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Changes in plant genomes of hybrid origin which become
apparent on different levels of phenotypic manifestation of
genetic and epigenetic changes are an important object of cy-
togenetics and molecular genetics. The changes in expression
of the glaucousness trait in the artificial Triticinae amphi-
diploid Aurotica (AABBTT) were investigated; haplotypes
of plants with the appearance of glaucous and non-glaucous
genes were determined by hybridization experiments. It was
suppoted that the changes in expression can be explained by
(epi)mutations abolishing the efficiency of dominant alleles
of orthologous series of glaucous inhibitor gene Iw. Analysis
of F, population with SSR markers specific to 2B and 2D
wheat chromosomes and 2T chromosome of Aegilops mutica
manifested associated inheritance of the Wms 102 and Wms
702 loci, which mapped to the short arm of chromosome
2D. The Wms702 marker was linked to the Iw2(T) gene
and can now be used to detect that gene.

Keywords: amphidiploids, genetic instability, glaucousness,
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Introduction. A waxy bloom covers the surface of
all vegetative plant organs, although the expressivity
of the trait can vary considerably. In particular, two
gradations can be clearly distinguished in cereals:
the wax cover is so heavy that the plant acquires a
blue tinge and is considered to be glaucous; or the
wax cover is light, the plant looks bright green, and
this gradation is called ‘non-glaucous’. Speaking in
terms of these two gradations, their genetic control
in common wheat has been established. In com-
mon wheat ( Triticum aestivum L.), dominant alleles
of the orthologous gene series, W1 (2BS) and W2
(2DS), are responsible for the intensive wax cover.
Recessive homozygotes for w/ and w2 alleles are
non-glaucous. In the second series of orthologous
genes, Iwl (2BS), Iw2 (2DS), the dominant al-
leles of any of the latter inhibit the effect of the
dominant alleles of the first series, and no glaucous-
ness is present. Recessive alleles iwl, iw2 have no
inhibitory effect [1—5]. Some of these genes were
identified in tetraploid species of wheat with AABB
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genome [6, 7]. A gene promoting the development
of very heavy glaucousness was localized on chro-
mosome 2A of 7. durum [8]; it was also shown that
chromosome 2A of Chinese Spring is also related
to the development of glaucousness [9]. Another
glaucousness inhibitor, /w3 (1BS), was discovered
for T. turgidum [10]. The Iw3 gene inhibits the
expression of dominant promoters of glaucousness
located on the group 2 chromosome in spikes and
does not affect their expression in wheat leaves. Ac-
cording to our data, alien substitution lines where
1D chromosome in variety Aurora was substituted
by a homoeolog from the S genome of Ae. spel-
toides or the S*" genome of Ae. sharonensis were
characterized by a bright green spike and glaucous
leaves [11]. Thus, the spike glaucousness inhibitor
is typical not only for tetraploid wheat species, but
also for Aegilops species. The gene Ws was locali-
zed on chromosome 1BS of 7. dicoccoides [12].
The authors indicated that it constitutes a spike
glaucousness gene, however no other explanations
were given. It is unknown whether /w3 and Wi
genes are allelic, as their location on 1BS map is
approximately the same.

The glaucousness/non-glaucousness trait is not
selectively neutral. It was shown that wild species
of Triticinae consist of mainly non-glaucous plants,
while the cultivated cereal varieties are almost al-
ways glaucous [7]. Glaucousness is associated with
an increased grain yield, especially in arid condi-
tions [13], and increased efficiency of water use,
transpiration and photosynthesis [14, 15]. However,
glaucous plants are more sensitive to leaf fungal
pathogens, which can be caused by their poor moist-
ening on their surface during fungicidal treatment
[16]. Moreover, non-glaucous plants demonstrate
longer period of vegetative growth [7].

Variability based on the above trait was observed
among artificial hexaploids of the Triticinae [17].
The amphidiploids Aurotica has the AABBTT ge-
nome and, in fact, is a genome-substitution am-
phidiploid of wheat [18], where subgenome D is
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substituted by genome T of a diploid species of Ae-
gilops mutica (Amblyopyrum muticum (Boiss.) Eig).
The hexaploid was developed as an amphidiploid
of the AABB tetraploid component of the Aurora
variety of common winter wheat ( Triticum aestivum,
AABBDD) [19] and diploid Aegilops mutica [17].
Aurora variety as well as its AABB tetra-component
are glaucous, while Aegilops mutica is non-glaucous.
The newly developed amphidiploid was green, i.e.,
non-glaucous. Therefore, the Aegilops genome car-
ries the dominant glaucousness inhibitor /w. The
42-chromosome amphidiploid segregated later into
three morphologically different lines: Aurotica 1,
which did not differ from the initial amphidiploid,
Aurotica 3 with a looser spike, and Aurotica 2 with
small awn-like appendages on the spike. Aurotica 2
after several generations produced blue plants i.e.,
glaucous among the green ones, plants where both
the spike and the leaves were glaucous. Blue plants
and plants with a green spike and blue leaves (the
green-blue specimen) began to appear among the
green Aurotica 1 plants after eight to ten generations
[17]. Thus, inexplicably, the above material dem-
onstrated a change in the state of the glaucousness
inhibitor gene from the dominant to the recessive
state, with the consequent loss of its inhibitory effect.

