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SUMMARY

The effects of various gibberellin-insensitive semi-dwarfing (RA?) alleles and background genotypes
on the growth response of wheat seedlings to simulated low water potential were investigated. Four
sets of near-isogenic lines, each consisting of six members (Rht-Bla+ Rht-Dl1a (rht), Rht-Blb, Rht-
Blc, Rht-D1b, Rht-Blb+ Rht-D1b and Rht-Blc+ Rht-D1b), and one set of five members (rht, Rht-
Blb, Rht-Blc, Rht-Bld and Rht-D1b) were germinated in the presence of polyethylene glycol (PEG).
The growth responses were assessed by measuring the lengths of the longest root, coleoptile and
longest leaf (shoot) and calculating the root length:shoot length ratio and a tolerance index (TI).
Seedling growth was significantly affected by the allelic status at the RAf loci, background genes and
the water potential. The PEG treatment had major effects on root and shoot growth. Coleoptile
growth was mainly affected by the Rht alleles. There were significant interactions of the RA¢ allele and
variety on the growth response to low water potential. Genotypes with longer roots, coleoptiles and
shoots when grown in water, as determined by the RA¢ allelic status (rht, Rht-Blb and Rht-D1b) and
varietal background, had the highest TI and maintained this advantage under stress, while genotypes
with smaller seedlings (Rht-Blc and Rht-Blc+ Rht-D1b) when grown in water were more strongly

affected.

INTRODUCTION

In continental climates, autumn-sown bread wheat
frequently experiences low water potential early in the
season prior to and/or shortly after seedling emerg-
ence. Over the course of the 20th century the annual
and, in particular, the summer and autumn precipi-
tation has significantly declined in south-eastern
Europe (Quarrie et al. 1999; Alexandrov et al. 2004).
Early season drought inhibits plant growth, affects
subsequent development and can lead to a substantial
loss in yield. Although progress is being made in
sensing the soil physical environment (Clark et al.
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2005), nevertheless the identification early in breeding
programmes of genotypes with useful traits is crucial.
Thus, the inclusion in selection programmes of
drought tolerance-related traits, acting at various
stages of plant development, would serve to achieve
the important breeding goal of yield stability in the
face of the probable occurrence of water deficit.
Specific drought tolerance traits include plant size,
root elongation, long coleoptiles and early seedling
vigour (Quarrie et al. 1999; Reynolds et al. 2000,
2006; Richards et al. 2000). The ability to extend the
root system under drought conditions helps the plant
to exploit stored water deeper in the soil profile and
avoids the inevitable water deficiency closer to the soil
surface. Longer coleoptiles ensure successful seedling
emergence where deep sowing is employed as an
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SUMMARY - Patterns of the molecular genetic diversity changes within groups of old and modern Bulgarian
bread wheat varieties were analyzed using 19 wheat microsatellite markers and one secalin-specific sequence
tagged site marker. A total of 91 genotypes representing almost the complete spectrum of varieties released in
Bulgaria during the period 1925-2003 were included in the study. Analysis of microsatellite allele polymorphisms
revealed quantitative (different allele frequency) and qualitative (loss of alleles and/or appearance of novel
alleles) changes in genetic diversity over decades of variety release. Genetic diversity was high among both old
and modern varieties with an average of 0.65. An average heterogeneity of 10.1% was established, this being
highest in the old varieties. The genetic diversity was affected by the interaction between the breeding centre and
the applied breeding strategy directed towards increasing the productivity or grain quality improvement.

Public concern over potential decline in crop diversity and the necessity of developing appropriate
science-based breeding strategy motivated the assessment of current levels of and temporal trends in
genetic diversity of a number of crops, including bread wheat (Donini et al., 2000; Chebotar et al.,
2003; Khlestkina et al., 2004). Quantitative estimation of the genetic diversity and characterization of
diversity trends over time is fundamental for the efficient conservation, maintenance and rational
utilization of genetic resources. The present study is an extended analysis of dimensions of genetic
diversity and temporal trends in the diversity changes over periods of variety release among Bulgarian
bread wheat germplasm as revealed by microsatellites.

The experimental material included 91 winter bread wheat (Triticum aestivum L.) varieties released
in Bulgaria during the period 1925-2003 at the main breeding centres: Dobrudzha Agricultural Institute
(DAI), General Toshevo; Institute of Plant Genetic Resources (IPGR), Sadovo, and Institute of
Genetics (IG), Sofia. A total of 19 wheat microsatellite markers covering 17 chromosomes and one
secalin-specific STS-marker for rye chromosome arm 1RS were used. A modification of the PCR
protocol by Réder et al. (1998) was followed. The patterns of genetic variation were analyzed using
Nei's measure of genetic diversity (Nei, 1987).

Microsatellite alleles polymorphisms

Analysis of microsatellite allele polymorphisms revealed quantitative and qualitative changes in the
number of alleles per locus and the favoured alleles within the groups of old and modern varieties
registered before 1960 and afterwards, respectively (Table 1). For six markers the dominating alleles
have been maintained during the whole period under investigation, suggesting their importance and
selective advantage. For six other, the prevailing allele among the sub-groups of modern releases is
different in comparison to the early years of breeding. For the rest, the alleles which dominate within
the group of old varieties prevail in the modern varieties at random. The total number of alleles
detected in varieties from each period shows changes over time with the highest number of alleles
found in varieties registered after 1990, and the least number of alleles present in 1960s-varieties.
Four different patterns of changes in the number of alleles per locus over decades of variety release
were recorded. Alleles detected with markers WMS46, WMS155, WMS389, WMS577 and WMS631
displayed a random pattern of change over time, meaning that alleles found in the early years of
wheat breeding were randomly present in those registered later on. For markers WMS165, WMS357
and WMS458, a shifting pattern of predominance in two or three of their alleles was displayed. Seven
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Genetic variability of seed longevity in wheat and its implications for
biodiversity preservation
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ABSTRACT: Knowledge on the extent of genetic variation in seed longevity is beneficial for
the development of strategies for long-term preservation of plant genetic resources. We studied
the genetic variability in seed germinability, vigour and deterioration, and seedling growth traits
after long-term natural ageing in 75 wheat (Triticum sp.) accessions stored for up to 15 years at
0°C and ambient room temperature (RT) in the seed genebank at IPK, Gatersleben, Germany.
Germination, vigour (electrical conductivity, EC, and accelerated ageing, AA) and seedling
growth tests were performed on all or selected accessions. The study revealed a considerable
genetic variation in seed longevity, determined by the genotype, duration and temperature of
storage. Correlation between EC and germinability observed for accessions after 5 and 7 years
in storage was not preserved with ageing. The subjection of 0°C-seed lots to AA resulted in
deterioration effects, which were comparable to those caused by 10 years in storage at RT. The
AA tests provided additional tools to differentiate between high and lower vigour accessions
among high-germinating ones.

Keywords: accelerated ageing, electrical conductivity, seed longevity, seed vigour, variability,
wheat.

Introduction

Plant genetic resources (PGR) comprise diversity of landraces, traditional and modern
cultivars, and related wild species. Currently, the majority of plant germplasm is
maintained as seed in genebanks under specified conditions. The imperative demands
to preserve the natural and introduced genetic variation prompted worldwide actions
of the national seed genebanks. A substantial part of their programmes alongside
collection and conservation is the comprehensive characterization and evaluation of
the PGR (Borner, 2006). The identification of genetic variation within germplasm is
indispensable to the effective management and rational utilization of genetic resources.
Seed longevity is a function of both storage environment and the genetically imposed
seed vigour. The existence of genetic variability for seed longevity and its identification
is related to the regeneration frequency, integrity maintenance, avoidance of genetic
shifts and contamination, and, therefore, has an impact on both resources preservation
strategies and genebank management. Here we present results of a study on genetic
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Abstract

Two wheat lines (TL3 and TL5) derived from selection for Cu tolerance among
wheat — Aegilops sharonensis hybrids were compared when grown as hydropon-
ics at zero (control), 107° and 10> M CuSO,. The morphometric measure-
ments showed that the line TL5 with a more inhibited root system under
107® M CuSO, had a less inhibited shoot growth under 107> M CuSO, as
compared to TL3. The decreased maximum efficiency of photosystem II and
the more pronounced trend towards increased catalase activity suggested that
despite the better shoot growth, the leaves of TL5 were more functionally
injured. The increased content of carotenoids at excess Cu and the higher
peroxidase and catalase activities of TL3 in control plants might contribute to
its better stress tolerance. While no significant changes in enzyme activities
were found at 10°° M Cu, at 10™> M the activities tended to increase. Although
the close values of free phenolics concentrations in control plants, at Cu excess
their content was higher in TL5 compared to TL3. The free phenolics content
in roots at 10°°M Cu decreased, and although higher at 10> M Cu, it
remained below the control in TL3, and above the control in TL5. From the

obtained results TL3 emerged to be more tolerant to excess Cu than TL5.

