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VRN genes, determining wheat sensitivity to vernalization, are
the main genetic system that defines the duration of the entire
growing period and the durations of the main organogenesis
phases. To date, several alleles have been described for VRN-1
loci, and allele-specific primers have been developed that allow
rapid identification of allelic spectra in common wheat vari-
eties and lines. The unequal influence of different alleles of
VRN-T1 loci on the duration of the growing period has also been
shown; however, there is little information on the effect of the
combination of different alleles on heading time. In develop-
ing genotypes having different alleles of dominant VRN genes
on the base of the same genetic background, it is necessary

to study the genetic effects of VRN genes on the duration of
the growing season and the individual developmental phases,
as well as on productivity. Most varieties presently grown in
Russia carry the dominant alleles of two VRN-1 genes: Vrn-Ala
and Vrn-B1a or Vrn-Blc; thus, the task was to create lines
combining the dominant alleles of Vrn-A1a with Vrn-B1a and
Vrn-B1c against the genetic background of the winter variety
Bezostaya 1 (Bez1 Vin-Ala/Vrn-B1a and Bez1 Vrn-Ala/Vin-B1c).
Homozygous plants were isolated in the F, generation by
using known allele-specific primers for the Vrn-A1 and Vrn-B1
loci. The durations of the tillering-first node period, which is
the key stage determining growing duration, and the period
from shoots to heading were significantly reduced in lines with
a combination of two dominant alleles of VRN-1 loci compared
to isogenic lines of Bezostaya 1 with the dominant alleles
Vrn-B1a and Vrn-B1c. The duration of these developmental
phases also decreased in the obtained lines as compared to
the isogenic line containing the dominant Vrn-ATa allele, but
the differences were not significant. No substantial differences
were found in the duration of other growing phases in lines
with two dominant alleles of the VRN-1 loci as compared to
isogenic lines of Bezostaya 1.
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ITonyueHue u sydyeHUre

JIMHUT MSITKOI IIIIeHUIIbI

10 03MMOMY cOpTyY be3ocTada 1
C KOMOMHAaIIel TOMUHAHTHbBIX
asutenei 10KycoB VRN-1

E.B. l{yMa\HOBa1 ®,TT ECl)peMOBal, 10.B. prqMHMHaL 2
A.A. Tlepumnal

! DepepanbHblii UCCNeAoBaTENbCKUI LeHTP MHCTUTYT yutonorum
1 reHeTnKn Cbmpckoro oTaeneHna PoCccuinckon akagemmm Hayk,
HoBocnbunpck, Poccus

2 HoBocrbrpcKmii rocyaapCTBEHHDIN arpapHbii yHUBEPCUTET,
HoBocnbupck, Poccus

leHbl yyBCTBUTENBHOCTY K ApoBM3auun (VRN) ABnATCA OCHOB-
HbIMW FEHETUYECKUMW CUCTEMAMU, ONPeaeNsoLWMMN NPOAOS-
XKUTENIbHOCTb BEreTaLMoOHHOIo nepropa B LeNoMm, a TakKe
ONNTENbHOCTb OCHOBHbIX 3TanoB opraHoreHesa. K Hactos-
Lwemy BpemeHn ana nokycos VRN-1 onucaH pag annenen n
pa3paboTaHbl annenb-cneuudryHblie Npanmepbl, NO3BONSAIO-
e NpoBOANTb BbICTPYIO NAEHTUOMKALMIO annenbHOro
CoCTaBa y COPTOB U JINHMI MATKON NLIEHULbI. YCTaHOBNEHO
HeoAMHAKOoBOe BNAHME pa3NiNyHbIX annenen nokycos VRN-1
Ha NPOAOMKNTENIbHOCTb BEreTaLMOHHOIro Neproaa, O4HaKo
NCCNefoBaHNi, KacalowWwmMxca BANAHNA KOMOMHaLUM pas3nmny-
HbIX annenemn Ha Bpems KOoJoLeHns, HefocTaToyHo. [Monyye-
HUEe MOJTHbIX HABOPOB BCEX BO3MOMHbIX FTEHOTUMOB MO Pa3HbIM
annenam JOMUHaHTHbIX reHoB VRN Ha 04HOM reHeTuyeckom
¢doHe HeobxonmMmo ana bonee rnyboOKOro n3yyeHus reHeTmye-
cKkux 3¢ dekToB reHoB VRN Ha MPOLOMKUTENBHOCTL BEreTa-
LIMOHHOTO Nepuroda 1 oTaenbHbiX $pa3 pa3BUTUSA, a TaKXKe Ha
NPOAYKTUBHOCTb. MOCKOSbKY 60MIbLUIMHCTBO COBPEMEHHbIX
copToB Poccnn HeceT AOMUHaHTHbIe annenu aByx reHos VRN
(Vrn-Ala v Virn-B1a wnwu Vrn-B1c), Hamu 6bina noctasrieHa 3a-
[laya — NoNyYnTb IMHUK, COYETAloLME AOMMHAHTHbIE annenu
Vrn-Ala c Vrn-Bla v Vrn-B1c Ha reHeTnyeckom GpoHe 03Mmoro
copta besoctan 1 (be31 Vin-Ala/Vrn-Bla v be31 Vrn-Ala/
Vrn-B1c). C ucnonb3oBaHveM N3BECTHbIX annesb-crneunduy-
HbIX NpanmepoB ana nokycos Vrn-A1 n Vrn-B1 B nokonexnmumn

