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Abstract The number of dominant Vrn genes in common
wheat, Triticum aestivum L., is estimated. Data were
obtained supporting Pugsley’s and Gotoh’s data on the
presence of a dominant gene Vrn4 in near-isogenic line
‘Triple Dirk F’. The presence of a dominant gene Vrn4 in
line ‘Gabo-2’ of cultivar ‘Gabo’, which was used by
Pugsley as a donor of the gene Vrn4 for the near-isogenic
line ‘Triple Dirk F’, was also confirmed. The Vrn2 and
Vrn4 relationship and their chromosomal location are
discussed. It was demonstrated that the dominant Vrn8
gene which was introgressed from Triticum sphaerococ-
cum to common wheat by Stelmakh and Avsenin is allelic
to Vrn4. While genes Vrn6* and Vrn7* which were
introgressed from rye, Secale cereale L., by the above-
mentioned authors are not allelic to the genes Vinl, Vrn2,
Vrn3 and Vrn4.

Keywords Triticum aestivum - Growth habit (spring vs
winter) - Introgressive lines - Dominant gene Vrn4

Introduction

Increasing knowledge about the genetics of growth habit
(spring vs winter) will contribute to a better understanding
of the evaluation of adaptation in wheats and promote
their breeding for specific environments. Studies on
growth-habit genetics in common wheat, Triticum
aestvum L., were started at the beginning of the last
century [for reviews see Gotoh (1979) and Flood and
Halloran (1986) among others]. Akerman and MacKey
(1949) reported that the spring growth habit in common
wheat is controlled by one, two, or occasionally, three
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dominant genes S (S is the abbreviation for the German
word ‘Sommer’) and that the winter growth habit is
controlled by recessive alleles at these loci. The presence
of even one dominant allele leads to the spring growth
habit. Tsunewaki and Jenkins (1961) also suggested the
existence of three loci determining growth habit — Sg/,
Sg2, and Sg3 (Sg is the abbreviation for the English word
‘spring growth’). Sears (1944) revealed that nullisomic
5D ’Chinese Spring’ plants were the latest to mature
among all the aneuploids that he produced in this cultivar,
and suggested that the gene for early maturity resides on
chromosome 5D. Tsunewaki and Jenkins (1961) desig-
nated this gene as Sg/ and located another dominant gene
for the spring growth habit, Sg2, in chromosome 5SA. The
third dominant gene, Sg5, was located in chromosome 5B
by Singh (1967). Thus, the three homoeologous group-5
chromosomes possessed dominant genes for the growth
habit. At present, Vinl, Vrn2 and Vrn3 have been mapped
using DNA markers (Galiba et al. 1995; Snape et al. 1998;
Barrett et al. 2002; Iwaki et al. 2002).

Pugsley (1971), in agreement with the above-men-
tioned investigators, concluded that the spring growth
habit was controlled by any of three dominant genes or
their combinations. He re-designated these genes as Vrnl,
Vrn2 and Vrn3. Vrnl was equated with S, Vrn2 with S;,
and Vrn3 with the ‘Chinese Spring’ gene Sg/ (Pugsley
1972). He found a further dominant gene in cultivar
‘Gabo’ (Pugsley 1972), which was earlier described by
Knott (1959). This gene was listed as Vrn4 by Mclntosh
(1973). Maystrenko (1974) equated Vrnl and Vrn3 with
Sg2 and Sgl, earlier located in chromosomes 5A and 5D,
respectively (Tsunewaki and Jenkins 1961). However, the
erroneous equating of Vrn2 and Vrn4 and their chromo-
some location by Maystrenko (1980) was accepted by
Mclntosh et al. (1998) in the “Catalogue of gene symbols
for wheat”. The Vrnl gene is now designated Vrn-Al,
Vn2 (or Vrn4) is designated Vrn-Bl, and Vrn3 is
designated Vrn-DI (McIntosh et al. 1998). One more
common wheat dominant gene Vrn-B4 (Vrn 5) was
located in 7BS (Law and Wolfe 1966).



The aim of this study is to demonstrate the separate
existence of the dominant gene Vrn4 and to discuss the
possible number of dominant Vrn genes in common
wheat.