The appearance of blue or green-blue plants
among offspring of the green plants became per-
manent and was observed not only for Aurotica
but also for other genome-substitution amphidip-
loids and the alien-substitution lines derived by
the latter [18, 20] until the green specimens were
totally lost.

Similar to common wheat, the amphidiploids
Aurotica is self-pollinated. It does not form natural
hybrids with common wheat during simultaneous
cultivation. Artificial pollination of Aurotica with
common wheat pollen produces a low percentage
of F, hybrids, while their morphology and fertility
significantly differ from those of Aurotica. That is
why it is impossible to explain the appearance of re-
cessive homozygotes by self-pollination of the pos-
sible hybrids between Aurotica and common wheat.

In recent literature, significant attention is given
to the processes occurring in natural and artificial
amphidiploids during formation of their genomes
[21—27]. It seems that the Aurotica genome, which
has an introgressive origin, possesses some process
resulting in the mutation of the dominant allele into
a recessive one at a rate significantly higher than
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the known average rate of spontaneous mutation
per gene per generation.

The glaucousness/non-glaucousness trait has
good expressivity, and the phenotypic assessment
of plants is always unambiguous. Plant material
that is an artificial amphidiploid by origin and has
passed at least twenty generations is an attractive
model for investigation of intra-genomic processes,
which take place during stabilization of hybrid ge-
nomes, using the plant morphology trait and the
microsatellite molecular genetic markers suitable
for detecting chromosomal rearrangements in a ge-
nome. This manuscript presents results of a genetic
analysis of various accessions of Aurotica based on
the glaucousness/non-glaucousness trait and mic-
rosatellite loci localized on short arms of group 2
chromosomes of wheat homoeologs.

Materials and methods. The research uses Au-
rotica amphidiploids (AABBTT) contrasting with
respect to the glaucousness trait: green Aurotica 1
and Aurotica 2 (non-glaucous), green-blue Auro-
tica 1 (non-glaucous spike, glaucous leaves), blue
Aurotica 2 (glaucous). Hybrid F, seeds from cross-
ing of Aurotica lines contrasted on glaucousness
were obtained, cultivated and subjected to self-
pollination.

Glaucousness of the crossing components and
hybrids was assessed visually based on one of the
three gradations: 1 — glaucous plant (blue); 2 —
non-glaucous plant (green); 3 — non-glaucous spike
and glaucous leaves (green-blue).

Total genomic DNA was extracted from green
leaves of individual plants according to a modified
method of Murray [28]. Mainly Gatersleben wheat
microsatellites markers were used for the analysis.
PCR procedure and fragments detection were per-
formed as described by Réder [29]. Fragment analy-
sis was carried out in an automated laser fluorescent
sequencer (ALF-express, Amersham-Biosciences).
The fragment sizes were calculated using the com-
puter program Fragment Analyser 1.02 (Amersham
Biosiences) by comparison with internal size stan-
dards.

Microsatellite analysis with primers of SSR-loci
specific to 2B and 2D chromosomes of common
wheat was carried out for DNA of F, plants derived
from the combination of crosses shown in Table 1.
The genotype of F, plants was determined based on
microsatellite loci alleles for four F, offspring. To

check correspondence between the obtained and
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the expected frequencies of phenotypic classes, the
y>test and Fisher’s exact test were used [30].
Results. The assessment of contrasting accessions
and their hybrids with respect to glaucousness, the
information on genetic control of the trait provided
in the introduction, as well as data of amphidiploid
origin allow us to suggest the following haplotypes
for the lines under investigation based on genes
affecting development of glaucousness (Table 1).
Genes W1 and iwl should be part of Aurotica’s
AABB genome, while genes W2 and iw2 are not
in this genome, since subgenome D is not pres-
ent. Gene /w3 on chromosome 1B is represented
by recessive allele iw3; otherwise, the Aurora vari-
ety would have had a green spike and blue leaves,
which is not the case. Since the amphidiploid of
Aurora’s blue tetracomponent AABB and the green
diploid of Ae. mutica is green, genome T in the
chromosome of homoeologous group 2 contains
the dominant gene Iw2(T), a member of the ho-
moeonymous series of common wheat orthologs.
Its epistatic effect inhibits manifestation of gene
W located in chromosome 2B. Dominant inhibitor
Iw3(T) is quite likely to be present in 1T chromo-
some, even though its manifestation is masked by
a epistatic effect of gene Iw2(T). hybrids F, de-
rived from crossing green and green-blue plants are
usually green [18]. For Aurotica, this assumption
is confirmed by segregation of green-blue plants
from green Aurotica 1. That is why the initial Au-
rotica amphidiploid should have the haplotype
iw3 W1 iwl Iw2(T) Iw3(T), while the green-blue
accession should have iw3 W1 iwl iw2(T) Iw3(T),
differing in one gene only. The difference between
green Aurotica 1 and blue Aurotica 2 is assumed
to be in two genes, with the blue accession hap-
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lotype being iw3 W1 iwl iw2(T) iw3(T). The sug-

gested haplotypes were confirmed by the results
of segregation analysis (Table 2). To confirm the
F, genotypes, the assessment of the F, plants was
performed.

