dehydrin protein sequences. The conserved amino acids are shown as while

letiers on black background while those with partial conservation are shaded in grey. The K-segments are boxed. The

aligned sequences are Triticum gestivern DHN 14 (AB272228; this study), Triticum aestivarm WDHN 13 (BACOL112; [31]).

Triricum aestivam WOORTZ0 (AABIE204; [29]), and Lophopyrum elongarm (AACD5924; [30]). Consensus sequence was

indicated in the bottom of the alignment {Cons.). Numbers on the right refer to amino acid position from the N-terminal
methionine
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Fig. 4. Expression of HMGHEI, TaGRP2 and DHN14 dur-

ing the course of ¢old acclimation. 14-day-old plants were

subjected 1o cold acclimation for designated time periods

and total RNA (20 pg) from the crown tissue was analyzed

by MNorthern blotting analysis. Ethidium bromide-stained
gel is shown for a loading control

(TaGRP2) showing high sequence homology to
glycine-rich ENA-binding proteins (GR-RBPs)
from a number of other plant species. The protein
encoded by wea2l2 shared 94 % identity with the
published barley BIt801{AABO7749; [23]). The iden-
tity to other published GR-RBPs was 68 % to Ara-
hidopsis AtGRP7 (At2g21660; [24]). 67 % to anot-
her wheat GR-RBPs protein, whGRP1 {AAATS 104,
[25]), 63 % to maize MA16 (CAA31077; [26]) and
61 % to tobacco N. splvestris NsRGP1b (BAAD3T42;
[27]). Some of the GR-RBPs genes have been
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reported to increase expression levels in response
to environmental stress. All these genes encode
protein products with two definitive domains. The
amino-terminal domain consists of 80—90 residues
containing two CONSensus sequences, an octapep-
tide RNPI and a hexapeptide RNP2 which are
located about 30 amino acids apart (Fig. 2). These
consensus sequences together with a number of
other highly conserved residues comprise the con-
sensus RNA-binding domain (RRM) found in ma-
ny RNA-binding proteins localized in the nucleus,
cytoplasm and cytoplasmic organelles in plant,
animal and fungal cells | 28]. The carboxy-terminal
domain of plant GR-RBPs consists mainly of re-
peating glveme residues interspersed with tyrosine
and arginine (Fig. 2).

Weai4l encodes an open reading frame of 112
amino acids with a predicied molecular mass of
11.5 kDA thought to be classified to Kn-tyvpe LEA
D-11 dehydrin family, and consists of two K-seg-
ments and an incomplete K-segment. The encoded
protein, designated as DHN14, shared 84 % iden-
tity with WCOR726 (AABI8204, [29]) and with
dehydrin from Lophopyrum elongatum (AACN5924;
[30]) while the identity to a recently published
wheat dehydrin WDHN 13 (BACO1112; [31]), was
83 % (Fig. 3). The DHN 14 protein has a 12-ami-
no-acid-deletion including a part of the second K
segment. The presence of this deletion makes
DHN 14 shorter than WCORT26 reported to be the
smallest member of WCS120 family [29].

ISSN 0504—3783. Humoioeus u cenwemura. 2007 Ne 3
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Differential accumulation of the HMGE 1, TaGRFP2
and DHN 14 transcripts in response to low tempera-
fure. Since the cDNA clones were isolated by a dif-
ferential screening between NA and CA plant tis-
sues, the expression patterns of HMGBI, TaGRP2
and DHNI14 during cold acclimation was deter-
mined (Fig. 4). Although an enchanced transcrip-
tion of all cDNAs was detected within | day of CA
each of them showed the distinet expression kinet-
ics. In contrast to the other two ¢lones, the mENA
expression of DHN 14 could not be detected under
the normal growth condition (Fig. 4). The accu-
mulation of both HMGEBI and DHN 14 transcripts
reached their maximum at 7 days of CA. While
expression of HMGBI slowly declined afterwards
up to 14 dave of CA, DHNI4 expression level
remainéd unchanged. Transcript accumulation of
TaGRP2 was almost unchanged after reaching its
maximum in | day ol CA (Fig. 4). To further char-
acterize the cold-induced expression of CA-
induced clones, a short time-course expression
analysis was carried out using voung seedlings.
Morthern blots showed that induction of TaGRP2
was detectable as soon as in | hour of cold treat-
ment in shoots and in 6 hours in root tissues (Fig,
5). In contrast, the detectable expression of
DHN 14 was observed only in 6 hours of treatment
in both root and shoot tissues but expression in
roots was more pronounced. Induction of the
HMGB] was somewhat slower. 1t was detected in
12 hours of cold treatment in roots and in 48 hours
in shoots (Fig. 5).

