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Abstract. The existing spring forms of wheat-rye amphiploids are characterized by late maturity due to the long dura-
tion of the interphase period “germination—-heading”. The manifestation of this trait is influenced by Vrn-1 genes. Their
dominant alleles also determine the spring type of development. The results of studying the interphase period “germi-
nation-heading” of spring octaploid and hexaploid forms of triticale created for use in research and breeding programs
under the conditions of forest-steppe of Western Siberia are given in this article. The interphase period of the primary
forms 8xVrnA1, 8xVrnB1 and 8xVrnD1 obtained by artificial doubling of the chromosome number of the wheat-rye hyb-
rids made by pollination of three lines of the soft wheat ‘Triple Dirk’ — donors of different dominant Vrn-1 genes - by a
winter rye variety ‘Korotkostebel'naya 69’ was determined under the field conditions in the nursery of octaploid (8x) tri-
ticale. In the nursery of hexaploid triticale, this trait was studied in the populations of hybrids obtained by hybridization
of these three primary forms of octaploid triticale with the hexaploid winter triticale variety ‘Sears 57- In the offspring
of crossing 8xVrnD1 x ‘Sears 57, spring genotypes of 6x triticale bearing Vrn-D1 were selected. This fact was determined
by PCR. It means that the genetic material from the chromosome of the fifth homeologous group of the D genome of
the bread wheat is included in the plant genotypes. This genome is absent in the winter 6x triticale ‘Sears 57" The grain
content of spikes of the created hexaploid forms of triticale is superiour to that of the maternal octaploid triticale forms.
It was shown that plants of the hybrid populations 8xVrnA1 x ‘Sears 57’ and 8xVrnD1 x ‘Sears 57’ carrying the dominant
alleles Vrn-ATa and Virn-D1a, respectively, have a shorter duration of the “germination-heading”interphase period than
the initial parental forms of primary 8x triticale. The short interphase period of “germination-heading” of the 6x triticale
is a valuable breading trait for the creation of early maturing and productive genotypes of triticale.
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AnHoTayua. CylwecTByoLme KOIEKLMOHHbIE GOPMbI APOBbIX MLIEHNYHO-PXKaHbIX aMPUNIOMNAOB XapaKTepur3yoTca
NMO3[HECNenoCTbio U3-3a 6OMbLLO NMPOLOMKATENBHOCTM MeXPa3HOro neproaa «BCXofbl—-KonoweHner. Ha npossne-
HVie 3TOro MPU3HaKa BAUAIOT reHbl Vrn-1, annenn KoTopbiX B JOMUHAHTHOM COCTOAHMN OGYCNOBNMBAIOT APOBOW TWM
pa3suTKA. B cTaTbe nprBefeHbl pe3ynbTaTbl U3yyeHnsa mexkdpasHoro nepriofa «BCXoAbl—KOOLEHNEY Y APOBbIX OKTa- 1
rekcanionaHbix Gopm TpUTHKane, Co3aaBaeMblX ANA UCNONb30BaHNA B UCCIe[0BATENbCKIX U CeNEKLIMOHHbIX MPorpam-
Max B YCJIOBUsX ecocTenu 3anagHon Cnbmpw. iccnenosaHya NPOBOANAN B MATOMHIIKE OKTamnIoOMAHbBIX (8X) TpuTrKane
B MONEBbIX YCNOBUAX Y NepBrYHbIX popm 8xVrnAT, 8xVrnD1 n 8xVrnB1, nonyyeHHbIX UCKYCCTBEHHBIM YABOEH/EM UNC-
11a XPOMOCOM MLUIEHVNYHO-P>KaHbIX TMOPYAOB OT OMbINeHWA NbibLON 031MoI P (copT KopoTkocTebenbHas 69) Tpex
NUHWI MAarkow nweHnubl Triple Dirk — BOHOPOB pa3HbIX AOMUHAHTHbIX reHoB Vrn-1. B NUTOMHMKe rekcannongHbix (6x)
TPWTUKane n3yyanu 3TOT NPr3HaK pacTeHnin B MOMyAALMAX rMOPULOB OT CKPeLMBaHuii Tpex GOpM NepBrYHbIX OKTa-
NNOUAHBIX TPUTUKAJIE C reKcaniongHbIM 03MMbIM COPTOM TprTrKane Crpc 57. C NOMOLLbIo MONEKYNAPHbBIX MapKePOB Y
rmépuaoB onpegeneH annenbHbl COCTaB reHoB Vrn-1. B noTomMcTBe, Nony4eHHOM OT ckpelyuBaHua 8xVrnD1x Cupc 57,
BbleNieHbl 1 onpegeneHbl meToaom lNLP reHoTUNbl APOBbIX pacTeHUn 6x TPUTUKaNe C JOMUHAHTHbIM reHom Vrn-D1.
[aHHbI GaKT CBUAETENbCTBYET O BK/IIOYEHMMN B HMX FEHETMYECKOro MaTepuasia XpOMOCOMbl MATON roOMeOosIOrMyYHON
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rpynnbl reHoma D mMArkow niieHnLbl, BXOAALErO B FeHOMHBbI COCTaB OKTaMIOMAHOrO TPUTUKae. STOT FreHOM OTCYT-
CTBYeT B 03MIMOM 6x TpuTUKane Crupc 57. Y co3faHHbIX rekcaniongHoix Gopm TpUTUKane 03epHEHHOCTb Kosloca Obina
nyyle, YeM y MaTePUHCKMX OKTanouAHbIX. [oKa3aHo, YTo pacTeHns U3 rubpuaHbix nonynauuii 8xVrA1x Cupc 57 n
8xVrnD1x Cupc 57, Hecywme JOMUHaHTHble annenu Vin-Ala n Vrn-D1a cooTBETCTBEHHO, 06/1aAatoT 6osee KOPOTKOW
NPOLOMIKNTENBHOCTBIO MeXX(ba3HOro Nepuofa «BCXOAbl—KONOLEHMEY, YeM UCXOLHble poanTeNbcKre GopMbl NepBurY-
HbIX 8X TpuTMKane. KopoTKnin mexxdpasHblii Nepros «BCXOAbl-KOMOLEHKEe» Y NMOoNyYeHHbIX 6X TpUTKane ABNAeTCA ce-
NEKUMOHHO LIeHHbIM MPY3HAKOM [J1A CO3AaHNA paHHeCNesNbX Y MPOAYKTUBHbIX FeHOTUMOB TPUTUKAe.

