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Analysis of VRN1 gene in triticale and common wheat genetic background
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ABSTRACT: In cereals, the transition from the vegetative stage to flowering is controlled in the
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main by the set of vernalization genes. Within these genes the most important role is played by
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VRN1, which encodes a MADS-box transcription factor, regulating the transition of shoot apical
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meristem to the reproductive phase. The level of vernalization requirement is strongly linked to

– Poland.

the molecular structure of this gene. In this study we analyzed molecular mechanisms regulating
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the vernalization requirement in triticale on the basis of comparative analysis of the VRN1 locus
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between triticale (×Triticosecale Witt.) and common wheat (Triticum aestivum L.) genotypes. We
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also estimated the influence of VRN genotype on heading time and the winter hardiness of these
two species. Molecular markers developed for VRN genotype detection in common wheat were
successfully applied to an analysis of triticale genomic DNA. Subsequent analysis of the amplicons nucleotide sequence confirmed full similarity of the products obtained between triticale and
common wheat. All winter triticale cultivars tested contained the recessive vrn-A1 allele, whereas
all spring genotypes carried the dominant Vrn-A1a allele. Molecular analysis of the Vrn-B1 gene
revealed the presence of the dominant Vrn-B1b allele in only one of the triticale genotypes analyzed (Legalo). The major system of determination of the vernalization requirement in triticale
was transferred from common wheat without changes and is based on an alteration in the VRN1
gene promoter sequence within the A genome.
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heading time

Introduction
The time of flowering is one of the most important
adaptive traits for cereals since it has to be harmonized
with favorable climatic conditions. Induction of flowering and time of its initiation are regulated together by
environmental cues (period of low temperature activity,
day length) and endogenous pathways (plant developmental state) (Amasino and Michaels, 2010).
On the molecular level, plant flowering is regulated by a comprehensive genetic system. Two main
groups of genes involved in this process in cereals are
genes responsible for reaction to low temperature treatment (vernalization) described as VRN, and for reaction
to day length (photoperiod) stated PPD (Distelfeld et al.,
2009). Currently, the vernalization process on a molecular level is well known for the most important crops like
barley and wheat. The growth habit of wheat (Triticum
aestivum L.) is determined by three genes VERNALIZATION 1 (VRN1), VRN2 and VRN3 located in the middle
of the long arms of chromosomes 5A, 5B, and 5D (Dubcovsky et al., 1998; Barrett et al., 2002; Trevaskis et al.,
2007; Distelfeld et al., 2009). A detailed description of
the functional connections of the vernalization genes of
cereals have been presented in many papers (e.g. Yan et
al., 2003; Yan et al., 2004a; Yan et al., 2006; Trevaskis et
al., 2007; Distelfeld et al., 2009; Trevaskis, 2010).
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The vernalization requirement is connected with
molecular structure and allelic variation of the VRN1
gene. In accessions with winter growth habit expression
of VRN1 is activated by prolonged activity of low temperatures, though some alleles of this gene are expressed
without vernalization. Presence of such allele(s) causes
reduction or removing of the necessity of cold during
plant development and the production of phenotype
with spring growth habit (Sasani et al., 2009). Expression of the VRN1 gene without treating plants with low
temperatures, and thus, spring growth habit, is associated with insertions or deletions within either sequence
of the promoter region (Yan et al., 2004b; Pidal et al.,
2009) or first intron (Fu et al., 2005).
This study aimed to identify and molecularly characterize the VRN1 gene in the genetic background of triticale (×Triticosecale Witt.). Moreover, we try to estimate
the influence of VRN genotype on heading time and the
winter hardiness of triticale cultivars and compare these
results with those obtained for common wheat cultivars.