The result of genetic analysis shown in Table 2
is not our first attempt to understand the genetic
nature of glaucous plants appearance among the
non-glaucous ones. We crossed contrasting geno-
types and observed segregation in F, and testcrosses
before. The obtained results could not be explained
by either mono- or dihybrid inheritance model
due to a significant increase in the «blue plants»
phenotypic class as compared to the theoretically
estimated numbers. Moreover, in some cases, F,
plants derived from by crossing green (dominant
trait) and blue plants, or green-blue (dominant
trait) and blue plants, had a recessive phenotype.
In the combinations shown in Table 1, we have
proved the homozygous nature of all plants involved
in production of F hybrids as male or female parent
lines, by observing offspring of self-pollinated plants
involved in the crossing. We took the above steps
because, according to our long-term observations,
segregation of blue plants among offspring of the
dominant phenotype was common; therefore, we
assumed that the dominant plants we used as cross-
ing components could be heterozygous and could
distort the actual segregation ratio as compared
to the expected one. The results of segregation in
F, (Table 2) confirmed the assumption. When the
crossing involved only homozygous plants with the
dominant phenotype, the segregation ratio did not
differ from the monohybrid ratio for the following
pairs: green Aurotica 2 — green-blue Aurotica 2,
green-blue Aurotica 2 — blue Aurotica 2, green
Aurotica 1 — green-blue Aurotica 1. A segregation
ratio of 12:3:1, typical for dihybrid segregation with

Table 1. Characterization of contrast Aurotica accessions and their hybrids for the glaucousness trait

Plant phenotype*

Plant haplotype

Crossing combination F

? )

? 5]

Aurotica 1 x Aurotica 1
Aurotica 2 x Aurotica 1
Aurotica 1 x Aurotica 2
Aurotica 2 x Aurotica 2
Aurotica 2 x Aurotica 2

W = N = W
—_— 2 = NN
W W N NN

w3 W1iwl iw2(T) Iw3(T)
iw3 W1iwl iw2(T) iw3(T)
w3 W1 iwl Iw2(T) Iw3(T)
w3 W1 iwl iw2(T) iw3(T)
w3 Wliwl iw2(T) Iw3(T)

w3 W1iwl w2(T) Iw3(T)
iw3 W1 iwl Iw2(T) Iw3(T)
w3 W1 iwl iw2(T) iw3(T)
w3 W1iwl iw2(T) Iw3(T)
w3 Wliwl iw2(T) iw3(T)

*1 — glaucous plant, 2 — non-glaucous plant, 3 — non-glaucous spike, glaucous leaves.
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Iw2(T)
Xgwm 702
Xgwm 102

— Xgwm429
21.04

37.7
Xbarc167 213

wl 9.5

Xbarcl42

w2

2B 2D
Chromosome localization of microsatellite loci under in-
vestigation and glaucousness genes. Distances are given

in cM [5, 34]

dominant epistasis between genes, was observed in
the crosses between green Aurotica 2 x blue Au-
rotica 2, and green Aurotica 1 x blue Aurotica 2.

V.V. Shpylchyn, M.Z. Antonyuk, T.K. Ternovska [ |

The results of genetic analysis proved that the
difference between Aurotica accessions of contrast-
ing phenotypes is controlled by one gene for the
green and the green-blue Aurotica 1 and by two
genes for the green and the blue Aurotica 2. Poly-
morphism of contrasting plants for microsatellite
loci have been studied for SSR loci mapped to
the short arms of chromosomes 2B and 2D. These
chromosomes were selected because glaucousness
inhibitors /w, epistatic both to W1 and W2 genes,
and Iw3(T), are localized there. Thus, microsatellite
analysis was conducted for the population [Aurotica
1(2) x Aurotica 2(1)]F,, which is segregated for
gene Iw2(T).