KntoueBble CfioBa: OKTAM/OVAHbIE; reKcaniovaHble TPUTUKae; MexXpasHbll Nepron «BCXOLbl-KOMOLWWEHMey; FeHbl

Vrn-1; rnbpuabl.

Introduction

Hundreds of winter and spring varieties and collection forms
of triticale (xTriticosecale Wittmack) or wheat-rye amphi-
ploid (WRA) with genomes of wheat (7riticum spp.) and rye
(Secale spp.) have been made for more than 130-year his-
tory of this artificial crop. According to the latest data of the
world organization FAO, in 2017, the total area of this crop
reached almost4.17 million hectares and grain production was
15.6 million tons. In the Russian Federation the area of crops
decreased up to 171.7 thousand hectares in 2017, compared
with the maximum value 274.5 thousand hectares in 2014.
Grain yield for those years amounted to 500.7 thousand tons
and 654.1 thousand tons, respectively (http://www.fao.org/
faostat/ru/#data/QC/visualize). This circumstance is due to a
decrease in breeding work and creation of varieties of wheat-
rye amphiploids in the Russian Federation in recent years.

Hexaploid (6x) forms of triticale (B"B"AARR, 2n = 42)
are mainly used for agricultural practice. They are more
cytogenetically stable and fertile compared to octaploid (8x)
(B"B"AADDRR, 21 = 56) ones (Lukaszewski, Gustafson,
1987). However, there are some reports of successful cultiva-
tion of 8x triticale (Cheng, Murata, 2002).