Materials and Methods
Plant material and physiological studies: a set of 22
triticale (× Triticosecale Witt.) and 23 common wheat
(Triticum aestivum L.) cultivars of different growth habits
were evaluated. Physiological analyses of heading time
and winter hardiness were carried out in the field during the 2011/2012 growing season. Field trials were conducted in Choryn, Poland (52º04' N; 16º77' E). All the
genotypes analyzed were sown on 1 m2 plots in three
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replications. The sowing dates were typical for Polish
conditions; for winter genotypes it was 24 Sept, and
for spring genotypes 09 Apr. Spring genotypes were
sown twice; together with winter genotypes in the fall,
to check if they would be able to survive the winter in
the field, and in the spring to record the heading time.
The winter hardiness assessment was based on a nine
degree scale, where 9° signifies the greatest resistance
(Prášilová and Prášil, 2001). The heading time was measured as the number of days from the 01 May until the
day when the first spike emerged from the flag leaf.
Molecular analyses: to obtain material for molecular
analyses ten kernels of each plant line were surface sterilized with chlorine gas for 5 h and placed on moist paper in Petri dishes. Prepared Petri dishes were placed
in a growth chamber (25 ºC) without light. Genomic
DNA for identification of VRN1 gene was extracted from
five-day-old seedlings. 100 mg of fresh coleoptile tissue
were ground in liquid nitrogen and DNA was purified by
means of a Plant & Fungi DNA Purification Kit (EURx),
according to the manufacturer’s protocol.
Subsequently, DNA concentration was measured
spectrophotometrically with NanoDrop 2000 (Thermo
Scientific). Vrn-A1 and the Vrn-B1 alleles identification
procedure was based on previously developed molecular
markers specific to the detection of indels in the DNA
sequence of promoter and first intron of VRN1 (Yan et al.,
2004b; Fu et al., 2005). Polymerase chain reactions (PCRs)
were conducteded in a SuperCycler (Kyratec) thermal cycler in a total volume of 20 μL. The reaction mixture contained 150 ng of template DNA, 1 × PCR buffer , 1.4 mM
MgCl2 , 0.2 mM of each dNTP , 5 pmoL of each primer
and 1 U of Taq DNA Polymerase. The sequences of primers and thermal cycling conditions applied are shown in
Table 1. The PCR products were separated in 1.5 % aga-

rose gels stained with ethidium bromide and visualized
under UV light. As a size marker, a GeneRuler 100 bp
Plus DNA Ladder (Thermo Scientific) was used.
PCR products cloning and sequencing: to determine
whether amplified fragments of VRN1 gene from triticale
and common wheat had similar nucleotide sequences selected bands were excised from the agarose gel, cloned
and sequenced. For DNA extraction from the gel the
GeneJET Gel Extraction Kit was used according to the
manufacturers’ protocol. To obtain their full sequences
amplified DNA fragments were cloned into the pCR4TOPO vector and transformed into One Shot DH5a-T1R
chemically competent Escherichia coli cells. For cloning
and transformation a TOPO TA Cloning Kit for Sequencing (Invitrogen) was applied. For transformant selection a
Luria Broth (LB) medium with 50 μg ml–1 ampicillin was
used.
To verify transformation correctness a colony PCR
was carried out. For each sample three colonies were
collected from Petri dishes, dispersed in 10 μL of distilled water in a 0.2 mL PCR tube and heated to 98 ºC
for 10 min. Subsequently, 1 μL of solution was transferred to the 0.2 mL PCR tube and used as a template
in the PCR with standard M13 primers. The reaction
composition was as follows: 1 X PCR buffer, 1.75 mM
MgCl2 , 0.1 mM of each dNTP , 2.5 pmoL of M13F and
M13R primers and 1 U of Taq DNA Polymerase. Thermal profile included initial denaturation in 94 ºC for
2 min and 40 cycles at 94 ºC for 10 s, 54 ºC for 15 s
and 72 ºC for 1 min, followed by a final extension at
72 ºC for 7 min. DNA sequencing based on M13 primers was conducted by a commercial sequencing service.
Sequence analyses were carried out using MEGA 5.1
software (Tamura et al., 2011). For sequence alignment
the ClustalW algorithm was used (Larkin et al., 2007).