F, 6b1n1 BbiAenieHbl FOMO3UTOTHbIE PacTeHMA. Y MONyUYeHHbIX
NNHUIA C KOMOUHaLMen ABYX JOMUHAHTHbIX anesiei TIoKyCcoB
VRN-1 pocToBepHO yMeHbLUanacb NpofoKUTENbHOCTb Nepro-
[ «KyLLeHne—-NepBblil y3en», KOTOPbI NpeAcTaBnAeT cobon
KNoYeBOW 3Tan, onpefenaownii NPOACIKUTENbHOCTb Bere-
TaUMOHHOTO Nepuoga 1 nepuoga oT BCXO40B [0 KONOLWEHMA
MO CPaBHEHMIO C U30TEHHbIMU TMHUAMM NO copTy be3socTan 1

C AOMVHaHTHbIMK annenamu Vin-Bla v Vrn-Blc. o cpaBHeHMIO
C VI30reHHOW NINHMEN C LOMUHAHTHbIM annenem Vrn-Alay nony-
YEHHbIX IMHWI TaKXe MPOM30LLI0 YMEHbLUEHVE MPOLOSIKM-
TeNIbHOCTY 3TKX da3 pa3BUTUA, OLHAKO Pa3nnums GbIn Hefo-
CTOBepHbI. [JOCTOBEPHbIX Pa3nuyunii No NPOAOCIKUTENIBHOCTN
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is an important adaptive trait, which determines plant

productivity and resistance to biotic and abiotic stress
factors: drought, low temperatures, diseases, and pests (Stel-
makh, 1990; Worland, 1996; Snape et al., 2001; Cockram et
al., 2007; Kamran et al., 2014). The main genetic systems
that initiate the transition of wheat plants from the vegetative
to the generative stage of development are the genes for ver-
nalization (VRN) and photoperiod sensitivity (PPD) (Snape
etal., 2001; Kamran et al., 2014).

The main loci that determine sensitivity to the photoperiod
(PPD-1) in wheat were mapped on the short arms of the second
homoeologous group chromosomes: 2D, 2B, and 2A (Worland
et al., 1998; Snape et al., 2001).

The duration of the wheat growing period is determined by
three main VRN genes: VRN-1, VRN-2, and VRN-3. The genes
VRN-1 and VRN-3 were mapped on chromosomes of groups
5 and 7, respectively (Yan et al., 2003, 2006).

Common wheat has three homoeologous VRN-/ loci:
VRN-A1, VRN-B1,and VRN-D1. They are located on the long
arms of chromosomes 5A, 5B and 5D, respectively (Snape et
al., 2001; Yan et al., 2003). The spring habit of development
is determined by the presence of at least one dominant allele;
the presence of all the three recessive vrn alleles defines the
winter habit of wheat varieties. Cultivars bearing the dominant
VRN-AI allele are completely insensitive to vernalization,
whereas cultivars with the dominant alleles VRN-BI and
VRN-DI are slightly sensitive to vernalization (Pugsley, 1971).

