Experimental articles

UDC 577.218+575.22+633.11 https://doi.org/10.15407 /biotech11.02.047

POLYMORPHISM OF SOME TRANSCRIPTION
FACTOR GENES RELATED TO DROUGHT
TOLERANCE IN WHEAT

Unstitute of Cell Biology and Genetic Engineering
of the National Academy of Sciences of Ukraine, Kyiv
2National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv
3School of Life Sciences, Huaiyin Normal University, Huaian,
223300, China

O. R. Lakhneko'?
A.I. Stepanenko'?
Ye.V. Kuzminskiy®
B.V.Morgun'?

E-mail: molgen@icbge.org.ua
Received 17.12.2017

The aim of the research was to study polymorphism of preselected gene loci of three transcription
factors (TaNAC2a, TaWRKY2, and TaWRKY19) and the Late Embryogenesis Abundant (LEA)
proteins dehydrin (T'd29b) related to wheat drought tolerance. The genes structure and chromosome
location were established via bioinformatics tools. It is stated that TaWRKY2 and TaWRKY 19 genes
were comprised of 4 exons and 3 introns located on 2BS and 1DS chromosome arms, respectively;
TaNAC2a — 2 exons and 1 intron 7AS; Td29b — single exon gene 3AS. Using polymerase chain
reaction, no polymorphism was observed. Polymorphic bands were detected for TaWRKY2 locus. The
screening of the distribution of the revealed polymorphic loci was carried out for a set of wheat and rye
varieties, old landraces and interspecific hybrids. The polymorphism of TaWRKY2 locus indicated the
presence of some other possible alleles of the gene. The obtained data are importantfor further

investigations of wheat drought tolerance.
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Common wheat (Triticum aestivum L.) is
very important widely grown crop used for
bread baking, food and animal feed. Wheat
yield is the third largest cereal production
in the world, after maize and rice [1]. In
consequence of methods of modern plant
breeding, numerous varieties with increased
productivity were obtained. However, due
to the recent undesired climate changes and
global warming, the selection of drought-
tolerant germplasm donors must be constantly
monitored to include them in contemporary
breeding programs [2]. Marker-assisted
selection (MAS) based on DNA markers can
be effectively applied in the process of such
selection [3—6]. While different types of DNA
sequences can be employed for this purpose.

First DNA marker systems to study
drought tolerance in plants were based
on non-coding DNA sequences — RAPD
(Random Amplified Polymorphic DNA) [7, 8],
SSR (Simple Sequence Repeats) [9, 10] and

ISSR (Inter Simple Sequence Repeats) [8]
etc. Presently, attention mostly attracted to
target encoding gene sequences, which play a
great role in plant response to stress factors.
These genes predominantly represented with
transcriptional factors (TFs) and dehydrin
genes [11].

In present work, our aim was to study DNA
polymorphism of preselected gene loci of three
transcription factors (TaNAC2a, TaWRKY2,
TaWRKY19) and the LEA dehydrin (T'd29b)
related in their expression response to wheat
drought tolerance.

WRKY transcription factors represent
family of proteins that have WRKY domain
(approximately 60 amino acids), involving
the conserved WRKYGQK domain and a zinc-
finger-like motif [12, 13]. These proteins are
of great importance for biotic and abiotic
stress responses [14, 15]. Overexpression of
TaWRKY?2 as well as TaWRKY 19 increased
dehydration stress tolerance in transgenic
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Arabidopsis plants [12]. It was also found out
that TaWRKY2 overexpressing plants had
enhanced STZ and RD29B gene expressions
due to temperate binding to the loci from
RD29B STZ-1 and STZ-2 locus of Arabidopsis.
As to TaWRKY 19 transgenic plants, they had
higher expression levels of DREB2A, RD29B,
Cor6.6 and RD29A genes [12].

Another TF family that highly introduced
in common wheat is represented with proteins
containing a highly conserved NAC domain at
the N-terminus and a variable transcriptional
regulation domain at the C-terminus [16, 17].
Overexpression of different TaNAC responded
to enhanced biotic and abiotic tolerance
[18, 19]. It was postulated in the [16], that
TaNAC2a transgenic plants of tobacco had
extremely increased drought tolerance.