Introduction

Copper (Cu) is a microelement with numerous important
functions in plants, but when in toxic concentration it
can cause different physiological and morphological dis-
orders (Yruela 2005). In wheat plants under excess Cu
changes have been observed in: the content of nutrients,
photosynthetic pigments and proteins; the activities of a
number of enzymes; photosynthesis; chloroplast structure;
growth and development (Lanaras et al. 1993, Ciscato
et al. 1997, Sgherri et al. 2001, Balint et al. 2002, Landjeva
et al. 2004). One of the main molecular mechanisms of
the development of Cu toxicity involves the production
of reactive oxygen species (ROS) by autoxidation and
Fenton reaction (Schiitzendiibel and Polle (2002), Yruela
2005). The strict control by a number of enzymatic and
non-enzymatic mechanisms, including peroxidase (PO),
catalase, and phenolics over ROS tissue concentration
enables plants to adapt to the variable environment.

© 2009 Blackwell Verlag, 195 (2009) 197-203

Copper toxicity is a problem around copper-producing
factories where in addition to industrial pollution there is
a naturally high background of Cu. Agricultural produc-
tion is another factor leading to soil pollution with Cu, as
this element is a component of many widely used pesti-
cides. An approach for more efficient use of polluted soils
is the introduction of plant varieties, which can overcome
the stress of Cu pollution. Heavy metals tolerance in
plants, defined as the ability to survive in soils that are
toxic to other plants, is manifested by an interaction
between a genotype and its environment (MacNair 1993).
In a broader sense this term is used for changes that may
occur experimentally in the sensitive response to heavy
metals (Yruela 2005). Genotypic variability in plant
response to high heavy metals concentrations has been
demonstrated by a number of authors (Manyowa and
Miller 1991, MacNair 1993, Landjeva et al. 2002).

The wild Aegilops species are in close phylogenetic
relationships with genus Triticum. Their wide adaptation
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Abstract Recognizing the danger due to a perma-
nent risk of loss of the genetic variability of cultivated
plants and their wild relatives in response to changing
environmental conditions and cultural practices, plant
ex situ genebank collections were created since the
beginning of the last century. World-wide more than 6
million accessions have been accumulated of which
more than 90% are stored as seeds. Research on seed
longevity was performed in barley maintained for up
to 34 years in the seed store of the German ex situ
genebank of the Leibniz-Institute of Plant Genetics
and Crop Plant Research in Gatersleben. A high
intraspecific variation was detected in those natural
aged accessions. In addition three doubled haploid
barley mapping populations being artificial aged were
investigated to study the inheritance of seed longevity.
Quantitative trait locus (QTL) mapping was based on
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a transcript map. Major QTLs were identified on
chromosomes 2H, 5H (two) and 7H explaining a
phenotypic variation of up to 54%. A sequence
homology search was performed to derive the putative
function of the genes linked to the QTLs.

Keywords Ex situ collections - Germplasm -
Long term seed storage - QTL mapping -
Seed longevity

Introduction

World-wide existing germplasm collections contain
more than 6 million accessions of which wheat
represents the biggest group with about 800,000
samples followed by barley and rice comprising
about 500,000 and 420,000 accessions, respectively.
A list of the ten world-wide largest germplasm
collections by crop is given in Table 1 (FAO 1998).

Plant ex situ genebank collections comprise seed
genebanks, field genebanks and in vitro collections.
Species, whose seed can be dried, without damage,
down to low moisture contents, can be stored in seed
banks. Field genebanks and in vitro storage are used
primarily for species which are either vegetatively
propagated or which have recalcitrant seeds that
cannot be dried and stored for long periods. In
addition, perennial species, for example certain forage
species, which produce small quantities of seed, and
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In the present study the physiological status of two wheat (Triticum aestivum L.)
cultivars subjected to polyethylene glycol-induced dehydration is evaluated. Wheat seedlings
were exposed to either 8-d-long mild (15% PEG) or 24-h-long severe (30% PEG) osmotic
stress by immersing their roots in PEG-supplemented Knop nutrient solution. Relative water
content in the leaves and the levels of free proline, malondialdehyde, and hydrogen peroxide
were chosen as indicative parameters corresponding to the degree of stress of the treated
plants. Electrolyte leakage from leaf tissues of control and stressed plants was compared in
terms of the common parameter Injury index used for characterizing cell membrane stability.
In addition, a model test system was established for preliminary stress evaluation based on the
kinetics of ion leakage. Short term exposure to higher concentration of PEG was considered to
be more harmful than prolonged mild stress as judged by RWC, proline and hydrogen perox-
ide accumulation, and injury index. The two cultivars demonstrated more obvious dissimilari-
ties under conditions of prolonged mild stress than under severe stress.

Keywords: electrolyte leakage, hydrogen peroxide, malondialdehyde, osmotic stress,
polyethylene glycol, proline, wheat

Introduction

To maintain productivity while growing in unfavorable conditions is essential to all crop
plants. Some physiological traits have been associated with yield potential (Richards et al.
2002; Hoffmann and Burucs 2005) suggesting that selection for such traits could be useful
for screening physiologically superior genotypes to improve genetic yield gains. Drought
is among the most damaging abiotic factors (Smirnoff 1998). Besides its direct impact on
water status osmotic stress often harmfully affects plant cell membranes. Symptoms of
these adverse processes include oxidation of unsaturated fatty acids, protein degradation,
and the resultant loss of selective permeability of membranes (Smirnoff 1993; Hoekstra
and Golovina 1999). To overcome or avoid lethal dehydration of their tissues plants react
to low water potentials by increasing the intracellular concentration of ‘compatible’ sol-
utes in a process known as osmotic adjustment (Serraj and Sinclair 2002; Larher et al.
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Summary. Iron-deficiency chlorosis brings about significant yield losses in numerous crops.
The introduction of resistant genotypes is one possible solution to the problem. In this study
the development of Fe deficiency symptoms (growth depression and yellowing of the youngest
leaves) at early stages of growth in five Bulgarian cultivars of bread wheat grown hydroponically
was compared. Chlorophyll fluorescence measurements were also carried out in order to assess
the extent to which the stress had damaged the photosynthetic apparatus. Although at day 10 some
effects of Fe deficiency on root length and chlorophyll content were observed, a differentiation
among the cultivars could not be found. At day 17 the shoot growth was also affected and the
chlorophyll as well as the carotenoid contents were lower. Sadovo 1, which is standard for the
registration of new varieties in Bulgaria, was the most Fe-efficient among the studied cultivars,
characterized by the smallest decrease in root length, shoot biomass, chlorophyll and carotenoid
contents, and relative growth for the 7-day period. In Gladiator 113, Iskur 45 and Sadovska belija,
together with a greater drop in the abovementioned parameters, lower actual PS 1l efficiency and
higher amount of light, dissipated thermally by the PS I antenna were found, thus suggesting a
greater susceptibility to Fe deficiency. Under optimum Fe supply Lozen 6 had the greatest biomass
and relative growth, and high chlorophyll content. Under Fe deficiency it was characterized by
the largest reduction in relative growth and in root length, but by a comparatively low decrease
in chlorophyll content and by unchanged fluorescence parameters. The detected variability in
the carly responses of the studied cultivars to Fe deficiency might be important for the early
establishment of seedlings and thus, it might be related to iron-efficiency in field conditions.

Key words: chlorophyll fluorescence. chlorosis, growth, iron deficiency, wheat cultivars

Abbreviations: Chl — chlorophyll; Fe — iron; PS 11 — photosystem 11

‘Corresponding author: nenova@bio21.bas.bg



Euphytica (2010) 171:129-143
DOI 10.1007/s10681-009-0016-3

Genetic mapping within the wheat D genome reveals QTL
for germination, seed vigour and longevity, and early

seedling growth

S. Landjeva + U. Lohwasser * A. Borner

Received: 19 April 2009/ Accepted: 5 August 2009/ Published online: 20 August 2009

© Springer Science+Business Media B.V. 2009

Abstract Quantitative trait loci (QTL) controlling
germination, seed vigour and longevity, and early
seedling growth were identified using a set of
common wheat lines carrying known D genome
introgression segments. Seed germination (capacity,
timing, rate and synchronicity) was characterized by
a standard germination test, based either on the 1 mm
root protrusion (germination sensu stricto) or the
development of normal seedlings. To quantify seed
vigour, the same traits were measured from batches
of seed 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. Twenty QTL were mapped to chromo-
somes 1D, 2D, 4D, 5D, and 7D. Most of the QTL for
germination sensu stricto clustered on chromosome
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1DS in the region Xgwm1291-Xgwm337. A region on
chromosome 7DS associated with Xgwml1002 har-
boured loci controlling the development of normal
seedlings. Seed vigour-related QTL were present in a
region of chromosome 5DL linked to Xgwm960. QTL
for seed longevity were coincident with those for
germination or seed vigour on chromosomes 1D or
5D. QTL for seedling growth were identified on
chromosomes 4D and 5D. A candidate homologues
search suggested the putative functions of the genes
within the respective regions. These results offer
perspectives for the selection of favourable alleles to
improve certain vigour traits in wheat, although the
negative effects of the same chromosome regions on
other traits may limit their practical use.