Expression of HMGRI, TaGRP2 and DHN 4 in
response fo dehydration and ABA. To determine
whether the functions of the wca genes are specifi-
cally associated with cold acclimation or more ge-
nerally with both cold and dehydration stress res-
ponses, expression of HMMGBI, TaGRP2and DN 14
during drought stress was examined by Northern
blot analyses with 7-day-old seedlings (Fig. 6). The
HMGBI and TaGRFP2Z transcripts appeared to be
slightly down-regulated by drought treatments in
both root and shoot tissues. In contrast, induction
of the DHN /4 mRNA was detectable in 6 h and
highly accumulated in 24 h after initiation of the
drought treatment (Fig. 6). Involvement of ABA in
gene regulation was also examined. Strong induc-
tion of DHN 14 was detectable as earlv asin 1 h of
ABA treatment in roots and in 6 h in shoots, while
na induction of HMGBI, TaGRP2 was observed
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Fig. 5. Expression of HMGBI1, TaGRP2 and DHNI4 in
response to shor-term cold stress treatments. Hydroponi-
cally grown on plastic mesh gnds 7-day-old seedlings were
transferred together with the gnd into plastic container with
cold water (4 °C)h, At each time point total RNA (20 pg) was
mofated from shoot and root tissues and analveed by
Morthern blot analysis. Ethidium bromide-stained gel is
shown for a loading control
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Fig. 6. Expression of HMGBI, TaGRP2 and DHNI14 in
response to short-term drought stress, Hydroponically
grown on plastic mesh grids 7-day-old seedlings were
transferred together with the grid into a new plastic con-
tainer without water. At each time point total RNA (20 pg)
was 1solated from shoot and root tssues and analyzed by
MNorthern blot analysis. Ethidium bromide-stained gel is
shown for a loading control

in both root and shoot tissues (Fig. 7). These data
suggest that AMGB ! and TaGRP2 may have specif-
ic functions during cold acclimation, and DHN 14
may act in both cold and dehydration stress res-
ponses.

Discussion. In this study we have identified three
novel cDNA clones that are up-regulated during
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Fig. 7. Expression of HMGBI, TaGRP2 and DHNI4 in
response 1o exogenous ABA treatment. Hydroponically
grown on plastic mesh grids 7-day-old seedlings were
transferred together with the grid into plastic container
with water containing 50 pM ABA. At cach time point total
RMNA (20 pg) was isolated from shoot and root tissues and
analyzed by Northern blot analysis. Ethidium bromide-
stained gel 15 shown for a loading control

rRNA

cold acclimation. According to the sequencing ana-
lysis, two of the clones, wea 142 and wea212, enco-
de specific proteins thought to be involved in the
regulation of gene expression,

The predicted protein encoded by wea /42 had a
three-domain structure, highly similar to plant
HMGRBI proteins (Fig. 1). Members of the HMG 1
and 2 subgroups (HMGB according to the revised
nomenclature [32]) have been variously implicated
in DNA replication |33, 34], cellular difTerentia-
tion [35], development [36] and gene expression
[37, 38]. HMG directly stimulates in vitro tran-
scription by RNA polymerases 11 and 111 [37], and
overcomes the inhibition of transcription caused
by histones [37, 39]. The in vitro binding of plant
HMG proteins to A/T-rich regions of double-
stranded DNA has also been observed [40-42].
Preferential binding of pea HMG proteins to a
positive regulatory region of the plastocyanin gene
promoter has been described [43]. Rice HMGBI
have been demonstrated to bind four-way DNA
junctions and efficiently bend DNA [34], thus
facilitating binding of transcriptional factors to
their target regions. A wheat HMGB protein have
been reported to stimulate the binding of the bZIP

transcription factor EmBP-1 to the promoter of

the ABA responsive Em gene [44]. For a recent
review on structure and functions of plant HMG
proteins see |45]. Based on Northern and Western
blot analyses, the plant HMGB genes are consid-
ered to be expressed ubiguitously in the plant |21,

18
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46—48]. On the other hand, there are several
reports describing the HMG gene regulation in
mammals. Changes in the levels of HMG tran-
scripts are reported during the development in
hatched chick [49], cancer-related increase in
mBENA expression in human [50], and circadian
rhythm in Pharbitis nil [51]. However this is the
first to report that one of the cereal HMGB sub-
group protein genes is up-regulated by low tem-
perature.