In Siberia, this crop has not yet been cultivated on a large
scale, since selection of spring triticale forms has not been
conducted. Spring triticale samples from the world collection
of VIR are late-maturing and winter varieties of European se-
lection do not have good winter hardiness and often do not give
good grain yield under severe climatic conditions of Siberia.
Two winter short-stemmed varieties Sears 57 and Cecad 90
have been created in Siberian Research Institute of Plant Pro-
duction and Breeding — Branch of the Federal Research Center
the Institute of Cytology and Genetics of the Siberian Branch
of the Russian Academy of Sciences (SibRIPP&B — Branch of
ICG SB RAS) for grainforage use. They occupy only several
thousands hectares. More than a dozen of spring varieties have
been created in Russia (Tyslenko et al., 2016), but there are
no Siberian varieties of spring triticale yet, although spring
crops yield yearly, unlike winter ones. In order to carry out
breeding work with spring triticale successfully, it is neces-
sary to comprehensively study the characteristics associated
with the productivity and adaptability of plants, including
those related to the type and duration of plant development.

The type of plant development (spring, winter, alterna-
tive), and the duration of the growing period are controlled
by Vrn (response to vernalization) genes. The key role in
wheat species is played by dominant Vin-/ genes: Vin-Al,
Vrn-Bl1, and Vrn-D1 (Yan et al., 2003; Muterko et al., 2015,
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2016; Shcherban et al., 2015; Dixon et al., 2019). They are
in the long arms of 5A, 5B, and 5D chromosomes of three
genomes of soft wheat A, B, and D, respectively. There are
also the Vrn-D4 gene located in the centromere region of
5D chromosome (Yoshida et al., 2010; Kippes et al., 2015) and
the Vrn-B3 gene located in the short arm of chromosome 7B
(Yan et al., 2006). Studies have revealed the presence of se-
veral alleles in each of the Vrn-1 genes (Yan et al., 2004; Fu
etal., 2005; Shcherban et al., 2012; Muterko et al., 2015). The
dominant state of any of these genes leads to the spring type
of development, and the recessive state leads to the winter
type (Pugsley, 1971; Worland, 1996; Yan et al., 2003, 2004,
2006; Fu et al., 2005). The type of plant development of rye
is controlled by the Vrn-R1I gene located in the long arm of
the chromosome 5R (Plaschke et al., 1993).

Vrn-1 genes of spring wheat varieties mainly determine
the duration of the phases from tillering to tube formation.
Duration of the period from germination to heading depends
on the allelic state of Vrn-1 genes. It was shown that the plants
containing Vin-Blc allele formed spikes earlier than those
with Vrn-Bla allele (Emtseva et al., 2013). The expression of
Vrn-Ala allele leads to earlier earing than that of Vrn-Bla or
Vrn-Blc allele (Kruchinina et al., 2017). The dominant gene
Vin-Al of soft wheat T. aestivum L. has the greatest effect
and the dominant gene Vin-B1 has the smallest one (Kosner,
Pankova, 2004). In octaploid triticale lines created on the
basis of almost isogenic on dominant genes Vin-1 lines of
soft wheat Triple Dirk, the plants with Vin-Ala and Vin-Dla
genes formed spikes earlier than those with the Vrn-Bla gene
(Stepochkin, Emtseva, 2017).

The purpose of this article is to study the duration of
the interphase period “germination—heading” of created in
SibRIPP&B — Branch of ICG SB RAS spring octaploid and
hexaploid triticale forms having different dominant Vin-1
genes under conditions of the forest-steppe of Western Siberia.

Materials and methods

The duration of the interphase period “germination—heading”
of octaploid (8x) and hexaploid (6x) triticales with different
dominant Vrn-1 genes affecting the duration of the vegetation
period of plants was studied in generations: F, —in 2014, F, —
in 2016, F, —in 2017, F;—in 2018 and F; —in 2019.