Keywords Accelerated ageing - Aegilops tauschii -
Plant genetic resources - Triticum aestivum

Abbreviations

AA Accelerated ageing

CS Chinese Spring

DILs D genome introgression lines
IMA Interval mapping analysis
ITMI International Triticeae Mapping Initiative
LI Longevity index

LOD Logarithm of odds

PEG Polyethylene glycol

SMA Single marker analysis

QTL  Quantitative trait locus (loci)
SGT Standard germination test
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Abstract The genetic diversity in a Triticum durum
Desf. collection, consisting of 102 Bulgarian land-
races, nine Bulgarian and 25 introduced cultivars was
studied using 14 highly polymorphic microsatellite
markers. A total of 100 alleles were identified, with an
average of 7.14 alleles per marker. The gene diversity
values (He) of the markers for the total samples ranged
from 0.23 (WMS357 and WMS631) to 0.77 (WMS46),
with an average of 0.52. Within the landraces that were
collected from 18 sites in Southern Bulgaria showed 2—
11 alleles per locus with an average of 6.07. The
microsatellite analysis suggests that the genetic diver-
sity among landraces is lower compared to the
diversity levels for durum wheat in countries close to
the main centers of wheat domestication. Breeding
activities have caused significant reduction of the
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allelic polymorphism, elimination of rare alleles, and
increase in the number of common alleles and the
frequency of dominating alleles.

Keywords Genetic diversity - Landrace -
Microsatellites - Triticum durum

Introduction

Triticum durum Desf. is the second widespread
Triticum species constituting 10-11% of the world
wheat crop and accounting for about 8% of the total
wheat production. The countries in the areas where
the initial wheat domestication and cultivation took
place (The Mediterranean and Southern Europe, The
Balkans, North Africa, and South-Western Asia) are
still among the leaders of durum wheat production
(Ivanov 1927; Bozzini 1988; Srivastava et al. 1988;
Wang et al. 2007). The durum wheat growing area is
restricted because of the insufficient cold resistance
and spring growth habits of most of the traditional
and modern cultivars (Zhukovsky 1964). One of the
most important sources of genetic material for
improving plant adaptability and grain quality are
the local populations, a product of the natural
selection but also a result of the thorough domesti-
cation and artificial selection carried out by genera-
tions of farmers throughout the years.

In Bulgaria, the durum wheat has been known since
ancient times (Ivanov 1927). Seeds of durum wheat
were present in archaeo-botanical materials dated to
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Abstract The polymorphism of gliadins was stud-
ied in 98 Bulgarian durum wheat (Triticum durum
Desf.) landraces and classified according to the
existing catalogues of blocks of gliadin components.
In total, 31 alleles, including 12 new ones, were
revealed for five gliadin-coding loci. Nine allele
families, which included several alleles coding sim-
ilar blocks differed only by minor components, were
found. The gliadin loci had a high genetic diversity
(H = 0.70), and Gli-A2¢ was the most polymorphic
locus. Significant differences in allele distribution
were observed through the Bulgarian region under
study. The results made it possible to explain the
distribution by historical factors. Presumably, the
genetic material flew into the country via two
different ways and different durum wheat subgroups
contributed to the formation of Bulgarian landraces.
The landraces were a result of long-term selection
and, probably, had a close association with the history
of the human populations of the region.
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Introduction

Wheat is one of the most ancient and widespread
crops. Several millennia of its natural and artificial
selection have led to its huge genetic diversity, which
is essential for current and future human well-being.
Plant diversity can be characterized with the use of
molecular genetic markers (Schulman 2007; Spooner
et al. 2005; Landjeva et al. 2007). In the case of
wheat, the alleles of gliadin-coding genes are highly
efficient as genetic markers, because they have a
codominant inheritance, are stable through many
generations, are independent of the growth condi-
tions, and are cheap to analyze (Kudryavtsev and
Metakovsky 1993).

Gliadins are seed storage proteins that are extract-
able with 70% ethanol (Osborne 1907) as a mixture of
protein molecules, which can be separated by one-
dimensional electrophoresis (Bushuk and Zillman
1978). Gliadins are controlled by gliadin-coding genes,
which are located on the short arms of the homeologous
chromosomes of groups 1 and 6 (Payne et al. 1984a;
Kudryavtsev 1994). It has been demonstrated that all
components of the electrophoretic spectra of gliadin
controlled by the same locus are inherited together as a
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ABSTRACT

In the present study the microsatellite marker Xgwm261, linked to Rht 8 gene as well as allele specific markers for Ppd-D1
(Ppdl), Vin-14 and Vin-1D loci, and the gibberellic acid (GA) test were employed to examine the distribution of semi-dwarf
and photoperiod response and vernalization genes in 21 old and modern Bulgarian, 4 introduced cultivars and 11 advanced
breeding lines from the wheat germplasm collections of DAI, General Toshevo, Institute of Genetics, Sofia and IPGR, Sadovo.
Several allele variants were identified at locus Xgwm261, among which the 192 bp allele can serve as a diagnostic marker
for the presence of Rht 8 gene. The Ppd-Dla, vin-A1l and vim-D1 alleles were found in almost all wheat genotypes illustrating
the relationship between the photoperiod and vernalization response and the adaptability to the regional environments. The
photoperiod insensitivity allele (Ppd-D1a) was found in 93.3% of analyzed modern cultivars released during 1960-2003 and
has been most probably introduced from the Ukrainian cultivar Bezostayal (192 bp allele at locus Xgwm261), which is the main
donor of Rht 8 gene in Bulgarian wheat. All studied modern Bulgarian wheat cultivars excluding cv. Laska (vin-Al, Vin-D1) and
cv. Gladiator 113 (Vin-Ala, vin-D1) were of winter type (vin-Al and vin-D1). Allele Vin-Alc determining also spring type was
not found in the studied set of the old and modern Bulgarian wheat cultivars.

The association between specific alleles at the Rht-B1, Xgwm261, Ppd-D1, Vinl loci with plant height, heading time and some
yield related traits was also examined. The results suggested that allele combination Ppd-DI1a/vin-Al, vrn-D1I led to earlier
heading than the allele combination Ppd-D1b/vrn-Al, vin-D1.

The recombinant genotypes obtained from the crosses between photoperiod sensitive spring and photoperiod insensitive winter
type wheat behave differently under autumn and spring sowing. Under early spring sowing the earliest heading dates and yield

per m? were observed in lines with Ppd-D1a/Vin-Al, vin-D1 and Ppd-D1b/Vin-Al, vin-D1 allele combinations.

Biotechnol. & Biotechnol. Eq. 2010, 24(2), 1807-1813

Keywords: adaptation, allele variation, vernalization genes
(Virn), photoperiod response (Ppd) and plant stature (Rh?),
polymerase chain reaction (PCR), wheat (7. aestivum L.)
Abrreviations: DAI - Dobroudja Agricultural Institute,
General Toshevo, Bulgaria; IPGR - Institute of Plant Genetic
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Introduction
The adaptation of wheat (7. aestivum L.) to diverse
environmental conditions is greatly influenced by variation in
flowering time (30) that is mainly controlled by few major genes.
These include genes involved in vernalization response (Vin
genes), photoperiod response (Ppd genes) and developmental
rate genes (earliness per se, Eps genes). The expression of the
first two groups of genes is environmentally dependant while
the third one is not influenced by the environment conditions.
Cultivated wheat (7. aestivum L.) is usually classified as
spring or winter growth habit according to the effect of low
temperature on flowering time. Winter wheat requires a cold

BIOTECHNOL. & BIOTECHNOL. EQ. 24/2010/2

period to induce flowering and is normally planted in the autumn
for harvesting in the next year while spring wheat flowers
without cold treatment and is typically sown and harvested in
the same year. Winter and spring habit are controlled by three
major loci, referred as Vin-Al, Vin-Bl and Vin-D1 located
on chromosomes 5A, 5B and 5D, respectively (24, 36). The
molecular genetics mechanism of vernalization requirement in
cereal crops including wheat is well understood and reviewed
by Cockram et al. and Trevaskis et al. (3, 27). The spring
habit alleles at these loci are dominant while recessive alleles
at all three loci determine winter growth habit. The spring
Vrn-A1 allele provides complete insensitivity to vernalization
whereas spring Vrn-B1 and Vrn-D1 alleles provide a reduced
vernalization requirement relative to winter alleles.

Photoperiod response in wheat is described as sensitive
in the case when wheat genotypes require long days for
induction of flowering, while the insensitive genotypes flower
independently of the day length. Photoperiod response is
closely associated with adaptability and grain yield in wheat
varieties (11, 31, 32, 33). Photoperiod insensitive wheat
varieties are widespread worldwide. However such varieties
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Seedling growth under osmotic stress and agronomic
traits in Bulgarian semi-dwarf wheat: comparison
of genotypes with Rht8 and/or Rht-B1 genes
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Abstract. Early-season drought is an adverse environmental factor affecting seedling emergence and crop establishment
in winter wheat grown in continental climates. The different semi-dwarfing (RAt, reduced height) genes exert various effects
on seedling growth, plant height and productivity. The occurrence of the major RAt genes in 69 Bulgarian bread wheat
cultivars was postulated by molecular markers. Cultivars carrying Rht-D1b+Rht8 (1), Rht-B1b/d (6), Rht-B1b/d+Rht8 (19),
or Rht8 (43) were identified. The three latter groups were compared in respect to germination and seedling growth in response
to polyethylene glycol-induced osmotic stress, plant height and main yield components. Cultivars carrying only RAfS
produced longer roots, coleoptiles and shoots, and had smaller root-to-shoot length ratio in non-stress and in osmotic stress
conditions compared with those carrying Rht-B1b/d or Rht-B1b/d+Rht8. The same cultivars produced shorter culms,
shorter spikes with fewer spikelets, reduced number and mass of grain in the main spike, and reduced 50-grain mass. The RAt
genic effects were confirmed on RAf near-isogenic lines. The preferential semi-dwarfing allele selection aiming to
combine the advantages of RAt8 and Rht-B1b/d alleles in specific eco-climatic conditions and to improve breeding
efficiency in wheat is discussed.