Table 1 – Primers sequences and thermal profile of polymerase chain reaction (PCR) for VRN1 gene.
Primer
VRN1AF

Primer sequence (5'→3')

PCR thermal profile

No. of cycles

Vrn-A1a, Vrn-A1b,
vrn-A1

94 ºC – 5 min
94 ºC – 1 min
56 ºC – 1 min
72 ºC – 1 min 20 s
72 ºC – 8 min

38

Vrn-A1c

94 ºC – 5 min
94 ºC – 30 s
57 ºC – 30 s
72 ºC – 1 min 20 s
72 ºC – 10 min

38

Vrn-B1

94 ºC – 5 min
94 ºC – 30 s
57 ºC – 30 s
72 ºC – 1 min
72 ºC – 10 min

38

GAAAGGAAAAATTCTGCTCG

VRN1R

TGCACCTTCCC(C/G)CGCCCCAT

Intr1/A/F2

AGCCTCCACGGTTTGAAAGTAA

Intr1/A/R3

AAGTAAGACAACACGAATGTGAGA

Intr1/B/F

CAAGTGGAACGGTTAGGACA

Intr1/B/R3

Target allele(s)

CTCATGCCAAAAATTGAAGATGA

Sci. Agric. v.71, n.5, p.380-386, September/October 2014

382

Nowak et al.

VRN1 comparison in triticale and wheat

For alignment with GenBank data the Megablast algorithm of the BLAST tool was used (Altschul et al., 1990;
Morgulis et al., 2008).

Results
Physiological analyses
All triticale cultivars headed earlier in comparison to
common wheat cultivars regardless of growth habit. The
winter hardiness analysis was limited to winter cultivars
since none of the tested spring cultivars survived winter
conditions. The mean value recorded for triticale (4.57º)
was slightly higher than that obtained for wheat (4.33º).
Full results of physiological studies are provided in Table 2.
Molecular analyses
Amplification of genomic DNA using VRN1AF
and VRN1R primers, specific to the VRN-A1 gene promoter sequence, showed the presence of approximately
500 bp PCR product in all genotypes of winter growth
habit, and two PCR products of approximately 650 and
750 bp in all spring cultivars of both common wheat and
triticale genotypes (Figures 1 and 2).
Analysis of the nucleotide sequences of two selected amplification products obtained for Alekto and Algoso cultivars revealed their total length (485 bp) and 100
% sequence similarity. The alignment of obtained DNA

sequence with GenBank (NCBI) data showed that the
sequence of PCR product obtained for triticale is fully
homologous to a common wheat VRN-A1 gene sequence
with E-value of 0.0. All winter cultivars carried recessive vrn-A1 allele, and in all cultivars of spring growth
habit dominant Vrn-A1a allele was present. No Vrn-A1b
allele was found in the genotypes analyzed. Analysis of
the presence of deletion within the first intron of VRN-1
gene based on Intr1/A/F2 and Intr1/A/R3 specific primers did not reveal the presence of dominant Vrn-A1c allele in any of the analyzed cultivars of either species.
Primers Intr1/B/F and Intr1/B/R3 produced a 709
bp amplification product in three analyzed spring cultivars of common wheat (Arabella, Brawura and Kandela)
(Figure 3). For triticale after PCR with the same primer
pair a shorter, single amplification product was observed
in spring cultivar Legalo (Figure 4).
For cloning and sequencing products of amplification obtained for common wheat cv. Kandela and triticale cv. Legalo were selected. Analysis of the nucleotide
sequences proved that in wheat cultivar Kandela a dominant Vrn-B1 allele was present. Sequence of the shorter
(673 bp) PCR product obtained for triticale cultivar Legalo showed 36-bp deletion in comparison to products
typical of Vrn-B1. Moreover, a SNP (single nucleotide
polymorphism) (G/C) at position 604 was identified (Figure 5). These results confirmed the presence of Vrn-B1b

Figure 1 – Amplification products obtained in PCR with VRN1AF and VRN1R primers for analyzed common wheat cultivars: M – size marker, 1 –
Alcazar, 2 – Arabella, 3 – Arkadia, 4 – Banderola, 5 – Batuta, 6 – Bogatka, 7 – Bombona, 8 – Brawura, 9 – Fidelius, 10 – Figura, 11 – Forkida,
12 – Izyda, 13 – Jantarka, 14 – Kampana, 15 – Kandela, 16 – Katoda, 17 – Ludwig, 18 – Mewa, 19 – Muszelka, 20 – Nateja, 21 – Ostroga,
22 – Smuga, 23 – Waluta.

