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Abstract. Dasypyrum villosum is an annual cereal used as a donor of agronomic traits for wheat. Productivity
is one of the most important traits that breeding is aimed at. It is a very complex trait, the formation of which is
influenced by many different factors, both internal (the genotype of the plant) and external. The genes responsible
for the gibberellin sensitivity played a large role in multiplying yields of cereal crops. Another such gene is the
Gid1, which encodes a receptor for gibberellins. This article compares the DNA sequences of the Gid1 gene
obtained from six Dasypyrum villosum samples. Using a sequence of wheat and rye taken from the GenBank
database (NCBI), we selected primers for regions of different genomes (A, B, and D subgenomes of wheat and the
R genome of rye), and carried out a polymerase chain reaction on D. villosum accessions of diverse geographical
origin. The resulting PCR product was sequenced by an NGS method. Based on the assembled sequences, DNA
markers have been created that make it possible to differentiate these genes of the V genome and homologous
genes of wheat origin. Using monosomic addition, substitution, and translocation wheat lines, the localization
of the Gid1 gene of D. villosum was established on the long arm of the first V chromosome. A phenotypic
assessment of common wheat lines carrying substituted, translocated, or added D. villosum chromosomes in
their karyotype was performed. Tendency of disappearance of the first chromosome of D. villosum in the lines
with added chromosomes was revealed.
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MonekynspHbi aHanus reHa GID1 y Dasypyrum villosum
n co3ganue JHK-mapkepa gnsa ero naeHTudukaumm
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'Bcepoccuiickuii HayuHO-MCC/Ie/I0BATeNbCKHIM MHCTUTYT Ce/TbCKOX03SIHCTBEHHON OHOTEXHOIOTUH,
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Annotanus. Dasypyrum villosum (VV) — oHONeTHUH 371aK, 3apeKOMeH/I0BaBIINi cebsi B KauecTBe
JIOHOpa X035IICTBeHHO-1IeHHbIX TIPU3HAKOB 151 MILeHULbl. OJH U3 Ba)KHEMIIMX [0Ka3aTesiel, Ha KOTOPLI
HarpaBJ/ieHa CeseKIUsl,— YPOXKalHHOCTb, SIBJISIOIAsICS CI0KHBIM, KOMITIEKCHBIM MprU3HakoM. Ha ero ¢gopmu-
pOBaHHe BJIMSET MHOXKECTBO PA3/IMUHBIX ()aKTOPOB. BOIbIIIYI0 POJIb B POCTE YPOXKAHHOCTH 3/71aKOBBIX KY/IBTYD
ChITPaJIv TeHbI, PETY/IMpYOLIYe (GU3HOI0THUeCKHil OTBET pacTeHWH Ha TO0Oepes/UIHbI, OZ(HUM U3 KOTOPBIX CTasl
reH Gidl, AB/ISIOIMICS PeLernTOPOM aKTUBHBIX (HOPM 3TUX (PUTOropMOHOB. ITpuBe/ieHO CpaBHEHHE YaCTHUHBIX
IHK-nocnenoBaresnsHOCTel reHa Gidl, ceKBeHMPOBAaHHBIX y IBYX 06pastjoB Dasypyrum villosum. Vicrionb3ys
TI0C/Ie/I0BaTeIbHOCTH TILIEHHUIIBI U P>KH, B3siThie u3 6a3bl faHHbIXx GenBank (NCBI), nogobpanu npaiiMeps! Ha
y4acTKM pasHbIX reHOMOB (cybreHomsl A, B 1 D miiieHuLpl ¥ TeHOM R pikit) ¥ POBEJIH MOJIMMepPasHyto LIeTHY0
peakLyto Ha obpasLiax a3unupyMa MOXHaTOro pas/IMuHoro nporcxoxaenus. [TomyueHnslit ITHP-npogyKT ObL
cexBeHHpoBaH MeTozloM NGS. Ha ocHOBe CceKBeHMPOBaHHBIX HYK/IEOTHHBIX [10C/Ie[J0BaTe/IbHOCTel Co3/laH
JHK-Mapkep, 103Bo/IstoLMi quddepeHpoBaTh JaHHbIE FeHbl rfeHoMa V ¥ TOMOJIOTMYHbIE T'eHbl MILIEHHYHOT0
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npoucxoxeHusi. C UCI0Ib30BaHeM MOHOCOMHO-/,0II0/IHEHHBIX, 3aMellleHHbIX ¥ TPaHC/I0LPOBAHHbIX JIMHUN
TIIIeHNLIBI BITEPBLIe yCTaHOB/IeHa JIoKanu3anus reHa Gidl Ha xpomocomax Dasypyrum villosum. TTokaszaHo
pacrosiokeHye JaHHOTO I'eHa Ha [TMHHOM Ijlede TIepBoi XpomMocoMbl reHoma V (1VL). ITpoBesieHa peHOTH-
nuyeckKas OLjeHKa JIMHUNA MATKOM MIIeHUL{b], UMEIOLIMX B CBOeM KapHUOTHIIe 3aMellleHHble, TPAHC/I0LPOBaHHbIe
WU [JOTIO/THEHHBIe XpOMOCOMBI Dasypyrum villosum.

KitroueBble c10Ba: JasuNypyM MOXHaThId, Dasypyrum villosum, otnaneHHas rubpugusanys, Gidl,
petenitop, ru66epe/UIHOBas KUCIOTA
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Introduction

Common wheat (Triticum aestivum 2n = 6x = 42) is one of the world’s major crops.
According to the FAO', in 2019, world wheat production was estimated at 766 million
tons, which was a record high. However, considering the need to provide products for
the growing population, wheat productivity should have been increased by 4 to 76%
by 2050, according to various forecasts [1]. It is the increase in productivity, and not
the expansion of sown areas, that is recognized as the optimal strategy for ensuring
food security worldwide. One way to increase productivity is to use wild varieties to
transmit valuable agronomic genes to elite crops. Dasypyrum villosum (2n = 2x = 14,
VV) is an annual cereal of Triticeae family, it grows in mid-sea region, southwestern
Asia and Russia. Species of Dasypyrum genus have approved themselves as a reliable
source of resistance genes to biotic [2, 3] and abiotic [4] stress. As a rule, gene transfer
from Dasypyrum to common wheat occurs through the use of lines with substituted or
translocated chromosomes [5-7]; this method has been widely used from the end of the
last century to the present day [8-12].

The influence of short-stem genes on wheat productivity has been shown in a number
of studies [13, 14]. Moreover, one of the key factors behind the so-called ‘green revolution’
in agriculture was creation of dwarf wheat varieties using Rht (Reduced height) dwarfing
genes [15, 16]. In addition to reducing yield losses due to lodging resistance, dwarfing

' Cereal production in the world can reach a record level in 2019. Food and Agriculture Organization of the
United Nations. Available from: http://www.fao.org/worldfoodsituation/csdb/ru/ [Accessed 17 December 2019]

64 FEHETUKA M CENEKLVA PACTEHMIA



Razumova O.V. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(1): 62-85

genes contribute to increased productivity due to better redistribution of assimilates
in favor of spike and reduced sprouting due to impaired synthesis of gibberellins or
sensitivity to these phytohormones, which play a key role in a wide range of plant
growth and development processes, including of fruit and seed formation [17]. Low plant
height can be achieved in different ways; however, one of the key factors is a complex
interaction of DELLA proteins with other proteins and gibberellins. The Gid1 gene
(Gibberellin Insensitive Dwarf 1) encodes a protein that is a receptor for gibberellins.
Active forms of gibberellins, joining the GID1 receptor, changes its conformation so
that it acquires ability to bind to DELLA proteins. By binding to GID1, DELLA proteins
are modified by ubiquitin and destroyed by proteasome, which promotes plant growth.
Absence of binding, for any reason, leads to accumulation of DELLA proteins and loss
of plant sensitivity to giberrellic acid [17, 18]. Thus, in order to reduce plant growth
by altering the components of the gibberellin-GID1-DELLA system, it is necessary to
increase stability of DELLA proteins. One of the possible ways to achieve this goal is to
influence the Gid1 gene to reduce DELLA binding capabilities, which demonstrates the
need for a deeper study of allelic variants of these genes in wheat and its wild varieties.
The aim of our work was sequencing of the GidI gene sequences affecting plant
height in two Dasypyrum villosum accessions, determining its localization on chromosomes
and creating a DNA marker for differentiation of wheat genes and D. villosum genes.

Materials and methods

The Gidl gene was sequenced using two accessions of Dasypyrum villosum obtained
from the collection of the Western Regional Plant Introduction Station, Washington State
University (W621717, P1 598390). To map genes onto chromosomes, we used a series of
monosomic, addition substitution, and translocation lines of common wheat cv. Chinese
spring obtained from Nanjing Agricultural University (NAU), as well as kindly provided
by Dr. W. Jon Raupp of Wheat Genetics Resource Center Kansas Wheat Innovation
Center, Kansas State University (KSU) and Adam J. Lukaszewski (AJL), Professor of
Genetics Dept. of Botany & Plant Sciences University of California (Table 1).