Three primary 8x triticale forms were made in SibRIPP&B —
Branch of ICG SB RAS by crossing almost isogenic lines of
soft wheat Triple Dirk D, Triple Dirk B and Triple Dirk E
(Pugsley, 1971, 1972) with winter diploid rye variety Korot-
kostebel’naya 69 and by subsequently doubling the chromo-
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some number in wheat-rye hybrids (Stepochkin, 2009, 2017).
The wheat lines are the sources and donors of dominant genes
Vin-Al, Vin-BI and Vin-D1, respectively. The allelic composi-
tions of Vrn-1 genes of three 8&x WRA are Vin-Ala, vin-Bl,
vrn-D1,vrn-R1 (8xVinAl); vin-Al, Vin-Bla, vin-D1, vrn-R1
(8xVrnB1); vin-Al, vrn-Bl1, Vrn-Dla, vin-R1 (8xVrnDI).

Spring hexaploid forms of triticale were made by select-
ing early-maturing plants in the offspring of F,—F, hybrids
between primary 8x WRA and winter 6x triticale Sears 57
carrying recessive genes vrn-A1, vrn-B1, vrn-R1 (Fig. 1).
The allelic composition of Vrn-1 genes in plants of hybrid
populations and parent forms was determined by PCR using
allele-specific primers. The structure of primers to Vin-1 genes
and the conditions of PCR are described in articles (Potokina
et al., 2012; Likhenko et al., 2015).

Genomic DNA was isolated according to the previously
described method (Likhenko et al., 2015). PCR was per-
formed on a BIO-RAD T-100 Thermal Cycler (USA) am-
plificator in a total reaction mixture of 20 pl, including DNA
(50-100 ng/pul)— 1 pl, 10x buffer for Taq polymerase (650 mM
Tris-HCI (pH 8.9); 160 mM (NH,),SO,; 25 mM MgCl,; 0.5 %
Tween 20) — 2 pl, NTPs — 2 pl, direct and reverse primer —
0.5 pl each, Taq polymerase (1 unit/ul) — 1 ul, H,O — up to
the final volume of 20 pl. The separation of PCR products
was performed by electrophoresis in 1 % agarose gel with
the addition of ethidium bromide.

Sowing in the field soil was carried out by hand in the
third decade of May (May 21-24 in different years, depend-
ing on the weather) in rows of 0.8 m long, 50 seeds in a row
on the isolated from other grain crops experimental plot of
SibRIPP&B — Branch of ICG SB RAS, where a three—field
crop rotation was maintained: vegetables — fallow soil — triti-
cale. During the growing season, phenological observations
and evaluations were carried out. Statistical processing of the
results was performed using the Student’s #-test (Dospekhov,
1985).

Results

The evaluation of plants in populations of primary octaploid
WRA showed that the duration of the interphase period “ger-
mination—heading” in triticale lines 8xVrnA1 and 8xVirnD1 in
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Fig. 1. Spikes of spring octaploid triticale plants: 8xVrnAT (1), 8xVrnD1 (2),
8xVrnBT1 (3) and winter hexaploid triticale Sears 57 (4).

2018 and 2019 was shorter than that in 2014, 2016 and 2017
(Table 1). In 2019, triticale 8xVrnA I had the shortest “germina-
tion—heading” period (52.9 days) among all octaploid WRA,
while 8xVrnB1 had the longest one (72.5 days). This period
of the maternal line 8xVrnD1 lasted 53.8 days. In 2019 hexa-
ploid plants of the hybrid population 8xVrnA1l x 6x Sears 57
in comparison with other hexaploid forms had the shortest
duration of this period (47.3 days) and plants of the population
8xVrnB1 x 6x Sears 57 had the longest one (57.8 days). Unlike
the maternal forms, this period at 6x level was 6 and 14 days
shorter. 6x plants made by crossing 8xVrnDI x Sears 57 had
the period of development before earing of 53.4 days and
did not significantly differ from the spring octaploid parent.
When comparing the data of all years of research, one can
note that the selection of the most early-maturing plants in
each generation led to a significant reduction of the duration
of the period from germination to heading of both hexaploid
and maternal octaploid triticale forms except for the parental
form 8xVrnB1. 1t did not show significant changes in the dura-
tion of this period during all years of research.