Figure 2 – Amplification products obtained in PCR with VRN1AF and VRN1R primers for analyzed triticale cultivars: M – size marker, 1 – Alekto,
2 – Algoso, 3 – Atletico, 4 – Baltiko, 5 – Bereniko, 6 – Dinaro, 7 – Elpaso, 8 – Fredro, 9 – Grenado, 10 – Gringo, 11 – Hortenso, 12 – Leontino,
13 – Maestozo, 14 – Magnat, 15 – Moderato, 16 – Pizarro, 17 – Remiko, 18 – Sorento, 19 – Trismart, 20 – Dublet, 21 – Legalo, 22 – Nagano.
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allele. Detailed information about VRN-1 genotype for
all forms analyzed are presented in Table 2.

main genetic mechanism of growth habit determination
common to many diploid and polyploid wheat species
(Yan et al., 2004b; Golovnina et al., 2010). The major
genetic system determining vernalization requirement
in triticale was transferred from wheat genome without
alteration. In all wheat and triticale genotypes, an allelic

Discussion
The variability of the VRN1 promoter region is the

Table 2 – VRN-1 genotype, heading time and winter hardiness of analyzed triticale and common wheat cultivars.
Cultivar

Growth habit

VRN-1 genotype
Vrn-A1

Vrn-B1

Heading time
[days from 1st May]

Winter hardiness
[9° scale]

vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
Vrn-B1b
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1

21
22
20
20
19
23
39
18
19
23
25
22
38
20
18
22
22
38
22
21
20
19

4.1
2.0
2.6
3.8
2.2
6.2
N/A
5.1
5.9
5.1
6.7
5.0
N/A
3.9
4.2
3.4
6.1
N/A
5.6
5.1
3.5
6.3

vrn-B1
Vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
Vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
Vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1
vrn-B1

30
42
29
30
31
29
46
40
29
29
30
28
31
30
46
45
29
30
30
31
33
28
45

2.5
N/A
5.5
2.0
5.5
5.0
N/A
N/A
4.0
4.5
4.5
4.0
4.5
2.5
N/A
N/A
4.0
6.0
3.0
5.0
5.0
5.5
N/A

Triticale
Alekto
Algoso
Atletico
Baltiko
Bereniko
Dinaro
Dublet
Elpaso
Fredro
Grenado
Gringo
Hortenso
Legalo
Leontino
Maestozo
Magnat
Moderato
Nagano
Pizarro
Remiko
Sorento
Trismart

winter
winter
winter
winter
winter
winter
spring
winter
winter
winter
winter
winter
spring
winter
winter
winter
winter
spring
winter
winter
winter
winter

vrn-A1
vrn-A1
vrn-A1
vrn-A1
vrn-A1
vrn-A1
Vrn-A1a
vrn-A1
vrn-A1
vrn-A1
vrn-A1
vrn-A1
Vrn-A1a
vrn-A1
vrn-A1
vrn-A1
vrn-A1
Vrn-A1a
vrn-A1
vrn-A1
vrn-A1
vrn-A1

Alcazar
Arabella
Arkadia
Banderola
Batuta
Bogatka
Bombona
Brawura
Fidelius
Figura
Forkida
Izyda
Jantarka
Kampana
Kandela
Katoda
Ludwig
Mewa
Muszelka
Nateja
Ostroga
Smuga
Waluta
N/A – not applicable.

winter
spring
winter
winter
winter
winter
spring
spring
winter
winter
winter
winter
winter
winter
spring
spring
winter
winter
winter
winter
winter
winter
spring

vrn-A1
Vrn-A1a
vrn-A1
vrn-A1
vrn-A1
vrn-A1
Vrn-A1a
Vrn-A1a
vrn-A1
vrn-A1
vrn-A1
vrn-A1
vrn-A1
vrn-A1
Vrn-A1a
Vrn-A1a
vrn-A1
vrn-A1
vrn-A1
vrn-A1
vrn-A1
vrn-A1
Vrn-A1a

Wheat
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Figure 3 – Amplification products obtained in PCR with Intr1/B/F and Intr1/B/R3 primers for analyzed common wheat cultivars: M – size marker,
1 – Alcazar, 2 – Arabella, 3 – Arkadia, 4 – Banderola, 5 – Batuta, 6 – Bogatka, 7 – Bombona, 8 – Brawura, 9 – Fidelius, 10 – Figura, 11 –
Forkida, 12 – Izyda, 13 – Jantarka, 14 – Kampana, 15 – Kandela, 16 – Katoda, 17 – Ludwig, 18 – Mewa, 19 – Muszelka, 20 – Nateja, 21
– Ostroga, 22 – Smuga, 23 – Waluta.