Table 1
Studied wheat lines with Dasypyrum villosum genetic material
Accession Aberration Chromosome Chromosome Origin Author
number source
7677 addition 1V#3 Sicilian KSU AJL
7679 addition 3V#3 Sicilian KSU AJL
7680 addition 4V#3 Sicilian KSU AJL
7681 addition 5V#3 Sicilian KSU AJL
7682 addition 6V#3 Sicilian KSU AJL
7683 addition 7V#3 Sicilian KSU AJL
7509 addition 1V#1 Italian KSU Sears
7510 addition 2V#1 Greek KSU Sears
7511 addition 4V#1 Greek KSU Sears
7512 addition 5V#1 Greek KSU Sears
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Continuation table 1

Accession Aberration Chromosome Chromosome Origin Author
number source
7513 addition 6V#1 Italian KSU Sears
7514 addition 7V#1 Italian KSU Sears
3891/89 substitution 1V(1A) Italian AJL AJL
86/11 substitution 3V(3B) Sicilian AJL AJL
1360/07 substitution 3V(3D) Sicilian AJL AJL
2333/89 substitution 5V(5D) Sicilian AJL AJL
1411/94 substitution 6V(6B) Sicilian AJL AJL
1415/94 substitution 6V(6A) Sicilian AJL AJL
3889/89 substitution 7V(7A) Italian AJL AJL
6661 substitution 6V#2 [6A CS] Chinese KSU NAU
. T6AL-6V#2S .
5585 translocation T2AS.2AL-2R#3L Chinese KSU NAU
5594 translocation T4DS-4V#3L Sicilian KSU KSU
5595 translocation TADL-4V#3S Sicilian KSU KSU
5615 translocation T1DS-1V#3L Sicilian KSU KSU
5616 translocation T1DL-1V#3S Sicilian KSU KSU
5634 translocation T2BS-2V#3L Sicilian KSU KSU
5636 translocation T3DL-3V#3S Sicilian KSU KSU
5637 translocation T3DS-3V#3L Sicilian KSU KSU
5638 translocation T5DL-5V#3S Sicilian KSU KSU
5639 translocation T7DL-7V#3S Sicilian KSU KSU
5640 translocation T7DS-7V#3L Sicilian KSU KSU
1438/94 translocation 6BS.6VL Sicilian AJL AJL
3214/96 translocation 6AS.6VL Un know AJL AJL
853/11 translocation 3V.3BL+3B Sicilian AJL AJL

Part of the samples with genetic material of D. villosum was grown in the greenhouse
of Center for Molecular Biotechnology of Russian Timiryazev State Agrarian University
for preliminary assessment of phenotypic effects. Plants were evaluated for such traits
as height of the main stem, length of the main spike, tillering and resistance to powdery
mildew. Statistical data processing was carried out using Microsoft Excel analysis
package, the calculations were performed using the ready-made functions included in
the analysis package.

DNA was isolated according the CTAB method [19] from young lyophilized dried
leaves. Primers were selected in the Primer BLAST NCBI program. The PCR mixture
consisted of the following components (concentration of the components in the final
mixture): 1 x LR buffer (pH = 9.3), 1.5 mM MgCl,, 0.2 mM of each dNTP, 2 uM of
each primer, 0.04 units/pl LR Plus polymerase, 0.02 units/pl Taq polymerase, 4 ng/pl
template DNA. The volume of the PCR mixture was 25 pl. PCR was performed under the
following temperature conditions: 94 °C — 5 min; 36 cycles 94 °C — 30 sec, 58 °C —
30 sec, 72 °C — 2 min; 72 °C — 5 min.
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The resulting PCR products were analyzed by electrophoresis on a 1.5% agarose
gel with TBE buffer supplemented with ethidium bromide. Electrophoregrams were
visualized in ultraviolet light using a gel documentation system.

PCR products obtained using D. villosum DNA were transferred for NGS sequencing
after checking their quality by electrophoresis. Sequencing using Illumina technology
was performed at Genomed Company. DNA libraries were prepared using the Swift
2S ™ Turbo DNA Library Kit. During preparation of the DNA library, PCR products
obtained from different samples of D. villosum were labeled with individual barcodes.
Sequencing was performed on a MiSeq System. After reading barcodes, the sequencing
results were obtained for each sample separately.

Quality of the sequencing results was evaluated using FastQC software. The contigs
were compiled from paired-end reads using SPAdes 3.13.0 software package [20]. To
identify polymorphisms present in heterozygous state, the obtained contig sequences
were used to map the initial reads on them using SNAP program [21]. Freebayes software
(Garrison, 2012) was used to detect single nucleotide polymorphisms and small insertions
and deletions. Identified polymorphisms were introduced into the gene sequence using
Bcftools (https://github.com/samtools/bcftools), and thus an alternative sequence for
each contig was obtained. Alignment of the obtained contigs of the Dasypyrum villosum
Gid1l gene to the sequence of the common wheat homolog genes was carried out in
GeneDocv2.7 program [22].

To identify Gid1 of Dasypyrum villosum in wheat background, we selected
primers (DvGid1-1F: AGGTCAACCGCAACGAGTGC and DvGidl-1R:
CCAATCCCACCGTCTCGAGCGTA) for gene regions that were the same in different
D. villosum samples but differ from the gene sequences in wheat.

Conditions for amplification of DvGid1. The PCR mixture consisted of the following
components (concentration of the components in the final mixture): 1x Taq buffer (pH =
8.6), 1.5 mM MgCl,, 0.2 mM each dNTP, 2 uM each primer, 0.4 units/ul Taq polymerase,
4 ng/pl matrix DNA. The volume of the PCR mixture was 25 pl. PCR was carried out under
the following temperature conditions: 94 °C — 5 min; 36 cycles 94 °C — 30 sec, 60 °C —
30 sec, 72 °C — 1 min; 72 °C for 10 min. The resulting PCR products were analyzed by
electrophoresis in a 1.5% agarose gel with TBE buffer supplemented with ethidium bromide.
Electrophoregrams were visualized in ultraviolet light using a gel documentation system.

Results and Discussion

Sequencing of the Dasypyrum villosum Gidl gene. At first, the mRNA sequence
of the wheat Gidl gene (GenBank FR668558) was used to search for this gene in the
IWGSCRefSeqv1.0 wheat genome using BLAST?. The greatest homology to this
sequence was shown by the wheat genes TraesCS1B02G265900, TraesCS1D02G254500,
TraesCS1A02G255100 related to chromosomes 1B, 1D and 1A, respectively. In
EnsemblPlants database, these genes are annotated as encoding the GID1 protein. The
genomic sequences of these three genes were exported from the assembly of the wheat
genome using a genomic browser?. The sequence of the rye Gidl gene was found using
BLAST in one of the contigs (FKKI010039294, Lo7_v2_contig_60281) of the Lo7 rye
genome related to chromosome 1R*.

2 BLAST. Available from: https://wheat-urgi.versailles.inra.fr/Seq-Repository/BLAST. [Accessed 17 December 2019)]

3 Available from: https://urgi.versailles.inra.fr/jbrowseiwgsc/gmod_jbrowse [Accessed 17 December 2019
4 Available from: https://webblasVol.ipk-gatersleben.de/ryeselect [Accessed 17 December 2019]]
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Genome-specific primers and primers for conserved regions of the gene were selected
using Primer-BLAST (NCBI)>. Selected primers are given in Table 2.

These primers were used to amplify the Gid1 gene on DNA of Dasypyrum villosum
W621717 (accession 1), PT 598390 (accession 2). PCR with primers for common wheat
subgenome B and for the rye genome gave positive results.

Table 2
Primers for amplification of Gid7 homolog genes, selected based
on wheat and rye sequences

. . ) o The expected size of the
A pair of primers (5'->3’) Tm product, bp
GID1-B-F: CCGAGACCGTCCAAAACAATAAAC 60 2503
GID1-B-R: ATCATCAGACAGACAGACGGACA
GID1-R-F: CATCCAAGACCGTCCAAAACAAT 60 2576
GID1-R-R: GGCAAACACATGGATGGATACAG

Next, the PCR products were sequenced according NGS method and subjected to
bioinformatics processing. As a result, we obtained nucleotide sequences of the two
D. villosum accessions of different origin, which were compared with each other, as
well as with the nucleotide sequences of wheat from the database (Fig. 1).

ggttctegtttteggy cttcttc t cogtgtgggegecgecg — cg gattct g t o gtgecg gec  cc cgce  cg cccgecgetttacy ot gagacggt gggattggggec tgcgat

Fig. 1. A part of alignment of the sequences sequence of the Dasypyrum villosum Gid1 gene

As a result of alignment, a high degree of homology between the studied sequences
was revealed, however, differences were observed in some regions (mainly single and
double nucleotide substitutions), which allowed us to develop a marker able to determine
the presence of the Dasypyrum Gid1 gene in a wheat background.

Marker development. The revealed differences between the nucleotide sequences
of the D. villosum Gid1 gene and common wheat homolog allowed the development of
the pair of primers (DvGid1-1F: AGGTCAACCGCAACGAGTGC and DVGid1-1R:
CCAATCCCACCGTCTCGAGCGTA), allowing specific amplification of the Dasypyrum
villosum Gid1 gene fragment and not producing a PCR product from wheat DNA (Fig. 2).