Microsatellite loci are considered to be one of
the most efficient molecular markers due to their
high level of polymorphism, which is attributed to
the molecular structure of a set of repeats [31]. No
SSR loci specific for the T genome have been iden-
tified to date, although, based on the haplotypes,
we suggested, that the segregation is based on the
genes of the T genome. We have checked 9 loci
specific for the chromosome 2B. However, only

one out of them (about 10 %) did not yield any

Table 2. Frequencies of phenotypic classes in F, plants obtained from crossing of Triticinae accessions differing

in glaucousness, at different developmental stages

Volumes of phenotypic classes among plants which
Crossing combinations and phenotypes Total
. number of . produced F
(in brackets ?) offSpri assessed during were harvested o 3
pring heading stages ripe families and were
DNA sources
Aurotica 1(3) x Aurotica 1(2) 160 70 49 27
50(2) : 20(3) 31(2) : 18(3) 17(2) : 10(3)
¥ value for 3(2) : 1(1)® ratio — 0.48 3.59 2.09
Aurotica 1(2) x Aurotica 2(1) 160 54 50 33
45(2) : 5(3) 1 4(1) 43(2) : 4(3) :3(1) 26(2):4@3):3(1)
¥ value for 12(2) : 3 (3) : 1(1)° ratio — 3.21 3.89 1.26
Combinations from which DNA was not obtained
Crossing combinations and phenotypes Total number Assessed during
(in brackets) of offspring heading stages «* and df value
Aurotica 1(2) x Aurotica 2(1) 120 48(2) : 5(3) : 4(1) 3.73, df = 2¢
Aurotica 2(3) x Aurotica 2(1) 100 15(3) : 7(1) 0.55,df=1°
Aurotica 2(1) x Aurotica 2(3) 200 29(3) : 13(1) 0.79,df=1°
#1 — glaucous plant, 2 — non-glaucous plant, 3 — non-glaucous spike, glaucous leaves; * %% . .. = 3,84 and

Laveoo = 0,64 for df = 1597 00 =599 and
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product, and only two — Wms 429 and Barc 167 —
were polymorphic for the contrasting parent lines.
No products were obtained with 7 pairs of primers
out of the 18 loci specific to the 2D chromosome
(about 40 %). At the same time 3 loci — Barc 142,
Wms 102 and Wms 702 proved to be polymorphic.
The latter result is consistent with the absence of
the D genome in plants and confirms homoeology
between the T and D genomes, which is also proved
by the regular production of bivalents between the
chromosomes of the two genomes [32, 33].

The viability of F, offspring derived from cross-
es of different Aurotica accessions is significantly
lower than that of common wheat. From among
the F, offspring from crosses of different Aurotica
accessions only 21—48 % reached heading stage
and only 68—93 % of them were harvested (Table
2). Especially low viability was demonstrated by
hybrids obtained by crosses of Aurotica 2 plants
with contrast phenotype.

A check of each of the five polymorphic loci
for the correspondence to monogenic segregation
among F, plants of the hybrid green Aurotica 1 x
x blue Aurotica 2 shows that all five out of the SSR
loci are selectively neutral and can be used to check
their relation to the trait of interest (Table 3).

The distribution of F, offspring based on the
allelic combinations of the two microsatellite loci
specific for chromosome 2B proves that parental
allele combinations prevail over the recombinant
ones: 5 plants with 208—254 haplotype and 8 plants
with 206—260 haplotype vs. two plants estimated
theoretically. The above estimation corresponds to
the factual localization of the above loci on the
chromosome 2B (Figure).

Two genes participating in the glaucousness
control, W1 and Iwl, are located within a small
distance from the Wms 429 and Barc 167 loci. How-
ever, the parental accession haplotypes suggested
by us do not provide for the segregation based on
the said genes, as they are the same for the above.
Haplotype 206—260 for the loci of chromosome
2 is characteristic of the glaucous Aurotica 2. If
the segregation based on the glaucousness/non-
glaucousness trait is really unrelated to the Wims
429 and Barc 167 loci, the theoretic estimate for
F, plants of the said haplotype is 6 green and 2
blue plants, while the actual outcome was 5 green
and 3 blue plants, which does not differ from the
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estimates (according to exact Fisher test, P, . = 0,4,
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P = 1,0). Therefore, no segregation based on the
W1 and Iwl genes occurs, which confirms the par-
ent plant haplotypes suggested by us.
Amplification of Aurotica DNA with AABBTT
genome (and without the D genome) occurs with
primers that are specific for the chromosome 2D.
Considering the well-documented transferability
phenomenon for various 7Triticinae genomes [35—
38], it is quite reasonable to assume that Barc 142,
Wms 102 and Wms 702 loci are specific not only for
the 2D chromosome, but for the 2T as well. How-
ever, possible amplification of the 2B chromosome
DNA with the primers of the loci specific for the 2D
chromosome should be taken into consideration. In
this case, considering the chromosome localization
of five microsatellite loci under study (Figure), one
should expect the associated inheritance of alleles
of the microsatellite loci specific for the 2B and 2D
chromosomes. The study of F, plants in terms of co-
segregation by the alleles of the microsatellite loci
specific for the 2B and 2D chromosomes shows that
they are inherited independently from each other.
This directly proves that the amplification with the
primers to the 2D chromosome loci occurs with
the DNA of the 2T, and not the 2B, chromosome.
A check for independent inheritance of three
microsatellite loci located on the 2T chromosome
revealed no association between the Barc 142 and
Wms 102, or Barc 142 and Wms 702 loci, while
the allele inheritance of Wms 102 and Wms 702
loci in parental combinations prevails over their
independent inheritance. There were five F, plants
with 203/147 typical for the green Aurotica 1, and
4 plants with 195/144 haplotype typical for the blue
Aurotica 2, instead of the 4 plants according to the