Ear morphology of hexaploid triticale plants differs from
that of the original octaploid forms (Fig. 2). All octaploid
triticale lines are awnless, and the hexaploid forms have, like
the paternal winter variety Sears 57, small rudiments of the

Table 1. Duration of the interphase period “germination—-heading” of hybrid hexaploid
and maternal octaploid triticale plants with different dominant Vrn-1 genes

Hybrids Duration of the interphase period “germination-heading’, days (m £ sem)
and maternal triticale forms

2014 2016 2017 2018 2019
8xVrnATx Sears 57 69.2+1.3% 66.1+3.3 55.0+1.9%* 451+25" 47.3+1.9%
8xVrnD1x Sears 57 75.9+2.1%* 68.3+1.7 633124 55.2+6.7 534+1.7
8xVrnB1x Sears 57 79.6+4.4 71.7+1.5 68.6+3.4 56.4+2.1%% 57.8+1.5*
8xVrnA1l 652+1.7 65.1£2.0 61.7£1.1 51.0+£1.8 529+1.4
8xVrnD1 67.0+1.9 66.3+0.7 63.9+1.0 49.5+26 53.8+2.1
8xVrnB1 73.6+1.9 71.3£0.9 69.0+3.1 71.2£43 725+1.6

* p <0.05; % p < 0.01 - significant differences between a hybrid and its parental form of 8x triticale.
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Fig. 2. Ears of triticale plants: octaploid 8xVrnAl (1), 8xVrnB1 (2),
8xVrD1 (3); hexaploid made from crossing 8xVrnA1lxSears 57 (4),
8xVrnB1 x Sears 57 (5), 8xVrnD1 x Sears 57 (6).

awns, mainly at the end of the spike. The octaploid amphiploid
8xVrnDI as well as the hexaploid 6xVrnDI derived from it
(hybrid 8xVrnD1 x Sears 57) have hairy spikes — a trait inher-
ited from Triple Dirk E wheat (VrnD1I).

For practical use, it is important to note that ears of all hexa-
ploid plants are denser and contain more kernels than those of
8x triticale (Table 2). In 2019, the number of kernels in ears
of 6x forms varied from 25.8 grains of hybrids 8xVinB1 x
Sears 57 up to 36.4 grains of hybrids 8xVrnAl x Sears 57,
and in octaploid lines — from 9.1 grains in ears of 8xVrnDI
to 16.4 grains in ears of 8xVrnd 1. Weight of grains from ear
varied in 6x forms from 0.76+0.10 to 1.28+0.21 g, and in
8x forms — from 0.24+0.03 to 0.50+0.13 g. In addition, grain
unit in hexaploid forms is slightly higher than that in 8x WRA.
No significant differences between hexaploid and octaploid
triticale forms were found for the weight of 1000 grains.

The combination of early ripeness, which is largely due to
the duration of the interphase period “germination—heading”,
and the number of grains of ear makes two hexaploid forms
8xVirnAl % Sears 57 and 8xVrnDI x Sears 57 promising for
further breeding work.

The interphase period "germination-heading”
of 8x and 6x triticale with different dominant Vrn genes

The selected early-maturing hexaploid plants were ana-
lyzed by PCR using allele-specific primers for Vin-1 genes.
Their parents — the winter variety triticale Sears 57 and the
octaploid maternal forms were taken for comparison (Fig. 3).
The analysis showed that the winter variety Sears 57 carries
recessive alleles vin-Al, vin-B1 and vrn-D1. The maternal
forms had the following allelic composition: 8xVinAl —
Vin-Ala, vrn-Bl, vin-D1; 8xVrnBI — vrn-Al, Vin-Bla,
vrn-D1; 8xVinDI1 — vin-Al, vin-Bl1, Vin-D1a. The offspring
from the 8xVrnAl x Sears 57 cross was heterozygous on the
Vrn-A1 gene because they contained two alleles — Vin-41a and
vrn-Al. In addition, a recessive allele vin-B1 was revealed,
and the alleles of the Vrn-DI gene were not determined due
to the lack of an amplification product. Plants of the hybrid
population 8xVrnB1 x Sears 57 have a recessive allele vin-A1,
and the Vrn-D1 gene was not amplified in them. As for the
Vrn-B1 gene, the plants are heterozygous and have two alleles
Vin-Bla and virn-B1. Two recessive alleles —vrn-A1, vin-B1,
and one dominant allele — Vrn-D1a — were identified in plants
obtained from crossing 8xVrnD1 % Sears 57.

