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Preface
A. Borner

Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Stadt Seeland/OT
Gatersleben, Germany

The 16™ International EWAC Conference was organized by Krzysztof Kowalczyk and his co-
workers in Lublin, Poland from May 24 — 29. As already in 2011, the conference was jointly
organized by EWAC and the Cereals Section of EUCARPIA, the ‘European Association for
Research on Plant Breeding’. Forty-seven participants from 14 countries came to Lublin in order
to discuss their recent results on cereals genetics. During the opening session outstanding
EWAC members were awarded on occasion of the approaching 50" anniversary of the co-
operative. The awards f long standing cooperation in cereal genetics research and joint scientific
projects implementation were passed to Andreas Bdrner, Sabina Chebotar, Matilda Ciuca, Gabor
Galiba, Aurel Giura, Elena Khlestkina, Borislav Kobiljski, Viktor Korzun, Krzysztof
Kowalczyk, Svetlana Landjeva, Colin Law, Danuta Miazga, Marta Molnar-Lang, Katerina
Pankova, Thomas Payne, Tatyana Pshenichnikova and John Snape (alphabethical order).

During the conference 20 oral and 24 poster presentations were provided during four sessions:

e EWAC - The Story of Successful Cooperation
e Genetic Diversity vs. Plant Breeding

e Trait Evaluation and Genetic Mapping

e Wide Crosses, Physiology and Adaptation

In addition a workshop was organized by the Global Crop Diversity Trust entitled: ‘The Expert
Working Group on Wheat Genetic Resources’.

At the business meeting of the conference the participants discussed the possibility that EWAC
may get the status of an EUCARPIA Working Group within the Cereals Section of the
Association. It was agreed to use the EUCARPIA platform to increase the visibility of EWAC.
Head and Deputy Head of the new Working Group will be Andreas Borner and Tatyana
Pshenichnikova, respectively. Sylwia Okon volunteered to become the Secretary.

For the next EWAC meeting three offers were made: Belarus, Bulgaria and Romania. After
voting of the participants a clear decision was made for Romania. Matilda Ciuca agreed to
organize the next EWAC Conference in Fundulea.

The local organisation of the conference was excellent. Many thanks to Krzysztof Kowalczyk
and his team for preparing and running this successful conference in a very kind and friendly
atmosphere. Everybody did enjoy the days in Lublin very much.

Now we are looking forward to the 17" EWAC Conference.
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The history of EWAC and whatever happened to wheat aneuploids?
C. N. Law

41 Thornton Close, Cambridge, UK

The whole idea of setting up a cooperative venture using wheat aneuploids was founded on the
ground breaking work of Ernie Sears in the USA. He had assembled the full range of aneuploids
in the variety Chinese Spring and had described their phenotypes in a publication “The
Aneuploids of Common Wheat”. This was published in 1954 and in many ways was regarded as
our Wheat Cytogenetics Bible. Sears also showed how aneuploids could be used in genetic
analysis to locate genes and to substitute chromosomes from another variety into Chinese Spring
and in this way to carry out chromosome assays. This was seized upon by Kuspira and Unrau
who used the substitution lines developed by Sears to do the first field trials on this kind of
material, the results of which were published in 1957. It was the first attempt to correlate
quantitative characters with chromosomes in a crop plant. It soon became clear - particularly in
relation to wheat breeding objectives - that Chinese Spring was not a suitable background in
which to conduct chromosome assays. This started the rush to develop monosomic series in
more agronomically acceptable varieties using the existing Chinese Spring monosomics as a
starting point in a lengthy backcross programme. It was at this point that | was employed at the
Plant Breeding Institute in Cambridge to develop a monosomic series in the variety Cappelle-
Desprez with the ultimate aim of substituting chromosomes from other varieties into it. This
would take several years before I could get any results so | started substituting Cappelle-Desprez
chromosomes into Chinese Spring and to using Sears’ already existing substitution lines of Hope
into Chinese Spring to explore what could be done with such material in investigating the
genetics of agronomic characters. | suppose it was around this time that Ralph Riley and I
became aware that there were monosomic series being developed in other countries within
Europe. In many cases this seemed to be nothing more than insurance because there was no
clear objective in mind. It was with these considerations in mind that the idea of setting up a
cooperative programme within Europe began to emerge. | was sent on a European trip to gauge
interest and whip up enthusiasm before launching a meeting in Cambridge in the summer of
1967. This was attended by 50 scientists from around Europe and included Ernie Sears (USA), J
W Morrison (Canada) and |1 Watson (Australia) as observers.

To develop the complete set of monosomics in a currently leading variety and then to use these
to create inter-varietal chromosome substitution lines was of course a formidable task involving
the crossing and cytological screening of many lines over several generations. The choice of
variety and donor variety was very important. Also, to be meaningful as a tool for wheat
breeding then more than one variety would need to be chosen. This was the reason for the
cooperative — to share the load across different laboratories in different countries.

Four what were called key varieties were chosen. These were Cappelle-Desprez, a very
successful French bred variety grown widely in Western Europe at the time, Mara, an Italian
wheat involving varieties bred by N. Strampelli in its parentage, Bezostaya 1, the very successful
Russian variety bred by Lukyanenko and Poros, a variety developed in what was then East
Germany.
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Poros & Mara

The idea was to make single chromosome substitution lines between these varieties having first
completed monosomic series in each of them. Moreover, because | was obsessed with
identifying between chromosome interactions, the substitution lines would be made reciprocally.
Each participating laboratory would thus be producing 63 substitution lines so that altogether
252 lines would be developed and be made available for screening. Quite an ambitious target!!
For those developing monosomic series in other varieties, they were encouraged to use one of
the key varieties as a donor in developing any substitution lines. This would have enabled the
chromosome sampling to be more widely undertaken.

In the event, the aims of this programme proved to be far too ambitious - not surprising really
considering the resources required and the need to maintain this effort over several years. The
latter was particularly telling since the completion of the task would in nearly all cases be 10
years or more down the line. A time span which was much larger than the career expectations of
the scientists involved so that in most cases they could be expected to move to other jobs well
before completion was even in sight. The work at Cambridge was the exception, partly because
the monosomic development of Cappelle-Desprez was almost complete at the outset. Here all
three substitution sets were sufficiently advanced to commence screening for chromosome
effects on field trials.

The development of the Cappelle-Desprez substitution lines did give rise to one important
discovery and this was the identification of the genes originating from the Japanese variety
Akagomughi. In the 1920s the Italian breeder Strampelli in seeking new sources of dwarfism
and earliness, introduced this variety into his breeding programme and was successful in
achieving both these objectives in the varieties he produced. Mara was one of the varieties
emerging from hybrids involving Strampelli wheats. The study of the Cappelle-Desprez (Mara)
substitution set revealed that two chromosomes 2D and a translocated chromosome 5BS-7BS
gave reduced heights. Moreover, subsequent analysis showed that the 2D effect was due to two
linked genes, one directly affecting height, Rht8, and the other indirectly affecting height due to
its influence on flowering time. This was the gene, Ppd1 for daylength insensitivity. Strampelli
was thus doubly fortunate that his aim of reduced height and early maturity could be achieved by
two closely linked genes on chromosome 2D.

Strampelli’s wheats have had a major influence on breeding programmes throughout the world.
They were introduced into South America where Ppd1 has had a major influence. This is almost
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certainly the origin of the Ppd1 gene found in CIMMYT varieties — a crucial contribution to the
success of the Green Revolution wheats. Ardito - also a Strampelli wheat - was introduced into
Russian breeding programmes and was one of the parents of Bezostaya 1, another EWAC key
variety and one of the most successful varieties bred in the last century. The presence of Rht8
and Ppdl in this variety was verified from the study of the Cappelle-Desprez (Besostayal)
substitution lines. EWAC was thus the means by which this story was unravelled - a major
success from just a small part of the cooperative programme set up in 1967.

However, it is important to realise that the formation of EWAC created a network of
laboratories, all of which were involved in wheat cytogenetics. This provided the basis of much
collaborative work particularly in the exchange of material and information. This was a major
benefit resulting from the formation of EWAC and, although techniques and the emphasis may
have changed, is still evident today.

The paucity of developed substitution lines actually completed is of course a disappointment.
This included the development of lines outside the four key varieties. There were some notable
exceptions. Olga Maystrenko and her team in Novosibirsk completed monosomic and
substitution lines in a number of varieties, for example in the important spring wheat,
Saratovskaya 29. It must be acknowledged that there was much concern about the authenticity
of some of the substitution lines. Several lines were shown to have undergone chromosome
“shift” or “switch” and were incorrect. To answer these concerns three established sets of
substitution lines were selected in 1998 for close scrutiny using molecular markers. Although
the majority of the lines were as expected, several of the lines were shown to be wrong and
needed to be re-established. Undoubtedly these errors have encouraged researchers to move
away from using substitution lines even though many of the lines are known to be correct.

Many monosomic series were developed during the time that EWAC has been in being. At one
count in 1988 at the 7" International Wheat Genetics Symposium, over 80 monosomic series had
been developed or were being developed throughout the world. Whatever happened to all these
lines? Many of them reside in seed banks in a number of European Countries and are probably
no longer viable. This is a pity since they would have provided a useful resource for studying
wheat genetics and cytogenetics.

It is an interesting exercise to have another look at the Wheat Cytogenetics Bible — “The
aneuploids of common wheat” by Ernie Sears. He cites for example that all the chromosomes of
group 2 carry genes for awn promoting. May be these are the same genes that we know on the
group 2 chromosomes that affect plant height. The Bible is full of little snippets of information
like this.

In developing monosomics and ditelosomics in Koga 11, Bersee, Cappelle-Desprez and Hobbit
we uncovered many examples where deficiencies of entire chromosomes or chromosome arms
produced marked phenotypic effects. For instance, Koga Il ditelosomic 7D" turned out to be
sterile due to asynapsis but Chinese Spring and Bersee 7D"s were normal. Crossing these with
Koga Il monosomic 7D to produce hybrids and an F2 lacking 7D° gave a 3: 1segregation
indicating a single recessive gene for asynapsis. At least two genes were thus implicated in the
control of chromosome pairing, one of which was found on the short arm of 7D.
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Yellow rust infection on Cappelle-Desprez Euploid, Cap Ditelo 5BS, Cap Ditelo
7BS and Cap Nullisomic 5BS-7BS.

My favourite aneuploid result, partly because it has yet to be fully resolved and partly because
of its potential importance in controlling disease in wheat, concerns the group 5 chromosomes
Both Tony Worland and | along with contributions from Roy Johnson and David Pink spent a lot
of time with this problem. We never completed it so | would dearly like someone to take it over
and find the answers. May be some of you have already got the answers. It goes back to the
early days of EWAC when monosomic series were just being developed. The varieties of
Western Europe carry a reciprocal translocation involving chromosomes 5B and 7B to give two
chromosomes with the configuration 5BL-7BL and 5BS-7BS. Separately and independently,
reports came in that plants nullisomic for the smaller of this translocated chromosome, 5BS-7BS,
were showing high levels of susceptibility to yellow rust in the varieties Vilmorin 27 and Caribo.
At the same time we were finding similar results in the varieties Bersee and Cappelle-Desprez
and later on in Hobbit sib. All these varieties carry the translocation and show varying degrees
of adult plant resistance to yellow rust. Some could claim to have durability since the level of
resistance to the disease had been maintained over many years. It was therefore thought that the
5BS-7BS effect might have something to do with durability. This was soon dispelled because the
highly susceptible variety Hybride du Joncquois was shown to have an identical 5BS-7BS to
those in Bersee and Cappelle-Desprez. The study of ditelosomics for 5BS and 7BS showed that
the effect was due to an unknown number of genes for resistance on 5BS and not 7BS. The story
then moved on to look at the group 5 chromosomes more generally, starting with the tetrasomics
of Chinese Spring. We had for a long time noticed that in the glasshouse these tetrasomics were
very susceptible to mildew. Even Ernie Sears in his Bible seems to have missed this. If these
lines were exposed to yellow rust the same pattern emerged. Further studies demonstrated that
this dosage effect was due to genes on the long arms. In other words the long arms carried genes
promoting susceptibility whereas, in contrast, the short arms have the reverse effect and have
genes promoting resistance. Moreover this pattern was identical for two very different types of
pathogen. Could this be the generalised resistance that might be related to durability? Reduced
dosage of the long arm as in monosomics confirmed that these were more resistant to both
diseases. A very striking illustration of this was found in a chimeric plant of Chinese Spring
mono-isosomic for 5AL in which part of the plant was tetrasomic for 5AL (di-isosomic for 5AL)
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and was susceptible, another part was euploid (mono-isosomic 5AL) and partly susceptible, and
yet another part was monosomic for 5A (nullisomic for 5A) and was resistant.

| have searched through reports on the inheritance of adult plant resistance to yellow rust and
have never found any reference to genes on the short arm or indeed on the long arm. We know
that there is allelic variation on the short arm because we have shown that substitutions of the
5BS arm from varieties lacking the translocation are susceptible. So | hope that someday
someone will resolve this and come up with an answer. In the meantime we have tried to exploit
these findings by trying to induce deletions in the long arms of the group 5 chromosomes. We
await the results of these endeavours.

Chimeric plant of Chinese Spring, di-isosomic 5AL on the left,
mono-isosomic 5AL in the middle and nullisomic 5A on the right.

So much for aneuploids and their potential for providing useful insights into the genetic structure
of wheat.

Turning now to the work on alien introgression through wide crossing. Looking through
previous EWAC Newsletters it would seem that this area of wheat genetics and cytogenetics is
having a new lease of life. The expectation was that this approach would be overtaken by
molecular genetic engineering but this has not been the case. An increasing number of projects
are seeking to introduce new genes from the close and distant relatives of wheat using a variety
of techniques. It is good to see that EWAC is helping these approaches through cooperation. As
always, and this goes for molecular genetic engineering as well, the difficulty is to identify the
useful genes from the bad in making transfers. There is also the difficult problem of selecting
appropriate recombinants although the availability of many, many molecular markers should
help this enormously. This should be a fruitful field for adding new genes to help in breeding the
new varieties of the future.

There is one area of alien genetic variation that is often neglected and that is the cytoplasm. It is
after all the home of the chloroplast and mitochondrion. Alloplasmic lines were developed
mainly in Chinese Spring using a range of Aegilops donors. Most of this work was done in
Japan or the USA in the 1970s. The motivation behind this effort was to exploit cytoplasmically
induced male sterility for use in producing hybrid wheat. What was hardly considered was the
profound effect that these alien cytoplasms had on a range of characters other than male sterility.
For example, | can recall the major delay in flowering and concomitant increase in biomass in
alloplasmic lines involving Ae.ovata cytoplasm. There were many other characters identified
ranging from cold induced leaf variegation to striped leaves, all induced by particular
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cytoplasms. Future research may find useful properties stemming from cytoplasmic variants
which could be profitably exploited in breeding new varieties.

Finally, I must mention individuals who have contributed greatly to keeping EWAC alive and
kicking. My former and late colleague, Tony Worland, took over the running of EWAC from
me in its early days, ably assisted by Andreas Borner who was, and still is, very much involved
in organising cooperative projects and meetings after Tony’s untimely death. John Snape,
Victor Korzun, and Tatiana Pshenichnikova have also been mainstays in organising and
supporting EWAC. Looking through previous EWAC Newsletters the main thing that stands out
is not just the stocks that have been created, important though they have been, but the number of
cooperative ventures that have been undertaken. The number of isogenic lines carrying Rht
genes that have been distributed around is extensive, as indeed are the assays of these genes in
different backgrounds. It is however the European dimension that stands out. The identification
of Rht8, Ppdl, Rhtl and 2 and their roles in different parts of Europe is something that EWAC
can be proud of, so please go on and find some more agronomically important genes. They are
out there for sure but in so doing don’t forget the aneuploids!
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Forty years of cooperative research within EWAC in Poland

D. Miazga', M. Chrzastek’, |A. J. Worlandf’, [ S. Petrovic]’, K. Kowalczyk®, A. Borner®, J. W.
Snape®, M. Nowak®, S. Okon", J. Lesniowska-Nowak", M. Zapalska®

! Institute of Plant Genetics, Breeding and Biotechnology, University of Life Sciences, Lublin, Poland

2 John Innes Centre, Norwich Research Park, Colney Lane, Norwich, NR4 7UH, UK

® Faculty of Agriculture, Institute of Field and Vegetable Crops, Novi Sad, Serbia

* Leibniz Institute of Plant Genetics and Crop Plant Research, Stadt Seeland/OT Gatersleben,Germany
*CIMMYT, Mexico

Collaborative research of Institute of Plant Genetics, Breeding and Biotechnology with scientific
centres across Europe within EWAC was initiated by professor Danuta Miazga. In early
seventies of the 20™ century she participated in a year-long internship at Plant Breeding Institute
in Cambridge (currently John Innes Centre). Being there she started the research on wheat
aneuploids cytogenetics, genes localization on chromosomes and the transfer of monosomics to
Polish wheat cultivars ‘Grana’ and ‘Luna’ through crosses with aneuploid lines of ‘Chinese
Spring’ and ‘Cappelle-Desprez’ (Miazga 1978, 1984; Miazga, Lipko 1982).