Special role in response to dehydration
stress relates to dehydrin proteins, which
help plant cell cope with osmotic changes.
The number of dehydrins were described in
wheat [20, 21]. Late Embryogenesis Abundant
(LEA) proteins belong to above mentioned
group of proteins and can be candidate for
wheat improvement [22]. It was reported [23]
that LEA proteins accumulation enhanced
stress tolerance protecting plant cells against
dehydration. It was also described the
importance of Td29b dehydrin in common
wheat, which synthesis was highly induced by
dehydration.

Materials and Methods

The subject of the study was a set of wheat
cultivars of Ukrainian and foreign origin (25
and 36, consequently), a set of 52 old wheat
species, distant and interspecific hybrids,
4varieties of rye.

BLAST searches and sequence analyses
were implemented by BLASTn on the Triticum

aestivum genome (https://blast.ncbi.nlm.nih.
gov/ and https://wheat-urgi.versailles.inra.
fr). The schemes of exon—intron structures
were obtained by employing the online Gene
Structure Display Server bioinformatic tools
(http://gsds.cbi.pku.edu.cn/) from both coding
sequence (CDS) and genomic sequences [24].

Total DNA was isolated from one kernel
with the modified CTAB method [25].
Polymerase chain reaction (PCR) of 20 pnl
included 0.5 uM of forward and reverse primers
each (Metabion, Germany), 1x Reaction
Buffer B (Solis BioDyne, Estonia), 2 mM
MgCl,, 0.2 uM of each deoxyribonucleoside
triphosphate (Thermo Fisher Scientific,
USA), 1 unit of FIREPol® DNA Polymerase
(Solis BioDyne, Estonia), 30 ng of total plant
DNA. Primer sequences for loci TaNAC2a,
TaWRKY2, TaWRKY19 and Td29b used in the
study and PCR conditions are indicated in the
Table 1. The CDS accessions in the GenBank
are HM027575.2 (TaNAC2a), EU665425.1
(TaWRKY?2), EU665430.1 (TaWRKY19) and
AJ890139.1 (T'd29b).

The PCR products were separated by
means of electrophoresis in 2% agarose gels
in lithium borate buffer, 0.1 pg/ml ethidium
bromide [26]. Gels were visualized in UV-
light with a photosystem Canon EOS 600D.
GelAnalyzer 2010 software was applied to
identify the size of amplified fragments
(http://www.gelanalyzer.com). Frequencies
for each combination of amplified fragments
were calculated according to [27].

Results and Discussion

As it was denoted above, data on CDS
only are available for those three studied
transcriptional factors (TaNAC2a, TaWRKY2,
and TaWRKY19) and the dehydrin (T'd29b).
Thus, we managed to predict the exon-intron

Table 1. Primer sequences and PCR conditions

TF gene Primer sequences 5'—>3’ PCR conditions
TaNAC2a F: GGTAGTGCGGTGCTTCCAAT 94 °C —305s;58°C —30s
R: TGAATGTTGTTGCTCGTCCC [16] 72 °C — 30s; 35 cycles
TaWRKY2 F: GGCGCTGCCGACGTCATCTT 94 °C —305s;58°C —30s
R: AGCAGAGGAGCGACTCGACGA [12] 72 °C — 30 s; 35 cycles
TaWRKY19 F: AGGGAAGCATACGCATGACGTGC 94 °C —305s;60°C—30s
R: GGCGAGATCGTTCAGAATGGCTGT [12] 72 °C — 30 s; 35 cycles
Td29% F: CGCACCCAGCTAGTAAGTTCG 94 °C —305s;53°C—30s
R: CCCAGCCCAGTAATAACCCAT [23] 72 °C — 30s; 35 cycles
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structure and location of their genes by means
of alignment via BLAST tools.

Having carried out every CDS alignments
in the database of wheat whole genome shotgun
contigs, the gene structures and chromosomal
location were defined for three studied
transcription factors (TaNAC2a, TaWRKY?2,
TaWRKY19) and the dehydrin (T'd29b) (Fig. 1)
in accordance with [28]. Hence, TaWRKY2 and
TaWRKY19 have similar structure of 4 exons and
3 introns (Fig. 1, A, B), though, they are situated
in different chromosomes (TaWRKY2 — short
arm of 1D chromosome; TaWRKY 19 — short arm
of 1B). Both primer pairs applied in the following
DNA polymorphism study hybridized at the end
of the fourth exon. The gene of TF TaNAC2a
comprises of 2 exons and 1 intron (Fig. 1, C) and
allocates at the short arm of 7A chromosome. The
primer pair for this gene locus annealed at the
central part of exon 2. It was established, that
Td29b gene might have referred to single exon
gene (Fig. 1, D). Its location is the short arm of 3A
chromosome.