Table 3. Segregation by microsatellite loci alleles in the
population (green Aurotica 1 x blue Aurotica 2) F,

Number of plants 2 for
Locus with the genotype ;%_241
and its alleles (bp) ' t'.

aa | ab | Bb ratio

Wms 429 208(a), 206(b) 7 15 11 1.4 *

Barc 167 254(a), 260(b) 10 15 8 0.52 *

Barc 142 272(a), 268(b) 9 14 10 0.82*

Wms 102 203(a), 195(b) 6 19 8 1.00 *

Wms 702 147(a), 144(b) 5 18 10 1.79 *
*P > 0.05.
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theoretical estimates for both cases. The above loci
are located next to each other on the 2D chromo-
some map, and this location is maintained on the
2T chromosome.

Out of the two genes — Iw2(T) and Iw3(T) — on
which the segregation is based, according to the
suggested parent accession haplotypes, we can test
for association with microsatellite alleles only the
Iw2(T) gene, as the Iw3(T) gene has to be located
on the 1T chromosome which we did not study us-
ing microsatellites. Based on Wms 102 locus, allele
195 is typical for the blue Aurotica 2. Out of the 8
F, plants homozygous for this allele, there were 6
green and 2 blue and green-blue plants formed by
the iw2(T) iw2(T) genotype, as it should be the case
during independent inheritance of the Wms 102 and
Iw2(T) loci (according to Fisher’s exact test, P, . =
= 0,4, P = 1,0). Out of the 10 F, plants homozygous
for allele 268 of locus Barc 142 typical for the same
line, there were 6 green and 4 blue and green-blue
plants, which did not differ from the theoretical
estimates of 8 and 2, respectively (according to
Fisher’s exact test, P, . = 0,2, P =0,628). Out of the
10 F, plants homozygous for allele 144 of locus Wms
702 typical for the blue Aurotica 2, there were 3
green and 7 blue and green-blue plants versus 8 and
2, respectively, based on the theoretical estimate
(according to Fisher’s exact test, P, . = 0,032, P =
= 0,047, the difference being statistically signifi-
cant). Therefore, gene Iw2(T) and locus Wms 702
are not characterized by independent inheritance
and can be linked on chromosome 2T.

Discussion. According to results of genetic
analysis, the green-blue phenotype hypostatic to
the effect of Iw2(T) gene has to be produced from
the self-pollination of WIW1 Iw2(T)iw2(T) Iw3(T)
Iw3(T) monoheterozygotes or WIWI Iw2(T)
iw2(T) Iw3(T)iw3(T) diheterozygotes, and is char-
acterized by WIW1 iw2(T)iw2(T) Iw3(T) genotype.
Thus, a single mutation, Iw2(T)—iw2(T), with a
subsequent self-pollination, is sufficient for the
green-blue plants to appear, while the Iw3(T) gene
can remain intact. The blue Aurotica 2 plants ap-
pear in the green Aurotica 2 population due to
self-pollination of diheterozygous green Aurotica
2 WIWI Iw2(T)iw2(T) Iw3(T)iw3(T). Blue plants
appear among the offspring of green Aurotica 2
regularly, although this requires simultaneous mu-
tation in two genes. The blue plants can also appear
among the offspring of heterozygous green-blue
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plant WIWI1 iw2(T)iw Iw3(T)iw3(T). The rate of
blue Aurotica 2 occurrence among the offspring of
the green Aurotica 2 demonstrates a large number
of diheterozygous plants among the latter. The si-
multaneous mutation in two different genes cannot
be explained from the position of random muta-
genesis. Over the past 10 to 15 years, a number of
literature sources have proven that plant genomes
whose origin is associated with allopolyploidization
or wide hybridization are prone to some processes
that could be interpreted as destabilization of such
genomes [24, 25, 27]. On the phenotypic level, this
means the emergence of new traits which were not
present in the parent lines [39], new gene alleles of
storage proteins [40, 41], and material changes in
the gene expression [42, 43], right up to gene silenc-
ing [44]. The genome of Aurotica joints subgenome
A and B of the common wheat genome and the T
genome of diploid Aegilops mutica, and can also be
characterized by certain molecular events causing
its hybrid origin.

The results of genetic analysis provide a statisti-
cal proof that there were no differences between the
empirical ratios of phenotypic class sizes and the
theoretical ratios estimated based on the suggested
genotypes. However, at all stages of assessment,
the number of blue plants was always larger than
the expected value, and the number of plants with
dominant phenotype was always smaller in all of
the crossing combinations (Table 4).