The collaborative research of Institute of Plant Genetics, Breeding and Biotechnology within
EWAC can be divided into several periods. In the first period, the studies were focused on wheat
aneuploids cytogenetics, the development of monosomics and chromosomal localization of
genes by means of monosomic analysis. This period lasted from 1971 to 1995 (Miazga 1978;
Cyran et al. 1996). The research conducted in the second period was a part of the European
program concerning climatic adaptability of dwarfing genes and photoperiod insensitivity in
wheat. This program was coordinated by Tony Worland up to 2001. This second period of
research lasted from 1990 to 2007 (Kowalczyk et al. 1997a; Miazga et al. 1997; Kowalczyk et al.
2008a). During the third stage of collaboration the research was focused on the dwarfing genes
in barley and the analysis of introgression lines. The study was carried out in co-operation with
Andreas Borner from the Leibniz Institute of Plant Genetics and Crop Plant Research in
Gatersleben in years 2005-2011 (Kowalczyk et al. 2008b, 2012). The fourth period includes the
study of the effect of plant growth regulators application on transcript levels of genes involved in
gibberellin biosynthesis pathway in common wheat and barley lines carrying different dwarfing
genes. Moreover, by the inspiration of the research conducted within EWAC, in the Institute of
Plant Genetics, Breeding and Biotechnology the study on identification of fungal disease
resistance genes in wheat was performed. The study involved the analysis of host-pathogen
interactions and the use of DNA markers. What is more, DNA markers for new dwarfing gene in
triticale were developed and the study on Vrn genes in common wheat, triticale and barley was
conducted (Kowalczyk et al. 2008c, 2008d; Nowak et al. 2012, 2014).

First works carried out by Professor Miazga within EWAC were focused on the analysis of
monosomics. Genes controlling important quantitative traits were localized using a F; and F;
hybrids of ‘Grana’ and ‘Luna’ cultivars with monosomic lines of 'Chinese Spring’. Conducted
research revealed similarities, but also some differences, in chromosomal location of genes in
those varieties. Genes controlling the protein level in ‘Luna’ were found to be recessive.
Moreover, depending on the line the amino acids level was different. The most favourable
changes occurred in 5D line. The development of the set of monosomic lines of ‘Grana’ cultivar
successfully completed the research. The frequency of plants with 41 chromosomes in those
lines was determined. It was concluded that lines belonging to the same homeologic group had
usually similar frequency of monosomics. ‘Grana’ 5D monosomic line was used in hybridization
in order to develop the substitution line carrying 5D chromosome from ‘Atlas 66’ variety. Based
on the study it was found that the replacement of 5D chromosome in ‘Grana’ with 5D
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chromosome from ‘Atlas 66’ did not significantly increase the protein content in ‘Grana’ variety
(Miazga 1978; Miazga, Lipko 1982).

After the development of the set of monosomic lines of cv. ‘Grana’, the research focus on the
creation of wheat lines with added rye chromosomes. The study resulted in the development of
the complete set of wheat-rye addition lines ‘Grana’/‘Dankowskie Zlote’. It was the first
achievement of this kind in Poland. By the use of addition lines, gene Anl was located on 2R
chromosome of ‘Dankowskie Ztote’ rye. This gene is crucial for the anthocyanin biosynthesis.
Genes Reg and Rog controlling the shape and colour of kernels were located on 6RL
chromosome, whereas gene Alt controlling aluminium tolerance in rye was positioned on 3RS
chromosome. Genes responsible for secalin biosynthesis were located on 1R and 2R
chromosomes. Moreover, a set of Grana-Dankowskie Ztote addition lines was used to reveal
chromosomal location of genes controlling physical properties of kernels, the composition of
polysaccharides and also to determine the o-amylase genetic regulation (Miazga, Chrzastek
1987; Chrzastek, Miazga 1988; Miazga et al. 1988).

Within EWAC Miazga and Petrovic (1987) studied the chromosomal structure of several wheat
cultivars: ‘Grana’, ‘Cappelle-Desprez’, ‘Sava’, ‘Bezostaya 1’ and ‘Chinese Spring’. The authors
put forward a hypothesis that cultivars differ from each other in the number of translocations.
The study confirmed the hypothesis that translocations play an important role in the evolution of
wheat at the level of differentiation of species into varieties. Further studies in this field
performed by professor Miazga (1988) showed that in comparison to ‘Chinese Spring’, ‘Grana’
differs by one translocation between 2D and 7B.

Afterwards the research was focused on the analysis of substitution lines. The 'Chinese
Spring/Cappelle-Despres' substitution lines obtained from Cambridge had been studied for two
years in an international experiment. As a result, the genotype-environment interaction of
substitution lines carrying different genes controlling vernalization and photoperiod sensitivity
was determined (Law et al. 1974, Sutka et al. 1981, Worland et al. 1984). Moreover, the effect of
chromosomes on the level of protein and amino acids in the protein fractions was also identified
(Tarkowski, Otlowska-Miazga 1976; Tarkowski, Miazga 1979; Miazga, Chrzastek 1982;
Miazga, Tarkowski 1983).

In another experiment the physical properties of stalk associated with lodging were analysed in
‘Cappelle Desprez/Bezostaya’ substitution lines. The genetic analysis of substitution lines and
their parental genotypes showed that those traits were controlled by genes located on
chromosomes: 1B, 1D, 2B, 3A, 3B, 5A, 6D and 7A. Lines 1D, 2B, 5A and 5BL-7BL and 5BS-
7BS had significantly longer peduncle than the variety Cappelle-Desprez. The substitution of
chromosomes 3A and 7A by chromosomes from Bezostaya resulted in shortening of peduncle.
The substitutions of chromosomes 1B, 3B, and 6D from Bezostaya into ‘Cappelle-Desprez’
caused a significant increase in the outer diameter of the stem. As a result of this collaborative
study several research papers were published (e.g. Dolinski et al. 1996).

Lodging is an important factor limiting the yield of cereals, therefore the selection of high-
yielding forms with short, stiff stems is of great importance. One of the best ways to obtain
lodging-resistant cultivars is the introduction of dwarfing genes. However, not all of the
dwarfing genes can be used in cereals breeding because some of them are associated with yield
reduction. Pleiotropic effects of the GA-insensitive dwarfing genes were investigated using near
isogenic lines of Maris Huntsman, Maris Widgeon, Mercia and Bezostaya. Isogenic lines with
different dwarfing genes were kindly provided by A. Worland (John Innes Centre) at the
beginning of 90’s. The research was carried out within European Program of Climatic
Adaptation of Dwarfing Genes at Wheat which was coordinated by Tony Worland. Studies
aimed to evaluate the pleiotropic effects of selected Rht alleles on plant height as well as yield
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and its components, moreover to study climatic adaptation of these genes and possibility to
utilize them in Polish conditions. Experiments were carried out over six growing seasons (1991-
1996) in Czeslawice near Lublin. Plant height, number of days form 1% May to ear emergence,
number of spikelets per spike, number of grains per ear, weight of grains in ear, 1000 kernel
weight as well as spikelet fertility and grain yield per plot were analysed.

Pleiotropic effects of GA-insensitive dwarfing genes on yield and its components in common
wheat was shown. The experiments revealed advantageous influence of Rht-B1b, Rht-D1b, Rht-
B1d and Rht-Ble genes on yield and its components in common wheat grown in Poland.
Reduction of 1000 kernel weight caused by these genes was fully made up by the higher fertility
of spikelets and as a result the higher set of the grains in ears (Miazga et al. 1995; Kowalczyk et
al. 1997a).

Using gibberellic acid, we tested Polish cultivars and breeding lines of common wheat involved
in Polish Research Centre for Cultivar Testing (COBORU) experiments in 1992-1995, as well as
isogenic lines ‘Maris Widgeon” Rht-B1b and ‘Maris Widgeon’ Rht-D1b. After test completion,
coleoptile length and seedling height was analyzed for studied forms. Among cultivars and
breeding lines of winter wheat, only in four (‘Elena’, ‘Parada’, SMH 1693 and STH 594) as well
as in five spring cultivars (‘Broma’, ‘Henika’, ‘Polna’, ‘Santa’ and ‘Sigma’) the presence of
dwarfing genes insensitive to gibberellic acid were found. These forms reaction towards GA;
was similar as in isogenic lines of ‘Maris Widgeon’ containing genes Rht-B1lb or Rht-D1b
(Kowalczyk et al. 1997b, 1999a; Miazga et al. 1998). In order to determine which dwarfing
genes insensitive to exogenous gibberellic acid are present in Polish cultivars ‘Elena’ and
‘Parada’, | tested, using GAs, F, hybrids of these cultivars with isogenic lines ‘Maris Widgeon’
Rht-B1b and ‘Maris Widgeon’ Rht-D1b as well as isogenic line ‘Maris Widgeon’ rht and ‘Elena’
and ‘Parada’ as controls. On the basis of achieved frequency distributions for coleoptile length
and calculated values of x>-test for studied F, hybrids, it was found that in both studied cultivars
Rht-D1b gene was present (Kowalczyk 1997b).

Genes Rht-B1b, Rht-D1b, Rht-B1d and Rht-Ble are worth recommendation for application in
Polish common wheat breeding programs, due to their good adaptation and positive influence on
yield and its components. Reduction of 1000 kernel weight caused by these genes is fully
compensated by higher spikelet fertility, which in consequence cause setting more kernels in
spike (Kowalczyk et al. 1999b, 2003a).

The next aim of research was analysis of allelic variation in Xgwm 261 locus and identification
of Rht8 gene in new Polish common wheat cultivars. The highest allele frequency was observed
for a 192 bp fragment. This fragment, linked to Rht8 dwarfing gene, was observed in 6 modern
spring cultivars: ‘Bombona’, ‘Griwa’, ‘Hewilla’, ‘Histra’, ‘Kosma’ and ‘Napola’. Among winter
wheat cultivars only two: ‘Legenda’ and ‘Naridana’ had 192 bp allele. The 165 bp DNA
fragment, correlated with an increase in plant height, was observed in 7 winter wheat cultivars:
‘Finezja’, ‘Fregata’, ‘Muza’, ‘Radunia’, ‘Rapsodia’, ‘Rywalka’, ‘Stawa’, ‘Turnia’. The 174 bp
allele neutral with respect to plant height was observed in 5 winter cultivars: ‘Batuta’, ‘Izyda’,
‘Kobiera’, ‘Nadobna’, ‘Satyna’. This allele was present only in one spring cultivar ‘Zura’.
Moreover, in winter wheat cultivars 180 bp DNA fragment was observed in ‘Ostka Strzelecka’
and 198 bp in 6 cultivars: ‘Bogatka’, ‘Nutka’, ‘Parabola’, ‘Smuga’, ‘Sukces’, ‘Tonacja’
(Kowalczyk et al. 2008e; Kowalczyk, Okon 2009). In Polish old cultivars registered before
1975, the highest frequency was observed for a 197 bp fragment in 8 cultivars (Biata Kaszubska,
Biaty Krzyz, Konstancja Granum, Konstancja Wierzbienska, Litwinka, Niewylegajaca,
Wysokolitewska Ottarzewska and Wysokolitewka Sztywnostoma). Moreover, 165 bp fragments
were observed in 7 cultivars (Antoninska Wczesna, Chorynska, Dankowska Graniatka, Malwa,
Sobieszynska 44, Stieglera 22 and Strzelecka) and 174 bp fragments 7 cultivars (Balta, Bozena,
Dana, Jana, Komorowska, Leszczynska Wczesna and Olza) DNA fragments of size 203 bp were
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present in cultivars: Bogatka, Halina, Jasnocha Wloszanowska, Plocka, Putawska Wczesna. 192
bp fragment size linked to Rht8 dwarfing gene was observed in three cultivars: Aria, Grana and
Luna. Pedigrees of these cultivars contain Etoile de Choisy cultivar from France (Kowalczyk
2006).

Another approach in lodging prevention involves the use of plant growth regulators. Plant
growth regulators are widely used in cereal production in many countries over the world. They
cause reduction of the length of the stem. In this way plant growth regulators increase resistance
to lodging. Numerous studies show that common wheat varieties carrying dwarfing genes
insensitive to gibberellic acid (GA3) have disrupted biosynthesis of gibberellins. Few studies
conducted in England showed that the application of CCC caused the reduction in yield in the
lines carrying Rht-B1b and Rht-D1b genes. As wheat varieties carrying these genes are grown in
Poland, I initiated the research, which aimed at determining the effect of chlormequat chloride
and ethephon on yield components in isogenic 'Bezostaya' lines with different Rht genes. The
value and changes in the correlation of some quantitative traits in those lines were also analysed.
The research showed that the use of plant growth regulators causes the reduction in the plant
height. The greatest reduction in the stem length was observed in the lines that primarily were
the highest — namely in lines Rht-D1a and Rht-D1b. The study revealed that in order to reduce
lodging in short-stemmed wheat forms it is better to use products containing ethephon, due to its
beneficial effect on some yield components such as the number of kernels per spike and weight
of kernels per spike (Kowalczyk et al. 2008f, 2009).

Barley is one of the most important crop plants and lodging is a serious problem in cultivation of
this cereal. The reduction of stem length in barley is associated with the increase in plant yield.
The dwarfing genes are used in barley breeding in order to shorten the plant height. The
literature shows that many new cultivars contain sdwl (denso) and Gpert genes which are
sensitive to gibberellic acid. In the Leibniz Institute of Plant Genetics and Crop Plant Research in
Gatersleben (Germany) dwarfing genes insensitive to GA3; were also identified — that is Dwf2
and gai (Rht-H1, GA-ins) genes. In cooperation with Andreas Borner a study was undertaken to
identify GAgs insensitive dwarfing genes in Polish cultivars of barley. The screening included 41
barley cultivars from Polish register, among which 8 have winter growth habit and 33 have
spring growth habit. After GA test only 8 barley cultivars were found to be GAs-insensitive.
Their coleoptiles length did not differ significant from control form with gai gene. Among these
cultivars Bazant, Bursztyn, Gil, Horus, Lomerit have winter growth habit and Atol, Rastik,
Rodos have spring growth habit (Kowalczyk et al. 2008b).

Another research we prepared in co-operation with John Innes Centre. These research concerned
pleiotropic effects on yield and yield components of lines with Ppd genes. Day length is one of
the most important factors affecting the rate of wheat development. Genetic control of day length
insensitivity is determined by many genes present on different chromosomes. Genes Ppd-D1,
Ppd-B1 and Ppd-Al localized on chromosomes of the second homeologous group (2D, 2B and
2A, respectively) have the major influence on this trait expression. In order to evaluate precisely
the effects of genes Ppd-Al, Ppd-B1, Ppd-D1, the series of homozygous recombinant lines were
created in John Innes Center, England. There were Avalon, Brigand, Brimstone, Cappelle-
Desprez, Mercia, Norman and Randezvous. These lines were tested in several countries.
Particularly wide research with Ppd-D1 lines were made (Kowalczyk et al. 2003b, 2006). During
experiments recombinant lines with Ppd-D1 gene had accelerated ear emergence more than
recombinant lines with Ppd-B1 and Ppd-Al genes. The recombinant lines with Ppd-D1 had
accelerated ear emergence about 4 to 5 days during three years of experiments (it was depended
on the year). The recombinant lines with Ppd-Al had accelerated ear emergence about 2 to 3
days and the recombinant lines with Ppd-B1 had accelerated ear emergence only about one day
in comparison to the control lines (Kowalczyk et al. 2003b, 2006, 2008a). The differences were
significant between analyzed recombinant lines and their control. Plants of recombinant lines
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with different Ppd genes were shorter than their control lines, but significant reduction of plant
height as compared to control forms was found in recombinant lines Mercia containing genes
Ppd-D1. On the basis of six-year study it was found that number of spikelets in spike, number
and weight of kernels in spike as well as spikelet fertility in analyzed forms depended mainly on
the year. No significant differences for these traits, were recorded between lines with Ppd-Al,
Ppd-B1 and Ppd-D1 genes in comparison to their control forms (Kowalczyk et al. 2003b,
2008a). Another analysis performed with the use of CAPS markers revealed that Ppd-B1 gene is
present in the following Polish cultivars: Asta, Dankowska Graniatka, Kaja, Konstancja
Wierzbienska, Konstancja Granum and Plocka (Okon et al. 2012).