A

Molecular genetic study

To study DNA polymorphism of the
selected loci of 4 genes (three TF — TaNAC2a,
TaWRKY2, TaWRKY19; and the dehydrin
gene Td29b) a set of 25 Ukrainian and 37
international wheat accessions from Global
Wheat Program of the International Maize
and Wheat Improvement Center (CIMMY'T)
and the Wheat Germplasm Bank was collected.
By means of applying primer pairs and
PCR conditions indicated in the Table 1,
we observed no polymorphism for gene loci
TaNAC2a, TaWRKY19 and Td29b. There
was one fragment amplified only for each
sample — fragment of approximately 227 base
pairs (bp) for TaNAC2a gene locus, 160 bp for
TaWRKY19, 86 bp for Td29b (Fig. 2).

Following the amplification of total
genomic DNA of all common wheat varieties
of Ukrainian and foreign origin, there were
two fragments detected for each sample.
We observed three different genotypes in
the studied TaWRKY2 locus. The first one

Fig. 1. Prediction of gene exon-intron structure:
A — TaWRKY2; B— TaWRKY19; C — TaNAC2a; D — Td29b

A B

C

Fig. 2. The electrophoregrams denoting PCR-products segregation of DNA marker systems:
A — TaNAC2a; B— TaWRKY19; C — Td29b
Lanes 1-6 — common wheat varieties (Glenlea, Comanche, Wilbur, Granero Inta, Tobarito M 97, V-17);
M — marker of molecular weight GeneRuller™ DNA Ladder Mix
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Fig. 3. The electrophoregram depicting DNA
polymorphism of TaWRKY2 locus: Lanes 1 —
Odeska 267; 2 — Poliska 90; 3 — Darunok Podillia;
4 — Podolianka; 5 — Astarta; 6 — Kryzhynka; 7 —
Sotnytsia; 8 — Zolotokolosa; M — molecular weight
marker GeneRuller™ DNA Ladder Mix

represented amplified fragments of 173 and
188 bp, second — 188 and 200 bp, the third —
of 173 and 200 bp (Fig. 3). Moreover, Ukrainian
varieties showed greater diversity, than those
foreign ones. The frequencies for each allele
of amplified fragments among Ukrainian
varieties are 0.52 (173+188 bp), 0.28
(173+188 bp) and 0.2 (173 + 200 bp). On the
contrast, a set of amplified fragments 188+
+200 bp was not observed among 36 foreign
varieties obtained from the CIMMYT. In addition,
only two samples (Millaleau Inia and Tobarito M
97) possessed 173+200 bp pattern. Thereafter,
frequencies for these two allele of amplified
fragments among the CIMMYT varieties were
0.944 (173+188 bp) and 0.056 (173+200 bp).
The results on the DNA polymorphism study
of TaWRKY?2 locus are indicated in the Tables 2
and 3.

Table 2. Detected DNA polymorphism of TaeWRKY2 locus in Ukrainian varieties

. - Amplified . - Amplified
Variety Originator fragment, bp Variety Originator fragment, bp
Astarta IPPG NASU 173, 200 Poliska 90 NSC “IA NAAS” 173, 188

Shchedrivka IPPG NASU
Bohdana IPPG NASU 173, 188 Kyivska NSC “IA NAAS” 173,188
Bunchak P o ! 173, 188 Slavna IPPG NASU 188, 200
Darunok Podillia | IPPG NASU 173,188 Smuhlianka IPPG NASU 188, 200
Drevlianka n.a. 173, 188 Solomiia IPPG NASU 173, 188
Institute of Field and
Favorytka IPPG NASU 173, 200 Sonata Vegetable Crops, Novi 173, 200
Sad, Serbia
Hileia IPPG NASU 188, 200 Sotnytsia IPPG NASU 188, 200
RMIW NAASU .
Kryzhynka IPPG NASU 173, 200 Spasivka IPPG NASU 188, 200
Natalka IPPG NASU 173,188 Vesnianka IPPG NASU 188, 200
Novokyivska IPPG NASU 173, 200 Yatran 60 IPPG NASU 173, 188
Odeska 267 PBGI NCSCI 173, 188 Yednist | PBGINCSCINAASU | 173,188
NAASU
Pereiaslavka IPPG NASU 173, 188 Zolotokolosa IPPG NASU 188, 200
Podolianka IPPG NASU 173, 188