Additional keywords: genetic variation, gibberellin-insensitive Rt genes, gibberellin-responsive RAf genes, near-

isogenic lines.
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Introduction

In continental climates with temporary early-season drought, the
capacity of germinating seed to withstand water deficiency near
the soil surface and develop adequate roots, coleoptiles and
shoots is critical for seedling emergence and early growth
(Richards et al. 2000). Although germination and seedling
growth are strongly environment dependent, many studies
relate these characteristics with genetic factors (Cui et al.
2002; Edney and Mather 2004; Landjeva et al. 2008a, 2010).
The effects of genotype and the contribution of wheat semi-
dwarfing genes (Rht genes) to seedling growth variation in non-
stress and osmotic stress conditions were presented by Landjeva
et al. (2008b). Wojciechowski et al. (2009) demonstrated the
direct effect of wheat RAt alleles on root growth during seedling
establishment.

Since their introduction in the 1960s, wheat semi-dwarfing
genes have been adopted worldwide and are currently present
in more than 80% of cultivars registered globally (Hedden
2003). One of the merits of these genes is their positive
pleiotropic effect on productivity associated with redirecting
of assimilates to grain (Flintham et al. 1997; Rebetzke and
Richards 2000; Chapman et al. 2007). The effects of Rht genes
on height and yield are modulated by the environment and

Journal compilation © CSIRO 2011

genetic background (Borner ef al. 1993; Blum et al. 1997;
Chapman et al. 2007).

The major Rht genes are classified into two groups
depending on their response to gibberellic acid (GA). The two
agronomically prevailing GA-insensitive genes, Rht-Bl (on
chromosome 4B, with two alleles, b and d, derived from the
old Japanese cultivars ‘Norin 10’ and ‘Saitama 27’ respectively),
and RAt-DI1b (on chromosome 4D, derived from ‘Norin 10’),
generally produce reduced coleoptiles, leaves and stem
internodes. That is why in cultivars carrying either gene,
coleoptile emergence might be hampered in environments with
limited water availability where greater sowing depth is required
(Schillinger et al. 1998). In contrast, the GA-responsive gene
Rht8, introduced into European wheat germplasm by the Italian
breeder N. Strampelli from the Japanese landrace Akakomughi,
reduces plant height without affecting coleoptile length and
seedling vigour, thus allowing deeper sowing and more
efficient moisture utilisation (Rebetzke et al. 1999; Rebetzke
and Richards 2000; Botwright e al. 2001; Ellis e al. 2004). The
latter gene is more widely distributed in warmer climate zones
with frequent periods of drought, and this includes the countries
in South-Eastern Europe (Chebotar et al. 2001; Ganeva et al.
2005; ToSovi¢-Mari¢ et al. 2008). Identification of the major
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Abstract

The karyotypic constitution of a wheat-Aegilops geniculata 2M#(2A)
disomic substitution line, isolated from backcross progenies of a
wheat-Ae. geniculata amphiploid, was determined using multicolour
fluorescence in situ hybridization and genomic in situ hybridization.
The ability of the 2M?® chromosome to compensate for wheat
chromosome 2A was studied in relation to phenotypic traits and the
growth and physiological responses of seedlings to polyethylene glycol
(PEG)-induced osmotic stress. Plants of the substitution line had
altered spike and seed morphologies, increased tillering, moderately
reduced productivity and maintained better seedling growth in stress
conditions. PEG treatment caused severe stress, resulting in consider-
able water loss from the leaves. Under this stress, the substitution line
retained better leaf water status and suffered less oxidative damage
than the wheat parent, as indicated by higher relative water content
and lower malondialdehyde accumulation. These changes were
consistent with more sustained membrane stability in the substitution
line, evidenced by the lower value of the membrane injury index and
the less-prominent increase in ion efflux from the apoplast.

Key words: drought — goat-grass — membrane stability —
seedling growth — stress tolerance — Triticum aestivum

The Aegilops genus, which is closely related to Triticum,
represents a large reservoir of valuable genes that could be
exploited for wheat improvement (Schneider et al. 2008).
Within the genus, Aegilops geniculata Roth (2n = 4x = 28,
MEMEUSU®) has useful agronomic traits, such as good adapt-
ability to extreme climatic conditions, especially to drought
(Molnar et al. 2004, Schneider et al. 2008).

An essential step in the transfer of alien chromatin into
wheat is the development of chromosome addition and
substitution lines (Gale and Miller 1987). Up to now, one
complete set of wheat-Ae. geniculata addition lines was pro-
duced by Friebe et al. (1999), and a few other addition lines
were isolated by Landjeva and Ganeva (1999) and Stoilova
and Spetsov (2006). Only the SM#(5D) wheat-Ae. geniculata
substitution line has been reported (Dhaliwal et al. 2002).

Detection and identification of alien chromatin introgressed
into the wheat genome can be effectively accomplished using
the molecular cytogenetic techniques fluorescence in situ
hybridization (FISH) and genomic in situ hybridization
(GISH). Multicolour FISH, using repetitive sequences such
as pTa7l, pScll9 and pAsl or pAsl-like (Afa family)
(described in Sepsi et al. 2008), allowed individual chromo-

somes of both wheat and Aegilops species to be distinguished
(Mukai et al. 1993, Schneider et al. 2003, 2005, Badaeva et al.
2004, Molnar et al. 2011). With the aid of the GISH technique
using differentially labelled total genomic DNA, it was possible
to discriminate the U- and M-genome chromosomes in the
allotetraploid species Ae. geniculata and Ae. biuncialis and to
visualize the Aegilops chromatin in wheat-Aegilops introgres-
sion lines (Schneider et al. 2005, Molnar et al. 2011).

Wheat/alien substitution lines were used to study homoeol-
ogous relationships between wheat and related species and the
ability of alien chromosomes to compensate for phenotypic
and physiological traits (Molnar et al. 2007). The SM&(5D)
wheat-Ae. geniculata substitution line was used to transfer leaf
rust resistance into bread wheat (Dhaliwal et al. 2002).
However, no information is available on the ability of any
Ae. geniculata chromosome to compensate for a wheat chro-
mosome regarding drought tolerance traits.

Water deficit is one of the most widespread abiotic stresses,
limiting wheat productivity in drought-prone environments. In
continental climates with temporary early-season drought, the
capacity of germinating seed to withstand water shortage near
the soil surface and to develop adequate roots, coleoptiles and
shoots for emergence is critical to early seedling growth
(Richards et al. 2000). Much of the injury to plants experi-
encing drought stress, especially at early developmental stages,
is associated with osmotic stress. At the cellular and subcel-
lular levels, osmotic stress triggers various physiological
responses, including excessive production of reactive oxygen
species (ROS), leading to dysfunction of cell membranes
(Smirnoff 1993). Oxidative stress is indicated by the accumu-
lation of hydrogen peroxide (H,O,) and malondialdehyde
(MDA) and is manifested as a loss of membrane selective
permeability accompanied by ion leakage from the cells (Blum
and Ebercon 1981). The ability to maintain cell membrane
stability is one of the most characteristic physiological com-
ponents of stress tolerance (Blum and Ebercon 1981). The
degree of cell membrane disturbance is usually expressed as an
injury index (Bandurska and Gniazdowska 1995) or is
estimated by studying the kinetics of ion efflux (Kocheva et al.
2005).

The treatment of plant roots with solutions of high
molecular weight polyethylene glycol (PEG) has been widely
used to induce osmotic stress in hydroponic culture systems
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Peslome

JlaHdxesa C., T. Kppuesa, B. Kop3yH, I [aHesa, 2012. Echbekm Ha 2eHume 3a
Hucko cmbbrio 8bpxy Ob/KUHamMa Ha Kosleonmursa npu Mexkama rnueHuya 8 ycriosusi Ha
uHOyyupaH eodeH decpuyum FCS 8(1):15-21

MpoyuyeH e edhekTa Ha rMbepennH-HevyBCTBUTENHUTE FreHU 3a HUCKO cTbOno Rht-B1b
n Rht-D1b BbpXxy pactexa Ha KoneonTuna B YCroBus Ha NONUETUNEH MMUKON-nHAyumMpaH
BOAEH AeddnumnT Npu YETUPU CEPUM OT FIMHMK MLLEHMLA, U30reHHM Mo Te3n anenu 4Ypes
CpaBHsiIBaHe CbC CbOTBETHWUTE NMHUK, Hocewm aueus anen, rht. C gokasaH edekT e
reHoTuna (Rht reHa n copToBMTE 0COBEHOCTU) N TPETUPAHETO C OCMONUTUK. MokasaHo e,
Ye penyLMpaHEeTO Ha ObIKMHATA Ha KOMeOonTuna KakTo B KOHTPOSHM YCIOBUS, Taka 1 npu
cTpec e B peaa rht > Rht-D1b > Rht-B1b > Rht-B1b+-D1b. V3cneaBaHo € reHETUYHOTO
BapvpaHe Mo OTHOLUEHME ObIDKMHATA Ha KONeonTura B HEeCTPEecOBM YCMOBWUS U Mpu
WHOyuMpaH BodeH AeduumT npu 68 Obnrapcky copta Meka MlieHuua, Cb3gajeHn B
nepuoga 1960-2000 r. C nomoLiTa Ha MOMEKYINHN MapKepun e nokasaHo, Yye 43 copTa HOCAT
rmbepennH-4yBCTBUTENHNUS reH Rht8, wecT copTa HOCAT rmbepennH-He4YyBCTBUTENHUS
reH Rht-B1b/d v 19 copTa HocAT KOMOUHAaLMSA OT ABaTa reHa. YCTaHOBEHO €, Ye KaKTo Mnpu
HEeCTPeCOBW YCIOBMSI, Taka U Npy BoAeH AehrunT Han-gbnbr KONeonTun nMaT CoOpTOBETE
c Rht8, cnegpaHu oT Te3n ¢ Rht-B1b/d, a ¢ Han-KbC KONEONTU ca COPTOBETE, HOCELLM
nBata reHa. PegyumpawusaT edekT Ha KoMOuHauusita ot Aea Rht reHa BbpXy AbMmKuMHaTa
Ha KoreonTuna e NOTBbPAEH NpW NMHUK MnweHuua copT “CapoBo-1”, N30reHHN No reHa
Rht-B1b/d.