Vernalization requirement in barley is mainly controlled by three loci: Vrn-H1, Vrn-H2 and Vrn-
H3. In barley the Vrn-H1 locus has been mapped on the long arm of chromosome 5H, the Vrn-
H2 locus in the distal part of chromosome arm 4HL and the Vrn-H3 locus on chromosome 1H
(Laurie et al. 1995). Gene Vrn-H2 is dominant for winter growth habit, whereas Vrn-H1 and
Vrn-H3 are dominant for spring growth habit (Dubcovsky et al. 2005). The alleles for spring and
winter habit are epistatic thus the only vernalization-responsive genotype is vrn-H1, Vrn-H2,
vrn-H3. All other combinations reveal spring growth habit (Karsai et al. 2005, Dubcovsky et al.
2005). Allelic variations at the Vrn-H3 locus occurs mainly in barleys from high or low latitudes
(Yasuda et al. 1993), therefore to determine growth habit for most cultivars a two-locus model is
sufficient (Yasuda et al. 1993, Laurie et al. 1995, Karsai et al. 2005). The identification of Vrn
genes in Polish barley cultivars with the use of STS markers was conducted. The dominant Vrn-
H2 allele was observed in winter cultivars: Bazant, Bursztyn, Horus, Gil and spring cultivars:
Boss, Bryl, Edgar, Rabel, Rastik, Refren, Rodos. The recessive vrn-H2 allele was observed in
spring cultivars Atol, Binal, Blask, Granal, Lot, Nadek, Nagrad, Poldek, Rasbet, Rataj, Rodion,
Ryton and Start. (Kowalczyk et al. 2008d).

The determination of flowering time in wheat is controlled by three major groups of genes:
photoperiod response genes (Ppd), vernalization response genes (Vrn) and developmental rate
genes (Eps) (Snape et al. 2001). Vrn genes have been mapped on the long arms of chromosomes
5A, 5B and 5D (Toth et al. 2003) and designated as Vrn-Al, Vrn-B1 and Vrn-D1. Dominant
alleles of these genes are inhibitors of vernalization requirement. The dominant allele of Vrn-Al
completely inhibits vernalization requirement, dominant Vrn-B1 and Vrn-D1 inhibit it partially
(Kosner and Pankova 1998). We used molecular markers for identification of Vrn-B1 alleles in
20 Polish wheat cultivars (10 have spring growth habit and 10 have winter growth habit). Our
results confirmed presence of dominant Vrn-B1l allele in spring cultivars: Hewilla, Histra,
Kosma, Monsun, Triso, Zebra and Zura. Dominant Vrn-B1 allele was found also in winter
cultivars Parabola and Radunia. The lack of 709-bp DNA fragment in winter cultivars: Alkazar,
Finezja, Fregata, Nutka, Rywalka, Satyna, Smuga and Tonacja confirmed recessive character of
vrn-B1 alleles in this forms. Recessive alleles vrn-B1 were found also in spring cultivars:
Bombona, Bryza and Rubens (Kowalczyk et al. 2008c).

Moreover, in cooperative with Leibniz Institute in Gatersleben lines carrying the segments of
chromosomes from D genome were investigated. Experiments were carried out over seasons
2006-2008. During all three seasons the heading time of analyzed introgressive lines were
significantly different than noticed for Chinese Spring. The earliest were introgressive lines with
2D and 7D chromosome segments and the latest were 5D. Plant height of introgressive lines
depended on the year, but the shortest were 1D, 6D and 7D lines. More differences were found
in number of kernels from spike. In 2006 year 1D, 2D, 3D and 6D lines set more kernels in spike
in comparison to control Chinese Spring. Value of this trait in 2008 year for some lines was
similar to control cultivars. All introgressive lines had similar spikelet fertility and low value of
1000 grains weight (Kowalczyk et al. 2012).
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The Bezostaya wheat isogenic lines with different Rht genes developed in John Innes Centre and
barley lines obtained from Leibniz Institute in Gatersleben were used in the research analysing
the transcript levels of selected genes encoding enzymes involved in gibberellin biosynthesis
pathway. The real-time PCR (qPCR) method was used to analyse the expression of genes
encoding ent-kaurene synthase (KS), ent-kaurenoate oxidase (KAO), GA20-oxidase (GA200x),
GA3-oxidase (GA30x), GA2-oxidase (GA20x), ent-copalyl diphosphate synthase (CPS), ent-
kaurene oxidase (KO) and the GID1 gene encoding GIBBERELLIN INSENSITIVE DWARF1
receptor (Nowak et al. 2012).

The results obtained from the study indicate clearly the linkage between the presence of
dwarfing genes in cereals genome and the expression levels of genes involved in gibberellin
biosynthesis. The profiles of expression obtained in both wheat isogenic line carrying Rht12
gene that is sensitive to GA; and wheat isogenic line without dwarfing gene were often similar.
When it comes to genes insensitive to gibberellic acid: similar profiles of expression were
frequently observed in lines carrying Rht-B1b and Rht-Ble genes, whereas the profile of
expression in Rht-B1d line was different. In barley similar reactions were observed in control
variety Morex and the Triumph variety carrying sdwl gene.

The analysis of the effect of plant growth regulators on expression profiles of selected genes
involved in gibberellin biosynthesis was also performed. The study conducted in wheat revealed
that in most cases the plant response to the application of chlormequat chloride and ethephon
was similar, while the use of trinexapac ethyl resulted in different profile of expression. In barley
similar profiles of expression were observed for CCC and trinexapac ethyl, whereas the
application of ethephon usually caused different changes in the expression of analysed genes.
These results indicate the species-specific character of molecular response to the application of
plant growth regulators. The application of plant growth regulators showed to have an influence
on molecular mechanisms associated with gibberellin biosynthesis. The short-stemmed
phenotype caused by the application of plant growth regulators generally associated with the
changes on the biochemical level may also be the result of the changes in the functioning of plant
genome.

References

Chrzastek M, Miazga D (1988) Genetica Polonica 29: 21 — 26

Cyran M, Rakowska M, Miazga D (1996) Euphytica 89: 153-157

Dolinski R, Miazga D, Worland AJ, Kowalczyk K (1996) Acta Agronomica Hungarica, 44: 245-254
Dubcovsky J, Chen Ch, Yan L (2005) Molecular Breeding 15: 395-407

Karsai I, Sziics P, Mészaros K, Filichkina T, Hayes PM, Skinner JS, Lang L, Bed6 Z (2005) Theor Appl Genet 110:
1458-1466

Kosner J, Pankova K (1998) Euphytica 101: 9-16

Kowalczyk K (1997) Hodowla Roslin i Nasiennictwo Biuletyn Branzowy, 3: 1-3 [in Polish]
Kowalczyk K (2006) Acta Agrophysica, 8: 415-421 [in Polish]

Kowalczyk K, Worland AJ, Miazga D (1997a) Journal of Genetics & Breeding, 51: 129-135
Kowalczyk K, Miazga D, Grzesik H (1997b) Biuletyn IHAR 203: 31-36 [in Polish]
Kowalczyk K, Chrzastek M, Miazga D (1999a) Biuletyn IHAR 211: 35-38 [in Polish]
Kowalczyk K, Miazga D, Tarkowski C (1999b) Biuletyn IHAR 211: 39-46 [in Polish]

Kowalczyk K, Worland AJ, Miazga D (2003a) EWAC Newsletter. Proc. of the 12th EWAC Conf. Norwich,
England: 113-117

Kowalczyk K, Worland AJ, Miazga D (2003b) EWAC Newsletter. Proc. of the 12th EWAC Conf., Norwich,
England: 44-48

Kowalczyk K, Miazga D, Worland AJ, Paczos-Grzeda E, Chrzastek M, Jakubczak A (2006) Acta Agrophysica, 8:
649-655 [in Polish]

Kowalczyk K, Snape J, Miazga D, Worland AJ (2008a) EWAC Newsletter, Proc. of the 14th Int. EWAC Conf.
Istanbul, Turkey: 128-131

13



EWAC Proceedings 2016

Kowalczyk K, Borner A, Nowak M, Le$niowska-Nowak J (2008b) EWAC Newsletter, Proc. of the 14th Int. EWAC
Conf. Istanbul, Turkey: 72-75

Kowalczyk K, Le$niowska-Nowak J, Nowak M (2008c) EWAC Newsletter, Proc. of the 14th Int. EWAC Conf.
Istanbul, Turkey: 126-128

Kowalczyk K, Nowak M, Lesniowska-Nowak J (2008d) EWAC Newsletter, Proc. of the 14th Int. EWAC Conf.
Istanbul, Turkey: 123-125

Kowalczyk K, Wacko S, Miazga D (2008e) EWAC Newsletter, Proc. of the 14th Int. EWAC Conf. Istanbul,
Turkey: 120-123

Kowalczyk K, Jakubczak A, Nowak M (2008f) Annales UMCS, 63: 68-77 [in Polish]
Kowalczyk K, Lesniowska-Nowak J, Nowak M (2009) Zesz. Probl. Post. Nauk Roln. 542: 244-248 [in Polish]
Kowalczyk K, Okon S (2009) Biuletyn IHAR, 252: 61-66 [in Polish]

Kowalczyk K, Borner A, Lesniowska-Nowak ., Nowak M, Okon S (2012) EWAC Newsletter, Proc. of the 15th Int.
EWAC Conf. Novi Sad, Serbia: 139-142

Laurie DA, Pratchett N, Bezant JH, Snape JW (1995) Genome 38: 575-585

Law C, Ottowska D, Worland A (1974) European Wheat Aneuploid Newsletter No. 4: 19-22

Miazga D (1978) Hodowla Roslin Aklimatyzacja i Nasiennictwo 22: 133-149 [in Polish]

Miazga D (1984) EWAC Newsletter: 30

Miazga D (1988) Hodowla Ro$lin Aklimatyzacja i Nasiennictwo 32: 71-77 [in Polish]

Miazga D, Chrzastek M (1982) Hodowla Roslin Aklimatyzacja i Nasiennictwo 26: 377-383 [in Polish]
Miazga D, Lipko E (1982) Hodowla Ro$lin Aklimatyzacja i Nasiennictwo 26: 385-392 [in Polish]
Miazga D, Tarkowski C (1983) Cereal Research Communications 11: 21-27

Miazga D, Chrzastek M (1987) Genetica Polonica 28: 327-331

Miazga D, Petrovic S (1987) Genetica Polonica 28: 11-15

Miazga D, Chrzastek M, Tarkowski C (1988) Proc. 7th Int. Wheat Genet. Symp. Cambridge, England. 13 - 19. July,
Cambridge: 379-382

Miazga D, Worland AJ, Kowalczyk K (1995) EWAC Newsletter. Proc. 9th EWAC Conference 1994, Gaterleben —
Werningerode: 161-162

Miazga D, Worland AJ, Kowalczyk K (1997) Acta Agron Hun 45: 419-426

Miazga D, Kowalczyk K, Worland AJ (1998) EWAC Newsletter, Proc. of the 10th EWAC meeting 1997, Viterbo,
Italy: 114-117

Nowak M, Zapalska M, Lesniowska-Nowak J, Kowalczyk K (2012) EWAC Newsletter, Proc. of the 15th Int.
EWAC Conf. Novi Sad, Serbia: 26-30

Nowak M, Lesniowska-Nowak J, Zapalska M, Banaszak Z, Kondracka K, Dudziak K, Kowalczyk K (2014) Sci.
Agric. 71: 345-355

Okon S, Kowalczyk K, Miazga D (2012) Russian Journal of Genetics. 48: 532-537

Snape JW, Butterworth K, Whitechurch E, Worland AJ (2001). Euphytica 119: 185-190

Sutka J, Petrovic S, Lange W, Mettin D, Maystrenko Ol, Miazga D, Kleijer G, Giura A (1981) EWAC Newsletter: 8
Tarkowski C, Ottowska-Miazga D (1976) Genetica Polonica 17: 319-323

Tarkowski C, Miazga D (1979) Genetica Polonica No. 2: 197-202

Téth B, Galiba G, Fehér E, Sutka J, Snape JW (2003) Theor Appl Genet 107: 509-514

Worland A, Sutka J, Petrovic S, Lange W, Mettin D, Maystrenko Ol, Miazga D, Kleijer G, Giura A (1984) EWAC
Newsletter: 3-5

Yasuda S, Hayashi J, Moriya | (1993) Euphytica 70: 77-83

14



EWAC Proceedings 2016

EWAC - the past 25 years (1991 — 2015)

A. Bornert, [A. J. WorlandfP, C. N. Law?, J. Plaschke®?, V. Korzun®, E. K. Khlestkina®, T. A.

Pshenichnikova®, S. Chebotar®, S. Landjeva’, B. Kobiljski®, E. Pestsova®™?, S. V. Osipova®, A.
F. Balint', A. Giura'?, K. Kowalczyk™, M. Agacka-Motdoch™*, M. R. Simon'®, A. M. Castro®®,
Y. Chesnokov'®, N. Tikhenko®, M. A. Rehman Arif®*¢, M. Nagel*, K. Neumann?, S.
Navakode®, U. Lohwasser!, M. S. Roder*

Leibniz Institute of Plant Genetics and Crop Plant Research, Corrensstrasse 3, 06466 Stadt
Seeland/OT gatersleben, Germany; 2 John Innes Centre, Norwich Research Park, Colney Lane,
Norwich, NR4 7UH, UK; *Medizinische Genetik Dresden, Gemeinschafspraxis fur Humangenetik,
Dresden, Germany; “KWS CEREALS, Einbeck, Germany; °Institute of Cytology and Genetics SB
RAS, Novosibirsk, Russia; °Plant Breeding and Genetic Institute — National Center of Seed and
Cultivars Investigations (PBGI), Odessa, Ukraine; Institute of Plant Physiology and Genetics,
Bulgarian Academy of Sciences, Sofia, Bulgaria; ®Biogranum, Novi Sad, Serbia; °Institute of
Developmental and Molecular Biology of Plants, Heinrich-Heine-University, Diisseldorf, Germany;
Siberian Institute of Plant Physiology and Biochemistry, Irkutsk, Russia; **Agricultural Research
Institute of the Hungarian Academy of Sciences, Martonvasar, Hungary; ‘*National Agricultural
Research and Development Institute, Fundulea, Romania; **University of Life Sciences in Lublin,
Institute of Plant Genetics, Breeding and Biotechnology, Akademicka Str 15, 20-950 Lublin, Poland,;
Ynstitute of Soil Science and Plant Cultivation, State Research Institute, Pulawy, Poland;
®Facultad de Ciencias Agrarias y Forestales, Universidad Nacional de La Plata, La Plata,
Argentina; ‘®Vavilov All Russian Research Institute of Plant Industry, St. Petersburg, Russia;
"Department of Genetics and Breeding, St. Petersburg State University, St. Petersburg, Russia;
¥Nuclear Institute of Agriculture and Biology (NIAB), Jhang Road, Faisalabad, Pakistan

This presentation is a personal review about 25 years of co-operation on cereals research. A
period between 1991 when the 8" EWAC Conference was held in Cordoba, the first one I did
attend, and 2015 the year of the 16" EWAC Conference in Lublin will be considered. We will
give examples for 25 years of successful co-operation within the frame of EWAC. Genetic
studies for a range of different traits are presented.

In 1991 already series of genetic stocks including monosomics, chromosome substitution lines,
alloplasmic lines, single chromosome recombinant lines, introgression lines, isogenic lines etc.
were available. At the Conference in Cordoba we presented co-operative studies on the genetics
of plant height including the investigation of pleiotropic effects of near isogenic Rht lines grown
in the UK and Germany. Four complete sets of lines isogenic for rht (tall), Rhtl, Rht2, Rht3,
Rht1+2, and Rht2+3 in the genetical backgrounds of the cultivars ‘April Bearded’, ‘Berssee’,
‘Maris Huntsman’ and ‘Maris Widgeon’ were investigated. The effects of Rht alleles on plant
height obtained in Germany are given in figure 1. The height reducing effects of the Rht genes
had the same gradation over all backgrounds (rht < Rhtl < Rht2 < Rht1+2 < Rht3 < Rht2+3).
The most consistent pleiotropic effect of the Rht genes was to increase the number of grains per
ear (Worland et al. 1992, Borner et al. 1993).