5 Available from: https://www.ncbi.nlm.nih.gov/tools/primer-blast [Accessed 17 December 2019]
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* 2160 * 2180 * 2200 * 2220 * 2240
chrla ‘ Al A A
chrlB
chrlD H
DvGidl_1 :

: 1297
: 2078
1 2072

197

CGAgACCGAGAGGAGG cAgCGCCCGCCG ACATGGCCGGCAGCGACGAGGTCAACCGCAACGaGTGCAAGGTCCGTCCgeC

chrla
chrlB
chrlD
DvGidl_1 :

: 1402
: 2182
1 2177

303

chrla : 1489
chrlB eNgTe - 2274
chrlD 7 5 GA € : 2279
DvGidl_1 : TET) €T seleeleleleleC - -C- - [delelelelelelYPITACG-C- - - -TCCAGACCECTCE———————— - GATIGE : 386
GCGCCGCCGCcecgeGCeGATTCT CGatttGTGCCG gCCCCCGCC cgcCCCGCCGCTTTACGGC gagTtGAGACGGTGG gagggGATTgG

Fig. 2. Alignment of the partial sequences of the GidT gene for common wheat (chr1A, chr1B chr1D)
and D. villosum (DvGid1, obtained in the study). Specific primers for detecting the DvGid1 gene
are marked in green

Using these primers, a 280 bp region was amplified from the D.villosum DNA
samples, while the marker fragment was not amplified from the wheat DNA of various
varieties (Fig. 3). This marker can further be used to track the transmission of Dasypyrum
genetic material in breeding of common wheat.

np. Gidl-1F/Gid1-1R

Fig. 3. Electrophoresis of the PCR products obtained using primers DvGid1-1F and DvGid1-1R.
Wheat cultivars: 1 — Lebed; 2 — Pamyat; 3 —Etnos; Dasypirum lines: 4—21717; 5-598390; 6-470279

Mapping of the Gidl gene on Dasypyrum villosum chromosomes. To map the
DvGid1 gene on chromosomes, we used a collection of common wheat lines carrying
added, substituted, and translocated D. villosum chromosomes. DNA lines with various
additions were used for PCR with the developed marker Dv-Gid-1F/R. As a result, the
marker was amplified only in accessions 7677 (1V#3), 3891/89 (1V(1A)), 3896/89
(1V(1D)), 5615 (T1DS+1V#3L), bearing the first chromosome of the Dasypyrum V
genome; amplification was absent in the rest of accessions (Fig. 4).

GENETICS AND PLANT BREEDING 69



Pasymoea O.B. u dp. Bectauk PYJH. Cepust: ArpoHomusi U xuBoTHOBoZACTBO. 2020. T. 15. Ne 1. C. 62-85

Fig. 4. M.p.— 100+ bp ladder. Monosomal additional Lines D. villosum: 1-2 — N2 7513; 3—-4 —
N2 6661; 5-6 — N2 5615; 7-8 — N2 5595

As aresult of PCR using the DNA of translocated lines 5615 (T1DS<1V#3L) and
5616 (T1DS+1V#3S) carrying in their genomes only the long or short arms of the first
chromosome of D. villosum, respectively, amplification was observed only for the line
5615 (T1DS+1V#3L). Thus, we can conclude that the DvGid1 gene is located on the
long arm of the first chromosome, and collinear to common wheat genes, also located
in the long arm of the chromosomes of the first homeologic group.

Phenotypic expression of the DvGidl gene of Dasypyrum in a wheat background.
For preliminary assessment of effect of the Dasypyrum DvGidl gene on growth and
development of wheat, we carried out a phenotypic assessment of lines with substitutions,
additions, and translocations (Tables 3, 4). Plants were grown in a greenhouse without
vernalization. Due to the fact that the Gid1 gene plays one of the key roles in response
to gibberellin, we first evaluated length of the main stem, tillering, and length of the
spike. Plant height varied greatly, differing almost twice between individual accessions
(from 56 cm in accession 5639 with translocation T7DL+7V#3S to 113 cm in sample
5595 with translocation T4DL4V#3S). The number of tillers per plant ranged from 1
to 4, and, apparently, was not associated with presence of the DvGid1 gene. The spike
length was within 4...7 cm, while size of the main spike and side spikes of the same
plant practically did not differ from each other (Tables 3, 4).

Table 3
Phenotypic assessment of the alien chromosome addition wheat lines
Chromosome Number A;/fe rr:a?ii Isetr;g:;h ‘?fer:?:gi I:F?iﬂ;h toé\\{;ﬁgier DvGid1
of tillers

1V#3 7677 65.66 * 2.60 4.00 £ 0.29 1.44+0.29 Yes
3V#3 7679 73.29 + 4.88 3.43£0.30 1.50 £ 0.29 -
4V#3 7680 84.86 £ 2.61 5.71+0.61 1.71£0.29 -
5V#3 7681 58.38 £ 6.55 6.25 + 0.62 2.13£0.40 -
6V#1 7513 105.50 * 2.50 7.00 % 0.00 3.00£1.00 -
TV#1 7514 87.00 £ 12.00 5.50 £ 0.50 3.50 £ 1.50 -
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To grow the studied lines, we used either original seeds or seeds verified using
molecular markers in previous studies [24]. However, during molecular analysis of
individual plants of 7677 line (1V#3), bearing additional 1V chromosome, it was found
that a specific marker was not amplified on some plants. Thus, we can say that there is
no added chromosome 1V in the studied plants. A similar loss of added chromosomes
is a relatively common occurrence. And our results once again emphasize importance
of using molecular markers to verify plant material studied.

Table 4
Phenotypic assessment of substitution and translocation wheat lines
. Average . Average Average total .
Aberration | Chromosome Number length of main Ier)gth 9f stooling DvGid1
stem main spike
substitution 1V(1A) 3891/89 89.30 + 0.66 5.00 £ 0.00 3.3310.66 Yes
substitution 3V(3B) 86/11 68.00 + 0.00 5.00 £ 0.00 1.00 £ 0.00 -
substitution 3V(3D) 1360/07 96.00 + 0.00 4.00 +0.00 1.00 £ 0.00 -
substitution 5V(5D) 2333/89 87.66 + 9.60 7.50%0.29 3.00+0.58 -
substitution 6V(6A) 1415/94 88.33+8.95 5.00 £ 0.58 2.67 £0.33 -
substitution 7V(7A) 3889/89 91.00 + 5.00 5.00 £ 0.00 2.50 £ 0.50 -
substitution | 6V#2 [6A CS] 6661 63.30 +7.84 6.50 +1.26 1.67 £ 0.66 -
translocation | T4DS-4V#3L 5594 78.00 +7.00 6.00 + 0.58 4.00+1.33 -
translocation | T4DL-4V#3S 5595 113.00+1.00 | 8.00+1.00 3.50 £ 0.50 -
translocation | T1DS-1V#3L 5615 103.00 +0.00 | 6.00+1.00 4.00 +1.00 Yes
translocation | T1DL-1V#3S 5616 84.66 * 4.51 5.00+0.29 3.33+0.88 -
translocation | T2BS-2V#3L 5634 64.00 +2.00 6.3310.33 2.67 +£0.88 -
translocation | T3DL-3V#3S 5636 97.66 + 6.36 5.50+0.28 3.00 £ 0.58 -
translocation | T3DS-3V#3L 5637 76.00 £ 5.30 3.50+0.76 1.33+£0.33 -
translocation | T5DL-5V#3S 5638 94.00 + 4.50 6.00 £ 0.57 3.00£0.58 -
translocation | T7DL-7V#3S 5639 56.00 + 7.00 4.50 + 0.50 1.00 £ 0.00 -
translocation | T7DS-7V#3L 5640 67.00 + 0.00 7.00 £ 0.00 1.00 £ 0.00 -
translocation 6BS.6VL 1438/94 86.33 +3.66 5.83+£0.60 2.00 £ 0.00 -
translocation 6AS.6VL 3214/96 95.00 * 3.51 5.00 +0.00 1.67 £ 0.66 -
translocation | 3V.3BL+3B 853/11 91.50 + 1.50 7.00 £1.00 3.50 £0.50 -
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Since the DvGidl gene was mapped on the long arm of chromosome 1V, special
attention should be paid to comparing the accessions 5615 (T1DS<1V#3L) and 5616
(T1DL<1V#3S). Both accessions provided by Dr. W. Jon Raupp (Center KSU) carry the
same translocated chromosome from D. villosum genome of Sicilian origin. However,
the first accession has the T1DS<1V#3L translocation in the karyotype, i.e. long arm of
the first chromosome carrying the studied gene, and the second — T1DL<1V#3S, i.e.
short arm of the same chromosome, but without this gene. Otherwise, these accessions
are as genetically similar as possible. But at the phenotype level, certain differences were
observed. In the presence of the DvGid1 gene, plant height reached 103 cm, which was
almost the maximum height among the studied lines. The exception was the accession
5595 (T4DL+4V#3S), the plants of which were even higher. But it should be considered
that the genes encoding DELLA proteins, which interact with the Gid1 proteins and have
a significant effect on height, are located in the fourth homeologic group. In the absence
of the DvGid1-5616 gene (T1DL+1V#3S), plant height was at the average level (83 cm)
of the rest lines with different introgressions of D. villosum (Table 4).