Note: IPPG NASU — Institute of Plant Physiology and Genetics, National Academy of Sciences of
Ukraine; PBGI NCSCI NAASU — Plant Breeding and Genetics Institute — National Center of Seed and
Cultivar Investigation, the National Academy of Agrarian Sciences of Ukraine; RMIW NAASU — The
V.M. Remeslo Myronivka Institute of Wheat, the National Academy of Agrarian Sciences of Ukraine; NSC “IA
NAAS” — National Scientific Centre “Institute of Agriculture of the National Academy of Agrarian Sciences
of Ukraine”; n.a. — not available. http://www.wheatpedigree.net, State register of plant varieties suitable
for distribution to Ukraine of the Ministry of Agrarian Policy and Food of Ukraine http://www.sops.gov.ua/

reestr-sortiv-roslin.
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Table 3. Detected DNA polymorphism of TaWRKY2 locus in varieties from germplasm collections

of the CIMMYT
Year of | Amplified
Variety Locality Originator¥* registra- | fragment,
tion bp
1 2 3 4 5
Agriculture and Agri-Food Canada Semi-
AC Vista Canada (Saskatchewan) arid Prairie Agricultural Research Cen- 1996 173,188
tre, Swift Current
Albis Switzerland (Zurich) Federal Research Station for Agronomy 1983 173, 188
Anza Mexico, USA (California) | CRlifornia Agricultural Bxperiment Sta- | 1977 | 173, 188
Batavia Australia (Queensland) Queensland Wheat Research Institute 1991 173, 188
Caribo Germany Heidenreih, Bad-Schwartau 1968 173, 188
Cenad-512 Romania n.a. 1958 173, 188
Comanche USA (Kanzas) Kansas Agricultural Experiment Station 1942 173, 188
D-12 Peru n.a. 1972 173,188
Excalibur | Australia (South-Australia) RAGT 1990 173, 188
Australia University of Sydney Plant Breeding
Gabo (New-South-Wales) Institute, Cobbitty 1942 173, 188
Glenlea Canada (Manitoba) University of Manitoba 1972 173, 188
D(:f_ﬁg;e Venezuela n.a. n.a 173, 188
Granero Argentina Inta 1987 | 173,188
nta
Inia-F-66 Mexico INIA, CIMMYT 1966 173,188
%{Skzaﬁ;ﬁt Afghanistan n.a. 1975 | 173,188
Janz Australia (Queensland) Queensland Wheat Research Institute 1989 173, 188
Katunga Australia (Victoria) n.a. 1992 173, 188
Ke Feng 2 China (Heilongjiang) Keshan WRI 1979 173, 188
Kimmo Finland n.a. 1941 173, 188
Klein Fa- Argentina E. Klein 1920 | 173,188
vorito
Kulin Australiatg;\l’ie;)t ern-Aus- Department of Agriculture, W.A. 1986 173, 188
Manital Italy Samoggia Luigi, Bologna 1981 173, 188
Miflaleau Chile INIA, CIMMYT 1982 | 173,200
Recital France Benoist 1986 173, 188
Rokycans- Czechoslovakia n.a. 1899 | 173,188
ka sametka
Safr(;;iaLe- India Indian Agricultural Research Institute 1967 173, 188
Sakha 69 Egypt Agricultural Research Center, Giza 1980 173, 188
Svenno Sweden W. Weibull 1953 173,188
Talimka Kyrgyzstan Kirgizskaya GSS 1940 173, 188
Tobartto Mexico CIMMYT 1997 | 173,200
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Table 3. End
1 2 3 4 5
Tobarito Mexico CIMMYT 1997 | 173, 200
M 97
Tselin-
naya-Yu- Kazakhstan Kazakhskiy NII zernovogo khozyaystva 1988 173,188
bileinaya
V-17 Mexico CIMMYT 1968 173, 188
Wilbur USA (Oregon) W.J. Mariner 1897 173, 188
Zambesi Zimbabwe Salisbury AES 1963 173,188
Zerdakia Iraq n.a. n.a. 173, 188
Plant Breeding and Genetics Institute,
Zirka Ukraine National Academy of Agrarian Sciences 1984 173, 188
of Ukraine
Note: n.a. — not available; * — from the Genetic Resources Information System for Wheat and Triticale

(http://www.wheatpedigree.net/) provided by Vavilov Research Institute of Plant Industry (VIR) and

International Maize and Wheat Improvement Center (CIMMYT).