Another early collaborative study between the John Innes Center (UK) and the IPK (Germany)
was performed using the tetrasomic lines of ‘Chinese Spring’ (CS). The lines of the
homoeologous groups 2, 5 and 7 of CS together with the euploid standard were screened at the
seedling stage for sensitivity to exogenously applied gibberellic acid (GA3). Whilst the seedling
length of lines tetrasomic for group 2 chromosomes were taller and those for chromosomes 5A,
5D and 7D shorter in both treatments (with and without GA3) compared to the euploid control,
tetrasomics for chromosomes 5B, 7A and 7B were shorter than the euploids in the GA variant
only (Fig. 2). It was suggested that these chromosomes are carrying genetic factors for GA
insensitivity (Borner et al. 1992).
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Fig. 1: Height reducing effects of Rht alleles in near isogenic lines of 'April Bearded', '‘Bersee’,
‘Maris Huntsman' and 'Maris Widgeon' grown in Germany (B6rner et al. 1993).
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Fig. 2: Differences in seedling lengths of GA; treated (above) and untreated (below) tetrasomic
lines from ‘Chinese Spring’ compared to the euploid control. The red bars indicate the lines with
a significant difference to the euploids in the GA;3 variant only (Borner et al. 1992).

In the early 1990s molecular marker techniques were developed. In order to assign the markers
to certain chromosomes cytogenetic stocks (mainly nulli-tetrasomic lines) became an important
tool (Plaschke et al. 1995). On the other hand molecular markers were used to confirm the
authenticity of cytogenetic stocks. Inter-varietal chromosome substitution lines were checked
using microsatellite markers (Korzun et al. 1997; Pestsova et al. 2000, Salina et al. 2003).
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Molecular markers were intensively used for the mapping of major genes but also quantitative
trait loci. The knowledge gathered from the stock investigations became very useful and often
was the pre-requisite for a precise mapping of the target loci on certain chromosomes or
chromosome arms. Molecular markers were also used to develop new precise genetic stocks.
Pestsova et al. (2001, 2006) developed introgression lines based on the ‘CS/Synthetic 6x* D
genome substitution lines. The parental ‘Synthetic 6x’ had been obtained in the 1940s by
McFadden and Sears (1947) from a cross of tetraploid emmer and Aegilops tauschii. Thus, in the
set of substitutions for the D-genome, individual chromosomes of Ae. tauschii replaced the
homologous chromosomes of CS. Through repeated backcrossing to the recurrent parent CS and
microsatellite markers selection 84 ‘CS/Ae. tauschii® introgression lines were developed (Fig. 3).

1D 2D 3D| 4D 5D 6D 7D
EZ:L:&@H: xxxxxxxxxxxxx Ik”,n; ; HAHHHHFHRAHIHN HHHHEHHAHHHE AR HERHHEH )
= L |
.

Fig. 3: Set of 84 ‘CS/Ae. tauschii‘ introgression lines covering the seven D genome
chromosomes

A subset of these introgression lines, the thirteen chromosome 7D introgression lines were used
to study the resistance to Septoria tritici blotch in a collaborative project between Argentina and
Germany (Simon et al. 2007). Chromosome 7D was identified to be resistant against two virulent
Argentinean isolates of the disease by analysing the set of *CS/Synthetic 6x’ single chromosome
substitution lines (Simon et al. 2001, 2005). Results of the introgression line analysis are given in
figure 4. Considering the introgressions being significantly different to ‘CS’ in at least two (light
blue bars) or even four (dark blue bars) independent experiments it is clearly indicated, that the
disease resistance locus acting at the seedlings and adult plant stages is present in the
centromeric region of the short arm of chromosome 7D. Because the position of the locus
detected was highly comparable with that, described by Arraiano et al. (2001) we concluded that
the major gene Stb5 was tagged causing resistance against isolates from Europe (Portugal, the
Netherlands) but also from South America (Argentina).
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Fig. 4. Wheat/Ae. tauschii chromosome 7D introgression lines inoculated with septoria tritici
blotch isolates IPO 92067 and IPO 93014 at seedlings and adult plant stages. Lines significant
different to ‘CS’ in at least two or even four independent experiments are given in light blue and
dark blue colour, respectively. Box in broken red line indicate the position of the resistance
locus. L = long arm, S = short arm, C = centromere position.

The same set of lines has been used in a collaborative study between Bulgaria and Germany
investigating the traits germination, seed vigour and longevity, and early seedling growth. Seed
germination was characterized by a standard germination test (Landjeva et al. 2010). To evaluate
for vigour the seeds were exposed for 72 h at 43°C and high (ca. 100%) humidity. Seed
longevity was evaluated from the relative trait values. Seedling growth was assessed both under
non-stressed and under osmotic stress conditions. QTL were mapped to chromosomes 1D, 2D,
4D, 5D, and 7D. Most of the QTL for germination clustered on chromosome 1DS in the region
Xgwm1291-Xgwm337 (Fig. 5). Chromosome 7DS harboured loci controlling the development of
normal seedlings. Seed vigour-related QTL were present on chromosome 5DL linked to
Xgwm960. QTL for seed longevity were coincident with those for germination or seed vigour on
chromosomes 1D or 5D. Finally QTL for seedling growth were identified on chromosomes 4D
and 5D.
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Fig. 5: Genetic mapping of QTL for seed and seedlings traits. Bars indicate major genomic
regions defined by the interval mapping analysis. White arrowheads show the position of the
maximum LOD. The position of centromeres is marked by black arrowheads (Landjeva et al.
2010).

Further studies exploiting these lines for agronomic traits were performed in the frame of a joint
Polish—-German research. Between 2006 and 2008 the material was grown in Czeslawice
(Poland) and analysed for the agronomic traits ear emergence, plant height, number of kernels
per spike, weight of kernels per spike and 1000 grain weight. Details are given by Kowalczyk et
al. (2012).

A co-operation between Romania, Russia and Germany was established in order to map a gene
for flowering time on chromosome 7B. In an earlier study of ‘Favorit/F26-70’ substitution lines
Giura and Ittu (1986) identified chromosomes 4B and 7B of ‘F26-70’ to flower three days earlier
compared to ‘Favorit’ (Fig. 6). In consequence a set of wheat single chromosome (7B)
recombinant lines was developed from the cross ‘Favorit’ x ‘Favorit/F26-70 7B’. The lines were
genotyped and grown with and without vernalisation under short and long daylengths
(Khlestkina et al. 2009). It became obvious (Fig. 7) that the flowering time gene on chromosome
7B was a new photoperiod response gene designated Ppd-B2. It was mapped on the short arm of
chromosome 7B, 8.8 ¢cM distal and 20.7 cM proximal to microsatellite markers Xgwm0537 and
Xgwm0255, respectively. In contrast to the Ppd-1 genes on the group 2 chromosomes, which are
expressed under short day conditions, Ppd-B2 was detectable only when the plants were exposed
to long photoperiod. Earliness in flowering time due to Ppd-B2 was correlated with an increase
in grain protein content and a major gene for this character was mapped 4.4cM proximal to Ppd-
B2 (Fig. 7). This gene designated Gpc-B2 (Grain protein content — B2) does not affect grain size
and is therefore probably involved in nitrogen uptake and/or translocation.
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Fig. 7: Genetic map of chromosome 7B showing positions of Ppd-B2 and Gpc-B2 (left); QTL
interval mapping for flowering time under different environments with respect to vernalisation
and photoperiod (right) (Khlestkina et al. 2009).

Resistance to abiotic stress is an important target in wheat breeding. Among the stresses, drought
plays an important role. However, drought tolerance is a very complex trait. In order to elucidate
the genetics behind the trait the set of ‘CS/Synthetic 6x’ substitution lines was investigated under
drought stress in a Russian-German collaborative project. The reaction to drought stress was
quantified, based on grain yield components. Enhanced drought tolerance was associated with
the presence of the ‘Synthetic 6x’ chromosomes 1A, 5A, 1D, 3D, 5D and 6D, and enhanced
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susceptibility with chromosomes 3A, 4B and 7D (Osipova et al. 2001a). In addition the
‘CS/Synthetic 6x’ substitution lines were used to identify the relationship between
dehydroascorbate reductase (DHAR) and catalase (CAT) activities in leaves of wheat plants and
the stability of yield components under water deficit. The lines carrying chromosomes 1B, 1D,
2D, 3D or 4D all expressed a low constitutive level of DHAR (Fig. 8) and the lines carrying
chromosomes 3B, 1D, 2D and 3D a low constitutive level of CAT. All were able to increase this
level (by fourfold for DHAR and by 1.5-fold for CAT) in response to stress caused by water
deficit. It was concluded that the discovered genetic variability for enzymes activity in leaves of
wheat might be a useful selection criterion for drought tolerance (Osipova et al. 2011b).

A Leat dehydroascorbate reductase O control

M drougth

1 group 2 group 3 group
Chinese Spring (Synthetics 6x) substitution lines

Fig. 8: Relative leaf DHAR activity in the ‘CS/Synthetics 6x” lines and their parents at tillering
stage (in percentage to the recipient CS.). *P<0.01; **P<0.001, compared to CS

In the present report only a few samples chosen more or less randomly are described in more
detail. However, many further joint investigations were performed on different traits with
different partners during the last years. A selection is listed in table 1.

Table 1: Selected publications resulting from collaborative activities with the co-authorship of
this paper in five years slices.

Authors (Collaborators) Title (Topic of collaboration) Journal

1991 - 1995

BEN AMER IM, WORLAND AJ, BORNER In vitro culture variation of wheat and rye caused by Euphytica 61 (1992) 233-240
A genes affecting plant growth habit in vivo.

BEN AMER IM, WORLAND AJ, BORNER Chromosomal location of genes affecting tissue culture Plant Breed 114 (1995) 84-85
A response in wheat.

PLASCHKE J, KORZUN V, KOEBNER Mapping of the GAgs-insensitive dwarfing gene ctl on Plant Breed 114 (1995) 113-
RMD, BORNER A chromosome 7R in rye. 116

PLASCHKE J, BORNER A, XIE DX, RFLP-mapping of genes affecting plant height and growth Theor Appl Genet 85 (1993)
KOEBNER RMD, SCHLEGEL R, GALE habitin rye. 1049-1054

MD

SAGI H, BORNER A, BARTOK T, SAGI F Genetic identification, agronomic performance and Cereal Res Commun 21
technological quality of tissue culture-induced dwarfs of (1993) 309-315
the Mv4 winter wheat.

WORLAND AJ, SAYERS EJ BORNER A The genetics and breeding potential of Rht12, a dominant Plant Breed. 113 (1994) 187-
dwarfing gene in wheat. 196
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1996 - 2000

BEN AMER IM, WORLAND AJ, BORNER
A

BEN AMER IM, KORZUN V, WORLAND
AJ, BORNER A

BORNER A, CHEBOTAR S, KORZUN V

BORNER A, KORZUN V, WORLAND AJ

BORNER A, PLASCHKE J, KORZUN V,
WORLAND AJ

FLINTHAM JEF, BORNER
WORLAND AJ, GALE MD
KORZUN V, MELZ G, BORNER A

A,

KORZUN V, MALYSHEV S, VOYLOKOV
A, BORNER A

KORZUN V, PLASCHKE J, BORNER A,
KOEBNER R

KORZUN V, RODER M, WORLAND AJ,
BORNER A

KORZUN V, MALYSHEV S, KARTEL N,
WESTERMANN T, WEBER WE,
BORNER A

SALINA E, BORNER A, LEONOVA |,
KORZUN V, LAIKOVA L, MAYSTRENKO
O, RODER MS

WORLAND AJ, BORNER A, KORZUN V,
LI VM, PETROVIC S, SAYERS EJ

2001 - 2005

ALAMEREW S, CHEBOTAR S, HUANG
X, RODER MS, BORNER A

BALINT AF, KOVACS G, BORNER A,
GALIBA G, SUTKA J

BORNER, A. and A. J. WORLAND:

CASTRO AM, VASICEK A, MANIFESTO
M, GIMENEZ DO, TACALITI MS,
DOBROVOLSKAYA O, RODER MS,
SNAPE JW, BORNER A

CHEBOTAR S, RODER MS, KORZUN V,
BORNER A

CHEBOTAR S, RODER MS, KORZUN V,
SAAL B, WEBER WE, BORNER A

KHLESTKINA EK, PESTSOVA EG,
RODER MS, BORNER A

KHLESTKINA EK, RODER MS,
EFREMOVA TT, BORNER A, SHUMNY
VK

KHLESTKINA EK, HUANG XQ,

QUENUM FJ-B, CHEBOTAR S, RODER
MS, BORNER A

KHLESTKINA EK, PESTSOVA EG,
SALINA E, RODER MS, ARBUZOVA VS,
KOVAL SF, BORNER A

KHLESTKINA EK, THAN MHM,
PESTSOVA EG, RODER MS,
MALYSHEV SV, KORZUN V, BORNER A
MALYSHEV S, KORZUN V, VOYLOKOV
A, SMIRNOV V, BORNER A

MALYSHEV S, KORZUN V, EFREMOVA
TT, BORNER A

The effects of whole chromosome substitutions differing in
alleles for hybrid dwarfing and photoperiodic sensitivity on
tissue culture response in wheat.

Genetic mapping of QTL controlling tissue culture
response on chromosome 2B of wheat (Triticum aestivum
L.) in relation to major genes and RFLP markers.
Molecular characterization of the genetic integrity of wheat
(Triticum aestivum L.) germplasm after long term
maintenance.

Comparative genetic mapping of mutant loci affecting
plant height and development in cereals.

The relationships between dwarfing genes of wheat and
rye.

Optimising wheat grain yield: effects of Rht (gibberellin-
insensitive) dwarfing genes.

RFLP mapping of the dwarfing (Ddw1) and hairy peduncle
(Hp) genes on chromosome 5 of rye (Secale cereale L.).
RFLP based mapping of three mutant loci in rye (Secale
cereale L.) and their relation to homoeologous loci within
the Gramineae.

Differences in recombination frequency between male and
female gametogenesis in rye, Secale cereale L.

Mapping of the dwarfing (Rhtl2) and vernalisation
response (Vrnl) genes in wheat by using RFLP and
microsatellite markers.

A genetic linkage map of rye (Secale cereale L.).

Microsatellite mapping of the induced sphaerococcoid
mutation genes in Triticum aestivum.

The influence of photoperiod genes to the adaptability of
European winter wheats.

Genetic diversity in Ethiopian hexaploid and tetraploid
wheat germplasm assessed by microsatellite markers.
Substitution analysis of seedling stage copper tolerance in
wheat.

Does the Chinese dwarf variety ‘XN0004’ carry Rht21?

Mapping antixenosis genes on chromosome 6A of wheat
to greenbug and to a new biotype of Russian wheat aphid.

Genetic integrity of ex situ genebank collections.

Molecular studies on genetic integrity of open pollinating
species rye (Secale cereale L.) after long term genebank
maintenance.

Molecular mapping, phenotypic  expression and
geographical  distribution of genes  determining
anthocyanin pigmentation of coleoptiles in wheat (Triticum
aestivum L.).

The genetic diversity of old and modern Siberian varieties
of common spring wheat determined by microsatellite
markers.

Genetic diversity in cultivated plants — loss or stability?

Molecular mapping and tagging of wheat genes using
RAPD, STS and SSR markers.

Mapping of 99 new microsatellite-derived loci in rye
(Secale cereale L.) including 39 expressed sequence
tags.

Linkage mapping of mutant loci in rye (Secale cereale L.).

Inheritance and molecular mapping of a gene determining
vernalisation response in the Siberian spring rye variety
‘Onokhoyskaya’.