The data obtained are consistent with the mechanism of the GID1 protein action and
indirectly show us the presence of this protein in substitution/translocation lines, while no
significant differences were noted in the genome of the addition lines. Of one of wheat
chromosomes is likely to promote the involvement of the alien genes in the processes of
protein synthesis followed by subsequent influence of these proteins on plant growth and
development. It appears from this study, that substitution and translocation lines in general
are more preferable for studying the influence of the individual alien genes, compared with
lines bearing the balanced genome and added chromosomes of distant varieties, at least
when it comes to initially multichromosomal allopolyploid crops, with large genomes such
as common wheat.

Conclusions

As a result of the study, unique nucleotide sequences of the Gidl gene of two D.
villosum accessions of different origin were first obtained. Comparison with homologous
genes of common wheat allowed us to develop a genome-specific marker, Dv-Gid-1F/R,
which effectively distinguished the DvGidl Dasypyrum gene in a wheat background.
Localization of the DvGidl gene on the long arm of chromosome 1V was shown.
A preliminary assessment of the phenotypic expression of this gene in a wheat genome
background was carried out and a significant effect of the studied gene on plant height
was revealed. It was shown that lines carrying a substitution or translocation in the
genome were more preferable for such studies, compared with monosomic addition lines.

BeBepeHue
Msirkas nenuua (Triticum aestivum 2n = 6x = 42) — o[fHa U3 0CHOBHBIX MUPOBBIX

3epHOBBIX Ky/bTYP. [To manHbiM PAOC B 2019 . MUPOBOE MPOM3BO/[CTBO TIIIEHUI[BI

5B 2019 rogy Npor3BOACTBO 3EPHOBbLIX B MUPE MOXET JOCTUYb PEKOPAHOIO YPOBHS //
MpoAoBObCTBEHHAA N CebCKOX03ANCTBEHHAA opraHm3auma O0H. Pexxum gocTyna: http://www.fao.org/
worldfoodsituation/csdb/ru/ [aTa o6palyeHns: 17.12.2019
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TpeJrosarajoch Ha ypoBHe 766 MITH. T, UTO SB/ISeTCH PeKOPAHBIM IoKasaresnieM. OfHaKo,
C y4eToM HeoOX0IUMOCTH 00eCTieueHu s MPOAYKTaMU MOCTOSTHHO PACTYIIero Hace/ieHusl
naHeThl, K 2050 I. ypoykaltHOCTh MIIeHUI[bl He0OXOAMMO YBeTMUUTb, TI0 pa3HbIM IPO-
rHO3aM, Ha 4 70 76% [1]. iIMmeHHO MOBbIlIIeHUE YPOXKaliHOCTH, a He pacIiupeHue I/10-
11azieli MoCceBOB MPU3HAHO ONTHUMAJILHOM CTparerueii obecreueHus MpoJoBOIbCTBEHHOM
6e3omacHocTy BO BceM mupe. OHUM U3 TyTel TIOBBIIIEHHUST YPOXKaHHOCTH SIB/ISIETCSI
WCTI0J/Ib30BaHMe UKOPACTYIUX COPOAUYeN /1/1s Iepe/iauu X03s1MCTBeHHO-LIeHHBIX FeHOB.
Dasypyrum villosum (2n = 2x = 14, VV) ogHoneTHUi 31ak TpuosI Triticeae, B pupoze
BCTpeuaroLuiics B paiioHe Cpey3eMHOMOPBS, FOro-3amnasHou yacty Asuu u Poccun.
Bubt poga Dasypyrum 3apekoMeH/j0Baiu cebst Kak Ha/leXKHbI UCTOUHUK T'eHOB yCTOM-
YMBOCTHU K OuoTHueckuM [2, 3] u abuotnueckum [4] crpeccam. Kak ripaBusio, mepeHoc
TeHOB OT /]Ja3UIKMPYMOB B T€HOM MSITKOM MIIIeHULbI TPOMCXOAUT TTyTeM UCII0/Ib30BaHUsI
JIMHWH C 3aMellleHHBIMH WK TPaHCIOLMPOBaHHBIMU XpOMOCoMaMHu [5—7], 3ToT criocob
IIIMPOKO TIPUMEHSIeTCs C KOHIIA TPOIIIOro BeKa /[0 Hallux gHei [8—12].

Biusinve reHOB KOPOTKOCTeOe/TbHOCTH Ha YPOXKAMHOCTD MIIeHULbI ObII0 MoKa-
3aHO B psjfie uccnenoBanuii [13, 14]. bosiee Toro, ofHUM U3 K/IH0UeBbIX ()aKTOPOB,
00yC/IOBUBIIMX TaK Ha3bIBAEMYHO «3€/IeHYH PEBOJIIOIMIO» B CETLCKOM XO3SIHCTBe,
CTaJio CO3/laHie HU3KOPOC/IbIX COPTOB MILIEHUI[bI C WCIIO0Ib30BaHWEM r'eHOB KapJiu-
KoBOCTH Rht (ot anrnutickoro — Reduced height — ymeHnbiiienHas BbicoTta) [15, 16].
[ToMuMO KOCBEHHOTO B/IMSIHUS Yepe3 CHIKeHHe TI0Tephb YpoxKas B C/Ie[ICTBHe MeHbLLIei
T10JIeTaeMOCTH, TeHbI KaPJIMKOBOCTH CIIOCOOCTBYIOT MOBBIIIIEHUIO TTPOAYKTUBHOCTH
3a CcyeT JIyulllero rnepepacrpezie/ieHrs aCCUMUISITOB B M0J1b3Y KOJI0CA U YMEHbIIIEHUsI
MpOpacTaHus Ha KOPHIO BC/Ie[ICTBHE HapyLlIeH!sl CUHTe3a r’M0eppesIMHOB WK YyBCTBU-
TeMbHOCTU K 3TUM (PUTOrOPMOHAM, UTPAIOLUM KJTHOUEeBYIO POJIb B IIIMPOKOM CIT€KTpe
TMIPOLIeCCOB POCTa U Pa3BUTHS PaCTeHUs, BK/II0Yasi 0Opa3oBaHuMe I/I0/[0B U ceMsiH [17].
Hu3kas BeICcOTa pacTeHUd MOXKeT JOCTUraTbCsl Pa3HbIMU MYTSMH, OJHAKO OJHUMU U3
KJTIOUeBbIX (haKTOPOB SIBJISTFOTCSI CJIO’KHBIE B3auMo/eicTBust 6enkoB DELLA c apyrumu
6enkamu 1 rub6epennuHamu. ['en Gidl (Gibberellin Insensitive Dwarf 1 — I'u66e-
pemiiH HeuyBcTBuTenbHbil Kapnuk) kogupyet 6e/ok, sSIB/SIOIIUICS PerjenTOpOM
rub06epe/sTHHOB. AKTHBHBIE (hOPMBI THOOEpe/I/THHOB, MPHUCOEANHSISCH K PELIeNTOpY
GID1, meHsIt0T ero KoH(opMal1o TakuM 00pa3oM, UTo OH IPUoOpeTaeT CriocOGHOCTh
cBsi3bIBaThCs1 € Gesikamu DELLA. Ces3biBasick ¢ GID1, 6enku DELLA moauduiupy-
I0TCS YOMKBUTMHOM U Pa3pylIaloTCs IPOTeacOMOM, UTO CIIOCOOCTBYET POCTY PaCTeHHsI.
OTcyTCTBUE CBSI3bIBAHUS TI0 KAaKOM-TMO0 NTPUUKHE TIPUBOUT K HAKOTLJIEHUIO Oe/TKOB
DELLA u notepe 4yBCTBUTe/ILHOCTH pacTeHU K rubeppesioBoit kuciote [17, 18].
Takum 006pa3oMm, UYTOObI YMEHBILUTE POCT paCTeHUs ITyTeM U3MeHeHUst KOMITOHEHTOB
cuctembl rnb6epeynH-GID1-DELLA, Heo0X0AuMO yBe/UYUBaTh CTaOUIBHOCTD
6enkoB DELLA. OauH 13 BO3MOXKHBIX yTel pelleHus JaHHOM 3a/jaul — BJIUSHUE Ha
reH Gidl ans ymeHbIlleHUs1 BOSMOXKHOCTel cBsisbiBaHust DELLA, uto semoHcTpupyeT
HeoO0X0UMOCThL Oosiee TTyOOKOTO M3yUeHUs ajljie/IbHbIX BADUAHTOB JJaHHBIX T€HOB
y MILEHHULbI U ee JUKOPaCTYLUX COPOAUUEH.

enbio Hamel padoThI CTa/I0 CEKBeHUPOBaHUE T0C/Ie/[0BaTeTbHOCTEH TeHa
GID1, oka3bIBaroIIero B/IMsSHYE HA BBICOTY pacTeHus], y AByX 00pa3rjoB Dasypyrum
villosum, oripefiesieHe eTo JI0KaM3aluM Ha XpoMocomax U co3nanue JIHK-mapkepa
st auddepeHLIMALIMY TeHOB MMiLIeHULbI U reHoB D. villosum.
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MaTepMaﬂbl N MeTobl uccnenoBaHunA

Marepuasiom fjisi CeKBeHUpOBaHusi reHa Gidl mocimy»kuiu aBa obpasia Dasypyrum
villosum, mony4yeHHbIX U3 KOJIJIEKLIMK 3araJiHOW PeruoHabHON CTaHLIMU UHTPOAYKLIUU
pacteHuii YHuBepcureTa 1urara Bammnrron, CIIA (Western Regional Plant Introduction
Station, Washington State University) — (W621717, PI 598390). [1n1s KapTMpOBaHus
reHOB Ha XPOMOCOMBI UCII0/1b30Bajli CePUI0 MOHOCOMHO-/I0TIO/THEHHBIX, 3aMellleHHbIX
Y TPAHC/IOLMPOBaHHbIX JIMHUM MATKOM MieHuL(bl copta Chinese spring, monyueHHbIX U3
HaHkuHCKOTr0 cenbckoxo3siicTBeHHOro yHuBepcuteTa (Nanjing Agricultural University
(NAU)), a Takxke mobe3Ho nipegocTaBiaeHHbix Dr. W. Jon Raupp n3 Wheat Genetics
Resource Center Kansas Wheat Innovation Center, YauBepcureT 1utara Kansac (Kansas
State University (KSU)) u Adam J. Lukaszewski (AJL), Professor of Genetics Dept. of
Botany & Plant Sciences University of California (Yauepcuter Kanudopuum) (tabsm. 1).