According to CDS sequence of TaWRKY?2
(GenBank ID EU665425.1), the primer pair for
this TF locus is likely to amplify the fragment
of 188 bp long. Such a fragment was observed
through the study; however, not all the wheat
samples possessed it. Consequently, there must
be an indel mutation, which is likely to form
another allele.

The old wheat landraces is the source of
potential genes of interest which can be of
great value for common wheat improvement

in modern breeding programs. Thus, the
following screening of a number of wheat
landraces and interspecific hybrids was
carried out. The data were indicated in
the Table 4. As it can be seen from the
table, most of them carried fragments
of 173+188 bp (46 among 52 samples,
frequency — 0.88). On the other hand,
all the 3 fragments (173, 188 and 200 bp)
were amplified from 2 wheat accessions
(T. spelta var. duhamelianu Baulaender and

Table 4. Detected DNA polymorphism of TaeWRKY2 locus in old wheat species, distant and interspecific

hybrids
Species/Hybrid/Cross Subspecies ggiugril;?;g: frA:;nnI:(lailfi?%p
1 2 3 4

AD T. persicum/Ae. tauschii Japan 173, 188
AD T. dicoccum/Ae. speltoides Azerbaijan 173, 188
AD Ae. ventricosa/T. dicoccum Russia 173, 188
AD T. aestivum/Ae. comosa Russia 173, 188
AD 217 T. timopheevii/Ae. umbellulata Japan 173, 188
ADT7 T.ispahanicum/Ae. cylindrical Azerbaijan 173

ADS8 T. dicoccum/Ae. triuncialis Azerbaijan 173, 188
‘32"% lotricum cylindroaesti- Aegilops cylindrica/T. aestivum Armenia 173,188
Haynatricum T. dicoccum/Dasypyrum villosum Russia 173, 188
PAH-31 T. dicoccum/T. monococcum Russia 173, 188
PEAH T. dicoccum/Ae. tauschii Russia 173, 188
T. dicoccum Schuebl. var. rufum Sweden 173, 188
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Table 4. IIpodosrcernHns

1 2 3 4

T. dicoccum Schuebl. var. aeruginosum Azerbaijan 173, 188
T. dicoccum var. aeruginosum Runo Russia 173, 188
T. dicoccum var. serbicum Polba 3 puussia, 173, 188
T. dicoccum var. dicoccum Ukraine 173, 188
T. dicoccum var. nigroajar Ethiopia 173, 188
T. dicoccum var. rufum Ukraine 173, 188
T. dicoccum var. aeruginosum Di‘;:iz’n 173, 188
T. dicoccum var. semicanum Germany 173, 188
T. dicoccum Polba Kokchetavska Kazakhstan 173, 188
T. dicoccum var.vasconicum Crjunella Spain 173, 188
T. dicoccum var. rufum Spain 173, 188
T. dicoccum var. atratum Poland 173, 188
T. dicoccum n.a. Kazakhstan 173, 188
T. dicoccum Schuebl. var. serbicum Belarus 173, 188
T. dicoccum Schuebl. var. dicoccum n.a. 173, 188
T. dicoccum Schuebl. var. serbicum Chervona krasa Belarus 173, 188
T. dicoccum Schuebl. var. haussknachtianum Bolshaia holova India 173, 188
T. dicoccum Schuebl. var. loganse Polba Kokchetavska n.a. 173, 188
T. dicoccum Schuebl. var. volgense Vernal USA 173, 188
T. dicoccum Schuebl. var. aeruginosum Armenia 173, 188
T. dicoccum Schuebl. var. serbicum Russia 173, 188
T. dicoccum Schuebl. var. volgense Russia 173, 188
T. dicoccum Schuebl. var. haussknachtianum Kazakhstan 173, 188
T. dicoccum Schuebl. var. haussknachtianum Azerbaijan 173, 188
T. dicoccum Schuebl. var. aeruginosum Runo Russia 173, 188
T.ispahanicum var. ispahanicum Iran 173, 188
T. kiharae T. timopheevii X Ae.tauschii Japan 173, 188
T.macha var. palaeoimereticum Georgia 173, 188
T. sinkajae var. sinskajae Russia 173