Figure 4 – Amplification products obtained in PCR with Intr1/B/F and Intr1/B/R3 primers for analyzed triticale cultivars: M – size marker, 1 –
Alekto, 2 – Algoso, 3 – Atletico, 4 – Baltiko, 5 – Bereniko, 6 – Dinaro, 7 – Elpaso, 8 – Fredro, 9 – Grenado, 10 – Gringo, 11 – Hortenso, 12
– Leontino, 13 – Maestozo, 14 – Magnat, 15 – Moderato, 16 – Pizarro, 17 – Remiko, 18 – Sorento, 19 – Trismart, 20 – Dublet, 21 – Legalo,
22 – Nagano.

Figure 5 – The segment of Vrn-B1b sequence with G/C SNP (arrow) and 36-bp deletion compared to the typical dominant Vrn-B1 allele.

variation of Vrn-A1 was the crucial factor determining
the type of growth habit. Analysis of amplified PCR
products confirmed 100 % identity in DNA sequences
between common wheat and triticale. Nowak and Kowalczyk (2010) confirmed that such mechanism is a main
growth habit regulator of Polish common wheat accessions). Results presented in this paper extended this finding to triticale as well.
The second major mechanism of vernalization requirement in wheat is deletion in the first intron of VRN1 (Fu et al., 2005). This type of alteration was not observed within the A genome. Analysis of the B genome
based on first intron sequence allowed for identification
of the dominant Vrn-B1 allele in three out of the six cultivars analyzed. In a single spring triticale (Legalo) we
identified an altered variant of this allele described as
Vrn-B1b, which was first described in wheat cv. Alpowa
and identified in very few wheat genotypes (Santra et
al., 2009). This spring allele has been transferred, and is
now also present in triticale genotypes, however we did
not show the influence of this allele on flowering time.
Lately few more Vrn-B1 alleles have been described in
wheat (Milec et al., 2012; Shcherban et al., 2012). Their
presence can be a source of allelic variation of VRN-1 in
the triticale genome as well.
The key allele responsible for vernalization requirement is different depending on the geographical
region (Iqbal et al., 2007; Zhang et al., 2008; Sun et al.,
2009; Iqbal et al., 2011). Our results suggest that in Central Europe the most important role for both wheat and
triticale crops are played by a Vrn-A1 allele.

Sci. Agric. v.71, n.5, p.380-386, September/October 2014

The information concerning relationship between
vernalization requirement and other physiological traits
in triticale is very limited. Analyses of the triticale lines
obtained by crossing wheat with different VRN genotypes
and rye showed that heading time in triticale was later in
comparison to the initial wheat forms and showed greater
frost resistance (Khotyljova et al., 2002; Leonova et al.,
2005). In our experiment all analyzed triticale accessions
headed earlier than wheat, despite a VRN-1 genotype.
These results can indicate the importance of rye genetic
component and/or local climatic condition to the triticale
heading time. Furthermore, we tried to estimate the influence of Vrn-B1 alleles on heading time.
For two out of three spring wheat cultivars the
presence of the dominant Vrn-B1 allele caused acceleration of heading time (Table 2). This result is convergent
with observations described previously for flowering
time (Eagles et al., 2010; Kumar et al., 2012; Kamran
et al., 2013). We did not show heading acceleration for
triticale containing the dominant Vrn-B1 allele, however
this result needs to be verified using a greater number
of genotypes.
The relationship between vernalization genes and
frost tolerance in cereals has been previously described
(Kosová et al., 2008; Dhillon et al., 2010). Taking into
consideration the fact that all spring genotypes did not
survive winter conditions, which confirmed the importance of the Vrn-A1 contribution to frost tolerance, we
analyzed the putative connection between Vrn-B1 allele
presence and winter hardiness; however no interdependence has been found.
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