Tabnuya 1
WccnepyemMble NMHMM NLLEHULbI
C reHeTu4yeckum matepuanom Dasypyrum villosum
Homep MepecTpoiika Xpomocoma xr:n:%‘:;:nl(bl MpoucxoxpeHue AsTop
7677 JlononHeHune 1V#3 Cuuunuinckui KSU AJL
7679 [ononHeHue 3V#3 CUUMNNINCKUIA KSU AJL
7680 [ononHeHue 4V#3 Cuumnuinckui KSU AJL
7681 JlononHeHune 5V#3 Cuuunuinckui KSU AJL
7682 [ononHeHue 6V#3 CUUMNNINCKUIA KSU AJL
7683 [ononHeHue 7V#3 Cuumnuinckui KSU AJL
7509 JlononHeHune 1V#1 UTanbaHckui KSU Sears
7510 [ononHeHue 2Vi#1 Mpeueckuin KSU Sears
7511 [ononHeHue 4V#1 Ipeyeckuin KSU Sears
7512 JlononHeHune 5V#1 Ipeyeckuin KSU Sears
7513 JlononHeHue 6Vi#1 UTanbsiHCKui KSU Sears
7514 [ononHeHue 7V#1 UTanbsiHcKkuin KSU Sears
3891/89 3amelleHune 1V(1A) WTanbaHckuii AJL AJL
86/11 3amelleHne 3V(3B) Cuuunuinckui AJL AJL
1360/07 3amelleHune 3V(3D) Cuumnuinckun AJL AJL
2333/89 3amMelueHne 5V(5D) Cuunnuinckun AJL AJL
1411/94 3amelleHne 6V(6B) Cuuunuinckui AJL AJL
1415/94 3awmelleHue 6V(6A) Cuumnuinckmin AJL AJL
3889/89 3ameleHune 7V(7A) WTanbaHckuii AJL AJL
6661 3aMelleHne 6V#2 [6A CS] KuTaiickuit KSU NAU
5585 TpaHcnokaums | oo aess | Kumaiickwi KSU NAU
5594 TpaHcnokauus T4DS-4V#3L Cuuunuinckui KSU KSU
5595 TpaHcnokauus T4DL-4V#3S CUUMNNINCKUIA KSU KSU
5615 TpaHcnokauus T1DS-1V#3L Cuumnuinckui KSU KSU
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OkoHYaHue Tabauybl 1

Homep MepecTtpoiika Xpomocoma WcTouknk MpoucxoxpaeHune ABTOp
XPOMOCOMbI
5616 TpaHcnokauusa T1DL-1V#3S Cuumnuinckuim KSU KSU
5634 TpaHcnokauus T2BS-2V#3L Cuunnuinckui KSU KSU
5636 TpaHcnokauus T3DL-3V#3S Cuymnuinckun KSU KSU
5637 TpaHcnokauusa T3DS-3V#3L Cuumnuinckuim KSU KSU
5638 TpaHcnokauus T5DL-5V#3S Cuunnuinckui KSU KSU
5639 TpaHcnokauus T7DL-7V#3S Cuymnuinckun KSU KSU
5640 TpaHcnokauusa T7DS-7V#3L Cuumnuinckuim KSU KSU
1438/94 TpaHcnokauus 6BS.6VL Cuumnuinckni AJL AJL
3214/96 TpaHcnokauus 6AS.6VL HeunssecTtHo AJL AJL
853/11 TpaHcnokauus 3V.3BL+3B Cuumnuinckuim AJL AJL

YacTb HOMEpOB C TeHeTHUueCKUM Marepuanom D. villosum psisi mpeiBapUTenbHOM
otleHKH (heHOTUTTYeCKUX 3¢ deKTOB BhIpaIMBaIM B opatkepee LleHTpa MoneKy/sipHOi
ouotexHosnoruu PITAY — MCXA umenu K. A. TumupsizeBa. PacTeHus oLieHUBaIu 1o
TaKMM TI0Ka3aresisiM, Kak BbICOTA IVIaBHOTO CTebs, /IMHA [71aBHOTO KOJI0Ca, KYCTUCTOCTh
Y yCTOMUMBOCTB K MyUHHUCTOU poce. CTaTucTrdeckast 06paboTKa JaHHBIX TPOBOJU/IACH
¢ dbyHKIMI nMakeTa aHamm3a Microsoft Excel, BeruricsieHust MpoBOAUIUCE C TIOMOILBIO
rOTOBBIX (DYHKLIMH, BXOJSAIIMX B MakKeT aHa/IM3a.

OHK Boigensnu CTAB-metogom [19], u3 MosiofibIx mMoMUIBHO BLICYIIIEHHBIX
micteeB. [Ipaiimepsr nogoupanu B mporpamMmMe PrimerBLAST NCBI. TTLP-cmecs co-
CTOsi/1a W3 Ce[yIOIIUX KOMIIOHEHTOB (/iaHbl KOHLIEHTpal[M KOMITOHEHTOB B KOHEUHOM
cmecn): 1 x LR 6ydep (pH =9,3), 1,5 MM MgCl,, 0,2 MM xaxgoro dNTP, 2 MkM Kax-
noro tipaiimepa, 0,04 exa./mMkin LR Plus mommepassl, 0,02 en./mkin Taq momvmepassl, 4
Hr/mMk1 MatpuuHoit [THK. O6bem IMLIP-cmecu coctasssin 25 mki. TTLP npoBogunack
TIPU CJIeAYIOLIUX TeMIlepaTypHbIX ycaoBusax: 94 °C — 5 muH; 36 nuknos 94 °C—30 ¢,
58°C—30¢c, 72 °C —2 muH; 72 °C — 5 MHH.

[Monyuenubie TTLP-nipo/iyKThl aHa/IM3UPOBaIU TyTeM 3y1ekTpodopesa B 1,5%
arapo3HoM rere ¢ 6ypepom TBE ¢ fobaBnenrem 6pomuctoro stuaus. Busyamizarys
3/1eKTpodoperpaMm MpoBOUIachk B y/IbTpaHoIeTOBOM CBeTe C MCI0/Ib30BaHUEM CH-
CTeMbI Te/b-/JOKyMeHTUPOBaHUS.

[MLIP-npoayKThl, mosy4yeHHble ¢ ucnob3oBanueM JHK D. villosum, nocne npoBepku
MX KauecTBa Ha s1eKTpodopese nepesaBanuich A NGS-cekBeHrpoBaHusi. CeKBeHU-
poBanue 110 TexHonoruu Illumina 6s110 poBegeHo B OO0 «I'enomen». JHK-6ubmu-
OTEeKH TOTOBU/IA C TIOMOIIbIO Habopa peakTuBoB Swift 2S™ Turbo DNA Library Kits.
B niporiecce noaroroBku [JHK-6u6moTeku TTLP-TipogyKThl, TO/yYeHHbIE OT Pa3HbIX
o6pa3stoB D. villosum, MeTuiu UHAUBUYaTBHBIMU OapKogaMu. CeKBeHHpOBaHHe Mpo-
BoWIM Ha rpubope MiSeq. ITocne pa3genenust mpouteHuit mo 6apkojam pe3ybTaThl
CeKBEeHUPOBaHUsI OBbI/IM MOTyUYeHbI 10 KaXKI0My 00pasily B OT/[e/TbHOCTH.