T. spelta var. album Canada 173, 188
T. spelta var. caeruleum CDC Zobra Canada 173, 188
T. spelta var. griseoturanorecens Tajikistan 173, 188
T. spelta var. duhamelianum Poland 173, 188
T. spelta var. duhamelianum Baulaender Germany 173, 188, 200
T. spelta var. duhamelianum Frankenkorn Germany 173, 188

53




BIOTECHNOLOGIA ACTA, V.11, No 2, 2018

Table 4. End
1 2 3 4
T. spelta var. caeruleum Azerbaijan 173, 188
T. spelta var. album Canada 173, 188
T. vavilovii var. vavilovii Armenia 173, 188, 200
T. hexapolonicum n.a. Armenia 173, 200
Tritordeum 1199,/09 T.durum/Hordeum chilense Spain 188

T. vavilovii var. vavilovii) representing
frequency 0.04 only. Three wheats
(frequency — 0.06) had only one type of
fragment (173 or 188 bp). The only sample
(frequency — 0.02) (T. hexapolonicum) had
fragments of 173+200 bp.

Additionally, four rye verities (Avgust,
Khmarka, Remington and Stoir) were tested for
polymorphism in TaWRKY?2 locus. As a result,
the only fragment of 200 bp was detected in
each sample. This fact shows that other cereal
crops might have the TaWRKY?2 gene too.

The study of the genes, that impact greatly
on drought response, is of great value for
wheat improvement in present-day plant
breeding programs. The current research
reveals knowledge on DNA polymorphism
of three transcriptional factors (TaNAC2a,
TaWRKY2, TaWRKY19) and the dehydrin
(Td29b) genes which can be applied for MAS.
During the analysis the gene structure and
chromosomal location were established.
Thus, TaWRKY2 and TaWRKY19 genes
comprised of 4 exons and 3 introns (2BS and
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IIOJIIMOP®I3M I'EHIB JTEAKUX
TPAHCKPHUIIIIMHUX ®AKTOPIB,
110 ITOB’A3AHI 3 IIOCYXOCTIMKICTIO
IIITEHAIII

0. P.Jlaxnero' >
A.I.Cmenanenkxo™?
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B. B. Mopzyl-tl’ 2

lIHCTI/ITyT KJiTuHHOI 6iosorii i reHeTHUHOL
imxenepii HAHY, Kuis
zHaIliOHaJII:HI/Iﬁ TeXHIUHUU yHiBEpPCUTET
Vrpaiau «KuiBcbKuii moiTeXHiYHUET iHCTUTYT
im. Iropa Cikopcbkoro», Kuis
Biosoriuna mxkooa Vuisepcurery Xyuanb, KHP

E-mail: molgen@icbge.org.ua

MeToro gocaim:keHHsS OyJO0 BUBUMTHU IIOJIi-
Mop(isM mormepeaHbO BiIiOpaHUX JOKYCiB reHiB
TPHOX TPaHCKpUNIiinux partopis (TaNACZ2a,
TaWRKY2, TaWRKY19) Ta npoTeiH misHbOTO
embpiorenesa (LEA) nerunpuny (Td29b), nos’a-
3aHUX 3i cTifiKicTio mimeHuIli 1o mocyxu. CTpyk-
Typy TeHiB Ta XpPOMOCOMHY JIOKaJisariio 0yJo
BCTAHOBJIEHO 3a JOMIOMOTOI0 GioiH(popMaIifitHux
nigxoxis. 3’sicoBamo, 1o reau TaWRKY2 Ta
TaWRKY19 cknagatoTheda 3 4 eK30HIB i 3 iHTpo-
HiB, JoKaadizoBanux Ha miaeuax 2BS Ta 1DS xpo-
Mocomu, Bigmosiguo; TaNAC2a MicTUTh 2 eK30HHI
ta 1 inTpou 7AS. I'er Td29b micTUTH OAUH €K30H
3AS. V¥ pesynbTaTi BUKOPUCTAHHSA MOJiMepasHoi
JIAHITIOTOBOI peakIrii He 0yJI0 BUABJIEHO IIOJiMOD-
dismy nna gorkycis reniB TaNAC2a, TaWRKY 19
ta Td29b 3a mOMOMOTOIO TIOTIEPEeIHBO BimiOpaHux
nap npaiimepiB. IIpore gaa doxycy TaWRKY2
BUABJIEHO mosriMopdHi pparmernTr. CKpUHIHT 110-
IIUPEHHA TOJiMOP(MHUX JIOKYCIiB ITPOBOAUIN AJIA
Ha0oOpy COPTiB MINIEHUIII Ta »KUTa, JaBHiX MIIe-
HUIb Ta MisKBUAOBUX ri6bpumais. IToximMmopdism jo-
Kycy TaWRKY2 cBifuuTh IIPO HASIBHICTD JeSIKUX
iHmumx anesiB mporo resa. Ili gaHi € BasKIUBUMU
IJIS TIONAJIBIIIUX JOCJiKeHb IIOCYXOCTiNKOCTi
IITeH NI,