For VRN-1 loci (VRN-A1, VRN-B1, VRN-DI), a series of
different alleles was described, mutations resulting in changes
in the structure of these alleles were cloned and characterized,
and allele-specific primers were designed for rapid genotyping
of common wheat varieties and lines (Yan et al., 2004; Fu et
al., 2005; Milec et al., 2012; Shcherban et al., 2012). It was
found that the dominant alleles of these loci had insertions or
deletions in the promoter and the first intron.

It is known that wheat cultivars bearing the dominant
Vin-Ala allele are the earliest ripening. The Vrn-A1b allele,
on the contrary, increases the duration of the heading period
(Koval, Goncharov, 1998; Kamran et al., 2014). Genotypes
with the dominant Vrn-Blc allele ripe earlier than genotypes
with Vin-Bla allele (Efremova et al., 2011).

It has been shown that various combinations of alleles of
the VRN and PPD loci differently affect the lengths of the
growing period and phases of plant development, as well as
productivity. The earliest ripening genotypes are those with
three dominant genes (VRN-A1, VRN-B1, VRN-D1); however,
they tend to have lower yields, and, for this reason, they are
seldom used in breeding. The habit of most Russian varieties
(including Siberia), Europe, North America and Australia is
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determined by two dominant genes VRN-A/ and VRN-BI.
These varieties ripe earlier, and they are more productive than
varieties with one VRN gene, because such allelic composition
of the VRN-1 genes allows the plants to sustain late spring
and early autumn frosts (Stelmakh, 1998; Goncharov, 2004;
Efremova et al., 2016). Genotypes with the dominant VRN-D1
gene are advantageous in regions with extreme conditions
such as drought and high temperature during grain filling
(Stelmakh, 1993).

In particular, the varieties predominant in Russia and West
Siberia have two dominant alleles: Vin-Ala and Vrn-Blc or
Vin-Bla (Shcherban et al., 2012; Likhenko et al., 2014; Efre-
mova etal., 2016). Thus, according to (Efremova et al., 2016),
the Vrn-Ala allele, which has the greatest effect on the length
of'the growing period, occurs in about 80 % in the investigated
varieties of West Siberia. The frequencies of the Vrn-B1c and
Vrn-Bla alleles vary among accessions within 40-50 % and
30-50 %, respectively. It was also found that the Vrn-Ala al-
lele, along with Vrn-Bla and Vin-Blc, was typical for spring
varieties in Europe (Milec et al., 2012; Shcherban et al., 2014).
The Vrn-Ala allele is widely distributed among the spring
varieties of Canada, USA, Argentina, and China (Yan et al.,
2004; Igbal et al., 2007; Zhang et al., 2008; Santra et al., 2009).

Isogenic lines created on the basis of winter varieties with
known alleles of PPD genes play an important role in the
detailed analysis of the VRN genes, which control the duration
of the growing period (Stelmakh, Avsenin, 1983; Voronin,
Stelmakh, 1985; Koval et al., 2001; Efremova et al., 2011).
Study of such lines permits one to single out the effect of al-
leles of each of the VRN genes or different alleles of the same
gene, as well as of their combinations, on the duration of the
heading period (Merezhko, 1994; Koval, Goncharov, 1998;
Stelmakh et al., 2000; Efremova et al., 2011), the duration of
the main stages of organogenesis (Voronin, Stelmakh, 1985;
Emtseva et al., 2013), and productivity and fitness (Voronin,
1988). In addition, isogenic lines are suitable models for
studying the primary structure and expression of VRN alleles
(Loukoianov et al., 2005; Shcherban et al., 2013).

A series of near-isogenic lines of winter Bezostaya 1 cv.
(Bezl) possessing one dominant Ppd-D1a gene (determining
weak sensitivity to day length (Worland et al., 1998)), with two
different alleles of the VRN-BI gene (Efremova et al., 2011),
as well as on the VRN-41a and VRN-D4 loci were raised at
the Institute of Cytology and Genetics, Novosibirsk. In these
lines, different alleles of the dominant VRN-BI gene (Vin-Bla
and Vrn-Blc) were in the same genetic background, and this
fact allowed more accurate identification of differences in
the duration of the period from shoots to heading. With these
lines, it was shown that the Vrn-A1a allele determined earlier
heading than the Vrn-Blcand Vrn-Bla alleles, and the Vin-Blc