KauecTBo pe3y/nbTaToB ceKBeHMPOBaHUs ObIJIO OL[eHEeHO C MCII0/Ib30BaHHEM Ipo-
rpammel FastQC. KoHtury 66111 cobpaHbl M3 MTapHBIX MTPOUYTEHHM C TIOMOLIBIO TTaKeTa
riporpamm SPAdes 3.13.0 [20]. Jns BeIsiBeHUs TOMUMOPGH3MOB, TIPUCYTCTBYHOIIUX
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B IeTepPO3UTOTHOM COCTOSIHUY, T10/Ty4YeHHble TI0C/1e/l0BaTe/IlbHOCTH KOHTHUTOB MCIT0/Ib30Ball
/ISl KADTUPOBAHKS Ha HUX UCXOAHBIX TIPOUTEHHUM C TIOMOII[bI0 TiporpaMMbl SNAP [21].
JInst eTeKIy OHOHYK/TeOTUHBIX TIOTMMOP(U3MOB 1 HeOOBILINX UHCePLIWH U Jeneryit
rcronb3oBau rporpammy Freebayes (Garrison, 2012). BrisiBieHHbIe TOTUMOP(OU3MBI
ObUTM BHECEHBI B TI0C/Ie/[0BaTe/IbHOCTh reHa ¢ nmomolnbio Beftools (https://github.com/
samtools/bcftools), 1 Takum 06pa3om mosyyeHa ajbTepHaTHBHASI TIOC/Ie/J0BaTe/TbHOCTh
Ka)KJI0r0 KOHTUTra. BeIpaBHMBaHMe MO/TyYeHHbIX KOHTUTOB reHa Gidl Dasypyrum villosum
Ha Moc/iej0BaTe/IbHOCTU TeHOB-TOMOJIOTOB Gid1 MSITKOW MIIIeHULbl OCYI1LleCTB/ISI/IN
B riporpamme GeneDoc v2.7 [22].

Hns BeisiBnenvst Gidl Dasypyrum villosum B OKpy>keHUY TeHOMa MSITKOM IMIeHULbI
MbI TIofo6pamu rpaimMepsl (DvGid1-1F: AGGTCAACCGCAACGAGTGC u DvGid1-1R:
CCAATCCCACCGTCTCGAGCGTA) Ha peroHbI TeHa, OTMHAKOBbIe Y Pa3HbIX 00pa3iioB
D. villosum, HO OT/IMYarOLIKeCs OT N0C/e/|0BaTe/IbHOCTeN TeHOB-TOMOJIOTOB Y MIIIEHULIbL.

Ycnosus dns amnaugpuxkayuu DvGidl. TILIP-cMech cocTosi/ia U3 CIeAyIOIUX KOMIIO-
HEHTOB (ZlaHbI KOHIIEHTPAILK KOMITIOHEHTOB B KOHeuHo! cMecH): 1x Taq 6ydep (pH = 8,6),
1,5 MM MgCl2, 0,2 MM kaxxaoro dNTP, 2 MkM kaxkgoro npaiimepa, 0,4 exa./Mkn Taq
nomMepassl, 4 Hr/Mka marpuunoi [JJHK. O6wvem ITLIP-cmecu coctaessin 25 mki. TP
MPOBOAMIIACH TIPU CJIeAYIOLMX TeMIlepaTypHbIX ycnoBusax: 94 °C — 5 muH; 36 LHK/IOB
94 °C—30 ¢, 60 °C—30 ¢, 72 °C—1 mun; 72 °C — 10 muH. [Tonyuennsie T1LIP-nipo-
JYKTBI aHa/TM3UPOBAJTUCH TTyTeM 37ieKTpodope3a B 1,5% araposHom resie ¢ 6ydpepom TBE
¢ nobapneHreM 6pomucToro 3THAUs. Brsyanu3aruio nekTpodoperpaMm npoBOAUINA
B y/bTPaMOIETOBOM CBETE C UCI0/Ib30BaHUEM CHUCTEMBI Te/b-JOKYMEeHTUPOBAHMUS.

PesynbTaTbl n 06cyXaeHune

CekgeHupogaHue nociaedosamenbHocmeli 2eHa Gidl Dasypyrum villosum. Ha
nepBoM 3Tare pabotsl nocienoBatesibHOoCTh MPHK rena Gid1 mmenwuibl (GenBank
FR668558) ucrionb30BasM /ij1s1 TIOMCKA IaHHOTO reHa B cO0pKe reHoMa miteHuLb IWGSC
RefSeq v1.0 c nomorpio BLAST’. Haubosbliyto roMoJIOTHIO K JAHHOH TOC/Ie/10Ba-
Te/IbHOCTH MOKa3a/iu reHbl mineHulbl TraesCS1B02G265900, TraesCS1D02G254500,
TraesCS1A02G255100, otHocsMecs K xpomocomaMm 1B, 1D 1 1A cOOTBeTCTBEHHO.
B 6a3e manHbx EnsemblPlants 3Ti reHbl aHHOTHPOBaHbI Kak Koaupyromye 6emok GID1.
['eHOMHBIe 110C/Ie/J0BaTeIbHOCTH JIaHHBIX TPeX TeHOB ObUIH SKCIIOPTHPOBAHbBI U3 COOp-
KU TeHOMa MIIEeHUL[bI C TIOMOIIIBI0 TeHOMHOT0 Opay3epa®. TToc/ieoBaTeIbHOCT TeHa
GID1 pxxu 6bi1a HatizeHa ¢ riomorrbio BLAST B ogqHoM 13 koHTHroB (FKKI010039294,
Lo7_v2_contig_60281) renoma pxxu Lo7, oTHocsIerocst K xpomocome 1R,

leHoM-crierUuHbIe NpaiiMephl 1 NpaliMepbl Ha KOHCepPBaTHBHbIE YUaCTKU reHa o/
Gupamu ¢ momoripio PrimerBLAST NCBI'. I[Togo6paHHbIe rpaiiMepbl PUBEIEHbI B Ta0T. 2.

[TaHHBIe MpaiiMepbl UCTIO/b30BaM J/1s aMmridukaryu reHa Gidl va [THK o6pasijo
Dasypyrum villosum W621717 (o6pa3zer 1), PI 598390 (o6pa3zers 2). TTooKuTebHbBIN pe-
3ynbTar Aana [P c npaiiMepamu fijist cydreHoma B MATKO# TIIIEHULIBI U /151 TEHOMA PXKH.

7 BLAST. Pexxum poctyna: https://wheat-urgi.versailles.inra.fr/Seg-Repository/BLAST. [laTa o6palieHuns:
17.12.2019

8 Pexkum pgocTyna: https://urgi.versailles.inra.fr/jbrowseiwgsc/gmod_jbrowse [Jata o6paluenuns: 17.12.2019

° Pexxum focTtyna: https://webblasVol.ipk-gatersleben.de/ryeselect Jata obpalleHna: 17.12.2019

10 Pexxkm gocTyna: https://www.ncbi.nim.nih.gov/tools/primer-blast Jata o6paluenus: 17.12.2019
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Tabnuya 2
Mpaimepbl gna amnnudukauum reHos-romosnoros GID1,
nofo6paHHble Ha OCHOBE MOCNeA0BaTe/IbHOCTEN MLLEHULbI U PXKU

OxxupaeMblii pa3mMep

MNapa npaiimepos (5'->3") Tm NPORYKTA, 1. .

GID1-B-F: CCGAGACCGTCCAAAACAATAAAC 60 2503
GID1-B-R: ATCATCAGACAGACAGACGGACA

GID1-R-F: CATCCAAGACCGTCCAAAACAAT 60 2576
GID1-R-R: GGCAAACACATGGATGGATACAG

Hanee T P-nipoayKT cekBeHUpoBaau MetooM NGS u rogsepraiu 6uonHbop-
MaTHhyeckoi 06paboTke. B pe3ysbTare CeKBeHHPOBaHUSI Mbl TIOJTyUH/IA HYK/IeOTHU/HbIE
MOC/IeZI0BaTeTIbHOCTH ABYX 00pa3iioB D. villosum pa3iuuHOTo MPOUCXOXK/eHHs], KOTO-
pble CpaBHUBAIM MeXAy COOOM, a TaKKe C HYK/IEOTUAHBIMU TI0C/Ie/[0OBaTeTbHOCTSIMU
TIIeHUI[b! 13 6a3bl JaHHBIX (puC. 1).

cttctte t cg gattct g t gtgecg gec  cc cgcc  cg cccgecgetttacg ot gagacggt gggattggggee tgcgat

Puc. 1. [Nprmep BblpaBHMBaHMS YaCTW CEKBEHMPOBAHHON MNOCNeA0BATENBHOCTM reHa Gid1
Dasypyrum villosum

B pesynbTare BhlpaBHHUBaHUs Oblla BbIsIB/IEHA BBICOKAsi CTeTleHb TOMOJIOTHH MEXY
M3y4yaeMbIMH 110C/Ie/J0BaTe/IbHOCTSIMH, OfIHAKO B OT/|e/IbHBIX perHoHax Habsioaniiuch
pasnnuus (B OCHOBHOM OZIHO- U [JBYHYK/IEOTH/HbIe 3aMeHbl), TO3BO/IMBIIME Ha UX
OCHOBaHMH pa3paboTaTh MapKep, MO3BOJISIOLIUN OTpe/ieNiaTh MPUCYTCTBUe TeHa Gidl
Jla3ulypyma B OKPY)>KeHWH FeHOMa IIIeHULIbI.