Materials and methods

Pugsley’s near-isogenic line (NIL) ‘Triple Dirk F’, which Dr. T.
Gotoh has provided me, was used in the investigation. Prof. D.
Knott supplied seed of the original line of cultivar ‘Gabo’, ‘Gabo-2’
(K4417F98), which had a gene nonallelic to Vrnl and Vrn2
according to his investigation (Knott 1959) and which was used by
Pugsley (1972) as donor of the dominant gene Vrn4 for NIL ‘Triple
Dirk F’. The genetic control of growth habit in NIL "Triple Dirk F’
and line ‘Gabo-2’ was determined by hybridisation with tester NIls
‘Triple Dirk D’, “Triple Dirk B’, ‘Triple Dirk E” with the dominant
genes Vrnl, Vrn2 and Vrn3, respectively, and winter cultivars
‘Bersée’, ‘Uliyanovka’ and ‘Skorospelka 35°. To identify the Vin
genotype, segregation in the F, was scored according to the scheme
of Dzhalpakova et al. (1996), i.e. 3 months after sowing, when all
the standard spring cultivars had already headed, and when it was
possible to classify the hybrid plants as spring (ear emerged) or as
winter (no visible ear formation). The segregation ratio for each
cross was determined and compared with the expected segregation
ratio using the chi-square test.

’Bersée’ monoSD was produced by Worland (1988).

The genes Vrn6* and Vrn7°¢ were introgressed from rye, Secale
cereale L., to common wheat by Stelmakh and Avsenin (1996). The
Vrn8 was introgressed from Triticum sphaerococcum Perciv.
(Stelmakh and Avsenin 1996).

Hybrid dwarfness was estimated as described by Hermsen
(1962). The experiments were conducted under field conditions in
Novosibirsk.
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Results

The data obtained for checking the NIL ‘Triple Dirk F’
are presented in Table 1. It was established that the spring
growth habit of ‘Triple Dirk F* was controlled by a single
dominant gene which was not allelic to the dominant
genes Vinl, Vin2, Vrn3 or Vrn5 (Table 1).

The result of the attempt to locate the gene Vrn4 on
chromosome 5D is presented in Table 2. It is obvious that,
according to the data obtained, chromosome 5D is not the
critical chromosome for the gene. F, segregation in the
cross of the winter wheat cultivar ‘Bersée’ with ‘Triple
Dirk” was performed with that expected for a single gene.
The F, from the selected monosomic plant of ‘Berseé’
mono5D with ‘“Triple Dirk’ also segregated monofacto-
rily. If Vrn4 were located in 5D, this cross should have
segregation with an increase of the spring habit offspring
relative to the winter habit types; therefore, Vrn4 is not
located on chromosome 5D. The result of checking line
‘Gabo-2’ is also presented in Table 2. The cross
‘Skorospelka 35° x ‘Gabo-2’ segregated for two genes.
Both crosses of “Triple Dirk D’ (Vrnl) and *Triple Dirk F?
(Vrn4) with ‘Gabo-2’ failed, and segregation indicated
that ‘Gabo-2’ possessed Vinl and Vrn4.

The assays for determining the hybrid dwarf genotypes
of the ‘Triple Dirk’ NILs are presented in Table 3. The
only ‘Triple Dirk’ NIL that segregated for hybrid
dwarfness in crosses with ‘Saratovskaya 29’ and K-
43376 (both genotypes DD drd, dszd; dids) was in
‘Triple Dirk B’. The ratio of normal:dwarf plants was not
expected 13:3 (x> = 17.85, P < 0.05) at the end of
vegetation in the field conditions of Novosibirsk. It is
connected with something that is very difficult to identify

Table 1 F, segregation for growth habit and tests of conformity to one, two and three gene ratios in various crosses of Triple Dirk F

possessing Vrn4

Tester lines

Segregation into winter vs spring forms in the F, generation

%% Value for ratio*

Spring Winter 3:1 15:1 63:1
‘Uliyanovka’ 114 44 0.68 125.79 709.76
‘Triple Dirk D* (Vrnl) 146 11 27.11 0.15 30.25
‘Triple Dirk B’ (Vrn2) 154 9 32.98 0.15 16.61
‘Triple Dirk E* (Vrn3) 140 9 28.57 0.01 19.42
‘Chinese/Hope 7B’ ‘(Vrn3 Vrn5) 155 3 44.97 5.11 0.12

* Values for significance of P = 0.05 is 3.84

Table 2 Results of checking hypotheses of dominant gene Vrn4-location on chromosome 5D and identification of the Vrn genotype of

cultivar ‘Gabo-2’

Cross combination

Segregation into spring vs winter in the F, generation

%* Value for ratio*

Spring Winter 3:1 15:1
‘Bersée’” x ‘Triple Dirk F’ 15 4 0.16 7.11
mono5D Bersée x “Triple Dirk F (selected 44 12 0.38 22.02
monosomic F; plants)
‘Skorospelka 35’ x ‘Gabo-2’ 46 3 9.31 0.00
‘Triple Dirk D’ x ‘Gabo-2’ 171 0 - -
‘Triple Dirk F* x ‘Gabo-2’ 256 0 - -