Abstract

Landjeva S., T. Karceva, V. Korzun, G. Ganeva, 2012. Effect of wheat semi-dwarfing
genes on coleoptile length in response to induced water deficit stress FCS 8(1):15-21

The effect of the gibberellin-insensitive wheat semi-dwarfing genes Rht-B1b and Rht-
D1b on coleoptile elongation in response to polyethylene glycol-induced water deficit was
studied in four series of Rht near-isogenic lines by comparing them with the corresponding
tall isolines, rht. The genotype (Rht allele and cultivar background) and the osmotic
treatment had significant effects on coleoptile growth. The coleoptile length was reduced
under both non-stress and stress conditions in the order rht > Rht-D1b > Rht-B1b > Rht-
B1b+-D1b. Furthermore, the genetic variation of coleoptile length in non-stress and water
deficit conditions was investigated in 68 Bulgarian bread wheat cultivars, released in the
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Conclusion

The development of new wheat/barley addition lines with two-rowed and six-rowed winter
barley cultivars (Igri, Manas) makes it possible to increase the allelic variation in
wheat/barley introgression lines. The selection of ditelosomic additions from these lines is in
progress, and those can be subjected to chromosome sorting by flow cytometry, thus allowing
barley chromosome arms with an allele composition different from Betzes to be sequenced.
The wheat/barley introgression lines made it possible to study the effect of the introgressed
barley chromosomes (regions) on various morphological and agronomic characters of wheat.
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The wild relative of wheat Aegilops geniculata Roth (syn. Ae. ovata L.) is an allo-tetraploid
species (2n=4x=28, genome formula ME®M®U®U®) native to the Mediterranean region,
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Abstract

Frost tolerance of ten Bulgarian winter wheat (Triticum aestivum L.) cultivars (Milena, Pobeda, Sadovo-1, Enola,
Kristal, Laska, Svilena, Russalka, No301, and Lozen) and five foreign cultivars (Mironovskaya 808, Bezostaya-1,
Rannaya-12, Skorospelka-35, and Chinese Spring) was studied in two experimental seasons following natural cold
acclimation and in one experiment carried out in controlled acclimation conditions. Considerable intercultivar
variability in plant survival was observed after freezing at -21 °C following sufficient cold acclimation, or at -18 °C
following insufficient or controlled acclimation. In seven cultivars, the effects of chromosome 5A on frost tolerance
were investigated in their F, hybrids with chromosome SA monosomic lines of cultivars with high, intermediate, and
low frost tolerance. The effects of chromosome 5A depended on the stress severity and the genetic background of the
hybrids and varied even in cultivars of similar frost tolerance and vernalization requirements. Effects of other
chromosomes besides 5A on frost tolerance were assumed. The analysis of six microsatellite loci located in the interval
from centromere to Vrn-1 on chromosomes SAL, 5SBL, and 5DL showed that the major loci determining frost tolerance
in Bulgarian winter wheats were Fr-A2 on chromosome SAL and, to a lesser extent, Fr-BI on chromosome SBL. A
strong association of the 176 bp allele at locus wmc327 tightly linked to Fr-42 with the elevated frost tolerance of cvs.
Milena, Pobeda, Sadovo-1, Mironovskaya-808, and Bezostaya-1 was revealed. Relatively weaker association between
frost tolerance and the presence of the 172 bp allele at locus Xgwm639 tightly linked to Fr-BI was also observed.

Additional key words: cold acclimation, genetic variability, PCR, QTL, Triticum aestivum.

In hexaploid wheat, almost all chromosomes contribute to
plant response to low temperature stress (Sutka 2001).
Frost tolerance is determined by major loci (Fr) and
genes controlling plant response to acclimation and
vernalization (Vrn), both located on the long arms of
homoeologous group 5 of chromosomes (Sutka 2001,
Toéth et al. 2003). The most potent loci, Fr-A1 and Fr-A2,
were mapped on chromosome SAL in close proximity
(2 and 30 cM, respectively) to the gene Vin-AI1 (Galiba
et al. 1995, Vagujfalvi et al. 2003). Orthologous frost

Received 24 February 2012, accepted 14 June 2012.

tolerance loci were identified on chromosomes 5B and
5D (Téth et al. 2003). The evaluation of plant genetic
resources for variation in frost tolerance and the
examination of the association between phenotypic
variation and variation at frost tolerance loci could
accelerate modern wheat breeding. The presented study
aimed at /) assessment of frost tolerance of Bulgarian
bread wheat cultivars under different cold acclimation
conditions and freezing temperatures; 2) estimation of the
effects of chromosome 5A on frost tolerance, and

Abbreviations: CBF - C-repeat binding factor; PCR - polymerase chain reaction; QTL - quantitative trait locus.

Acknowledgements: The research was performed under the bilateral agreements between the Bulgarian Academy of Sciences and the
Hungarian Academy of Sciences (No. 37 and No. 25). This work was also partially supported by the Hungarian National Office for
Research and Technology (GVOP-3.1.1.-2004-05-0441/3.0). The technical assistance of Mrs K. Prokopova is gratefully
acknowledged.

* Author for correspondence; fax: (+35) 92 8739952, e-mail: s_landjeva@mail.bg

184



Cereal Research Communications 42(3), pp. 484-494 (2014)
DOI: 10.1556/CRC.42.2014.3.11

Characterization of Two Wheat Doubled Haploid Populations
for Resistance to Common Bunt and Its Association
with Agronomic Traits

G. GANEVA', S. LANDJEVA'*, 1. BELCHEV? and L. KOLEVA®

'nstitute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
’Dobrudja Agricultural Institute, 9200 General Toshevo, Bulgaria
*Department of Plant Protection, Faculty of Agronomy, University of Forestry, 1756 Sofia, Bulgaria

(Received 1 July 2013; Accepted 1 October 2013;
Communicated by P.S. Baenziger)

Two segregating populations of doubled haploid (DH) wheat lines derived andro-
genetically from crosses ‘Svilena’ (susceptible) x A-38b-4-5-3-3 (highly resistant) and
‘Svilena” x WWRN (moderately resistant to moderately susceptible) were characterized for
resistance to common bunt. Disease incidence was evaluated after inoculation of seeds with a
mixture of Tilletia foetida teliospores in two autumn sown field experiments. Two-gene model
of inheritance of resistance in line A-38b-4-5-3-3 was suggested. The transgressive segrega-
tion in the latter population was indicative for a quantitative mode of inheritance. The DH lines
were assessed for plant height, heading time and important yield components in a three-year
field experiment without bunt infection. In both populations, transgressive segregation was
observed for all agronomic characteristics. Although the disease incidence was positively cor-
related with most of the agronomic traits, genotypes combining bunt resistance with good
yield potential were isolated from ‘Svilena’ X A-38b set of lines. These genotypes are valuable
for breeding varieties designed for growing in low-input and organic farming systems. The
two DH populations are suitable to be used for further studies on the genetic basis of bunt resis-
tance.