PaspaboTka Mapkepa. BbisiB/ieHHbIe pa3IMumsi MeXy HyK/IeOTHAHbIMY T0C/Ief0-
BaTebHOCTAMU reHa Gidl D. villosum v TiieHULIbI MATKOM M03BO/IM/IN pa3paboTaTh
napy npaiimepos (DvGid1-1F: AGGTCAACCGCAACGAGTGC u DvGid1-1R:
CCAATCCCACCGTCTCGAGCGTA), no3Bosisitoniux creruduuHo aMIiyia@uiiupo-
BaTh (pparmeHT reHa GID1 Dasypyrum villosum v He paromux ITLIP-npoaykTa ¢ IHK
MieHuLs! (puc. 2).
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Puc. 2. BbipaBHMBaHWE YaCTUYHOM NocnefoBaTelbHOCTM reHa GidT MArkoi nweHnLpbl (chriA,
chr1B chr1D) u D. villosum (DvGid1, nony4eHo B Hallel paboTe). 3eneHbIM LIBETOM OTMeYeHbI
cneumduyHble NpanMepbl 415 BbiaBneHus reHa DvGid1

ITpu npoBenenun TP Ha o6pa3uax JHK D. villosum c jaHHBIMU TIpaiiMepamMu
aMITUPULIMPOBascS yyacToK pasmepoM 280 m.H., B To BpeMst Kak Ha JJHK miieHuUL[bI
Pa3/IMUHbIX COPTOB LiesieBoi (pparMeHT He amrduipoBascs (puc. 3). JlaHHbIN MapKep
B Jla/IbHEeMIIIeM MOXKeT HCII0/Ib30BaThCsl [J1s OTC/Ie)KMBaHUs Iepeiauyd reHeTH4eCKOro
MaTepuasa [ja3ulupyMa B CeneKLUU MATKOM TIIeHHUL[bI.

np. Gidl-1F/Gid1-1R

e &

a2
=

=

A 3

Puc. 3. 3nekTpodoperpamma amnandukaunm JHK-mapkepa Dv-Gid-1F/R Ha reH DvGid7: 1 — markas
nLeHnua copt J1ebenb; 2 — Markas nileHna copt MamaTe; 3 — Markas nileHnLa copt 3THOC;
4 —D. villosum 21717; 5 —D. villosum 598390; 6 — D. villosum 470279; M. p.— MapKep pasmepoB

KapmupoesaHnue 2ena Gidl Ha xpomocombl Dasypyrum villosum. 1151 KapTUpOBaHUsI
reHa DvGidl Ha XxpoMOCOMaXx Mbl MCI0JIb30BaIN KOJIJIEKLIMIO JIMHUIA MSITKOU TIIeHULIb,
HeCYIIUX [JOTIOJTHEHHbIe, 3aMellleHHbIe U TPaHC/IOLMPOBaHHbIe XpOMOCOMBI D. villosum.
OHK nvHuM € pa3niyHbIMU JOTIOHEHUSIMU UCTT0/Ib30Bau Ajist moctaHoBKu [1LIP ¢ pas-
pabotanHbiM MapkepoM Dv-Gid-1F/R. B pe3ysnbrare Mapkep aMriyinULIPOBaICS TOIBKO
Ha obpastax Ne 7677 (1V#3), 3891/89 (1V(1A)), 3896/89(1V(1D)), 5615(T1DS-1V#3L),
HeCYIL[UX [1epPBYI0 XpPOMOCOMY reHoma V Dasypyrum, Ha oCcTabHbIX 00pa3iiax amIii-
¢ukaus orcyTcTBoBana (puc. 4).
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Puc. 4. Onektpodoperpamma amnnmndukaummn IHK-mapkepa Dv-Gid-1F/R Ha reH DvGid1 y nuHnii
MNLEHNLbI C reHeTuYeckm MaTtepuanom D. Villosum: 1-2 — N2 7513 (6V#1); 3-4 — N2 6661
(6V#2 [6A CS]); 5-6 — N2 5615(T1DS-1V#3L); 7-8 — N2 5595(T4DL-4V#3S); M. p.— Mapkep pasMepos

IMTpu amrmmdukaum Ha JHK TpaHcionypoBaHHbIx iuHUNA Ne 5615 (T1DS-1V#3L)
1 5616 (T1DS-1V#3S) Hecymmx B CBOMX reHOMax TOJIbKO JIJIMHHOE WIX KOPOTKOe
TJIeUy 1epBoU XpoMocoMbl D. villosum cOOTBeTCTBEHHO, aMITU(UKaLMst Hab/Troja1ach
b y uHud Ne 5615 (T1DS-1V#3L). Takum o6pa3oM, MOXXHO CZie/iaTh BbIBOJI, UTO
red DvGidl — pacmno/io)keH Ha JI/TMHHOM Tljieye MepBOii XpOMOCOMBI, U KOJJIMHeapeH
reHaM MATKOH IMIIeHULIb], TAK)Ke Pacrio/IOKeHHBIM B [IJIMHHOM IlIede XpOMOCOM I1epBOi
rOMeOJIOTMYHOU IPYyMIIbL.

deHomunuueckoe nposieneHue 2eHa DvGidl da3unupyma e 2eHemuueckom OKpy-
JtCeHuU nweHuybl. 171 ipeBapyUTenbHOM OLIeHKU BausiHUS reHa DvGidl fasunvpyma
Ha POCT Y pa3BUTHeE MILIEHULIbI Mbl IPOBOJUIN (PEHOTUMUUECKYIO OLIeHKY JIMHUM C 3a-
MeIIeHUSIMU, IOTIOTHEHUSIMU Y TpaHc/IoKalusamu (Tabs. 3, 4). PacTeHus BeIpaljiBaIu
B BereTaL[IOHHOM OIIbITe B Opamxepee 6e3 sipoBu3aLuu. B cBsi3u ¢ TeM, uto reH Gidl
UrpaeT OJHy U3 K/TIOUeBbIX Pojieli B peakL[y OTBeTa Ha Tub6epesuiiH, MbI TIPesK/ie BCero
OLIeHMBA/M [IJIUHY TJIaBHOTO CTebJ1si, KYCTUCTOCTh, I/TMHY Konoca. BricoTa pacTeHuit
CUJIbHO BapbUPOBA/ach, OTIMYAsCh MEXXY OT/eNbHbIMUA 00pa3liaMu MOYTH B IBa pa3a
(ot 56 cm y obpasua 5639 ¢ Tpanciokauueit T7DL-7V#3S go 113 cm y obpasia 5595
¢ TpaHciokaueit T4DL-4V#3S). [Toka3aTesib KyCTUCTOCTHA BapbupoBascs ot 1 f10 4,
U, TI0 BCell BUAMMOCTH, He ObL/T CBSI3aH C TIPUCYTCTBUEM reHa DvGidl. [IyvuHa Kojoca —
B ripe/iesiax 4...7 cM, TIpY 3TOM BeJIMUMHA I7IaBHOTO K0J/I0Ca M GOKOBBIX KOJIOChEB OJJHOTO
pacTeHMst IPAKTHUeCKU He OT/IMYA/IUCh MeX 1y coboti (Tab. 3, 4).

Ta6bnuya 3
deHoTUNNYECKaAs OLEHKA AOMOJIHEHHbIX JIMHUM MNLLEeHULbI
oowocowa | owep | SPemmnE | Coemmmnuis | Coemun oduan | Hanvue
1V#3 7677 65,66 * 2,60 4,00 0,29 1,44 £ 0,29 Da
3v#3 7679 73,29 + 4,88 3,4310,30 1,50 £ 0,29 -
4V#3 7680 84,86 + 2,61 571+0,61 1,71+0,29 -
5V#3 7681 58,38 £ 6,55 6,25 % 0,62 2,131 0,40 -
6V#1 7513 105,50 # 2,50 7,00 £ 0,00 3,00 1,00 -
7V#1 7514 87,00 + 12,00 5,50 £ 0,50 3,50 1,50 -
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[171s1 BBIpAIIMBaHKUS MCCIeAyeMbIX JTMHUMA HAaMU MCTI0/Ib30BaMCh MO0 OPUTHHAIIb-
HbIe ceMeHa, MO0 ceMeHa, Bepu(UIMPOBaHHbIE C TIOMOIIBI0 MOJIEKY/ISIPHBIX MapKepOB
B TIpepiAyIux paborax [24]. OgHako PU MOJEKY/ISIPHOM aHa/r3e MHAWBUAYAIbHBIX
pactenuii iuauK 7677 (1V#3), Hecyliel AOMOMHUATE/EHYIO0 XpoMocoMy 1V, 6bi10 00Ha-
PY’KeHO, UTO Ha YaCTH pacTeHui HeT aMIuirKalu crnelruyHoro Mmapkepa. Takum
00pa3om, MbI MO’KEM TOBOPUTE O TOM, UTO B UCC/IeIOBAHHBIX PACTEHUSX OTCYTCTBYeT
noroiHeHHasi XxpomocoMa 1V. TTofo0OHast oTepsi A0TIOTHUTETBHBIX XPOMOCOM OTHO-
CUTEeJIbHO YacToe siBJieHre. A To/lydeHHble HaMU pe3y/ibTarhl, ellle pa3 NoAuepKUBatOT
Ba)XKHOCTb MCI10/Ib30BaHUSI MOJIEKY/ISIPHBIX MapKepoB /1151 BepU(UKaL[U UCC/Ie[yeMOro
Marepuarnia.