Discussion

Secondary spring 6x triticale breeding samples possess do-
minant alleles of Vrn-1 genes and were made by hybridiza-
tion of primary 8x WRA carrying dominant alleles of Vrn-1
genes with a winter 6x WRA carrying recessive alleles. At
the 6x level in the offspring of hybrids in all the studied gen-
erations, their Vrn-1 genes retain almost the same ranking
(8xVrnAl x 6x Sears 57 > 8xVrnD1 x 6x Sears 57 > 8xVrnB1 x
6x Sears 57) as at the 8x level in triticale (8xVrndl >
8xVrnD1 > 8xVrnBl) in terms of the effect on the reduction
of the “germination—heading” period. The original Triple Dirk
lines have the same ranking of these genes (Stepochkin, 2009;
Stepochkin, Emtseva, 2017). Thus, the effect of the dominant
alleles Vrn-Ala and Vrn-D1a leads to a shorter interphase pe-
riod compared to the effect of the Vrn-Bla allele. It is known
that in addition to the Vin-D1 gene, the Vin-D4 gene localized
in the chromosome 5D can significantly affect the duration of
the period from germination to earing (Kippes et al., 2014).
Theoretically, it is possible that along with the Vrn-D1 gene,
a Vrn-D4 gene can be inserted. However, we exclude this pos-

Table 2. Some ear quantitative characteristics of 8x and 6x triticale with different Vrn-7 genes, 2019

Triticale names Ear density, Ear kernel
spikelet number/T cm  number

vamAlsz_ro%* ........................ 164i31** .........
SXWHB’ .................................. 1891007* e 102i27** .........
SXme .................................. 195i006** ........................ 9 1+14** .........
8XVmA7><Sear5572521008364i44 .............
ngrn37xsear55726oioo42581,22 .............
SXV,nD7xsear557274ioo73611,31 ..............
Sear557(6x)287i004300i19 .............

Ear kernel Weight Grain unit,
weight, g of 1000 kernels, g g/1000 cm3
0.50+0.13% 30.5+4.0 563+ 16"
0.25+0.04** 254+4.0 538+2*
0.24+0.03** 26.7+2.0 578+13
1.28+0.21 35.1+25 650+ 10
0.76£0.10 29.2+2.1 591+8
1.20+0.10 33.1£1.4 589+12
0.92+0.17 30.8+6.1 542+9

*p <0.05; " p < 0.01 - significant differences between a hybrid and its parental form of 8x triticale.
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Fig. 3. Amplification of the PCR products using primers for Vrn-1 genes in hexaploid hybrids of triticale and parental forms: (a) Vrn-Ala (965 +876 bp)
and vrn-A1 (734 bp); (b) Vrn-B1a (1124 bp); (c) vrn-B1 (1149 bp); (d) Vrn-D1a (1671 bp); (e) vrn-D1 (997 bp).

1-3 — hybrids: 8xVrnA1 xSears 57, 8xVrnB1x Sears 57 and 8xVrnD1 x Sears 57, respectively; 4 — winter variety Sears 57; 5-7 - spring octaploid forms: 8xVrnA1,
8xVrnB1 and 8xVrnD1, respectively; M — marker of the length of DNA fragments (a-c, e - 100 bp ladder; d - 1000 bp ladder).

sibility, because to make primary octaploid triticales, we used
the Vrn-isogenic wheat lines Triple Dirk D, Triple Dirk B, and
Triple Dirk E, carrying, respectively, only the Vin-A1, Vin-BI,
and Vin-D1 genes. A comparison of a set of 8x triticale lines
and 6x samples from the VIR world collection showed that
the interphase period “germination—heading” of hexaploid
triticales is shorter (Stepochkin, Emtseva, 2017). There is an
assumption that reducing the level of ploidy can reduce the
duration of the period “from germination to heading” in wheat-
rye amphiploids. In particular, it was reported that within the
crossing combination, octaploid lines formed ears later than
hexaploid ones (Kaminskaya et al., 2005).