Plant gene pool and breeding
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Table 1. Isogenic lines of Bez1 cultivar used to obtain lines with two dominant alleles of the VRN-T loci

Isogenic line Haploid genotype for VRN genes ~ Donor of the dominant VRN gene  References
|BeZ1VmA1a .......... V mAIawnB,va,TanEDIrkD ........................................... Efremova(unpUthhEd) ......................................
‘iBezIVm-Bla  vm-AlVm-Blavm-DI | Diamantl | Efremova et al, 2011; Shcherban et al, 2012
| Bez1 Vm37c ........... v mAlva 7C va’ .......................... 5 aratov S kaya 29 ..................................... S

Table 2. Primers for identifying alleles of the VRN-AT and VRN-B1 genes in common wheat lines

Allele Allele-specific primers

Vrn-Ala VRNTAF  GAAAGGAAAAATTCTGCTCG
Vrn-A1b VRNTR  TGCACCTTCCC(C/G)CGCCCCAT
vrn-Al

Vrn-Bla Ex1/B/F3  GAAGCGGATCGAGAACAAGA
Vrn-Blc Intr1/B/F  CAAGTGGAACGGTTAGGACA
vrn-B1 Intr1/B/R3 CTCATGCCAAAAATTGAAGATGA

Intr1/B/R4 CAAATGAAAAGGAATGAGAGCA

Amplicon size, bp References

650+750
480

Table 3. PCR schedules with allele-specific primers for the VRN-AT and VRN-B1 genes

Allele PCR conditions
Predenaturation,  Number Denaturation, Annealing, Elongation, Final elongation,
t (min) of cycles (s) (s) (s) t° (min)

Vrn-Ala 94 (10) 40 95 (30) 55 (30) 72 (60) 72(10)

Vrn-A1b

vrn-Al

Vrn-Bla 94 (2) 35 94 (30) 52 (30) 72 (90) 72 (5)

Vrn-Blc

vrn-B1

allele, in turn, reduced the duration of the period from shoots
to heading as compared to the Vrn-Bla allele (Emtseva et al.,
2013). However, since most modern commercial varieties in
Russia carry the dominant alleles of two genes, Vrn-41a and
either Vrn-Bla or Vin-Blc, it should be found out how the
combination of different alleles of the two genes can affect the
time before heading. Therefore, it is advisable to obtain lines
with two alleles of these genes against the genetic background
of Bezl cv. This would allow a more detailed study of the con-
tribution of VRN alleles to early maturity and productivity. It
should be noted that all previously created isogenic lines and
lines with two or three dominant VRN genes were obtained
without taking into account the presence of alleles of the VRN
genes and their role in controlling heading time. Therefore, the
raise of complete sets of all possible genotypes for different
alleles of the VRN-1 loci against the same genetic background
is necessary for a more comprehensive study of the genetic
effects of the VRN loci.

The objectives of this work were (1) to obtain lines combin-
ing two different VRN-1 loci (Vin-Ala/Vin-Bla and Vin-Ala/
Vrn-Blc) in one genotype on the base of previously obtained
isogenic common wheat lines with dominant Vin-Ala, Vin-
Bla and Vin-Blc for the winter variety Bezl (Efremova et
al., 2011) and (2) to determine the effect of the combination
of alleles on the duration of individual development phases
under the conditions of the forest-steppe zone of the Novosi-
birsk region.

leHodoHp 1 ceneKkuma pactTeHuin

Materials and methods
Plant material. Experiments were performed with (1) lines
of winter cultivar Bezl with combinations of two alleles of
the VRN-1 loci: Bezl Vin-Ala/Vin-Bla and Bezl Vin-Ala/
Vin-Blc and (2) the parental isogenic lines of Bezl with
dominant alleles Vin-Ala, Vin-Bla, and Vin-Blc (Table 1).
The design of the raise of isogenic lines carrying the Vin-Bla
and Vrn-Blc alleles from the Saratovskaya 29 and Dia-
mant II varieties, respectively, was described in (Efremova
et al., 2011). The isogenic lines of Bezl with the dominant
Vrn-Ala allele were obtained in a similar manner (Efremova,
unpublished). The donor of the dominant Vrn-41a allele for
isogenic line i:BezlVin-Ala was a Triple Dirk D isogenic
line (Pugsley, 1971).