A similar excess of blue plants among F, progeny
from crosses between the green and the blue wheat
accessions of wheat was observed earlier during the
genetic analysis of the so-called genome-addition
hexaploid lines of wheat with genomes of hybrid
origin. On the one hand, there were the usual am-
phidiploids of F, hybrids derived from crossing of
T. durum Desf. and diploid species of Ae. fauschii,
with the resulting AABBDD genome (MIT-lines).
These amphidiploids were non-glaucous, i.e., green.
On the other hand, there were the plants that com-
bined the same genome of durum wheat and the
D subgenome of one of the common wheat vari-
eties. Their origin was complicated and included
several hybridization events. First, a 35-chromo-
some hybrid between the common wheat and the
durum wheat with AABBD genome was obtained.
It was then crossed with durum wheat. The number
of chromosomes in the offspring varied from 28

(AABB) to 35 (AABBD). Cytological control was
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used to select 35-chromosome plants, which were
then back-crossed with durum wheat five times. As
a result, the allopolyploids were obtained where the
AABB subgenome of common wheat was substi-
tuted by the AABB genome of durum wheat, while
DD genome remained unchanged [45]. All of the
above plants were glaucous. The green and blue
genome-addition lines were subjected to genetic
analysis and monogenic inheritance of the trait was
ascertained. However, we revealed an excess of blue
plants in F,and test crosses for all of the crossing
combinations, which did not distort statistically the
segregation ratios typical for the monogenic differ-
ence between contrasting genotypes, but attracted
our attention nevertheless [46, 47]. Moreover, se-
veral generations after the green amphidiploids we-
re formed; their blue analogues began to appear
among the above. Amphidiploids were self-polli-
nated and their spike morphology significantly dif-
fered from the common wheat varieties as well as
from the blue genome-addition lines with the D
subgenome of common wheat. The study of gliadin
spectra of the green accessions and their blue ana-
logues allowed us to exclude possible uncontrolled
cross-pollination of green plants. A total of seven
amphidiploids with various accessions of Aegilops
tauschii were obtained [17]. Only one out of them,
MIT3#, failed to produce any blue lines so far, while
blue accessions among the offspring of MIT? first

Genetic analysis of artificial Triticinae amphidiploid Aurotica based on the glaucousness trait

appeared only three years ago. This phenomenon

was first observed in the early 90s, several genera-
tions after the amphidiploids were formed. Thus,
for amphidiploid MIT?** the green analogue has
been lost, and only blue plants are present. Ac-
cording to the results of hybridological analysis,
the green coloration of MIT plants is associated
with dominant allele /w2 located on chromosome
2D of Aegilops tauschii [46]. Similar to the case
of genome-substitution Aurotica amphidiploid, the
appearance of blue analogues among the artificially
produced green wheat lines can be explained only
by the mutation of /w2 allele into iw2allele. It is still
unclear why the mutation rate is so high or why the
mutation is typical for the genomes of hybrid origin.

For the crossing combinations provided in Table
1, the homozygosity of plants with a dominant gen-
otype that participated in the production of F, was
controlled based on the offspring derived from self-
pollination of individual plants. Only the F, plants
from homozygotes were used to produce F, plants.
Among the F, plants, no segregation of the recessive
phenotype was observed, although the overall num-
ber of F| hybrids derived from four in the green-blue
Aurotica 2 x blue Aurotica 2 combination to 15 in
the green Aurotica 1 x blue Aurotica 2 combination
was small. Thus, no F, plants were home to the
mutation from the dominant allele to the recessive
one. The number of F, plants was much higher
(Table 2). We have the data on estimation of two
crossing combinations as for the trait of interest at

Table 4. Empirical and theoretical numbers of phenotypic classes in F, plants obtained from the crossing

of Aurotica accessions contrasted by glaucousness

Ration between phenotypic classes among the plants which

Crossing combinations and
phenotypes (in brackets?)

stages

assessed during heading

produced F, families and

were harvested ripe
P were DNA sources

Aurotica 1(3) x Aurotica 1(2) EP: 53(2) + 17(3)
1 50(2) + 20(3)

Aurotica 1(2) x Aurotica 2(1)
Aurotica 1(2) x Aurotica 2(1)
Aurotica 2(3) x Aurotica 2(1) 2 17(3) + 5(1)
2 15(3) + 7(1)
2 32(3) + 10(1)
:29(3) + 13(1)

Aurotica 2(1) x Aurotica 2(3)

OmoOmomQomO

£ 48(2) + 12(3) + 4(1)
£ 53(2) + 6(3) + 5(1)
£ 50(2) + 13(3) + 4(1)
£ 56(2) + 6(3) + 5(1)

E: 37(2) + 12(3)
0: 31(2) + 18(3)