Taken together, HMGB1 may play a significant
role in controlling general aspects of gene expres-
sion by modifying chromatin structure, and as such,
can be viewed as a higher order regulatory factor. It
is possible that the wheat HMGRBI protein func-
tions as a general regulator of gene expression dur-
ing cold acclimation in wheat. '

As there are no reports describing expression of
plant HMGB proteins in response to abiotic treat-
ments, we have used Expression Browser through
the Botany Array Resource |52] to perform selec-
tronic Northernss of the Arabidopsis HMGRB sub-
group gene family. The results of eMNortherns
showed that three out of six Arahidopsis subgroup
members, including AtHMGBI1, AtHMGB? and
AtHMGB3, were induced by cold treatment and
suggested similar functions of some dicot HMGB
proteins in the cold regulation of gene expression.

TaGRP2 is a member of a small family repre-
senting plant genes encoding proteins with both
RNA-binding and glvcine-rich (GR) domains,
which have been reported to be responsive to vari-
ous stresses or external stimuli: low temperature
and abscisic acid (ABA), Hordeum vulgare |23|;
drought and ABA., Zea mays (Ludevid M.D. et al.
1992); wounding, Dawcus carota [53]. heavy-metal
stress, Zea mays |54 low temperature and ABA,
Brassica napus [55]; low temperature and drought,
Arabidopsis thaliana [56]. In addition, transcripts
of GR-RBPs from A. thaliana [56] and Sinapis
glba [57] have been shown to exhibit a light
entrained circadian rhythm, which persists lor sev-
eral cyeles upon removal of the light stimulus. The
expression patterns of GR-RBPs suggests that
glvcine-rich proteins represent a class of RNA-
binding proteins involved in general molecular
responses to environmental stress mediated by
post-transcriptional regulatory mechanisms. Three
plant G R-RBPs have been experimentally demon-
strated to have RNA-binding properties. The

ISSN (564— 3783, Humoaoeus 1w 2evemuna. 2007, Mo 3
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maize GR protein MAI16 |58], tobacco GRP-1b
[27] were shown to have in vifro binding preference
for homoribopolymers G and U, and barley BLT801
[23] has affinity for homoribopolymers G, A and
L. Putative RNA-binding properties of all other
plant GR-RBPs have been deduced by homology.
The two-domain organization of plant GR-RBPs
is similar to the Al and A2/B1 groups of heteroge-
neous nuclear RNA-binding proteins (hnRNP)
found in animals. Although each domain is there-
fore approximately twice the size of those found in
plants. The hnRNPs are associated with nascent
hnRNA and are not a part of the other complexes
(e.g. snRNA). These proteins are located in the
nucleus and have been implicated in pre-mRNA
splicing [59]. It has been demonstrated that the
G R-RBP from maize, MALG, interacts with a cold
inducible DEAD box RNA helicase [60]. Very

recently it was found that a DEAD box RNA heli-
case is essential for mRMNA export and import and
has important functions in stress responses [61].
The Arabidopsis GR-RBP AtGRP7 was reported
to participate in splice site selection and autoregu-
lation of the stability of its own transcript via alter-
native splicing [62].

The mRNA levels of a large number of genes
change during the period of cold acclimation in
overwintering cereals |2] and post-transcriptional
processes may play crucial roles in the overall con-
trol and regulation of eukaryotic gene expression
|63]. Therefore, the expression pattern and the
sequence similarity of the TaGRP2 protein encod-
ed by weell2 strongly suggest ils involvement in
the control of steadv-state mRNA levels of low
temperature-responsive genes via one of the above
mentioned mechanisms,

Expression patterns of AMGB! and TaGRP2
transcripts were very similar especially at the early
stages of cold acclimation suggesting that their
transcription during cold acclimation might be
triggered and regulated by a common mechanism.

In contrast to its closest homolog wdhn il |31].
the expression of wead4] was induced by ABA in
addition to cold and dehydration treatments,
clearly indicating that it is not alternative splicing
variant of wefin 1.7 but a novel member of the wheat
dehydrin family named DHN 14 and showing dis-
tinct regulation mechanisms. The accumulation of
DHN 4 transcripts in response to ABA treatment

started most rapidly, compared to LT and drought
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stress treatment. This result would indicate that the
plant hormone ABA is involved in the regulation of
DHN 14 transcription caused by LT and drought
siresses.