DNA isolation and PCR. Genomic DNA was isolated
from leaves of adult plants after digestion with proteinase K
according to a previously described method (Edwards et al.,
1991). All amplification reactions were carried out in a 25 pl
volume containing 50100 ng genomic DNA, reaction buffer
(67 mM Tris HC1pH 8.8, 1.5 mM MgCl,, 18 mM (NH,),SO,,
0.01 % Tween 20), 0.2 mM each dANTP, 0.25 uM primer pair,
and 1 unit of 7aq polymerase.

Amplification of DNA was carried out according to our do-
mestic protocols. The nucleotide sequences of the primers and
PCR conditions are shown in Tables 2 and 3. Amplification
products were resolved by electrophoresis in 1.5 % agarose
gel in 1xTAE buffer with the presence of ethidium bromide.
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Development of common wheat lines
with combinations of dominant alleles of VRN-T loci

The gels were photographed under UV illumination with the
Doc-Print IT documentation system for gels (Vilber Lourmat).

Study of the duration of developmental phases. The
durations of individual phases of development in the lines
of common wheat with dominant alleles of the VRN-/ loci
were studied in an experimental field of the Institute of Cyto-
logy and Genetics SB RAS at natural daylength (At 55°2' N,
82°56' E, the daylength in May-Augustis 17 h.) in 2017. The
following phases of development were recorded: shooting, the
emergence of the third leaf, tillering, the emergence of the first
node, stem elongation, and heading. Tillering was recorded
when the second shoot began to depart from the main shoot.
The first node phase was recorded when the first node was
palpable on the main shoot at a height of 1 cm above the soil
surface. The stem elongation phase was recorded when the
first node rose to a height of about 5 cm and the second node
began to separate from it. Heading was recorded when the
spike was completely out of the flag leaf. The dates of deve-
lopmental stages were recorded for each plant individually,
and the mean values were calculated. Twenty-five plants of
each line were studied.

The statistical evaluation of the data was carried out with
Microsoft Excel 2013. The statistical significance of the dif-
ferences between mean values was assessed by Student’s #-test
(Rokitskii, 1974).

Results and discussion
Raise of common wheat lines of winter variety Bezl with
a combination of dominant alleles of the VRN-1 loci. Two
near-isogenic lines, i: Bez1 Vin-Bla and i: Bez1 Vin-Blc, were
crossed to the isogenic line i: Bezl Vrn-Ala. The resulting F,
hybrids were self-pollinated. Homozygous plants with two
dominant alleles of the VRN genes, Vin-Ala/Vin-Bla and
Vin-Ala/Vin-Blc, were selected with known allele-specific
primers for the VRN-AI and VRN-BI genes presented in
Table 2 in the F, generation. Amplification of the dominant
allele Vrn-A1la with the allele-specific primers VRN1AF and
VRNIR revealed two fragments approximately 650 bp and
750 bp in size, and in the PCR of the recessive vrn-A1 allele
one fragment of about 500 bp was obtained. Correspondingly,
three fragments were amplified in heterozygous plants.
Multiplex PCR with four primers Ex1/B/F3, Intr1/B/F,
Intr1/B/R3, and Intr1/B/R4 was used to detect three alleles of
the VRN-BI locus: Vin-Bla, Vin-Blc and vrn-BI. In case of
the dominant Vrn-Bla allele, the PCR products included two
fragments, 709 bp and 1235 bp. For the dominant Vin-Blc
allele, a fragment of 849 bp was typical. The presence of
the recessive vrn-B1 allele was judged from the presence of
a 1149 bp fragment. In heterozygous Vrn-Bla/vrn-Bl and
Vrn-Blc/vrn-B1 plants, fragments characteristic of both the
dominant and recessive alleles were present (Fig. 1 and 2).
Twenty-eight plants were analyzed in the Vin-Ala/Vin-Bla
combination and nineteen, in Vin-Ala/Vrn-Blc. In the Vin-
Ala/Vrn-Bla combination, fourteen plants with two dominant
alleles were isolated, five of them being homozygous, two with
the dominant Vrn-A41a allele and recessive vrn-B1, ten plants
with the dominant Vin-Bla allele and recessive vin-A1, and
two winter plants with recessive alleles vrn-41 and vrn-B1.
In the Vin-Ala/Vin-Blc combination, nine plants with two
dominant alleles were isolated. Four of them were homozy-
Vavilov Journal of Genetics and Breeding - 201822 -8
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Fig. 1. Identification of alleles of VRN-T loci in F, hybrids in the raise of the
Bez1 Vrn-Ala/Vrn-B1aline with allele-specific primers.