Tabnuya 4
®deHoTUNMYECKasA OLeHKA 3aMeLl,EeHHbIX U TPAHCJIOUMPOBaAHHbIX JIMHUN NLUEHULbI
CpenHsasa anvHa | CpepaHas anuHa CpepaHsas Hanuuune
MepecTpoiika XpoMocoma Homep rnaBHOro rnaBHOro obLwasn reHa
cTebns Konoca KycTuctoctb | DvGid1
3ameLueHne 1V(1A) 3891/89 89,30 £+ 0,66 5,00+ 0,00 3,33+0,66 Oa
3ameLueHune 3V(3B) 86/11 68,00 + 0,00 5,00+ 0,00 1,00 £ 0,00 -
3ameLueHune 3V(3D) 1360/07 96,00 + 0,00 4,00 + 0,00 1,00 £ 0,00 -
3ameLueHune 5V(5D) 2333/89 87,66 £ 9,60 7,50 £ 0,29 3,00 £ 0,58 -
3ameLueHne 6V(6A) 1415/94 88,33 £8,95 5,00+ 0,58 2,67 £ 0,33 -
3amelueHne 7V(7A) 3889/89 91,00 + 5,00 5,00 £ 0,00 2,50 £ 0,50 -
3ameLueHune 6V#2 [6A CS] 6661 63,30 + 7,84 6,50 + 1,26 1,67 0,66 -
TpaHcnokayus T4DS-4V#3L 5594 78,00 + 7,00 6,00 £ 0,58 4,00+ 1,33 -
TpaHcnokaumns | T4DL-4V#3S 5595 113,00 + 1,00 8,00+ 1,00 3,50+ 0,50 -
TpaHcnokauua | T1DS-1V#3L 5615 103,00 £ 0,00 6,00+ 1,00 4,00 1,00 Oa
TpaHcnokauus | T1DL-1V#3S 5616 84,66 + 4,51 5,00+ 0,29 3,33+0,88 -
TpaHcnokauus | T2BS-2V#3L 5634 64,00 + 2,00 6,33+0,33 2,67 £ 0,88 -
TpaHcnokauus | T3DL-3V#3S 5636 97,66 * 6,36 5,50+ 0,28 3,00 £ 0,58 -
TpaHcnokauua | T3DS-3V#3L 5637 76,00 £ 5,30 3,50 £ 0,76 1,3310,33 -
TpaHcnokauus | T5DL-5V#3S 5638 94,00 + 4,50 6,00 + 0,57 3,00 £ 0,58 -
TpaHcnokauua | T7DL-7V#3S 5639 56,00 + 7,00 4,50 + 0,50 1,00 £ 0,00 -
TpaHcnokauua | T7DS-7V#3L 5640 67,00 £ 0,00 7,00 0,00 1,00 £ 0,00 -
TpaHcnokauyus 6BS.6VL 1438/94 86,33 £ 3,66 5,83+ 0,60 2,00 + 0,00 -
TpaHcnokauus 6AS.6VL 3214/96 95,00 + 3,51 5,00 £ 0,00 1,67 £ 0,66 -
TpaHcnokauus 3V.3BL+3B 853/11 91,50 £ 1,50 7,00 1,00 3,50 + 0,50 -

ITockonbky reH DvGidl 6bl1 KapTUPOBAaH HAMU Ha JITAHHOM T/Iede XpPOMOCOMBI
1V, ocoboe BHHMaHUe ciieffyeT 0OpaTUTh Ha CpaBHeHHe MeXX/ly coboii 06pa3iioB mof,
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Homepam#u 5615 (T1DS-1V#3L) u 5616 (T1DL-1V#3S). O6a obpasija rpeioCTaB/IeHbI
B. [Ix. Payn u3 1jenTpa YauBepcurera itata Kanzac (Dr. W. Jon Raupp Center KSU)
Y HeCyT OJJHY U Ty »Ke TPaHCJ/IOLIMPOBaHHYIO XpOMOCOMY U3 reHoma D. villosum cuiu-
nMicKoro mpoucxoxaenust. OfHaKo TiepBblid 0Opasel] UMeeT B KapUOTUITe TPAHCIOKALIUO
T1DS-1V#3L, To eCcTb AJIMHHOE T1/IeY0 TIePBOM XPOMOCOMBI, HeCylllee U3yyaemblii TeH,
a sropoii — T1DL-1V#3S, T.e. KOpOTKOe IJIeY0 3TOM Ke XPOMOCOMBI, HO 6e3 JaHHOTO
reHa. B ocraspHOM 3TH 00pa3iibl MaKCHMalbHO reHeTHYeCKH CX0Ku. Ho Ha ypoBHe
(dbeHOTHUTIOB HAOMIOAAMCE OTpe/ieieHHble pa3nuvst. [1pu Hamumu reHa DvGidl Bbico-
Ta pacteHuii gocturana 103 cM, U4TO SIBJISIOCH TPAKTUUYECKW MaKCUMalbHOW BbICOTOM
cpeau n3yuaeMbix uHUN. VickmtouenreM 0611 obpaser 5595 (T4DL-4V#3S), BoicoTa
pacTeHmii Kotoporo 6Obla elije Beiiie. Ho ciieqyetr o6paTtiTh BHUMaHKe, YTO Kak pa3 Ha
YeTBEPTOUM rOMeOJIOTUYHOM I'PyTIIe HaXOASTCs TeHbl, Koaupyroriue 6enku DELLA, Kak
pa3 B3auMo/ericTBytorye ¢ 6ekamMu GID1 1 oka3bIBaroliye CyleCTBeHHOe BIUSTHUAE Ha
BbICOTY. B cyyae ke orcytcrBus reHa DvGid1-5616 (T1DL-1V#3S), BbicoTa pacTeHuit
Haxo/In/lach Ha YPOBHE CpefiHel BbICOTHI (83 cM) OCTaNbHBIX JIMHUM C Pa3TMYHbIMU
uHTporpeccusivi D. villosum (cm. Ta6. 4).

[TonyueHHbBIe JaHHBIE COT/IACYIOTCS C IAHHBIMU O MeXaHU3Me paboThl 6eska GID1
Y OI0CPeI0BaHO JIEMOHCTPUPYIOT HaM Ha/IMuKe JaHHOTO OesTka y 3aMelljeHHbIX/TPaHC/IO-
LIMPOBaHHBIX JIMHUH, TOT/]A KaK B TeHOMe [IOTIO/THEHHBIX JIMHUM TIO00HBIX CyIL{eCTBeHHBIX
pa3nuuii 0TMeueHo He Ob110. BeposiTHO, OTCyTCTBHME OHOM M3 XPOMOCOM MIIEHULIbI
Cr1I0coOCTBYeT BOBJIEUEHHIO TeHOB C XPOMOCOM UY>KepPOJHOTO TIPOMCXOXK/IeHHs B TIpOLIeC-
Cbl CHHTe3a 0e/IKOB U, KaK C/IefICTBUe, TIOC/IeAyIollee BIUsHNE JaHHbIX Oe/IKOB Ha POCT
Y pasBUTHe pacTeHus. VI3 3TOro Takxke cefyeT, UTo 3aMelljeHHble U TPaHCIOLPOBaHHbIe
JIMHUY B 1eJIOM, TT0-BUJUMOMY, O0siee MpenoUTUTe/IbHBI /171s1 U3yUeHUsl BIUSHUS TTPO-
sSIBJIEHUS OT/le/IbHBIX UY>KepOJHbIX [eHOB, 110 CPABHEHUIO C JIMHUSMU, HeCYLLIUMU CBOU
cOaTaHCUPOBaHHBIN TeHOM U [IOTIO/THEHHbIE XPOMOCOMBI OT/Ia/IeHHBIX COPOAUYeH, TI0
KpaiiHell Mepe, KOrJja peub h/eT U3HayabHO O MHOTOXPOMOCOMHBIX a/I/IONOJIUIIOU/IHBIX
KYyJIbTypax, C KPYIHbIMU FeHOMaMHU, TaKWX, KaK MsrKas MileHuLa.

3akntoyeHue

B pe3synbraTe npoBe/ieHHOW pabOoThI BriepBbie ObUIM TO/TyUeHbl YHUKA/IbHbIE HY-
KJ/IEOTH/IHBIE TIOC/IeZl0BaTe/IbHOCTH TeHa Gidl aByx obpasioB D. villosum pa3muuHoro
npoucxoxeHus. CpaBHeHHe C TOMOJIOTMUHBIMU FeHaMU MSITKOM MIIIeHULIbI 1 TT03BOINA/IO0
pa3pabotark reHOM-crielfuuuHbli Mapkep Dv-Gid-1F/R, adbdekTHBHO pa3muuaronyii
red DvGidl Dasypyrum B OKpy>KeHUM reHOMa TieHuLbl. [loka3aHa i0Kanv3aius reHa
DvGid1 na gyHHOM Tiede xpoMmocoMmbl 1V. TIpoBesieHa npeiBapuTe/ibHasi (PeHOTUTIH-
yeckKasi OLleHKa MPOsIB/IeHUs JAHHOTO TeHa B OKPY>KeHUU T'eHOMa MILIEHULIbI 1 BbISIBJIEHO
CylLL|eCTBeHHOe B/IMsSIHMe U3y4aeMOoro reHa Ha BbICOTY pacTeHusl. [TokasaHo, UTO JIMHUH,
HeCyIIe B TeHOMe 3aMelleHHs] WK TPaHC/IOKaLuK, Ooee TpenoYTUTe/IbHBI IS TI0-
JOOHBIX HMCCIIeJOBaHUH, TT0 CPaBHEHHIO C MOHOCOMHO-/IOTIO/THEHHBIMU JTMHUSIMHU.
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