The hexaploid paternal variety Sears 57 (genomic for-
mula BUBY"AARR), has a winter type of development. All
its vrn-1 genes have recessive alleles. The maternal forms
are three spring octaploid triticale lines (genomic formula
BU"B"AADDRR). Each of them carries one dominant gene:
8xVrnAl carries a VinAla allele on the chromosome 5A,
8xVrnB1 contains a VrnBla allele on the chromosome 5B,
8xVrnD1 has a Vrn-Dla allele on the 5th chromosome of
D genome. It was assumed that in 8xV7nD1 x Sears 57 hybrids
in subsequent generations, starting from F,, the chromosomes
of the haploid D genome would be lost during the process of
meiosis, and the share of winter plants in the hybrid popula-
tions would increase. As a result, in the older generations there
would be only winter hexaploid forms with the chromosome
number 42 without the haploid genome D and without the
dominant allele Vin-Dla. The facts of complete elimination
of chromosomes of D genome in such types of crossing are
known (Hao et al., 2013). However, by selecting spring plants
we were able to create up to the fourth generation popula-
tions of 6x forms that could begin transition to the genera-
tive development after spring sowing without vernalization.
Molecular genetic analysis using the PCR method showed
the presence of the dominant Vrn-Dla allele in these forms
(see Fig. 3). This means that either as a result of chromosome

substitution or translocation, the Vrn-DI gene remained in
the complex genome of hexaploid plants. Some researchers
report inclusion of a genetic material of the wheat genome D
in the genome of hexaploid triticale forms (Kaminskaya et
al., 2005). Unlike plants of 8xVrnDI x Sears 57 population,
hexaploid triticale forms made by crosses 8xVinAdl x Sears 57
and 8xVrnB1 x Sears 57 do not contain any Vrn-D1 allele, as it
was shown by molecular analysis with primers to V7n-D1 gene,
although the maternal lines contain a recessive vrn-D1 allele.
The lack of amplification is probably due to the elimination
of chromosomes of the D genome.

It is known that octaploid triticales are cytogenetically un-
stable. As a result of disturbances in meiosis, gametes with an
unbalanced number of chromosomes are formed, which leads
to appearance of aneuploid plants in 8x WRA populations (Vet-
tel, 1960a, b; Krolow, 1962, 1963). Hexaploid triticale plants
with dominant Vzn-1 genes may arise as a result of spontane-
ous depoliploidization of octaploid WRA carrying these genes.
This process is accompanied by the predominant elimination
of the chromosomes of D genome of soft wheat in octaploid
WRA. At the end of this process, stable 6x triticales appear,
which was found in populations of a number of 8x triticales
(Stepochkin, 1978; Li et al., 2015).

Conclusion

The presented results showed that the populations of spring
octaploid triticales made and maintained at SibRIPP&B —
Branch of ICG SB RAS are donors of different dominant Vrn-1
genes. These populations are used to produce new forms of
8x and 6x WRA and for breeding process. In the hexaploid
triticale forms made on their basis, the allelic composition
of the Vrn-1 genes was determined using molecular genetic
analysis. It was found that plants from the populations of
8xVrnAl x Sears 57 and 8xVinB1 x Sears 57 have genes Vin-Al
and Vrn-B1 in a heterozygous state, so it is necessary to con-
duct further selection to make homozygous genotypes. In the
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created hexaploid forms of triticale, the grain number from
ear is higher than that in the original octaploid lines. It is
shown that the plants from the hybrid populations 8xVrnA 1 x
Sears 57 and 8xVrnD1 x Sears 57, carrying the dominant al-
leles Vrn-Ala and Vin-Dla, respectively, have a shorter du-
ration of the interphase period “germination—heading” than
the original parent forms of the primary 8x triticale, which is
a breeding-valuable feature for the creation of early-maturing
and productive genotypes of triticale.
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