a - VRN-A1; b - VRN-BI. Lanes: M, 100-bp ladder; 7-8 - plant genotypes:
1 - Vrn-Ala Vrn-Ala Vrn-Bla Vrn-Bla; 2 — Vrn-Ala vrn-A1 Vrn-Bla vrn-B1; 3 —
Vrn-AlaVrn-AlaVrn-Blavrn-B1;4-Vin-Alavrn-A1 Vin-Bla Vrn-Bla; 5 — vrn-A1
vrn-A1 Vrn-Bla Vrn-Bla; 6 — Vrn-Ala Vrn-Ala vrn-B1 vrn-B1; 7 — vrn-A1 vrn-Al
Vrn-Blavrn-B1;8 —vrn-A1vrn-Alvrn-B1 vrn-B1.

700
600
500

1000
800

Fig. 2. Identification of alleles of the VRN-T loci in F, hybrids in the raise of
the Bez1 Vrn-Ala/Vrn-Bic line with allele-specific primers.

a - VRN-AT; b - VRN-B1. Lanes: M, 100-bp ladder; 7-6 - plant genotypes: 1 —
Vrn-AlaVr-Ala Vrn-BicVrn-Bic; 2 - Vrn-Alavrn-A1 Vrn-B1c Vin-B1c; 3 —vrn-Al
vrn-A1Vrn-BlcVrn-Bic;4-Vrn-AlaVr-Alavrn-B1vrn-B1;5-vrn-A1vrn-A1 Vrn-
Blcvrn-B1; 6 —vrn-A1vrn-Alvrn-B1 vrn-B1.

gous, one plant had the dominant V7n-41a and the recessive
vrn-B1 allele, eight plants had the dominant Vrn-Bla allele
and recessive vrn-A1, and one plant showed the winter habit.

Thus, by using molecular markers already in the F, gene-
ration, we managed to isolate homozygous plants with two
dominant alleles of the VRN-AI and VRN-BI genes. This
approach is the most effective in isolating genotypes for a
target gene, as it shortens the time for selecting the desired
genotype significantly and permits one to determine the pre-
sence of VRN loci at early stages of plant development. At
present, marker-assisted selection complements traditional
methods, and it is widely used to introgress target genes and
create near-isogenic lines, especially in the breeding of lines
with genes that control the resistance to various types of stress
(Leonova, 2013).

Determination the effect of the combination of dominant
alleles in the VRN-I loci on the duration of individual
developmental phases in the forest-steppe zone of the
Novosibirsk region. We studied the duration of individual
developmental phases of the common wheat lines with two
dominant alleles of the VRN-1 loci obtained in the present
work, Bezl Vin-Ala/Vin-Bla and Bezl Vin-Ala/Vin-Blc,
in an experimental field of the Institute of Cytology and Ge-
netics with natural daylength in the spring of 2017. Isogenic
lines of Bezl with dominant alleles Vin-Ala, Vin-Bla, and
Vrn-Blc were used as controls. The results are presented in
Table 4 and Fig. 3.

Isogenic line i: Bez 1Vrn-Ala headed on day 42. Plants
of isogenic lines with dominant alleles in the VRN-B1 locus

Plant gene pool and breeding
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Table 4. Duration of developmental phases in common wheat lines with dominant alleles of the VRN-1 loci (field, 2017)
Line Duration of individual phases of development, days
‘shoots—  thirdleaf- tilering-  fistnode-  stemelongation- flagleaf-  shoots-
third leaf tillering first node stem elongation flag leaf heading heading

,BeszA;a ..................... 5 2i07 ............ 5 6i14 ............ 129i2437i10 ................... 2 9i12 ...................... 105116418122 ........
,BeszBM ..................... 6 3+24 ............ 5 6i18203i1736i12 ................... 2 1i10 ...................... 106114485129 ........
,BeszB;c ...................... 5 3111 ............. 5 7113 ............ 173120 ............. 3 61.11 .................... 3 0113 ...................... 9 5113448120 ........
‘Bezl Vim-AlaVm-Bla  51+11  55+08  110+1.1%* 41:04 3615 106412 399+11%1
‘Bezl Vin-AlaVm-Blc  67+15 5322 102£15%% 40+04 26£15 110415  398+14%

Significant differences: ! - from i: Bez1Vim-B1a; % - from i: Bez1Vrn-Blc. *p < 0.05, **p < 0.01, ***p < 0.001.