Kanawuwosi cnosa: Triticum spp., ImoJiMepasHa
JaHIIOTOBA peakIid, (GaKTopu TPaAHCKPUIIILI,
TaNAC2a, TaWRKY2, TaWRKY19, LEA,
Td29b, mocyXocTifiKicTs.
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IIOJINUMOP®HUSM I'EHOB HEROTOPBIX
TPAHCKRKPUIIIIMOHHBIX ®ARTOPOB,
CBASAHHBIX
C 3ACYXOYCTOMYHUBOCTDBIO ITIMTEHUIIBI
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"M HCTUTYT KII€TOYHOM GHOIOTUY U TeHETHYEeCKOi
nmxenepuu HAHY, Kues
zHaHI/IOHaJIBHBIﬁ TeXHUUYECKUU YHUBEPCUTET
VYrpaunbl « KueBcKuit monTexHUYeCcKui
uHCTUTYT UM. ropss CUKOpPCKOT0»,

Kues
3Buosnornueckas mkoa YHuuBepcurera XyHaHb,
KHP

E-mail: molgen@icbge.org.ua

ITenbio uccaeqoBaHUA OBLIO U3YUEHUE TIOJIU-
Mop(du3Ma IpeaBapuTeIbHO OTOOPAHHBIX JIOKY-
COB T€HOB TPeX TPAaHCKPHUIIIMOHHBIX (haKTOPOB
(TaNAC2a, TaWRKY2, TaWRKY19) u nipore-
uH mo3xHero smOpuorenesa (LEA) meruapuHa
(Td29b), cBsABaHHBIX C YCTOMUYMBOCTHIO MIITEHU-
bl K 3acyxe. CTPYKTypa reHOB U XPOMOCOMHA
JOKaJU3aIiusa ONpeaeeHbl ¢ IIOMOIIbI0 OMOUH-
(opManMOHHBIX TOAXOMOB. ¥ CTAHOBJEHO, UTO
redbl TaWRKY2 u TaWRKY19 cocroar us 4
9K30HOB U 3 MHTPOHOB, 2BS u 1DS xpomocomsl,
coorBeTcTBeHHO; TaNAC2a comep:KUT 2 3K30HA
u 1 marpon 7AS. I'er Td29b cocToutr us ogHOTO
sx30Ha 3AS. B pesyabraTe MCIOJIbL30BAHUS IIO-
JUMEePasHOU IeIMHON peaKIuu He ObII0 BhISIBICHO
noauMoppusma aaa JIoKycoB reaoB TaNAC2a,
TaWRKY19 u Td29b ¢ moMOIIIbIo IPeABapPUTEIb-
HO oToOpaHHBIX IIap npaiimepoB. OgHAKO s
aoryca TaWRKY2 o6HapyKeHbI TOJIUMOPDHEIE
dparmenTsl. CKPUHUHT PACIIPOCTPAHEHUA IOJIHU-
MOP(MHBIX JJOKYCOB ITPOBOAMIN 15T HAO0pPa COPTOB
MIMEeHUIBI U PKU, TPEBHUX IIITEHUIT U MEKBUIO-
BbIX TuOpumoB. Ilomumopdusm toxyca TaWRKY 2
CBUIETEJIBbCTBYET O HAJIUUNU IPYTUX ajljiesei aTo-
ro reHa. OTU JaHHBIEe BaXKHBI AJIA JaJIbHENIITNX 1C-
cJeIOBaHUI YCTOMYMBOCTHU IIIIIEHUITHI K 3acyXe.

Knaruessvre cnosa: Triticum spp., moauMepasHasi
nenHasa peakunud, (aAKTOPbl TPAHCKPUIIUU,
TaNAC2a, TaWRKY2, TaWRKY19, LEA,

Td29b, 3acyx0yCTOMUYNBOCTD.