* Values for significance of P = 0.05 is 3.84
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Table 3 Identification of the
hybrid dwarfness gene D2 in
Pugsley’s near-isogenic lines

Near-isogenic lines
(with dominant gene)

Segregation into normal vs dwarf forms in the F, generation

Normal plants Dwarf type-I plants

‘Triple Dirk D’ (Vinl)
‘Triple Dirk B’ (Virn2)
‘Triple Dirk E* (Vrn3)
‘Triple Dirk F* (Vrn4)

190%/98® 0%/0b
118%/39% 82/2b
1872273 0%/0P
165%/94% 0%/0b

# Cross combination with cultivar *Saratovskaya 29’
b Cross combination with K-43376

Table 4 Tests for allelism between introgressed genes Vrn6*, Vrn7* and Vrn8, and common wheat genes Vrnl, Vrn2, Vrn3 and Vrn4.
TDD - ‘Triple Dirk D’; TDB — “Triple Dirk B’; TDE — ‘Triple Dirk E’; TDF — ‘Triple Dirk F’

Lines with Vrn genes

Segregation into winter vs spring plants in the F, generation®

Winter cultivar TDD (Vrnl) TDB (Vrn2) TDE (Vrn3) TDF (Vrn4)
Vrn6* 59:10% 123:14 128:12 120:6 49:6
Vrn7%¢ 43:61%* 53:3 100:7 191:16 56:11%%*
Vrn8 93:32 202:15 208:24 75:5 253:0

4* The spring/winter ratio; ** and *** not significant for 3:1 and 15:1 ratios at Pyos = 3.84, respectively

the dwarf type II phenotype during, and even more
difficult, at the end of vegetation simultaneously with
spring:winter segregation. The calculation is complicated
with the uncertainty of plant classification into late spring
or the dwarf II type. The expected segregation ratio 13:3,
when using ‘Saratovskaya 29’, was easily observed only
under short-day conditions (Maystrenko and Troshina
1975). In this case the phenotype of plant type dwarf II is
not considerably different from the plant phenotype of the
dwarf I type. According to this reason the dwarf allele of
cultivar ‘Saratovskaya 29’ was designated as D!
(Maystrenko and Troshina 1975). In our experiments
only heterozygotes DI- D2d2 and DIdl D2- are not
definitely identified at the end of vegetation under the
Novosibirsk environment in hybrids with this cultivar
and, due for this reason, the expected segregation ratio
shifts to 15:1. At present, having the information at our
disposal, it is possible to identify the plant phenotype of
the dwarf II type. The ratio in hybrids with Saratovskaya
29 here is 111:15 (3> = 0.35, P > 0.05) and in hybrids with
K-43376 is 36:5 (x> = 1.03, P > 0.05).

Stelmakh and Avsenin (1996) reported on the intro-
gression of the dominant genes Vrn6* and Vrn7* from
rye S. cereale, and Vrn8 from T. sphaerococcum to
common wheat. The segregation data for these lines with
Pugsley’s NILs are presented in Table 4. The first two
genes were not allelic to Vrnl, Vin2, Vin3, Vrn4 or the
spring habit gene in T. sphaerococcum. It is worth
noticing that complicated conjugation was often observed
in F; hybrid-meiosis of lines Vrn6* and Vin7°¢ with tester
lines. Sometimes there were 3-5 polyvalents formed per
cell. The chromosome with the line gene Vrn7*¢ has sites
homoeologous to chromosome 5A in the long arm. It is
large and has unequal arms (arm ratio 1:3). Micronuclei
with a high frequency were observed in tetrads. Some-
times delays and bridges were observed in Al and AIl. All
these allow me to conclude that the chromosome has 5R
chromatin by which, probably, the deviation from theo-

retically expected segregation ratios was with the winter
cultivar (see Table 4). Line Vrn6* has the rye chromo-
some unlike 5R.

Discussion

The number of dominant Vrn genes in common wheat is
important since it modifies growth habit (spring vs
winter), and allows the development of varieties with
different vegetative periods.

The dominant gene Vrn4

Lakerbai and Rigin (1982) and Stelmakh (1987) could not
identify the dominant gene Vrn4 in Pugsley’s NILs based
on the cultivar ‘Triple Dirk’ supplied by the former
USSR. Based on the results of analysis of these lines, and
also on checking the genotypes of a number of cultivars
possessing Vrn4 according to Maystrenko’s suggestion,
Stelmakh (1987) rejected the likely existence of Vrn4 in
common wheat. In contrast Gotoh (1979) also using
Pugsley’s NILs identified four dominant Vrn genes, one
in each of the four lines. The present work also confirmed
the presence of Vrn4 in “Triple Dirk F’.