Keywords: common bunt, doubled haploid population, genetic control, Tilletia sp., wheat

Abbreviations: DH — doubled haploid; QTL — quantitative trait locus; TKW — thou-
sand-kernel weight

Introduction

Common bunt is among the most destructive fungal diseases in wheat worldwide and
probably has existed since wheat domestication (Fischer and Holton 1957). Even contam-
ination levels as low as 0.1% can cause dramatic losses in grain yield and quality (Liatukas
and Ruzgas 2005). The disease is caused by two soil borne heterobasidiomycete fungi —
Tilletia caries (DC) Tul. & C. Tul. [syn. T. tritici (Bjerk.) G. Winter| and T. foetida

* Corresponding author; E-mail: s_landjeva@mail.bg
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Introduction

Abstract

Water deficiency is a major constraint to wheat productivity in drought prone
regions. The wheat DELLA-encoding height-reducing genes (Rht) are associated
with significant increase in grain yield. However, the knowledge of their benefit
in dry environments is insufficient. The objective of the study was to examine the
effect of induced drought on leaf water content, level of oxidative stress, cell
membrane stability, accumulation of osmoprotectants and activity of some anti-
oxidant enzymes in wheat near-isogenic lines carrying the alleles Rht-B1b (semi-
dwarfing) and Rht-Blc (dwarfing) in comparison with the tall control Rht-Bla.
Six-day-long water deprivation was imposed at seedling stage. Plants carrying
Rht-Blc and, to a lesser extent, those carrying Rht-BIb performed better under
stress compared with Rht-Bla in terms of more sustained membrane integrity,
enhanced osmoregulation and better antioxidant defence. These differential
responses could reflect pleiotropic effects of the Rht-BI gene associated with the
accumulation of the mutant gene product, that is, altered DELLA proteins, or
might be related to allelic variations at neighbouring loci carrying candidate genes
for proteins with a major role in plant water regulations and stress adaptation.
These findings might be of importance to breeders when introducing Rht-BI
alleles into wheat cultivars designed to be grown in drought liable regions.

fatty acids in cell membranes, are typical symptoms of the
development of the accompanying oxidative stress (Selote

Water deficiency is a major stress factor affecting plants at
different developmental stages and at various levels of
their organization. In continental climate environments,
autumn-sown wheat frequently experiences early season
drought stress during seedling establishment. Such early
setbacks can constrain the subsequent growth and develop-
ment and may finally result in a substantial yield reduction
(Blum 2011). At the organ and tissue level, the harmful
consequences of drought include disturbed balance
between water uptake by roots and loss of shoot water
through transpiration flow, causing tissue water deficiency
and associated osmotic stress. Generation of reactive
oxygen species (ROS), such as hydrogen peroxide (H,O,)
(Sairam and Saxena 2000, Apel and Hirt 2004, Singh et al.
2012), and accumulation of malondialdehyde (MDA), a
secondary by-product of the oxidation of polyunsaturated

© 2013 Blackwell Verlag GmbH, 200 (2014) 83-91

and Khanna-Chopra 2006). Subsequent lipid peroxidation
may disturb membrane integrity and thus lead to loss of
selective permeability causing ion leakage from damaged
tissues (Blum and Ebercon 1981).

The plant adaptive responses to drought are mainly
focused to maintain water homeostasis and membrane sta-
bility, and limit the consequences of the developing oxida-
tive stress. A general biochemical adaptation at the cellular
level is the accumulation of organic solutes such as amino
acids, sugars and polyols which improve osmotic potential
and water uptake ability (Chen and Jing 2010, Sperdouli
and Moustakas 2012). Besides acting as osmoprotectants,
these low molecular weight and highly soluble substances
may contribute for maintaining membrane integrity, stabi-
lizing enzymes or proteins and minimizing oxidative dam-
age (Matysik et al. 2002, Chen and Jing 2010). In addition,
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Introduction

Abstract

Wheat reduced height (Rht) genes encode modified DELLA proteins, which are
gibberellin insensitive, accumulate under stress, restrain growth and affect plant
stress response. The seedling reaction to soil water deficit regarding leaf gas
exchange and chlorophyll fluorescence was compared in near-isogenic lines car-
rying the alleles Rh#-Bla (tall), Rht-B1b (semi-dwarfing) and Rht-Blc (dwarfing)
and was related to leaf water content and anatomy. Under drought, Rht-Blic line
was characterized by less decreased CO, assimilation, delayed non-stomatal limi-
tation of photosynthesis and higher instantaneous water use efficiency. The func-
tional state of its photosynthetic apparatus was better preserved as evidenced by
the less decreased actual quantum yield (®pgy;) and potential maximum quantum
yield (F,/F,,) of PSII, and the less increased quantum yield of non-regulated
energy dissipation (®no). Rht-BIb line also tended to perform better than Rht-
Bla, but differences were less pronounced. Although the leaves of both dwarf
lines were smaller, thicker and more pubescent, their water content was not
higher in comparison with the tall line. Nevertheless, in Rht-Blc, leaf thickness
was less decreased and mesophyll cells were less shrunk under drought. The more
effective performance of the photosynthetic machinery of dwarf lines under water
deficit could be explained by a combination of morpho-anatomical and
metabolic characteristics.

both restrain growth and increase plant survival (Achard
et al. 2008). As DELLAs do not have a clearly identified
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Soil water deficit is a leading environmental challenge for
the developing plant. It triggers various physiological
responses among which changes in photosynthesis (Lawlor
and Tezara 2009) and modifications in leaf anatomy (Vas-
sileva et al. 2012). The adverse effects of this stress on pho-
tosynthesis lead to plant growth inhibition and eventually
to substantial loss in yield. Wheat is rather sensitive to
drought and genetically determined differences in resis-
tance to water stress among genotypes exist (Molndr et al.
2004, Wu and Bao 2011a,b, Marciniska et al. 2013). One of
the mechanisms for adaptive modulation of plant growth is
mediated by DELLA proteins. They are nuclear transcrip-
tional regulators with central role in gibberellin (GA)
signalling. Under stress, these proteins accumulate and

434

DNA-binding domain, they are likely to regulate the
expression of their target genes by interacting with other
transcription factors. DELLAs are rapidly subjected to pro-
teolysis after becoming part of a complex with GA and the
GA-GID1 receptor (GA-INSENSITIVE DWARF1) (Sun
2010). In wheat, DELLAs are encoded by the wild counter-
parts of the reduced height (Rht) genes. Dwarfs with a
broad range of plant height have been achieved through the
introduction of mutant alleles at the Rht-Bl and Rht-D1
locus on chromosomes 4B and 4D, respectively. Mutations
in these genes affect DELLAs binding to GIDI, but not
their transcriptional regulatory activity (Pearce et al. 2011).
The result is size reduction at cellular, organ and whole
plant level due to hampered GA-induced degradation of

© 2014 Blackwell Verlag GmbH, 200 (2014) 434-443
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The reaction to soil drying was evaluated in two Triticum aestivum near-isogenic lines carrying different alleles of the
height-reducing gene RAt-B1 based on an improved method for assessment of electrolyte leakage. The two lines were
previously shown to differ in their physiological responses to induced water deficit stress. Drought was imposed for 6
days on 10-day-old seedlings. Ion efflux from leaves was measured conductometrically in multiple time points during
the 24 h incubation period, and the obtained biphasic kinetics was interpreted according to a previously developed
theoretical model proposing different leakage rates through the apoplast and the symplast. Most of the model
parameters were able to properly differentiate the two closely related genotypes. The mutant Rh#-Blc displayed lower
and slower electrolyte leakage in comparison with the wild-type RAz-Bla. It was speculated that the RAt genes
expressing defective DELLA proteins might be involved in water stress response through modulation of cell wall
stiffness, which influences its capacity for ions retention, and also by their contribution to ROS detoxification, thus
indirectly stabilizing cellular membranes. The presented analytical approach relating processes of ion and water flow
in and out of the cell could be used for characterization of membrane and cell wall properties of different genotypes
under normal and stress conditions.

[Kocheva KV, Landjeva SP and Georgiev GI 2014 Variation in ion leakage parameters of two wheat genotypes with different Rhs-B1 alleles in

response to drought. J. Biosci. 39 753-759] DOI 10.1007/s12038-014-9471-7

1. Introduction

Development of water deficit stress in plants is the common
consequence of the unavailability of water to cells in condi-
tions such as drought, high salinity and extreme temperatures
(Hare et al. 1998; Sperdouli and Moustakas 2012). Cell
membranes are the main targets of damage, which is gener-
ally associated with metabolic disturbances, leading to gen-
eration of reactive oxygen species (ROS) (Hare at al. 1998;
Thapa et al. 2011; Kocheva et al. 2014b).

The most widely employed technique for assessment of
membrane integrity is by estimating the Injury Index based
on ion leakage from damaged plant tissues (Blum er al.
1997; Prasil and Zamecnik 1998; Farooq and Azam 2006;
Chipilski et al. 2012). Electrolyte leakage was used as a
selection marker for differentiation of drought-tolerant
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genotypes, which tended to leak at lower rate compared
to sensitive ones (Whitlow et al. 1992; Pelah et al. 1997,
Bajii et al. 2002; Roy et al. 2009). However, inability to
distinguish ion fluxes through different cellular compart-
ments is one disadvantage of the method. This problem
was recently solved by establishing a kinetic approach
based on measurement of ion leakage from plant tissues
at multiple time points (Kocheva et al. 2005). Diffusion
processes between the apoplast and the symplast have
been elucidated lately by introducing the rates of ion
fluxes through cell walls and membranes, respectively, as
promising parameters for evaluation of leaf water status
(Kocheva et al. 2014a). The proposed improved model
suggested that not only membrane permeability but also
diffusion through the cell wall (apoplast) were influenced
by dehydration.