E: 46(2) + 11(3) + 4(1)
0: 50(2) + 6(3) + 5(1)

E: 20Q2) + 7(2)

0: 17(2) + 10(3)
E: 33(2) + 8(3) + 3(1)
0: 35(2) + 5(3) + 4(1)

a1 — glaucous plant, 2 — non-glaucous plant, 3 — non-glaucous spike, glaucous leaves; » E — expected class size,

O — observed class size.
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various stages of their ontogenesis: during heading,
for ripe plants, and for plants which proved to be
fertile enough to produce F, families. The cross-
ing combination green Aurotica 1 x blue Aurotica
2 demonstrates that a decrease in the number of
the assessed plants from the first to the third as-
sessment is almost exclusively on account of green
plants (Table 4). It could have been assumed that
the excess of blue plants could be explained by their
higher viability as compared to the green plants. In
this case, the excess of blue plants in F, and BC,
generations could easily be attributed to the result
of negative selection against the less fit green plants,
which occurs during ontogenesis from germination
to a ripe stage. In all of the previous studies [46,
47], the trait was assessed only during the ripening
stage, the moment of maximum realization of the
blue plants’ adaptability, if any. Literature on the
subject expresses the commonly held view on the
glaucousness trait in terms of its adaptive signifi-
cance. It is believed that glaucousness protects the
plant from radiation, reduces the leaf temperature,
increases the water use efficiency and, under certain
conditions, increases the yield of barley and wheat
[15, 48, 49], although, under different conditions,
glaucousness demonstrated a negative effect on the
productivity parameters [7, 50] and resistance to
powdery mildew [51]. According to our data, in the
second combination, green-blue Aurotica 1 x green
Aurotica 1, a reduction in the number of green and
blue plants was in proportion to their output quanti-
ties, which does not support the assumption about
the higher adaptive value of blue plants. The oc-
currence of blue plants which we discovered among
the F, hybrids derived from crosses between the
green and the blue introgression lines of common
wheat, despite the fact that such plants should not
have appeared, is a serious argument against the
assumption that the increase in the size of the blue
plant class in segregating populations is due to their
higher adaptability as compared to the green plants
[20]. Therefore, the increase in the number of blue
plants against the theoretically expected number
should be attributed primarily to some molecular
event that suppresses efficiency of the dominant
alleles in the /w orthologous series.

The common wheat genome contains two iden-
tified genes inhibiting the development of glaucous-
ness in the whole plant with qualitative expression:
Iwl on chromosome 2B and /w2 on chromosome

50

V.V. Shpylchyn, M.Z. Antonyuk, T.K. Ternovska

2D [5]. The genes, which ensure quantitative impact
on the trait, have been localized on other common
wheat chromosomes as well: 3A [52], 5A [53], 1A,
1D, 2DL, 4A, 5B, 6A, 7A, 7D [54, 55]. The plant
material used for the research was unique because
the crossing involved genotypes differing only by the
alleles of the gene of interest due to the new muta-
tion of the said gene, with the phenotype change
being of qualitative, alternative nature. Among the
two genes of the quality trait expression, Iwl gene
is present in Aurotica genome in the recessive state,
since tetra-Aurora (AABB) is glaucous. Gene w2
is not present in the Aurotica genome because it
does not have the D genome. Considering the ge-
nome origin and structure in various Aurotica lines,
as well as their haplotypes for genes of W and Iw
orthologous series, we believe that segregation is
based on the gene located in the T genome, which
we have labeled as Iw2(T), since T genome has
replaced the D genome of common wheat. The
presence of members of the /w orthologous series
is typical for other Triticinae representatives as well.
The location of /w2 gene on the distal part of the
short arm of chromosome 2D was demonstrated
for Ae. tauschii [16]. Its ortholog has been localized
on chromosome 2 of Leymus allotetraploid species
(Leymus wildryes) [56]. The introgression of the
gene which is homologous to gene /w/ and, pos-
sibly, gene Iw3 from Ae. speltoides to the common
wheat genome has been proven [57]. Glaucousness
gene wal has been localized on rye chromosome
7RL. The presence of orthologous genes gs/, gso,
gs§was demonstrated on 2HS chromosome for bar-
ley, while gene g/2was demonstrated for maize [58].