[0 Shoots-tillering

i: Bez1 Vrn-Ala 12 H 13 |—|—| 17 |—|—|
i Bez1 Vin-B e T e O Tillering—first node
i:Bez1 Vrn-Bla —t— |—|—| |—|—|
O First node-heading
i: Bez1 Vrn-Blc 1 |—|—| 18 I—|—| 16 |—|—|
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Fig. 3. Durations of developmental phases in common wheat lines with dominant alleles of VRN-1 loci (field, 2017).

Significant differences: ! - from i: Bez1Vin-B1a; 2 - from i: Bez1Vrn-B1c. ***p < 0.001.

headed later than the isogenic line with Vrn-41a. The differ-
ence between the isogenic lines with the Vrn-Bla and Vin-Blc
alleles in this experiment was four days. The isogenic line
with the Vin-Bla allele headed on day 49, and the line with
Vrn-Blc, on day 45. This result is consistent with the previ-
ous work (Emtseva et al., 2013). In the lines obtained in this
work with the combination of two alleles of the VRN-1 loci
(Bezl Vrn-Ala/Vin-Bla and Bezl Vin-Ala/Vin-Blc), the
period from shooting to heading was forty days, which was
two days less than in the isogenic line with the Vrn-Ala al-
lele (differences are not significant), and significantly shorter
than in the isogenic lines i: Bezl Vrn-Bla (nine days shorter)
(p<0.01)and i: Bezl Vrn-Bic (five days shorter) (p <0.05).
It was shown that varieties with two alleles, Vrn-41a and Vin-
Blc, headed earlier than varieties with one dominant allele,
Vin-Ala or Vrn-Blc (Efremova et al., 2016).

The durations of the main phases of development, which
ultimately determine the duration of the period from shoot-
ing to heading, are shown in Fig. 3. The duration of the
shoots—tillering period was approximately the same in all lines
examined, 11-12 days. The length of the first node—heading
period, which was 1618 days, did not vary significantly either.
Significant differences were observed only in the tillering—first
node period. For lines with two dominant alleles of VRN-1
loci (Bezl Vin-Ala/Vin-Bla and Bezl Vin-Ala/Vin-Blc), the
tillering—first node phases were 11 and 10 days, respectively.
In comparison to the isogenic line with the Vn-A41a allele, for
which this phase lasted 13 days, the differences were insignifi-
cant. For isogenic lines i: Bezl Vrn-Bla and i: Bezl Vin-Blc,
the durations were 20 and 18 days, respectively. The combina-
tion of the dominant Vin-A1a allele with Vin-Bla and Vin-Blc

leHodoHp 1 ceneKkuma pactTeHuin

in the genotype resulted in a decrease of the tillering—first node
phase compared to the isogenic lines i: Bezl Vin-Bla and i:
Bezl Vin-Blc: nine and eight days respectively (p < 0.001).
Several studies of the duration of developmental phases of
substituted and isogenic common wheat lines with different
alleles of the VRN-1 loci show that the key stage determining
the duration of the vegetation period is just the length of the
tillering—first node period (Voronin, Stelmakh, 1985; Pankova,
Kosner, 2004; Emtseva et al., 2013).

Thus, lines derived from the Bez1 cultivar with two domi-
nant alleles of VRN-1 loci (Bezl Vin-Ala/Vin-Bla and Bezl
Vrn-Ala/Vrn-Blc) turned out to be earlier ripening than the
isogenic lines i: Bez1 Vrn-Bla and i: Bezl Vin-BIc and slightly
earlier than the isogenic line i: Bez1Vrn-A41a (difference about
two days). Differences in the duration the shoots—heading
period were associated with a decrease in the duration of the
tillering—first node period.
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