The dominant gene Vrn4 probably occurs at a low
frequency in the gene pool of hexaploid wheat (Gon-
charov 1998; Goncharov and Shitova 1999). Its distribu-
tion is confirmed for certain regions of China and India
(Iwaki and Kato 1998; Goncharov and Shitova 1999).
Under the Novosibirsk environment, the near-isogenic
lines ‘Triple Dirk B’ and ‘Triple Dirk F° with the
dominant genes Vrn2 and Vrn4, respectively, do not differ
significantly in ear emergence times (Goncharov and
Rigin 1989). The cultivars possessing Vrn2 or Vin4 could
not be distinguished by phenotype in the middle latitudes,
and this might have been a reason why the dominant gene



Vrn4 was not included in European breeding programs
(Goncharov 1998). Gotoh (1979) noted that Vrn4 is not
responsive to vernalization treatment, but is sensitive to
low temperature. It would be of interest to examine its
phenotypic expression on a wider range of geographic
areas to evaluate its adaptation to certain environments.
The line ‘Gabo-2’, a selection from ‘Gabo’, has the
dominant gene Vrn4 as well as Vinl (Table 3).

Chromosomal localisation of the Vrn4 and Vrn2 genes
and their allelism

As the data in Table 1 show, the Vrn4 and Virn2 genes are
not allelic. It appears that Maystrenko (1980) erroneously
located Vrn2 in chromosome 2B, and Vrn4 in chromo-
some 5B. Consideration of her error is beyond the scope
of this paper. To locate the gene for spring growth habit,
Maystrenko (1980) used monosomic lines of cultivar
’Saratovskaya 29’ which, according to Tsilke (1973), has
the dominant complimentary gene D/. It appears possible
that Maystrenko confirmed hybrid dwarf and winter
phenotypes in her field experiments, leading to the
erroneous chromosome location. At the time when
Maystrenko was identifying the genes Vrn, the line
"Triple Dirk F’ carrying the gene Vrn4 was not available
in the former USSR, hence, precluding an appropriate tool
of allelism with Vrn2. Regretfully, the chromosome
location of Vrn4 must be considered unknown. While
there are suggestions of its location in chromosome 7A
(Law and Scarth 1984) or chromosome 5D (Kato et al.
1993), Goncharov and Gaidalenok (1994) concluded that
chromosome 7A does not carry a dominant Vrn gene, and,
in the current work, Vrn4 was shown not to be located on
chromosome 5D (Table 3). It is possible that the Vrn4 is
not homoeologous to other discovered common wheat
Vrn genes. For the same reason gene Vrn4 has not been
mapped using DNA markers.

The dominant gene Vin5

Law and Wolfe (1966) identified the gene Vrn5 in the
substitution line ‘Chinese Spring (Hope 7B)’, and they
localised it on chromosome 7B.

The dominant genes Vin6*, Vin7* and Vrn8

It is clear that genes Vrn6* and Vrn7*¢ are also non-allelic
to the four dominant genes (Vrnl to Vrn4) described
earlier for common wheat. The experiments carried out do
not allow me to identify the introgression type. It is only
possible to note that not point-like build-in of the rye
genes to the wheat genome occurred. Probably, translo-
cation including a considerable segment of rye chromo-
some 5R took place in the line Vrn7°; inclusion of the
whole rye chromosome is possible in line Vrn6*.
However, the presence of segregation with tester lines
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carrying common wheat dominant genes Vrn allows one
to conclude that lines with dominant genes Vrn6* and
Vrn7*¢ have no dominant Vrn genes of common wheat.

It seems that the putative gene Vrn8 is Vin4. Vin8 was
introgressed by Stelmakh and Avsenin (1996) from T.
sphaerococcum and was designated as Vrn8 due to its
non-allelism with genes Vrnl, Vrn2 and Vrn3, because of
Stelmakh’s (1987) earlier evidence for the non-existence
of gene Vrn4. Vrn4d was detected in a number of other
accessions of T. sphaerococcum (Goncharov and Shitova
1999).

The conclusion from the results here is the presence of
five non-allelic dominant Vrn genes in hexaploid wheat,
which, alongside with genes for earliness per se and
photoperiodic response (Ppd), determine a wide range of
variation for the duration of the vegetative period.
Variation can be increased by means of two other non-
allelic genes Vrn6* and Vrn7*¢ introgressed from rye
(Stelmakh and Avsenin 1996), and probably with new Vin
genes described in the diploid species Aegilops squarrosa
L. (Goncharov and Chikida 1995) and Aegilops speltoides
Tausch (Goncharov and Konovalov 1996), donors of the
basic D and B(G) genomes of polyploid wheats.
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