Euphytica 89 (1996) 81-86

Theor Appl Genet 94 (1997)
1047-1052

Theor Appl Genet 100 (2000)
494-497

Euphytica 100 (1998) 245-248
Euphytica 89 (1996) 69-75
J Agric Sci 128 (1997) 11-25

Theor Appl Genet 92 (1996)
1073-1077

Theor Appl Genet 95 (1997)
468-473

Plant Breed 115 (1996) 122-
124
Plant Breed 116 (1997) 227-
232

Theor Appl Genet 96 (1998)
203-208

Theor Appl Genet 100 (2000)
686-689

Euphytica 100 (1998) 385-394

Genet Res Crop Evol 51
(2004) 559-567

Acta Agron Hung 51 (2003)
397-404
Cereal Res
(2002) 25-29
Plant Breed 124 (2005) 229-
233

Commun 30

Cell Mol Biol Lett 7 (2002)
437-444

Theor Appl Genet 107 (2003)
1469-1476

Theor Appl Genet 104 (2002)
632-637

Plant Breed 123 (2004) 122-
127

Theor Appl Genet 108 (2004)
1466-1472

Cell Mol Biol Lett 7 (2002)
795-802

Theor Appl Genet 109 (2004)
725-732

Theor Appl Genet 103 (2001)
70-74

Cereal Res
(2001) 259-265

Commun 29

22



EWAC Proceedings 2016

SIMON MR, AYALA FM, CORDO CA,
RODER MS, BORNER A

2006 — 2010

BALINT AF, RODER MS, HELL R,
GALIBA G, BORNER A

CASTRO AM, TACALITI MS, GIMENEZ
D, TOCHO E, DOBROVOLSKAYA O,
VASICEK A, COLLADO M, SNAPE JW,
BORNER A

CHEBOTAR SV, BORNER A. SIVOLAP
YM

DOBROVOLSKAYA O,
PSHENICHNIKOVA TA, LOHWASSER
U, RODER MS, BORNER A

IQBAL N, ETICHA F, KHLESTKINA EK,
WEIDNER A, RODER MS, BORNER A
KHLESTKINA RODER
BORNER A

EK, MS,

KHLESTKINA EK, PSHENICHNIKOVA
TA, RODER MS, BORNER A

KHLESTKINA EK, RODER MS,
GRAUSGRUBER H, BORNER A
KHLESTKINA EK, RODER MS,

PSHENICHNIKOVA TA, BORNER A
KHLESTKINA EK, RODER MS, UNGER
O, MEINEL A, BORNER A

KHLESTKINA EK, SALINA EA,
PSHENICHNIKOVA TA, RODER MS,
BORNER A

KHLESTKINA E K, VARSHNEY R K,
RODER M S, GRANER A, BORNER A

KHLESTKINA EK, PSHENICHNIKOVA
TA, RODER MS, SALINA EA,
ARBUZOVA VS, BORNER A
KHLESTKINA EK, RODER MS,
PSHENICHNIKOVA TA, SIMONOV AV,
SALINA EA, BORNER A

KOBILJSKI B, DENCIC S, KONDIC-
SPIKA A, LOHWASSER U, BORNER A
LANDJEVA S, KORZUN V, BORNER A

LANDJEVA S, NEUMANN K,
LOHWASSER U, BORNER A

LANDJEVA S, KORZUN v,
STOIMENOVA E, TRUBERG B

GANEVA G, BORNER A

MITROFANOVA O, CHIBOMBA 'V,
KOZLENKO L, PYUKKENEN V,
BORNER A, LOHWASSER U,
CHESNOKOV Y

NAVAKODE S, WEIDNER A,
LOHWASSER U, RODER MS, BORNER
A

NAVAKODE S, WEIDNER A,

VARSHNEY RK, LOHWASSER U,
SCHOLZ U, RODER M S, BORNER A
NEUMANN K, KOBILJSKI B, DENCIC S,
VARSHNEY RK, BORNER A
PSHENICHNIKOVA TA, ERMAKOVA
MF, CHISTYAKOVA AK, SHCHUKINA
LV, BEREZOVSKAYA LV, LOHWASSER
U, RODER M, BORNER A
PSHENICHNIKOVA TA, OSIPOVA SV,
PERMYAKOVA MD, MITROFANOVA
TN, TRUFANOV VA, LOHWASSER U,
RODER M, BORNER A

Molecular mapping of quantitative trait loci determining
resistance to septoria tritici blotch (Mycosphaerella
graminicola) in wheat.

Mapping of QTLs affecting copper tolerance and the Cu,
Fe, Mn and Zn contents in the shoots of wheat seedlings.
Mapping quantitative trait loci for growth responses to
exogenously applied stress-induced hormones in wheat.

Dwarfing genes in Ukrainian bread wheat varieties (In
Russian).

Molecular mapping of genes determining hairy leaf
character in wheat with respect to other species of the
Triticeae.

The use of SSR markers to identify and map alien
segments carrying genes for effective resistance to leaf
rust in bread wheat.

Mapping genes controlling anthocyanin pigmentation on
the glume and pericarp in tetraploid wheat (Triticum
durum L.).

Clustering anthocyanin pigmentation genes in wheat
group 7 chromosomes.

A DNA fingerprinting-based taxonomic allocation of Kamut
wheat

Functional diversity at the Rc (red coleoptile) gene in
bread wheat.

More precise map position and origin of a durable non-
specific adult plant disease resistance against stripe rust
(Puccinia striiformis) in wheat.

Glume coloration in wheat: Allelism test, consensus
mapping and its association with specific microsatellite
allele.

A comparative assessment of genetic diversity in
cultivated barley collected in different decades of the last
century in Austria, Albania and India by using genomic
and genic simple sequence repeat (SSR) markers.
Comparative mapping of genes for glume colouration and
pubescence in hexaploid wheat (Triticum aestivum L.).

Genes for anthocyanin pigmentation in wheat: review and
microsatellite-based mapping.

Locating stable across environment QTL involved in the
determination of agronomic characters in wheat.
Molecular markers — actual and potential contribution to
wheat genome characterization and breeding.

Molecular mapping of genomic regions associated with
wheat seedling growth under osmotic stress.

The contribution of the gibberellin-insensitive semi-
dwarfing (Rht) genes to genetic variation in wheat
seedling growth in response to osmotic stress.

Mapping of agronomic important QTL in hexaploid wheat
(Triticum aestivum L.).

Molecular mapping of quantitative trait loci
controlling Aluminium tolerance in bread wheat.

(QTLs)

A genetic analysis of aluminium tolerance in cereals.

Genome-wide association mapping — a case study in
bread wheat (Triticum aestivum L.).

Mapping of the quantitative trait loci (QTL) associated with
grain quality characteristics of the bread wheat grown
under different environmental conditions.

Mapping of quantitative trait loci (QTL) associated with
activity of disulfide reductase and lipoxygenase in grain of
bread wheat T. aestivum L.
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2011 - 2015
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Drought is a most serious abiotic stress affecting crop productivity which is caused by
insufficient or irregular precipitations followed by soil water deficit (Fleury et al. 2010, Richards
et al. 2010). The future climate change predictions are not favorable. The worldwide drought
occurrence has become more and more probable while the earth population is quickly growing
up (Lobell et al. 2011). Water will become a limiting factor for sustained production of wheat —
one of the most important food crops. Therefore, the need for intensive investigations of genetic
basis of drought tolerance is well understood among scientists. At the same time, the multigenic
nature of response to drought makes this task very difficult. The physiological dissection of such
a complex trait is a first step to understand the genetic control of tolerance (Mir et al. 2012).
Many investigations have been fulfilled all over the world using mapping populations and
association panels. Several drought related traits, such as canopy temperature depression, carbon
isotope discrimination and traits related to water use efficiency and photoprotection have been
studied (Panio et al. 2013, Czyczylo-Mysza et al. 2013). Nevertheless, many physiological and
biochemical processes, in particular, participating in the adaptation of the photosynthetic
apparatus to stress, are still left very poorly characterized in terms of their genetic control.

Although bread wheat carries some measure of drought tolerance new sources of variation for
drought tolerance are searched among bread wheat wild relatives as they often demonstrate
hardiness to severe droughty environments. The wild relatives of wheat represent a potentially
valuable source of genes for stress tolerance. One of these species is the goat grass Aegilops
tauschii, known to be the donor of the bread wheat D genome, and to harbor allelic variation at a
number of genes associated with the stress response (Jia et al. 2013). In the present investigation,
the D-genome Chinese Spring (Synthetic 6x) introgression (recombinant lines) (Pestsova et al.
2006) were exploited in order to determine the genetic basis of variation for physiological traits -
gas exchange, chlorophyll fluorescence, the maximum electron transport rate, the chlorophyll a
and b and carotenoid content, the activity of various Asc-GSH enzymes and CAT, and shoot
biomass under both well watered and moisture deficient conditions. Earlier, these lines have
been successfully used to localize a number of quantitative trait loci (QTL) for agricultural traits,
for germination rate and longevity and for resistance to diseases (Simon et al. 2007; Landjeva et
al. 2010).
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Materials and methods

The set of 80 CS/Syn introgression lines (ILs), each line harboring a single Ae. tauschii segment
in the homozygous state (Pestsova et al. 2006), along with their CS and the Syn parents,
represented the mapping population. Plants were raised under controlled conditions in climatic
chamber CLF PlantMaster (CLF Plant Climatic GMBH, Wertingen, Germany) mounted on the
phytotron SIFIBR SB RAS in a 1:1:1 humus:sand:peat mixture, and maintained under a 16 h
photoperiod supplied at 600 umol m ? s-*, a day/night temperature of 23/16°C and 60% relative
humidity. One pot was maintained in a well-watered state (60% saturation), while water was
withheld from the other pot, starting at the three leaf stage an continuing until the soil moisture
content had fallen to 30% of saturation, as determined by Osipova et al. (2011). Shoot biomass,
gas exchange and chlorophyll fluorescence of the flag leaf were determined around 55 days after
germination. One day after the measurements the flag leaf material was snap-frozen in liquid
nitrogen and stored at — 70°C. The response of each trait to moisture stress was assessed in the
form of a tolerance index, given by the expression Td/Tc x 100, where Td was the mean
performance of the stressed plants of a given line and Tc that of the well watered ones. Stomatal
conductance (SC), transpiration rate (TR) and the rate of CO, assimilation or net photosynthetic
rate (Phr) were determined from the central part of the flag leaf on the leading tiller of eight of
the ten plants per line, using a portable gas exchange system (LCi Photosynthesis System, ADC
BioScientific Ltd., Hoddesdon, England). Water use efficiency (WUE) was calculated from the
ratio net photosynthetic rate/ transpiration rate. Chlorophyll fluorescence was measured on the
flag leaf of three plants per line using a PAM-250 chlorophyll fluorometer (Heinz Walz GmbH,
Effeltrich, Germany). The leaves were enclosed in small light proof chamber for 30 min before
the measurement was taken; the parameters recorded were basic chlorophyll fluorescence yield
(Fo), electron transport rate at 160 pmol photons m? s* (ETRueo), peak electron transport rate
(ETRmax) and the effective photochemical quantum yield of photosystem (PS) Il (Y(II)).
Chlorophyll and carotenoid content was determined as a concentration (mg pigment per g fresh
weight) represented by the mean of three plants per line, with each assay being carried out in
triplicate.

Enzyme extracts were prepared as described by Osipova et al. (2013), except for APX (ascorbate
peroxidase) where 1 mM ascorbate was included in the homogenization buffer. Peak activities of
CAT, DHAR, APX and GR (glutathione reductase) were determined in batches of three extracts,
which were introduced into a flat-bottomed UV-Star microplate (Greiner Bio-One GmbH,
Frickenhausen, Germany); reading were taken using an Infinite M200 PRO microplate reader
(Tecan Group Ltd., Mannedorf, Switzerland). Each measurement represented the mean of three
biological replicates, each being run in triplicate. Enzymatic activity was expressed as
micromoles of substrate per milligram of protein per minute at 25°C. Total SOD activity was
measured spectrophotometrically using an Infinite M200 PRO microplate reader and flat-
bottomed Citotest microplate. Protein content was determined according to Bradford (1976),
using BSA (Sigma Aldrich, USA) as a standard.

SigmaPlot v12.0 (Systat Software, Inc., San Jose California USA, www.sigmaplot.com) was
used to obtain means, standard deviations, perform t-tests and to calculate Spearman
correlations. Analyses of variance (ANOVA) and the principal component analysis were based
on routines implemented in the statistics package PAST (Hammer et al. 2001). Broad-sense
heritability (h®) estimates were obtained from the variance components, according to Dospekhov
(1985). Associations between phenotype and genotype were sought using the single marker
regression routine implemented in QGENE software (Nelson 1997). The additive effect of a
given QTL was given by the expression 100*(BB-AA)/AA, where AA was the phenotypic mean
of individuals homozygous for the CS allele at the given locus and BB the phenotypic mean of
individuals homozygous for the Ae. tauschii allele. A LOD threshold of 3.0 was set for major
QTL, and a LOD of between 2.0 and 3.0 for minor ones.
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Results

Compared to CS, under well watered conditions, Syn accumulated less shoot biomass and
exhibited lower values of both TR and SC (Table 1); its leaf content of each of the measured
pigments was significantly lower; and its level of DHAR activity was about nine fold lower.
Under water deficient conditions, Syn exhibited a significantly lower Phr and GR activity than
CS. The stress negatively affected the performance of both lines, but the effect on both Phr and
shoot biomass on Syn was more severe (Table 2). The drought treatment enhanced DHAR
activity in the CS leaf but decreased it in the Syn leaf, producing a ~50 fold difference between
the two lines. In contrast, moisture stress enhanced APX activity in the Syn leaf by 3.6 fold,
while the level in CS was not altered. There was also a genotypic difference with respect to SOD
activity (Table 1). None of the chlorophyll fluorescence parameters were affected by the drought
stress, and did not vary between CS and Syn.

Table 1: Trait performance of the CS/Syn ILs and their donor lines under the two moisture
regimes. *, **, ***: means differed significantly at P < 0.05, 0.01 and 0.001, respectively.

Trait Parents Introgression lines h® (%)
CS Syn 6x Mean+SD Range Max/min
Well-watered conditions
Biomass® 47 2.2%%* 4.6+1.0 2.6-8.3 3.2 61.3
TR 1.3 0.70** 1.1+1.0 0.5-1.7 3.4 35.2
SC 0.12 0.05** 0.09+0.03 0.03-0.18 6.0 34.8
Phr 16.0 12.5 16.4+8.0 7.7-48.5 6.3 36.9
WUE 12.8 19.3 15.347.0 5.5-35.7 6.5 34.8
Fo 0.10 0.10 0.105+0.024 0.08-0.29 3.6 85.7
Y(I) 0.43 0.57 0.45+0.07 0.15-0.54 3.6 80.0
ETRu60 29.1 30.0 30.5+4.1 17.7-36.0 2.0 71.2
ETR max 44.9 46.7 58.7+17.9 21.1-102.6 4.9 58.8
Chl, 2.12 1.13** 2.24+0.43 1.21-3.25 2.3 65.4
Chly 0.88 0.51** 0.92+0.20 0.48-1.56 3.3 53.0
Car 0.50 0.24* 0.48+0.07 0.32-0.63 2.0 354
Chlap 3.0 1.6* 3.2+0.6 1.8-4.9 2.7 61.9
Chlgp/car 6.0 7.0 6.6+1.0 5.3-12.8 2.4 26.5
DHAR 186.0 20.0*** 190.2+81.6 38.6-336.0 8.7 68.0
GR 37.1 31.9 36.1+8.2 13.0-54.5 4.2 23.6
APX 13.7 7.9 17.0+7.7 7.2-34.7 4.8 10.6
CAT 16.6 15.3 20.4+11.8 5.0-72.1 14.4 25.7
SOD 38.6 56.1 55.7+15.9 15.6-84.9 5.4 64.3
Soil water deficit
Biomass 2.8 0.8*** 2.5+0.4 1.4-3.2 2.3 41.7
TR 0.60 0.30* 0.46+0.14 0.21-0.81 3.9 88.1
SC 0.04 0.02* 0.030+0.011  0.014-0.054 3.9 47.4
Phr 12.7 6.9* 13.8+5.4 5.5-29.6 5.4 42.2
WUE 24.7 25.9 22.6+14.6 3.3-67.2 20.4 52.5
Fo 0.09 0.09 0.101+0.01 0.07-0.12 1.7 41.2
Y(I) 0.46 0.53 0.46+0.04 0.40-0.54 1.4 50.0
ETR60 30.5 28.9 31.0+2.5 25.0-36.3 15 48.9
ETR max 59.7 52.2 67.5+16.6 35.9-105.7 2.9 38.8
Chl, 2.79 1.65** 2.64+0.39 1.68-3.53 2.1 48.5
Chly 1.14 0.81* 1.12+0.26 0.53-1.85 3.5 55.8
Car 0.60 0.32** 0.58+0.09 0.34-0.78 2.3 50.0
Chlasp 3.9 2.5 3.8+0.6 2.3-4.9 2.1 48.3
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Trait Parents Introgression lines h? (%)
CS Syn 6x Mean+SD Range Max/min
Well-watered conditions
Chl.p/car 6.6 7.8 6.6+1.1 4.2-13.7 3.3 39.5
DHAR 310.0 6.0** 273.8187.0 104.0-477.1 4.6 58.9
GR 314 20.5** 35.6+11.6 10.6-59.9 5.7 43.8
APX 17.0 28.7 19.448.9 4.6-47.0 10.2 14.3
CAT 12.8 11.2 19.5+10.8 4.8-38.5 8.0 22.2
SOD 30.7 56.3*** 45.4+15.2 10.1-73.5 7.3 63.0

2 The biomass unit is grams. The transpiration rate (TR) is expressed as mmol'm?-s?; stomatal
conductance of H,O (SC) is mol'm™s *; photosynthetic rate (Phr) is pmol-m?s™; WUE — water
use efficiency as net photosynthesis/transpiration; basic chlorophyll fluorescence yield (Fo);
effective photochemical quantum yield of PS II (Y(II)); electron transport rate at 160 umol
photons/(m?s) (ETRueo) is pmol-electrons/(m?s); maximum electron transport rate (ETRmax) i
umol-electrons/(m*s); pigment contents is expressed in mg per gram of wet weight. Chla.y/car —
the ratio of total chlorophyll to total carotenoids; CAT, DHAR, GR, APX, SOD - catalase,
dehydroascorbate reductase, glutathione reductase, ascorbate peroxidase and superoxide
dismutase activity, that is presented as U/mg of protein extract.