In this study three clones, though all of them
were up-regulated by cold treatment, showed dis-
tinct expression patterns. The mechanisms of cold
regulated gene expression in wheat might be more
complicated than expected by the recent studies
with the model plants. To better understand
molecular events that occur during cold acclima-
tion in cereals, it is important to increase the num-
ber of cold acclimation related genes and analyee
their function and regulation. It is also important
to examine interactions of ¢ach protein or sig-
nalling pathways involved in cold acclimation.

This work was partially supported by a grant from
MAFF { Biodesign, no. 1207) ta R.1. and J5PS postdoc-
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PEIRME. 3nmyiume pacTeHMy, TAKHE KAk O3HMAan
MieHHLA, NPOABRIAIOT IHAUHTEALHOE TIOBLIEHHE IHMO-
CTOHKOCTH B NEpHO XONOAOROH akkauMaTiiaumum, Yro-
G4 TyYIUE MOHATE MONEKYNAPHEE MEXAHAIMBI XOI010-
AON AKKIHMATHIALUNH, BAKHO BLABMTE (PYHEKLMH W
PECVALMID COOTBE TCTEYIOWMX reHoB, CKpHHAHT Bubano-
TekH KIHK Thanei KopoHUaTex FAios o3HMOoi niess-
(b, AKKIMMATHINPDOBAHHOH K XOA00Y, BLISIEWT TPH HOBGIX
ioHa KAHK. AHaH: HYKISOTHAHONR  0C e 0BATE 1 h-
HOCTH TIOKAZAN, 4TO KIOHE KOAHPYIOT BHCOKOMOOHAL-
HE raobynapHei Genok (HMGBL), borateiil rsum-
Hom PHEK -censppamommii 6eaok (TaRGRP2) v LEA D-11
aernapud {DHM 14), Hakorsienne tpex marpuansiy PHK
B reueHue |4 anel xonoaosoi aKkadMaTisannmn andupe-
PEHLHANBHO peryIHposLiock. B orser Ha sacyxy u obpa-
GoTky abCuM20B0A KMCAOTOR ORCTPD HAKAIIHEANACH
MPHK DHNI4, B To apema kak vposun MPHK HMGRBI]
W TaGRP2 we wivensnuck. ODCy#IacTed BOIMOKHAHA
PHUTH KARIOND H3 3THX FEHOR B XONOI0BOH aKEIHMATH A -
LUHH.

PEIFOME. 3nmyioni pocidHn, Taki 2K 03MMa MUeHH-
uf, NPOABRAKTE 3HAYHE MUABHIWEHHA 3MMOCTIRKOCTI B
nepion xonoioeoi agniMaTisaun. Llod kpawe sposymita
MONEKYIADHE MEXAHIIMM XOMOLOBOT AKTIMATH3ALII, BaK-
AUBG BUABHTH GYHELIT | pery gl BiONoBLIHHY TeHiB.
Crpuuinr Gitniotexn KAHK TEAHHH KOpOHYATHX ranis
OIMMOT NIIeHHLE, AKNIMETHIOBAHOL 10 XOO04Y, BHABME
pr HoBux Kionn kKJAHE. Axans wyeneotmanol noc-
."Ii,.lﬂﬁi[ﬁ]'f'l'.i MOEKA3AE, IO KTOHH KOOYHITh BHCOKOMOOLTR-
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HHHA raobyaspudit Sinok (HMGRBIL), Garatuit rninnHom
PHE-3p'sayraneumii Ginok (TaGRP2) 1a LEA D-11 ae-
rinpa ((DHN14). HakonuueHHs TpLoX MaTpHUHHX
PHK npotaros 14 anis xonogosol aknisatiaanii amde-
peHLliitHO pervioBaioct. ¥ Bianopiae Ha 3acyxy Ta ob-
polKy ADCHHIOBOK KHCIOTOK WBHAKO HAKOMHYYBLIACA
MPHK DHNI14, » Toil yac ax pisni MPHE HMGBI ta
TaGRP2 we asiHopainca. ODroBOpRETECE MOMAMED
PUTh KOMHOM 3 LHX FeHiE B XOT0M0Bif akmiMaTHIaIi,
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ABBREVIATIONS

CA — cold acclimation

MNA — non-acclimation

[ — de-acclimation

HMG protein — high mobility globular protein

GR-EBP = glvcine=rich KNA binding protein

ABA — abscisic acid.
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