Cell wall; drought; electrolyte leakage; membranes; semi-dwarfing genes; wheat

J. Biosci. 39(5), December 2014, 753-759, © Indian Academy of Sciences 753
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Summary: Genetics has long been applied as a tool to dissect biological processes in plants.
Using genetic approaches, the phenotypic variation for many traits has received physiological
and molecular genetic characterization. The natural variation for most physiological traits such
as developmental processes, vegetative growth, nutrient uptake and utilization, stress tolerance
and adaptation, etc., is continuous and determined by multiple genes. In addition, these traits
are environmentally dependent and, therefore, their genetic analysis requires a quantitative trait
locus (QTL)-based approach in which linkage maps are combined with phenotypic data. The
large genome and the allopolyploid nature of bread wheat (7Triticum aestivum L.) have long been
substantial barriers to genetic dissection of quantitative traits. The boost in molecular marker
technologies, the generation of dense linkage maps, coupled with improved statistical methods
and development of precise genetic stocks have immensely increased the power of genetic analysis
of complex physiological traits in wheat. In this paper, recent applications to two important
phenology processes in bread wheat — seed germination and flowering time, are presented. These
are examples of using QTL approach and novel segregating populations to map responsible loci
followed by the use of the homology-based understanding of plant gene functionality to suggest
the putative function of the candidate genes within the regions harboring the detected QTL. The
gained knowledge could aid the fine tuning of seasonal phenology in wheat cultivars tailored for
growing in specific environments and in response to climatic changes.

Citation: Landjeva S.. A. Bomer, T. Pshenichnikova, E. Khlestkina, T. Kartseva, U. Lohwasser.
2014. The genetic approach to physiological studies in bread wheat. Genetics and Plant
Physiology, Conference “Plant Physiology and Genetics — Achievements and Challenges”, 24-
26 September 2014, Sofia, Bulgaria, Special Issue (Part 1), 4(1-2): 68-79.

Key words: Flowering time; genetic mapping: plant physiology; QTL analysis; seed germination;
wheat.
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Summary: Plant genetic resources play a major role for global food security. The most
significant and widespread means of conserving plant genetic resources is ex sifu conservation.
Most conserved accessions are kept in specialized facilities known as genebanks. World-wide 7.4
million accessions are stored in | 750 ex situ genebanks. One of the ten largest ex situ collections
of our globe is located at the Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) in
Gatersleben, Germany, safeguarding about 150 000 accessions from 3 212 plant species and 776
genera comprising wild and primitive forms, landraces as well as old and more recent cultivars.
Since the majority of genebank holdings globally are stored as seed, seed storability is of
exceptional importance for germplasm preservation. At IPK, research on seed longevity was
initiated for a range of crops maintained over decades. Variation between and within crop species
was detected and genetic analyses were initiated. Results obtained for several crop species are
presented.
Citation: Bomer A, S. Landjeva, M. Nagel, M. A. Rehman Arif, M. Allam, M. Agacka, T.
Doroszewska, U. Lohwasser. 2014. Plant Genetic Resources for Food and Agriculture (PGRFA)
— Maintenance and Research. Genetics and Plant Physiology. Conference “Plant Physiology and
Genetics — Achievements and Challenges”, 24-26 September 2014, Sofia, Bulgaria, Special Issue
(Part 1). 4(1-2): 13-21.
Keywords: Ex situ conservation; Genetic mapping: Germplasm: Long term seed storage; Seed
longevity.

Plant Genetic Resources — The global
view

The ex situ conservation of plant  supported by public or private institutions.
genetic resources for food and agriculture  £x sifu genebank collections comprise seed
(PGRFA) is a global concern and plays a  genebanks, field genebanks and collections
central role for food security in the future.  maintained via in vitro or cryo preservation.
The germplasm is conserved in genebanks ~ Most species native to temperate climate
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Abstract

Old germplasm is an important genetic resource for enhancing modern crops with new alleles. In
the present study, the genetic diversity of 52 historic varieties and landraces of bread wheat origi-
nated from the Western (Bulgaria) and Northeastern (Ukraine, Russia and Georgia) regions of
the Black Sea basin was assessed based on microsatellite markers and agronomic characteristics.
A set of 24 markers detected a total of 263 alleles at 25 microsatellite loci, with an average
number of 10.5 alleles per locus and an average polymorphic information content (PIC) of 0.74.
A total of 63 alleles at 22 loci were unique, being specific to a particular accession. Half of the alleles
(132) were regionally specific, and the rest were common between the Western and Northeastern
accessions. The latter group was characterized with greater total and private allelic richness, a higher
number of unique alleles and a higher average PIC. The population was found to be very hetero-
geneous (average heterogeneity 41%), with the Northeastern pool (52.8%) being more diverse than
the Western pool (30.9%). Most of the accessions of the Western group clustered together, and the
rest were distributed among the subclusters of the Northeastern germplasm. Large inter-group
differences in the frequencies of alleles ranging from 3.1 at Xgwm?294-2A to 16.7 at Xgwm333-7B
were observed. This variation might partly account for the differences in certain yield-related
traits. The Northeastern accessions had significantly longer spikes with more number of spikelets.
Some issues related to germplasm preservation in seed genebanks are discussed herein. The large
molecular variation observed could be utilized by breeders for the selection of diverse parents,
or by researchers for the production of mapping populations.

Keywords: agronomic traits; historic/traditional variety; landraces; molecular diversity; Triticum aestivum L.

Introduction

Landraces and historic varieties are a rich portion of the
* Corresponding author. E-mails: s_landjeva@mail.bg; bread wheat gene pool (Newton er al., 2010). On the
slandjeva@gmail.com one hand, while modern varieties are a result of intended
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Abstract The synchronization of flowering with the
time of most favorable temperatures and light has
substantial effects on grain yield and quality. In bread
wheat, the major developmental genes determining
vernalization requirement (Vrn-I) and photoperiod
response are used in breeding cultivars adapted to
different latitudes and climates. Fine regulation of
flowering date is provided by minor genes whose
allelic variation is not well studied. Although spring
cultivars Saratovskaya 29 (S29) and Yanetzkis Probat
(YP) carry the same two dominant Vrn-1 alleles, YP is
several days later in flowering compared to S29. The
aim of the current study was to establish the chromo-
somal and map locations of loci determining this
difference. Inter-cultivar single chromosome substi-
tution lines S29(YP) and a set of recombinant
chromosome substitution double haploid lines grown

Electronic supplementary material The online version of
this article (doi:10.1007/s10681-015-1500-6) contains sup-
plementary material, which is available to authorized users.
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at three contrasting climatic and geographic locations
in Western Siberia and Europe. The substitution line
S29(YP 4D*7A) carrying the entire donor chromo-
some 4D and an additional fragment of chromosome
7A showed the largest delay in flowering at all sites. A
quantitative trait locus (QTL) between microsatellite
markers Xgwm0089 and Xgwm4736 on chromosome
4D was detected only in Europe following substan-
tially earlier sowing. It was manifested under increas-
ing day length, and, therefore, was regarded as a
photoperiod response locus. Another QTL associated
with (TG)g o 9-(CG); polymorphism of the TaFTA
gene on chromosome 7A was effective under both
long and short days thus representing an intrinsic
earliness per se gene. This knowledge could aid the
fine regulation of flowering in cultivars tailored for
growing in specific agro-climatic conditions.
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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 No¢ and/or Mentana as parents that have been crossed with local varieties
(Martynov et al., 2006). No¢ 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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Pe3iome

3HAYUTETHOTO HAPACTBAHE HA CBETOBHMTE JOOHMBY NPH IIIEHULATA CIIE
3esieHaTa PEBOJIFOLUS CE IBJDKM 10 TOJSMA CTENeH Ha TJI06aJHOTO UHTPOIY-
NMpaHe Ha HUCKM COPTOBE W HA 7-KPaTHOTO yBEJIMYEHHE Ha ynoTpebata Ha
a30THHU TOpoBe. B Bbirapus BcHYki CbBPEMEHHH COPTOBE OOUKHOBEHA IIIECHMU-
1na, ch3ganeHu caen 1960-Te rogunu, HOCAT reHH 3a HUCKO cTBOI0. CTaponas-
HUTE BUCOKOCTHOJIEHH COPTOBE Ca Ch3/1aI€HH B YCJIOBHUS Ha ci1abo obesnevyapane
C XpaHUTEJIHA CJIEMEHTH W CJIEIOBATENIHO, NPEJCTABIABAT U3TOYHUK HA TeHe-
THYHO BAPUPAHE 3a CEJICKUMS HA MEHOTUIM, NOAXOMSIIM 33 OTIJIEKIAHE B yC-
JIOBMsI Ha M0-CJIab0 TOpEeHe M 3a HYXIUTE Ha OMOJOrMYHOTO 3eMejeiue. B
HACTOAIIETO NPOYYBAHE CE IIPABU CpPaBHEHME MexkxAy 79 cbBpemMeHHH u 21
CTapoJiaBHU OBJATAPCKH COPTOBE MIIEHAIA 10 OTHOLIEHUE HA TAXHATA IPOIYK-
TUBHOCT M a30THA €(EKTMBHOCT NPH OTIVIOKAAHE HA [BA BAPMAHTA HA a30THO
Topene B B¢ MecToHaxoxaeHus (Codus u I'enepan Tomeso). Ycranosenu ca
3HauMMH edekTu Ha (akropure ,, Tum copt® (crapomaBHM WK CBHBPEMEHHH),
»Topene* u ,,MscT0%, KakTO ¥ Ha B3amMOOTHOWIeHUsATA ,, Tw copTt X Mscro®
u , Topere x Mscto“. TIpu eKCTEH3MBHUTE YCJIOBUS Ha €KCIEPUMEHTAIHOTO
none B Codust, xapakTepusupaiio ce ¢ mo-ciaba mouBa M MPEAIIECTBEHHK
[apeBulia, o-rojiAMa 4acCT OT cTapomaBHuTe coproBe (18) Gsxa onpenesienn
KaTo eheKTHBHU U OT3MBYMBH HA A30THO TOPEHE, a IOBEYETO CHBPEMEHHHU COpTOBE
(45) — xaTo Hee(eKTMBHM M HEOT3MBYMBHM Ha a30T. O6paTHA TeHAeHUHU Gere
Habmonasana B I'enepan TomieBO B yciIOBHS HAa M3NyXeH YepHO3eM U GOGOB
IIpEIIECTBEHHK.