Table 2: Tolerance indices of the CS/Syn ILs and their donor lines. *, **: means differed
significantly at P < 0.05 and 0.01, respectively

Trait Parents Introgression lines
Chinese Synthetic 6x Mean + SD Range
Spring
Biomass 63 43** 55+ 15 35-112
TR 43 40 47 £ 27 13 - 167
SC 31 40 42 +31 8- 200
Phr 88 55** 77 £34 11-152
WUE 202 128 193 £ 83.9 51 -429
FO 93 94 98 + 13 65 - 138
Y(I) 105 93 104 £ 15 71-149
ETR60 105 96 104 £ 15 70 - 165
ETRmax 130 112 127 £ 47 48 - 308
Chl, 132 146 123+ 30 82-211
Chl, 130 159* 126 + 39 43 - 228
Chlasp 131 149 126 + 38 73-249
Car 120 133 122 + 27 84 - 206
Chlgp/car 110 111 102 + 18 66 - 219
CAT 77 73 99 + 57 23 - 285
DHAR 167 28* 184 + 136 66 - 663
GR 85 64 103 + 38 35-317
APX 124 363 137+ 75 34 — 333
SOD 79 100 80+ 20 24 - 144

There was a transgressed variation among the ILs in both directions for some of the traits both
under well watered and drought conditions. The fold difference between the lowest and the
highest values ranged from 2.0 (Car and ETRye0) to 14.4 (CAT activity) (Table 1) in favorable
conditions and from 1.4 (Y(Il)) to 20.4 (WUE) in droughty. Some traits showed the reduction of
variability under drought, such as chlorophyll fluorescence parameters, stomatal conductance or
photosynthetic rate, some retained the variability level (leaf pigments content) and some
substantially enlarged the limits of variability. The latter was characteristic of WUE, APX and
SOD activity. The h? parameter was reduced by the drought stress with respect to shoot biomass
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and chlorophyll fluorescence, but was increased with respect to the gas exchange parameters and
Car. DHAR and SOD activity level was associated with the highest h? values in both the well
watered and moisture-stressed plants. Some tolerance indices did not differ between CS and Syn
(Table 2) but again CS showed the especially high tolerance of traits biomass, WUE and DHAR
under drought. Many differently directed correlations were found under both conditions (data not
shown). The pattern of inter-trait correlations was quite different for the normal and droughty
conditions. For example, in the non-stressed plants, shoot biomass was significantly correlated
with photosynthetic pigment content and the activity level of both DHAR and GR. Under
contrasting conditions, shoot biomass positively inter-correlated with SC and TR and CAT
activity while the correlation was negative for both GR and SOD activity.

QTL analysis

Forty three QTLs were detected totally. The interval mapping procedure identified 24 major
QTL (LOD scores varying from 3.0 to 8.7) (Table 3). Four of these loci were specific for the
well watered plants, 9 for the droughted ones and 12 referred to a tolerance index; 19 minor QTL
(LOD score ranging from 2.0 to 3.0) were also identified. The most well populated chromosome
was 2D chromosome (11 loci) and the least populated was 3D (zero loci) (Table 3). The largest
number of positive alleles of the drought-specific QTL was inherited from CS and all the
positive alleles for the tolerance indexes QTL were donated by CS. The proportion of the
variance explained by each QTL varied from 11 to 21% (well watered specific loci), 11-33%
(drought specific loci) and 12-39% (tolerance index QTL). Considerable input in trait variability
under water deficit was introduced by QTL for biomass (2 loci), TR (2 loci), SC (2 loci). WUE
(2 loci), GR (2 loci) and APX (1 locus) explaining, respectively, 32, 25, 30, 27, 44 and 27 of the
phenotypic variance.

Eleven D genome regions harbored QTL associated with traits of relevance to drought tolerance;
they were distributed over the four chromosomes 1D, 2D, 5D and 7D. The two regions identified
on chromosome arm 1DS. One of them was defined by the microsatellite locus Xgdm33, and
harbored major QTL underlying the Chl,./Car ratio, the tolerance index for this trait and Chly
content under moisture deficit conditions. The other was defined by Xgwm337, and harbored
QTL underlying Y (Il), ETR160, and ETRmax in well watered plants and tolerance index QTL for
two of these traits. On chromosome arm 2DS, Xgdm5 was linked to QTL underlying TR, SC,
ETRmax and PC1 in moisture-stressed plants. A second QTL region on this chromosome, lying
106 cM away from the first one, was defined by the 24.6 ¢cM long interval flanked by Xgwm539
and Xgwm1419. This region harbored QTL underlying shoot biomass, SC and WUE in moisture-
stressed plants, tolerance index QTL for all three traits and a QTL underlying Phr under well
watered conditions. The GR activity major QTL denoted QGr.ipk-2D.1, which mapped close to
Xgwm484, was detected in both moisture regimes. An additional locus was detected in droughted
plants on chromosome arm 2DL, close to Xgwm991. Tolerance index QTL for Y(Il) and ETR 160
were mapped to chromosome arm 5DS, associated with Xgdm3 and Xgwm960, and a major shoot
biomass QTL was linked to Xgwm?292 specifically in water deficient conditions. The distal end
of 5DL included a small region, defined by Xgwm272 and Xgwm1454, harboring QTL for
tolerance index of leaf pigment content. Finally, on chromosome 7D, the large segment lying
between Xgwm1242 and Xgwm1672 housed QTL underlying Phr under moisture stress and its
tolerance index, and for WUE. The region around Xgwm1672 featured QTL underlying APX
activity under both growing conditions. Twenty seven suggestive loci with LODs less than 2,0
were detected (Table 3). Most of them were situated in the chromosome regions as major and
minor QTLs mentioned above and their peak LOD score coincided with the positions of
molecular markers being already identified.
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Table 3: QTL underlying trait performance under the two moisture regimes

2

Trait QTL on Marker nearest to LOD Source of r9
chromosome LOD max max positive %
allele
Well-watered condition

1 Photosynthetic ~ QPhr.ipk-2D Xgwm1419 2.3 Syn6x 12
rate

2 Water use QWue.ipk-4D Xgdm61l 3.0 CS 16
efficiency

3 Y(11)? QEpq.ipk-1D Xgwm337 2.1 CS 11

4 ETR1e0 QEtr.ipk-1D Xgwm337 4.1 Syn 6x 21

5 ETRmax QEtrm.ipk-1D Xgwm337 2.3 Syn 6x 12

6 Chl,/car QCecr.ipk-4D Xgwm1382 3.3 CS 17

7 GR QGr.ipk-2D Xgwm484 3.5 Syn 6x 18

8 APX QApx.ipk-7D Xgwm1672 2.0 CS 11

Soil water deficit

9 Biomass QBm.ipk-5D Xgwm?292 3.3 Syn 6x 16

100 -<- QBm.ipk-2D Xgwm539 3.0 CS 16

Total® 32

11 Transpiration QTr.ipk-2D.1 Xgdm5 2.4 CS 12
rate

12 -« QTr.ipk-2D.2 Xgwm539 2.6 CS 13

Total 25

13 Stomatal QSc.ipk-2D.1 Xgdm5 2.9 CS 15
conductance

14 -«- QSc.ipk-2D.2 Xgwm539 2.9 CS 15
Total 30

15  Photosynthetic  QPhr.ipk-7D Xgwm11l 6.3 CS 30
rate

16 Water use QWue.ipk-7D Xgwm11l 2.8 CS 15
efficiency

17 -«- QWue.ipk-2D Xgwm539 2.2 Syn 6x 12

Total 27

18 YD QEpq.ipk-5D Xgwm1629 2.0 CS 11

19 ETRmax QEtrm.ipk-2D Xgdm5 35 CS 18

20  Chly Qchb.ipk-6D Xgdm36 4.8 Syn 6x 24

21  Chlg/car QCecr.ipk-1D.1 Xgdm33 3.4 CS 18

22 “- QCecr.ipk-1D.2 Xgwm458 2.8 CS 15

Total 33

23  GR QGr.ipk-2D.1 Xgwm991l 4.4 Syn6éx 23

24 -- QGr.ipk-2D.2 Xgwm484 4.1 Syn6éx 21

Total 44

25 APX QApx.ipk-7D Xgwm1672 5.6 CS 27

Tolerance indices

26  Biomass QBmit.ipk-2D Xgwm539 5.4 CSs 26

27  Transpiration QTrit.ipk-2D Xgwm539 5.7 CSs 28
rate

28  Stomatal QScit.ipk-2D Xgwm539 5.7 CSs 28
conductance

29  Photosynthetic ~ QPhrit.ipk-7D Xgwm11l 3.4 CSs 18
rate

30 Water use QWueit.ipk-7D Xgwm428 2.3 CSs 12
efficiency

31 Y QEpqit.ipk-5D Xgwm960 3.7 CS 19

32 -- QEpqit.ipk-1D Xgwm337 2.6 CS 13

Total 32
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33 ETRuo QEtrit.ipk-5D Xgwm960 3.6 CS 19
34 - QEtrit.ipk-1D Xgwm337 2.6 CS 14
Total 33
35 Chl, Qchait.ipk-5D Xgwm272 5.0 CS 25
36  Chly Qchbit.ipk-1D Xgdm33 3.7 CS 19
37 Chla QTchit.ipk-5D Xgwm272 2.4 CS 13
38 Car QCarit.ipk-5D Xgwm272 6.0 CS 29
39  Chl,p/car QCecrit.ipk-1D.1 Xgdm33 4.4 CS 22
40 -“- QCecrit.ipk-1D.2 Xgwm458 3.0 CS 16
Total 38
41 DHAR QDharit.ipk-7D Xgwm1672 2.7 CS 14
42  GR QGirit.ipk-1D Xgwm1012 8.7 CS 39
43 SOD QSodit.ipk-4D Xgdm61 2.4 CS 13

Y (1) - effective Photochemical quantum yield of PS Il; ETRigo - electron transport rate at 160
umol photons/(m*'s); ETRmax - maximum electron transport rate. GR, APX, DHAR, SOD -
glutathione reductase, ascorbate peroxidase, dehydroascorbate reductase and superoxide
dismutase activity; Chlasp/car — the ratio of total chlorophyll to total carotenoids; Ptotal
phenotypic variance

Table 4: Suggestive QTLs (LOD<2,0) in the genome D of wheat associated with shoot biomass,
gas exchange and chlorophyll fluorescence parameters, chlorophyll and carotenoids contents and
enzymes activities under two water regimes and with tolerance indices

QTL Trait Chromosome  Marker LOD Source of X, %
positive allele
Well-watered condition
1 Biomass 2D Xgwm1419 1.7 Syn 6x 9
2 - - 1D Xgdm33 1.6 CS 9
3 - 7D Xgwm130 1.6 CS 9
Total 27
4 Water use 5D Xgwm982 1.9 CS 10
efficiency
5 Chlorophyll b 7D Xgwm1672 1.7 CS 9
6 Carotenoids 5D Xgwml1454 1.6 Syn 6x 9
7 DHAR 6D Xgwm325 1.9 CS 10
8 GR 2D Xgwm539 1.9 CS 10
9 SOD 2D Xgwml419 1.9 Syn 6x 10
10 - 6D Xgwm325 1.8 CS 10
Total 20
Soil water deficit
11 Biomass 5D Xgwm205 1.8 Syn 6X 10
12 - 2D Xgwm991 1.7 CS 9
Total 19
13 Stomatal 2D Xgwm311 1.6 CS 8
conductance
14 - 7D Xgwm428 1.9 CS 10
Total 18
15 ETR160 5D Xgwml1629 1.9 CS 10
16 Chlorophyll a 5D Xgwm205 1.7 CSs 10
17 Chlorophyll b 5D Xgwm982 1.8 Syn 6x 10
18 Total 1D Xgwm1012 1.6 Syn 6x 9
chlorophyli
19 - 6D Xgdm36 1.6 Syn 6x 9
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Total 18
20 Chlorophyll/ Xgdm36 1.9 Syn 6x 10
carotenoids 6D
21 DHAR 6D Xgdm132 1.8 CS 10
22 - 6D Xgdm98 1.6 CS 9
Total 19
23 SOD 6D Xgdm132 1.6 CS 9
24 - 6D Xgdm98 1.6 CS 9
Total 18
Tolerance indices (IT, %)
25 Chlorophyll b 6D Xgdm36 1.8 Syn 6x 10
26 - 5D Xgwm272 1.7 CS 9
Total 19
27 GR 2D Xgwm991 1.8 Syn 6x 10

Abbreviations as in Table 3.

Discussion

The donor and recipient of the CS/Syn ILs differed with respect to a number of parameters of
relevance to both the direct (gas exchange, photosynthetic pigment content) and indirect (level of
Asc-GSH cycle enzyme activity) effects of drought (Table 1). Syn, an amphiploid derived from
the cross Triticum dicoccoides x Ae. tauschii (McFadden and Sears, 1946), produces narrow
leaves and a relatively low gas exchange rate, traits which are likely to evolve in the semi-arid
environment co-habited by the two progenitor species. The wheat CS in its drought resistance
strategy, in a line with a reduced stomatal conductance uses the powerful protective mechanism
manifesting in a high DHAR enzyme activity (Table 1). The set of ILs varied considerably for
most of parameters predicted to be associated with drought tolerance, so represented a suitable
population for identifying D genome genes with a likely impact on this key performance trait.

Of the seven D genome chromosomes assayable through the use of the set of CS/Syn ILs, four
appeared to harbor clusters of relevant QTL. The chromosome arm 1DS segment was shown to
house a large number of QTL underlying a mix of the traits. The same genetic interval is known
to harbor QTL determining both grain weight (Pestsova et al. 2006) and various germination-
related traits (Landjeva et al. 2010), as well as genes/QTL controlling flag leaf temperature in
drought-stressed plants (Kumar et al. 2012). A second region associated with gas exchange and
shoot biomass was identified on chromosome 2D segment specified by Xgwm93 and Xgwm988
(Tables 3, 4). Verma et al. (2004) have mapped a major QTL associated with leaf senescence in
response to drought in this region, which also harbors a determinant of grain weight (Pestsova et
al. 2006). Working with CS as a parent of mapping population Czyczylo-Mysza et al. (2013)
were able to locate a major QTL underlying leaf pigment content in the neighborhood of
Xgwm5b39, mapping to this same part of chromosome 2D. The implication is that this region of
the second homoeologous group chromosomes harbors the gene(s) with a pleiotropic effect on
the stomatal control of photosynthesis and biomass production. A third cluster mapped to the
chromosome 7D coincides with identified by Yang et al. (2007) as the site of drought-induced
QTL underlying chlorophyll fluorescence parameters. A significant contribution to the drought
response determined by this genomic segment may be a major locus underlying APX activity in
both well watered and moisture-stressed plants and/or the DHAR activity tolerance index QTL,
since both these enzymes act to control cellular levels of reactive oxygen species. A QTL
underlying shoot biomass was mapped here to chromosome 5D, in the vicinity of Xgwm292.
This genomic region houses genetic determinants of a range of agronomic traits (Pestsova et al.
2006) and seedling vigor (Landjeva et al. 2010). The location of the chlorophyll fluorescence
parameter tolerance index QTL located on chromosome arm 5DS overlaps with that of a QTL
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derived from a germination test (Landjeva et al. 2010). Similarly, the photosynthetic pigment
content tolerance index QTL located on 5DL co-localize with a QTL controlling germination
following artificial seed ageing (Landjeva et al. 2010). The implication is that this chromosome
too carries a number of genes regulating development and the stress response. An attempt has
been made here to identify the genetic basis of variation in the activity of antioxidant enzymes in
wheat plants exposed to contrasting moisture regimes. For GR activity, major QTL expressed
only under water deficient conditions was mapped to chromosome 1D and to chromosome 2D.
Major loci active under both non-stressed and/or drought-stressed conditions was identified
around Xgwm484 on chromosome 2D. The same locus for APX was detected around Xgwm1672
on chromosome 7D.