Therefore, the results of the research show that
mutation of the dominant gene in /w orthologous
series to the recessive allele causes a permanent
change in the genotypic manifestation of glaucous-
ness/non-glaucousness trait for plants of Aurotica
genome-substitution amphidiploids. The mutation
rate is significantly higher than the general estimate
for the spontaneous mutagenesis rate. The mecha-
nism causing the increase in the mutation rate has
yet to be explained. In the light of contemporary
research on ontogenetic instability of genomes, fur-
ther research of the above mechanism could focus on
the effect of retrotransposons [22, 59], intrachromo-
somal rearrangement due to illegitimate or unequal
crossing-over [41, 60], as well as changes in the gene

expression, including epigenetic changes [44, 61].
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TEHETUYECKUUN AHAJIN3 UCKYCCTBEHHOTI'O
AMOVIAWTUIONIA ABPOTUKA (TRITICINAE)
1O MPU3HAKY BOCKOBOMW HAJIET

B.B. IllInviavuun, M.3. Aumonwk, T.K. Tepnoeckas

H3MeHeHUs1 B TeHOMe pacTeHWil TMOPUAHOIO IMpOoucC-
XOXIEHMsI, KOTOpbIe MPOSIBISIOTCSI Ha pa3HbIX (heHOo-
TUMUYECKUX YPOBHSIX peaiu3alii TeHeTUYeCKUX 1 ST -
TeHEeTUYECKUX M3MEHEHUIH, UHTEHCUBHO HWCCIEAYIOTCS
LIMTOTEHETUKOW U MOJIEKYJISIDHOW TeHeTuKOoW. M3yyanu
M3MEHEHMST IKCIPECCUM MpU3HAKa HaIuuue/OTCyTCT-
BME€ BOCKOBOTO HajeTa y HCKYCCTBEHHOro aMduau-
iouna ABpotuka (7riticinae, AABBTT). 'uGpunomno-
TMYECKMM aHaJIM30M YCTaHOBJIEHbI T'arUIOTUIIBI pacTe-
HUI C KOHTpPAacCTHbIMU (DeHOTUMaMU W TOKa3aHO, YTO
M3MEHEHME DKCIPECCUN MPU3HAKA CBSI3aHO C (MU )MY-
Talueil, KoTopasi IpUBOJIUT K yTpaTe aKTUBHOCTU IOMU-
HAHTHOTO aJljieJisi OPTOJOTUYECKON Cepuu TeHOB [w —
MHIMOUTOPOB BOCKOBOIO HaJleTa y MIIEHULEBBIX. MUKPO-
CaTeJJIUTHBIN aHAJIM3 PaCILETUISIOIIMXCS] MOMYJISILMIA o
SSR-nokycam, cneunduunbiM 11 2B u 2D xpoMmocom
nieHubl 1 2T XpoMocoMbl aruiiornca, rmokasan Clern-
JICHHOE HacjiefioBaHue JJOKycoB Wms 102 u Wms 702,
JIOKaJIM30BaHHBIX Ha Twiede 2DS, a nokyc Wms 702
cueruieH ¢ reHoM /w2(T) u MoxeT ObITh MCITOJIb30BaH
ISl OTIpeNieJIeHUs] 3TOTO reHa.

FEHETI/I‘IHI/II?.I AHAJII3 ITYYHOTI'O
AMOIONTIIOIIA ABPOTUKA (TRITICINAE)
3A O3HAKOIO BOCKOBA OCYTA

B.B. lInuavuun, M.3. Aumoniok, T.K. Teproscvka

3MiHM y T€HOMi POCJWH TiOpUIHOTO TTOXOMKEHHS, SIKi
BUSIBJISIIOTBCSI HA Pi3HUX (DEHOTUITHUX PiBHSIX peatizallii
TeHETUYHUX Ta EIireHeTUYHUX 3MiH, iHTEHCHUBHO I0-
CITIKYIOThCSl LIMTOTEHETUKOIO Ta MOJIEKYJISIDHOIO TeHe-
TUKOI0. BuBYaiM 3MiHM ekcrpecii 03HakyM HasiBHICTb/
BiJICYTHICTh BOCKOBOI OCYTM y IITY4HOTO amdinuruioiga
Aspotuka ( Triticinae, AABBTT). IGpunonoriunum aHa-
JIi30M BCTQHOBJIEHO TAIlJIOTUNU POCJIUH 3 KOHTPACTHU-
MU (EHOTUIIaMM Ta TI0Ka3aHO, IO 3MiHa eKcIpecii
03HaKW MoB’s13aHa 3 (eri)MyTalli€lo, sika IPU3BOAUTH 10
BTpaTW aKTUBHOCTI JOMiHAHTHOTO aJiejisi OPTOJIOTIYHOI
cepii TeHiB Iw — iHTIOITOPiB BOCKOBOI OCYTM Y MIIIEHU-
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neBnx. MikpocaTeliTHAR aHalli3 MOITyJISLWA, 10 PO3-
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LernolThes, 3a SSR-nokycamu, cneuudiyHUMU JUTSt
2B ta 2D xpomocom mieHuli ta 2T XpoMocomu eri-
JIOTICY, TIOKa3aB 34YeIlIeHe yCHaaKyBaHHs JOKYcCiB Wms
102 Ta Wms 702, noxkanizoBaHux Ha 1uiedi 2DS, a nokyc
Wms 702 34ennenuii 3 reHoM Iw2(T) Ta Mmoxe OyTy BU-
KOPMCTAHUI JUISI BUBHAUEHHSI 1IOTO T'eHa.
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