Abstract

Landjeva S., V. Koutev, N. Tsenov, P Chamurlijski, T. Trifonova, V. Nenova,
I Kartseva, K. Kocheva, P. Petrov, G. Georgiev, 2014. Productivity and nitrogen
use efficiency in bread wheat — comparative analysis of old and modern
Bulgarian cultivars

The worldwide yield outbreak in wheat following the Green Revolution has
been associated with the introduction of semi-dwarf nitrogen (N)-responsive
high-yielding cultivars, as well as with substantial increase in N fertilizers
consumption. In Bulgaria, all modern cultivars released after 1960s are semi —
dwarf. The old tall-stature cultivars have been developed mostly in environments
with low nutrient availability and, therefore, represent a source of genetic variation
for selection of genotypes suitable for growing in low-input or organic farming
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The sensitivity to cadmium (Cd) stress of two near-isogenic wheat lines with differences at the Rht-B1
locus, Rht-Bla (tall wild type, encoding DELLA proteins) and Rht-B1c (dwarf mutant, encoding modified
DELLA proteins), was investigated. The effects of 100 uM CdCl, on plant growth, pigment content and
functional activity of the photosynthetic apparatus of wheat seedlings grown on a nutrient solution were
evaluated through a combination of PAM chlorophyll fluorescence, oxygen evolution, oxidation-
reduction kinetics of P700 and 77 K fluorescence. The results showed that the wheat mutant (Rht-B1c)
was more tolerant to Cd stress compared to the wild type (Rht-Bla), as evidenced by the lower re-
ductions in plant growth and pigment content, lower inhibition of photosystem I (PSI) and photosystem
IT (PSII) photochemistry and of the oxygen evolution measured with Clark-type and Joliot-type elec-
trodes. Furthermore, the enhanced Cd tolerance was accompanied by increased Cd accumulation within
mutant plant tissues.

The molecular mechanisms through which the Rht-B1c mutation improves plant tolerance to Cd stress
involve structural alterations in the mutant photosynthetic membranes leading to better protection of
the Mn cluster of oxygen-evolving complex and increased capacity for PSI cyclic electron transport,
protecting photochemical activity of the photosynthetic apparatus under stress. This study suggests a
role for the Rht-B1c-encoded DELLA proteins in protective mechanisms and tolerance of the photosyn-
thetic apparatus in wheat plants exposed to heavy metals stress.

© 2017 Elsevier Masson SAS. All rights reserved.

1. Introduction

Cd toxicity first affects pigment content, then results in inhibition of
the photosynthetic activity (Maurya et al., 2008; Mohamed et al.,

Cadmium (Cd) is a major heavy-metal pollutant. Its bio-
accumulation in plants represents a serious health risk to animals
and humans. In soil, Cd is usually found naturally at low concen-
trations and can affect the normal growth and development of
many plant species (for review, see Tran and Popova, 2013). Plants
grown in hydroponic media accumulate Cd in their organs (roots,
stems and leaves) and in chloroplasts (Lysenko et al, 2015).
Changes in leaves include alterations in chloroplast ultrastructure,
low pigment (chlorophyll and carotenoids) content and inhibition
of photosynthesis (Hakmaoui et al., 2007; Moussa and El-Gamal,
2010; Parmar et al., 2013). A number of studies have shown that

* Corresponding author.
E-mail address: aneli@bio21.bas.bg (A.G. Dobrikova).

http://dx.doi.org/10.1016/j.plaphy.2017.02.015
0981-9428/© 2017 Elsevier Masson SAS. All rights reserved.

2012; Lysenko et al., 2015). Moreover, the effects of Cd on the
photosynthetic apparatus and the degree of damage vary
depending on the genotypic and ecotypic differences among plant
species (see Parmar et al., 2013).

Photosynthesis is one of the most important targets of Cd action,
as the main effect of Cd is inhibition of the photochemical activity of
both photosystem I (PSI) and photosystem II (PSII) (Atal et al., 1991;
Chugh and Sawhney, 1999; Wodala et al., 2012; Parmar et al., 2013).
However, during the initial stages of Cd toxicity, PSII electron
transport and especially the oxygen-evolving complex (OEC) are
more susceptible than PSI to the toxic effects of Cd (Clijsters and
Assche, 1985; Chugh and Sawhney, 1999; Sigfridsson et al., 2004;
Wang et al., 2013). Previous results have indicated that Cd ions
have multiple effects on both the donor and the acceptor side of PSII
(Sigfridsson et al., 2004).
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Abstract Salinity increases in the world’s land area and
significantly affects the rate of photosynthesis and cor-
responding plant growth. In this study, the impact of salt
stress (200 mM NacCl equivalent to an electrical conductiv-
ity of 18.6 mS cm™!) on the photosynthetic apparatus and
some growth parameters were investigated in wheat DELLA
mutant (Rht-Bic) and wild-type (Rht-Bla) seedlings grown
on a half-strength Hoagland solution. Results revealed that
salt toxicity was alleviated in the Rht-B1c mutant compared
to the Rht-Bla wild type, as manifested by less-reduced leaf
pigment content, relative water content, and photochemical
activity of photosystem II (PSII) and photosystem I (PSI)
after a 9-day salt exposure of plants. Compared to the wild-
type wheat, a higher capacity for PSI-dependent cyclic elec-
tron flow, preventing the photosynthetic apparatus from oxi-
dative damage, was observed in the mutant plants before and
after salt treatment. In addition, an increase of PsaB proteins
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was detected in the mutant plants after long-term salt stress
unlike the wild type. The observed higher oxidation level of
P700 (P700") in the mutant was consistent with higher abun-
dance of PSI-related protein complexes. The data demon-
strated that alterations in thylakoid membrane proteins and/
or their structural reorganization in wheat DELLA mutant
(Rht-Blc) significantly contribute to the alleviation of salt-
induced damage of the photosynthetic apparatus. Molecu-
lar mechanisms involved in the photosynthetic responses of
wheat DELLA mutants to salt stress are discussed.

Keywords Chlorophyll fluorescence - Cyclic electron
flow - DELLA proteins - Photochemical activity -
Pigments - Rht-Blc mutant - Salt stress tolerance

Introduction

Salinity is one of the most severe environmental factors
limiting productivity of crop plants (Parida and Das 2005;
Munns and Tester 2008). High concentrations of salts (espe-
cially the accumulation of toxic ions, such as Na*™ and CI™)
have various effects on plants, including ionic imbalance,
dehydration, and inactivation of enzymes, that influence the
metabolic processes, photosynthetic efficiency, plant growth,
and thus plant yields (Tester and Davenport 2003; Sudhir
and Murthy 2004). Depending on the degree of salinity,
its duration, and the plant species employed, the increased
amount of salts may also cause destruction of the chloro-
plast envelope and disintegration of the granal thylakoid
systems (Shu and others 2012), accompanied by a decrease
in the amount of photosynthetic pigments in leaves. Some
reports have suggested that salt-induced phytotoxicity can be
prompted by the formation of reactive oxygen species (ROS)
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Abstract ’
The impact of the genotype-specific leaf morphological and anatomical characteris-
tics on the ability of wheat plants to preserve leaf water balance and cell mem-
branes stability under drought stress was investigated. Seedlings of six modern
semi-dwarf (carriers of Rht, Reduced height genes) and six old tall bread wheat vari-
eties were subjected to soil drought by withholding watering for & days. Morpho-
anatomical traits (leaf area, perimeter, thickness, stomata and trichome density) of
daily watered (control) plants were characterized by light microscopy, scanning and
image analyses. The leaf water status in both control and stressed plants was deter-
mined by measuring the relative water content (RWC). The leaf cell membranes sta-
bility in stressed plants was estimated by conductometric determination of the
membranes injury index. On average, the modern semi-dwarf varieties had less leaf
area and leaf perimeter, and less dissection index, a parameter characterizing the
leaf shape. Under drought stress, the modern genotypes maintained better water
balance evidenced by significantly higher leaf RWC and better-preserved the cell
membranes stability supported by significantly lower Injury index. The correlations
between morpho-anatomical traits in control plants and drought tolerance-related
traits showed that the higher the leaf dissection index (i.e. more oblong leaves), the
greater the water loss and the leaf membrane damages after desiccation were. The
effect of shape of the evaporating surface on the water loss was modelled using
wet filter paper. Similar to plant leaves, the evaporation and, respectively, water loss
from paper pieces of more oblong shape (i.e. higher dissection index) was more
intensive. The elucidation of the impact of the leaf shape on transpiration might
contribute to better understanding of the mechanisms used by plants to maintain
water reserves during drought stress and could be a basis for developing of simple
and fast screening methads aiding the selection of drought tolerant genotypes.

KEYWORDS
leaf dissection index, leaf shape, membrane injury index, Rht genes, transpiration, water deficit
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