The work was supported by RFBR research project Ne15-04-02672
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‘Old’, or historic varieties are defined as “relatively homogeneous selections made within
existing landraces or in the early stages of formal plant breeding programmes that was once on a
variety registration list but are no longer registered” (Serpolay et al., 2011). Being a product of
natural and purposeful selection carried out by generations of farmers through the years this old
germplasm is highly adaptive to particular ecological conditions. Therefore, it represents a rich
source of traits and alleles that should be characterized, evaluated and appropriately utilized to
widen the diversity within modern crops.

Wheat (Triticum aestivum L.) is the most important crop in Bulgaria. The old Bulgarian
germplasm grown to the west of the Black Sea was noted for its stable yield, drought tolerance,
high protein content, or good bread-making quality (Majdrakov, 1945).

A collection of 60 historic bread wheat varieties released in Bulgaria from the beginning of last
century up to the early 1970s was gradually assembled during the period 2005-2012 (Table 1). It
comprises both selections within local forms, and varieties having a local material in their
pedigree. The majority of accessions (28) has come from the IPK genebank, followed by the
entries kindly provided from the Czech genebank at the Crop Research Institute, Prague (25), the
Bulgarian genebank at Sadovo (6), and the Dobrudzha Agricultural Institute (1).

Brief characterization of the collection

For 42 out of 60 accessions, the origin - either collection site or release breeding station, is
known based on the information listed in the genebanks’ databases. Most of the old varieties
have come from local breeding stations or nearby farmers’ selections from North-Eastern
territories and from the central Southern part of the country. Few entries have come from
breeding centres near Black Sea coast and Sofia valley.

The botanical composition of the collection was determined on the basis of 5 highly heritable
traits: presence of awns, colour of awns, colour of glumes, colour of grain, pubescence. The
erythrospermum (27) and ferrugineum (20) varieties were prevailing, the rest of accsessions
were of lutescens (7), graecum (2), sardoum (1), milturum (1), hostianum (1), and
pseudohostianum (1) type.

The information about the pedigree of the historic varieties was scarce. Eight of the accessions
have varieties Noé and/or Mentana as parents that have been crossed with local varieties
(Martynov et al., 2006). Noe itself is a selection from a local wheat from Odessa region
(Martynov et al., 2006). The Italian varieties Fortunato and San Pastore are parents in the
pedigree of three other varieties, contributing shorter stem and earliness. One variety (Burgas-1)
has received the wheat-rye 1B.1R translocation from the German variety Neuzucht.
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Since the collection has been established step by step during a period of 7 years, various numbers
of accessions have been included in different analyses and different number of growing seasons.
The following traits were evaluated: plant growth habit, resistance to lodging and resistance to
yellow rust (all accessions - 2014); heading time, final plant height and yield components (30
acc., 4 years-trial), nitrogen use efficiency (NUE) (21 acc., 2013, 2 environments). The material
was sown in early to mid October in either 1.2 m? drilled plots (2006, 2007, 2008), or in two 1
m-long rows in two replications (2014). Moderate amounts of N fertilizer (Nsg) split in two doses
were applied during the vegetative season in all filed trials. The experimental design for the NUE
study is described below. The genomic diversity was evaluated in 28 accessions based on allelic
richness, occurrence of unique alleles, PIC (polymorphism information content), and variety
heterogeneity using a set of 24 highly polymorphic wheat microsatellites as described in
Landjeva et al. (2015).

Plant growth habit

Plant growth habit was determined at tillering stage in the middle of March. The frequency
distribution for this trait was: 10% prostrate, 13% semi-prostrate, 15% semi-erect, 27%
intermediate, and 35% erect.

Heading time

Heading time was determined as an average for 30 historic varieties over a 4-year field trial
(2006, 2007, 2008 and 2014) conducted at the experimental field of the Institute of Plant
Physiology and Genetics, Sofia. Three modern varieties were used for comparison: Sadovo-1 (a
long term standard for productivity), Enola (the most widely grown variety in the country), and
Katya (distinguished for its good drought tolerance). Heading date presented as number of days
after April 1%, displayed large variation spanning from 35 days (Sadovska ranozrejka) to 55 days
(variety No165). The old and modern varieties differed significantly (p<0.05), the old ones being
later by 5 days. Only four of the old genotypes were either comparable or earlier in heading than
the modern releases.

Final plant height

Final plant height presented as an average over a 4-year field trial with 30 old genotypes varied
within the range from 89 cm (PIdin) to 135 cm (Yubilejna-2). The average plant height of the
old varieties (116£21.6 cm) was significantly higher compared to the modern varieties (87+13.6
cm). The variation in plant stature was larger in 2014 which was characterized by extremely high
and prolonged spring precipitation that favoured the vegetative growth. The trait varietal mean
values ranged from 93 cm (Sadovska ranozrejka-4) to 156 cm (Yubilejna-2) and a mean of
136+19.2 cm which was significantly higher than the mean plant height of the modern control
varieties (101+10.9 cm). Eleven old varieties were of short stature comparable with the modern
releases, three of them having San Pastore as an ancestor.

Lodging resistance

Year 2014 was characterized by both high precipitation during the vegetative and reproductive
stages and numerous heavy storms thereby causing severe lodging for a large part of the field
material. Even under such adverse conditions 37% of the historic varieties displayed complete
lodging resistance. These included varieties with plant height up to 150 cm, whereas the tallest
ones were mostly moderately resistant or susceptible to lodging.
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Resistance to yellow rust

Stripe (yellow) rust caused by Puccinia striiformis can result in significant loss to wheat yield
and grain quality, given appropriate environmental conditions and susceptible varieties. It
usually appears as a mass of yellow to orange urediniospores erupting from lesions arranged in
stripes on leaves. At severe disease outbreak the glumes and awns could also be affected. During
later growing stages and higher temperatures black teliospores appear often on spikes and stems.
Usually the disease is not a serious problem in South-Eastern parts of Europe. However, the mild
2013/2014 winter followed by prolonged humid and cool spring ensured favourable
environmental conditions for epiphytotic development of stripe rust in 2014. Growing resistant
varieties is the most economical way to keep the level of yellow rust low so that other controls
are not required. It is considered that the resistance in wheat varieties is based on a very narrow
genetic range. The old germplasm is expected to have certain level of resistance that is sufficient
to control the limited disease occurrence in non-standardized conditions. This together with the
high genetic heterogeneity of the old resources prompted the search for resistance within the
collection of old varieties during the “good for yellow rust” 2014. An assessment scale from 1
(highly resistant, HR, no visible symptoms or occasional symptoms of infection without
sporulation) to 9 (highly susceptible, HS, abundant sporulation across the whole leaf area with
no evidence of stripes) proposed by Wellings and Bariana (2004) was used to describe the
genotypic response. The reaction of 20 varieties ranged from 1 (HR) to 4 (moderately resistant
with affected area less than 30%) that could be used as donors of resistance genes; the response
of the rest varied from intermediate to highly susceptible (Fig. 1).

Nitrogen use efficiency (NUE)

Modern semi-dwarf varieties are highly responsive to N application, but not all of them are
efficient in N use. The adoption of responsive and inefficient cultivars in practice results in high
expenses with N fertilizers and high risks for ecological contamination. Therefore, in
unfavourable nutritional conditions or in organic practices, N efficient and well-adapted
genotypes are required. The NUE of 21 old varieties was evaluated in two different
environments and two N fertilizer applications in a search of N efficient genotypes. The modern
varieties Sadovo-1, Enola and Katya were used for comparison.

The experiment was conducted in Sofia, Western Bulgaria (42°41°N 23°19°E) at the
experimental field of the Institute of Soil Science, Agrotechnologies and Plant Protection, and in
General Toshevo, North-Eastern Bulgaria (43°42°N 28°2°E) at the experimental field of the
Dobrudzha Agricultural Institute at low (No) and high (Ni2) nitrogen fertilization, in a
randomized block design with three replications. The two environments differed with respect to
the soil type, humus content and pH in the soil, content of P and K, and crop predecessor. The
final plant height, grain yield per linear meter, grain yield per spike and TKW were evaluated for
each variety x replication x N block combination. Significant effects for the genotype (G),
environment (E), N level (N) were detected (p<0.001) for all traits, except for the non-significant
effect of the N level on plant height. The effects of G x E interaction was significant (p<0.001)
demonstrating different response of the old varieties at different eco-climatic conditions. At the
same time the interactions G X N, E x N and G x E x N did not prove significant for all traits
implying a relatively similar performance of all genotypes to the two nutritional regimes and
environments. All historic varieties and the 3 modern ones were classified into groups according
to N use and diagrams were designed for the two environments. By plotting the values of the
yield overall average at the high N onto those at the low N level the diagrams were divided into
quadrants showing the response and efficiency of each genotype. The four groups represented N-
responsive and efficient, N-non-responsive and efficient, N-responsive inefficient and N-non-
responsive inefficient genotypes (Fig. 2). Only 5 varieties appeared to fall into one and the same
group in both environments. The rest demonstrated different response and efficiency under
conditions differing for soil type, soil composition and preceding crop.
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Molecular diversity

With the development and use of molecular markers, the assessment of genetic variation
available in the old germplasm at molecular level advanced rapidly. Such information is
important for resources conservation to correlate the molecular diversity to the phenotypic one,
and for plant breeding to serve as a reference for the choice of parents. The twenty-four
microsatellite markers used detected a total of 173 alleles at 25 loci on 14 chromosomes, ranging
from 4 to 16, with an average 6.9 alleles per locus and an average PIC of 0.68. Twenty-eight %
of the alleles were unique appearing only once in the whole pool of entries. The population was
genetically highly heterogeneous (30.9%) with no completely homogeneous accession. The
varietal heterogeneity ranged from 16 % (4 heterogeneous loci in variety Okerman-804) to 52%
(13 heterogeneous loci in variety Obrascov Ciflik Nr. 16). At locus Xgwm261, 10 alleles were
detected ranging from 165bp to 219bp. Five of the accessions were heterogeneous for this locus.
Interestingly, allele Xgwm261:92n, Which has long been proposed diagnostic for the semi-
dwarfing gene Rht8 (Korzun et al., 1998) was identified in three varieties (Khebros,
Erythrospermum 19-16 and Sadovka) having comparable or slightly longer culms than the
modern control varieties. Based on pedigree, the origin of the 192bp allele in Khebros and
Erythrospermum 19-16 can be traced back to Akakomugi, the key source of Rht8, through the
Italian varieties Fortunato and San Pastore, respectively. The genealogy of variety Sadovka
involves one local variety from Odessa region and two local Bulgarian materials. This finding is
suggestive for the existence of another source of Xgwm?26114, besides Akakomugi. According to
Ellis et al. (2007), this allele has been reported also in Daruma, one of the ancestors of Norin 10,
and in some Chinese landraces. The suggestion is that haplotypes not associated with Rht8 would
persist in landraces or breeding material with no strong selection pressure for short stem (Ellis et
al., 2007).

The dendrogram (Fig. 3) was constructed on the basis of the genetic distance at 21 loci
displaying 7 or more alleles by hierarchical clustering of 1-GS using Ward’s method (Ward,
1963). All but two genotypes could be differentiated. Some of the varieties formed clusters
according to their geographic origin /breeding station, or genealogical relations.

Conclusion

A collection of historic (‘old”) bread wheat varieties released in Bulgaria from the beginning of
last century up to the early 1970s as products of traditional farmers’ selection and early breeding
activities has been studied with regard to molecular variability, phenotypic characteristics, plant
height, earliness, agronomic traits, disease resistance, and nitrogen use efficiency. This old
germplasm had evolved from a broader gene pool and therefore is a valuable though yet
underutilized resource for breeding purposes. Among this germplasm, potential sources of good
productive potential, lodging resistance, N efficiency and yellow rust resistance were identified.
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Table 1: List of Bulgarian old (historic) bread wheat varieties used in the study

Variety name Botanical type Contributor Catalogue No Xgwm
261 allele
(bp)
Beliya graecum RICP? K-42783 211
Burgas-1 lutescens RICP RICP 01C0102599
Bulgarische Weizen Nr. 7 sardoum IPK® TRI 4974 215
Bulgarische Weizen Nr.44  ferrugineum IPK TRI 4975 213
Bulgarische Weizen Nr.84 erythrospermum  IPK TRI 4976 174
Butovo ferrugineum IPK TRI 356 165
Daskot-171 ferrugineum IPK TRI 378 205
Dimitrovka 5-11 erythrospermum  RICP RICP 01C0101820
Dobrudzhanka-1 lutescens RICP RICP 01C0101830
Dunavka erythrospermum  IPK TRI191 174
Duravko ferrugineum IPK TRI1 373 174, 211
Erythrospermum-19-16 erythrospermum  IRGR® BG 1985-TRT-AE-189 192
Ferrugineum-2 ferrugineum RICP RICP 01C0101824
Ferrugineum-113 ferrugineum RICP RICP 01C0102194
Ivanca ferrugineum IPK TRI 377 205
Karnobat-92 erythrospermum  RICP RICP 01C0101827
Karnobater frihreifer erythrospermum  IPK TRI 3702 174
Khebros lutescens RICP K 49835 192
Kneja ferrugineum IPK TRI 357 213
Koslovez-3 erythrospermum  IPK TRI 365 165
Mariza erythrospermum  IPK TRI190 211
Nadezhda-2 erythrospermum  IRGR BG 2001-TRT-AE-154 174
Nedan erythrospermum  IPK TRI 368 165, 203
Nova Sadovka erythrospermum  RICP RICP 01C0104465
Obrascov Ciflik Nr.7 ferrugineum IPK TRI 185 215
Obrascov Ciflik Nr.14 ferrugineum IPK TRI 186 217, 219
Obrascov Ciflik Nr.16 ferrugineum IPK TRI 187 213
Obrascov Ciflik Nr.84 erythrospermum  IPK TRI 188 174
Obrascov Ciflik Nr.159 ferrugineum IPK TRI 189 165, 174
Okerman-17 ferrugineum IRGR BG 1985-TRT-AE-188 174
Okerman-804 ferrugineum IPK TRI 9532 213
Plamak lutescens RICP RICP 01C0105337
Pldin lutescens RICP RICP 01C0104081
Poliak ferrugineum RICP RICP 01C0104466
Popovo ferrugineum IPK TRI 5215 174
Prof. Ackerman lutescens IPK TRI 192 165
Prof. Ackerman ferrugineum IPK TRI 370 174
Sadorka erythrospermum  IPK TRI 372 174
Sadovka ferrugineum IPK TRI 194 192
Sadovska ranozrejka-2 milturum IRGR IPGR 165
Sadovska ranozrejka-4 ferrugineum RICP RICP 01C0201627 174
Slomer erythrospermum  IPK TRI 367 205
Sofia-40 erythrospermum  IPK TRI 5095 215
Sofia-312 graecum RICP RICP 01C0201141
Stalinka pseudohostianum  RICP RICP 01C0201003
Tenscha erythrospermum  IPK TRI 369 164
Tolbuhin erythrospermum  IPK TRI 7851 213
Vitosa erythrospermum  RICP RICP 01C0102207
Yubilejna-2 erythrospermum  IRGR BG 2001-TRT-AE-151 165, 174
Zlatiya erythrospermum  RICP RICP 01C0102608
N0100-10 erythrospermum ~ DAI® -
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No127 erythrospermum  RICP RICP 01C0100626 215
No165 hostianum RICP RICP 01C0100962
No0182 erythrospermum  RICP RICP 01C0100629 174
No264 erythrospermum  RICP RICP 01C0100630 174
No301 erythrospermum  IRGR 1956-TRT-AE-1 174
No312 ferrugineum RICP RICP 01C0100961
No01153 erythrospermum  RICP RICP 01C0100633
No01438 erythrospermum  RICP RICP 01C0100634
N02315 lutescens RICP RICP 01C0100964

®RICP — Crop Research Institute, Prague, Czech Republic

PIPK — Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany
‘IPGR — Institute of Plant Genetic Resources, Sadovo, Bulgaria

DAI — Dobrudzha Agricultural Institute, General Toshevo, Bulgaria

12

10 A

Fig. 1: Frequency distribution of Bulgarian historic (old) bread wheat varieties for resistance to
Puccinia striiformis, following the assessment scale proposed by Wellings and Bariana (2004)
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Fig. 2: Bi-plot of grain yield in 21 Bulgarian historic (old) bread wheat varieties and 3 modern
ones (controls) at high (N12) and low (no fertilizer N added) N levels in two environments: Sofia
and General Toshevo. Broken lines represent means for each N level.
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Fig. 3: Hierarchical clustering dendrogram, showing genetic relationships of 28 Bulgarian
historic (old) bread wheat varieties. The genetic distance coefficients were calculated as 1-GS
from data at 21 microsatellite loci displaying 7 or more alleles. Accessions that are identical at

all loci are marked by *.
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Genetic diversity of hexaploid wheat in Belarus based on SNP genotyping
M. Shapturenko®, V. Korzun?, S. Vakula®, L. Khotyleva®

! Institute of Genetics and Cytology of NAS, Belarus
2 KWS LOCHOW GmbH, Germany

Summary

We used high-throughput array to evaluate diversity within hexaploid wheat growing in Belarus
under breeding program through 384 gene-associated SNPs. A total 331 SNPs were genotyped,
representing variability of 97.6% loci. We found out some common and contrasting patterns of
the haplotype diversity in winter and spring accessions, which suggest different selection forces
possibly acting in specific regions of the wheat genome throughout breeding. By neighbor-joing
method, 94 wheat accessions were grouped into two major groups with high intra-group
diversity in accordance with its type of vegetation and geographic origin. Genetic structure of
Belarusian population of wheat appeared similar to Russian and Ukrainian variety and
essentially different from west-European varieties.

Observed frequency of minor allele (MAF) was shifted towards alleles with MAF>0.25. Of the
331 markers, only 8 (2.4%) detected MAF<0.05, and 236 (71.3%) had MAF>0.2, which showed
its high differentiating ability for tested wheat accessions. As a whole, used SNP set has been
helpful in differentiating unique germplasm accessions and further allow us to validate allele-
trait associations for wheat improvement in Belarus by genomic selection.

Introduction

Wheat is one of the main grain crops of Belarus along with barley, rye and triticale. Mainly
Belarus provides its needs for grain, except high-quality elite cultivars. Last decade the structure
of grain crops significantly changed in favor of high-yielding cultivars of wheat for 19% (from
20,1 till 32,1%) by reducing the acreage of rye in 3 times. It caused changes of total yield of
grain crops (http://mshp.gov.by/agriculture/crop/grain/).

In 2014 year the area under wheat in Belarus was about 500 thousand hectares, two third (336.9
th/he) of which were sowed by winter wheat. Average yield of wheat in last year was 4 tons per
hectare and overall reached approximately 2 million and 2 hundred thousand tons.

In the prewar and postwar years, wheat breeding in Belarus had not been in progress and up to
middle of 80s there were not local winter cultivars and only some spring wheat with low
productive potential (Grib 2009). But annually about 100 thousand ha of area has been sowed by
Russian, Ukrainian and Polish cultivars. All of them had not been adapted to the local conditions
and so didn't realize its full genetic potential.

In eighties wheat production still had low competitiveness due to export of high-quality grain of
strong wheat from different regions of ex USSR. For instance, Ukrainian cultivar Mironovskaya
808 showed of 10 quintals per hectare greater yield in comparison with local Belarusian varieties
(Koptik 2010). Evidently, in those years Belarusian wheat breeding extremely needed new
sources of valuable genes. Thus, big forces were done for intensive field evaluation of wide
varieties from different world breeding centers to collect prospective forms for further wheat
improvement in Belarus.
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Wheat breeding in Belarus started to grow intensively since 90s of last century, after USSR
collapse. Valuable genes were introgressed from foreign variety and fixed in local wheat by
applying crosses and selection, and set of high yielding cultivars for different purposes was
created during subsequent years.

To date numerous local and foreign wheat accessions are stored in Belarusian GeneBank with
poor information about its genetic diversity and possible relationships. In this work we were
aimed to characterization of genetic structure in collections (58) winter and (27) spring accession
including contemporary local Belarusian and foreign wheat varieties.

Materials and methods

We performed a comparative study 64 accessions (winter wheat: Berezina, Bylina, Zavet,
Karavay, Legenda, Melodya, Plejada, Premiera, Prestizh, Sakret, Arina, Garmoniya,
Kapylyanka, Epopeya, Avangardnaya, Veda, Suzore, Shtchara, Spectr, Sanata, Kontur, Komfort,
Grodnenskaya 23, Grodnenskaya 24, Zarica, Kanveer, Mogilevskaya, Navina, Prinemanskaya,
Priozernaya, Epos, Uzdym, Yadvisya, Kalaryt, Slavyanka, Balada; spring: Anyuta, Belorusskaya
80, Viza, Darya, Laska, Lyubava, Rassvet, Rostan, Sofya, Toma, Sudarynya, Lastotchka,
Tchayka, Vestotchka, KSI-3 11, KSI-15_11, PSI-74_11, PSI-76_11, PSI-84 11, ESI-3_11, ESI-
9 11, MR-1, MR-15, Opal, Festivalnaya, Kontessa, YA-1_5, YA-1_12) of hexaploid wheat
growing in Belarus under breeding program with 27 cultivars (winter wheat: Podolyanka,
Pereyaslavka, Tripilska, Tchornava, Natalka, Zolotokolosa, Bogdana, Volodarka, Smuglyanka,
Sonetchko, Sakva, Solotokolosaya, Plutos, Lgovskaya 4, Nutka, Fineziya, Bogatko, Sukces,
Kobra, Bokris, Dromos, Kubus, Avalon, Cadenza, Claire, Apache and spring wheat Opal),
represented variety across 5 European countries (Ukraine, Germany, Russia, Poland, England).

To assess wheat genetic diversity we used high-throughput array with 384 gene-associated SNPs
from published Cavanagh et al. (2013). Genotyping data were analyzed for basic attributes:
minor allele frequency - MAF (Matthew J. et al. 2005), observed heterozygosity - He (Bryc et al.
2013) and polymorphism information content - PIC (Botstein et al. 1980).

All calculations were performed in MS Excel with manually specified equations. The tools
available GENEPOP (Rousset 2008) have been used for winter and spring wheat populations
differentiation and Fis (Weir 1984) calculation. Hierarchical tree constraction and principal
coordinate analyses were performed through DARwin5 software (Perrier et al. 2003).

Result and discussions

Of the 384 used wheat SNPs in our assay, a total 331 SNPs (86%) were genotyped. 295 SNPs
distributed on 21 chromosomes and 36 SNPs with not defined localization represented variability
97% loci (Table 1). Base changes at SNP loci include 80.8% transition and 19.2% transversion.
The coverage per chromosome ranged from 1 for 4D to 26 for 5B with following distribution
through genome: A-genome — 129, the largest B-genome — 138 and smallest D-genome — 28
SIIRIPS. SNP distribution over homeologous groups of chromosomes was mainly uniform, except
47 group.

The most SNPs showed high polymorphisms. But there were some differences in its variability
between spring and winter wheat accessions. The highest level of polymorphisms we revealed in
winter wheat. But large variation through genome and gomeologous groups was characteristic of
spring wheat.

Average polymorphic information content values observed in our study wildly ranged with high
proportion of markers with PIC value above 0.35 (61,9%) (Fig. 1). It’s also varied among
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chromosomes and genomes. The most informative SNPs were localized on 7D, 6B and 3A
chromosomes with average PIC level above 0.4.

Mean PIC values for all markers with chromosome location were also calculated separately for
sub-groups of accessions according the type of vegetation. And we found out that observed PIC
not only varied among chromosomes, it was dependent on sub-group. Highest level was revealed
for winter wheat with SNPs spreading on 7D and 2A chromosomes, whereas for spring wheat
the most informative markers were localized on 4A and 7A chromosomes.

Table 1: SNPs genomic distribution among chromosomes and genomes

0 Spring wheat Winter wheat
SNP Yo over Poly- Mono- Poly- Mono-
Chromosomes total . ) . . overall
number number morphic | morphic | morphic morphic
SNPs, % | SNPs, % | SNPs, % | SNPs, %

1 20 6.0 90 10 100 0 100
2 14 4.2 71.4 28.6 100 0 100
g 3 19 5.7 100 0 100 0 100
2 4 15 4.5 100 0 100 0 100
& 5 21 6.3 90.5 9.5 100 0 100
6 17 5.1 88.2 11.8 100 0 100
7 23 6.9 82.6 17.4 86.9 13 95.7
In total 129 39.0 89.0 11.0 98.1 1.9 99.4
1 21 6.3 90.5 95 100 100
2 25 7.6 84 16 96 4 96
g 3 25 7.6 92 8 96 4 96
S 4 11 3.3 100 0 100 0 100
> 5 26 7.9 92.3 7.7 92.3 7.7 92.3
6 17 5.1 94.1 5.9 100 0 100
7 13 3.9 92.3 7.7 100 100 100
In total 138 41.7 92.2 7.8 97.8 16.5 97.8
1 7 2.1 85.7 14.3 85.7 14.3 85.7
2 6 1.8 83.3 16.7 100 0 100
§ 3 3 0.9 66.7 33.3 100 0 100
5 4 1 0.3 100 0 100 0 100
A 5 2 0.6 50 50 100 0 100
6 4 1.2 50 50 75 25 75
7 5 15 80 20 100 100 100
In total 28 8.5 73.7 26.3 94.4 19.9 94.4
NA 36 10.9 77.8 22.2 97.2 2.8 97.2
Average 331 | 100.0 83.2 16.9 96.9 10.3 97.2

The single SNPs are bi-allelic, with continuous allele frequency distribution. In our research,
observed frequency of minor allele (MAF) was shifted towards alleles with MAF>0.25. Of the
331 markers, only 8 (2.4%) had MAF<0.05, and 236 (71.3%) - MAF>0.2, that confirmed its
high differentiating ability for tested wheat accessions. The main loci with rare alleles are located
on chromosomes 3D, 4B, 5A, 6D.
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Distribution of MAF in sub-populations revealed differences (Fig. 2): winter wheat with high
overall SNP polymorphism had high frequencies of alleles with MAF more 0.25 whereas for
spring wheat it is noted a high frequences monomorfic markers and prevalence SNPs with MAF
less 0,25. MAF Distribution in sub-groups and the general population significantly correlates
(0.53 and 0.85 for spring and winter wheat correspondingly). The low link (r=0.29) is noted
among winter and spring accessions, that indicates differential accumulation of SNPs through
artificial selection in wheat. We found coincidence of alleles in winter and spring accessions in
72,5% of SNPs whereas 27,5% of loci showed switching of its frequencies.

Thus, our results revealed some common and contrasting patterns of the haplotype diversity in
winter and spring accessions, which suggest different selection forces, which had been possibly
acting in specific regions of the wheat genome throughout breeding.
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Fig. 1. Average polymorphic information content (PIC) values over A-, B-, D- genomes and
seven homeological groups of chromosomes in spring (A) and winter (B) wheat accessions
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Fig. 2: Minor alleles frequences (MAF) distribution in spring (A) and winter (B) wheat
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Gene pools of winter and spring wheat significantly differ by frequencies of 248 variants of
SNPs. Genetic diversity of spring wheat is 1.2 times lower both overall (z=0,37) and winter
wheat (n=0,36) values. Higher proportion of low-frequency alleles and heterozygosity of a
spring accessions versus winter accessions is confirmed by fixation index Fis (0.4 vs. 0.48
respectively). By neighbor-joing method, 94 wheat accessions under research were clustered into
two major groups with high intra-group diversity in accordance with its type of vegetation and
geographical origin (Fig 3).
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The majority of roots of hierarchical tree have butstrap value more than 50%. Wheat accessions
are grouped into 3 clusters. Mainly, we got topological differentiation that is in accordance with
the type of vegetation (winter or spring).

The cluster 1 with winter accessions is subdivided into two subgroups (I-and, 1-b). The first one
(I-a) is presented by Belarusian winter wheat cultivars which had been introduced into
agricultural production till 2000 year. This subgroup also involves Russian cultivar Lgovskaya4
and number of the Ukrainian winter wheat accessions which form topological discrete
subclusters. The second subgroup (I-b) is formed by Belarusian cultivars (introduced into
agricultural production after 2000 year), Polish (Sukcess, Nutka, Kobra, Bogatko, Sakva,
Finezia) and German (Dromos, Bokris, Kubus) accessions. We were surprised with the fact of
detection of genetically identical Belarusian accessions that could be caused of using closely
related lines and probably siblings.

The cluster 2 includes a variety of spring wheat, mainly Belarusian selection. There are Scottish
Cadenza and German cultivar Opal, which was used in Belarusian breeding for creation cultivars
Beloruskaya 80 and Festivalnaya. Last one in result selection euploid progeny of monosomic
plants of the wheat Opal.

The cluster 3 includes contemporary high-yielding cultivars of Brithsh, Scottish and German
breeding and also one of the recently created Belarussian breeders cultivar Comfort.

Results of our study suggest a high genetic diversity of wheat, cultivated in Belarus, which is
caused by some features of the local wheat breeding that began intensively develop only since
80s of the last century. Area under wheat in Belarus at those times was sowed by Russian and
Ukrainian cultivars, which were actively used in breeding. This is confirmed by our results on
the basis of which the local variety of early period (1985-2000) forms common sub-groups (I-a)
with Ukrainian and Russian varieties. Period after 2000 year is characterized by active
involvement in breeding of genetic variability from other European countries. However, there is
a tendency of using closely related accessions and probably siblings, this follows from the
presence of fully identical groups.

Really, to date breeding centers of Belarus have a good potential to wheat improvement, but
variety needs to be systematized on platform DNA-typing, that can protect better management of
genetic resources in breeding. Used SNP set are helpful in differentiating unique germplasm
accessions and further allow us to validate allele-trait associations for wheat improvement in
Belarus by genomic selection. Subsequently, our findings will contribute wheat improvement in
Belarus through targeting selection for breeding.
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A comparative study of grain and flour quality parameters among Russian bread wheat
cultivars developed in different historical periods and their association with certain
molecular markers

E. V. Morozova, T. A. Pshenichnikova, A. V. Simonov, L. V. Shchukina, A. K. Chistyakova, E.
K. Khlestkina

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia, 630090

Food demands are constantly increasing along with growing of population in the world. The
development of new more productive bread wheat cultivars is an actual problem. Many bread
wheat accessions which are kept in gene banks still have no genotypic or phenotypic
characteristics. It restricts their usage in breeding processes as a source of valuable alleles
missing within modern wheat gene pool. Much effort is being made for the wide genotyping of
the collected accessions (Roussel et al. 2005, Mitrofanova et al. 2009). Such investigations
should be accompanied by a wide phenotyping for many traits.

Over 50 spring bread wheat cultivars selected by their ability to grow in Siberia were genotyped
by Khlestkina et al. (2004) using microsatellite markers. These cultivars bred during dozens of
years in USSR and Russia formed two distinct groups by microsatellite-based genetic similarity.
The first group consisted predominantly of varieties bred before 1960th, the second group
included varieties developed after 1960th, suggesting a qualitative shift in Russian spring bread
wheat genetic diversity. In the former USSR the years around 1960 are known for a wide
introduction of foreign cultivars in breeding programs. Analysis of pedigrees showed that the
cultivars obtained before 1960 are mostly the old cultivars obtained by selection from the local
varieties.

From the collection analyzed by Khlestkina et al. (2004) a smaller model collection (45
cultivars) was formed consisting of two groups — cultivars developed from 1911 till 1960 (23
cultivars designated as “old cultivars”) and from 1961 till 2006 (22 cultivars designated as
“modern cultivars”). The aim of the work was to characterize the chosen cultivars for grain and
flour quality; to describe the differences between groups for quality traits; to find out how the
variability for these traits is associated with genotype variability determined previously with
microsatellite markers. The quality traits were studied in 2007-2012 in West Siberia
(Novosibirsk region).

Materials and Methods

The following quality traits were studied according the methods described in Anonymous
(1988):

Thousand grains weight (TGW) - affects yield of flour during milling;

Vitreousness of grain (V) and Diameter of flour particles (particles size) (D) - determine the end
use purposes of flour;

Raw gluten content in grain (RG) - determines the end use purpose of the flour as well as its
nutritional value. It is directly related to the protein content in grain.

Flour analysis on Alveograph allows to determine strength of flour (W), dough extensibility (L)
and stiffness (P) which determine the baking quality of the dough, P/L ratio determines dough
elasticity.
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Traits means, standard deviations and ANOVA analysis were calculated within MS Excel.
Broad-sense heritability (h?) estimates were obtained from the variance components, according
to Dospekhov (1985). Principal component and cluster analyses were based on routines
implemented in the statistics package PAST (Hammer et al. 2001). Relations between phenotype
and the microsatellite markers were sought using Pearson’s correlation analysis. In the most of
cases the correlation coefficient not less than, 0.5 and the significant level not higher than 0.001
were considered.

Results

Identifying the differences between the groups of bread wheat varieties of different periods of
creation

Table 1 presents the mean values of traits and their variation in groups. For TGW the modern
cultivars gene pool showed higher average value and exhibited a larger variability. The average
V values showed the l