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ABSTRACT

The traditional wheat germplasm that have evolved in Eastern Europe exhibit a unique adaptation type due to the
ecological conditions. Bread wheat type developed in this region is a valuable source for wheat breeders worldwide.
Wheat improvement in the 20" century was carried out using traditional breeding methods and the consideration of
environmental effects played a significant role in the germplasm development. Efficient wheat breeding programme for
continental climatic environments will require new breeding efforts, including new strategies in gene bank research, to
develop new germplasm in pre-breeding programmes and the application of modern breeding technologies. The complex
tasks facing wheat breeders in Eastern Europe include the improvement of stress resistance, especially winter hardiness
and tolerance of drought and heat at higher levels of yield potential. New challenge is to close the yield gap in the
changing climate. The good bread making quality of Eastern European wheat will only represent an advantage if it is

associated with better quality stability.

Keywords: Wheat, pre-breeding, adaptability, yield gap, bread making quality stability.

Introduction

Changes in the Eastern European Wheat Type

A significant segment of cereal production takes
place in suboptimal agro-ecological environments in
the World. This fact is especially true in the Eastern
European regions where the tendency to drought, the
uneven rainfall distribution, the continental climate and
the great variety of soil types have made a traditional
contribution to the development of a wheat type suitable
for low-input environments. These climatic conditions
are mainly characterised by extreme variability and un-
predictability. Geographical and climatic factors have
had a substantial influence on the genetic background of
the germplasm and on agronomic management practices.

Landraces have played an important role in the
development of the East European wheat germplasm.

Special mention should be made of the landrace Bana-
ti (or Banatka), originating from the area which is
now on the borders of Serbia, Romania and Hungary,
and which was made use of by wheat breeders in Rus-
sia (Vavilov 1935), Ukraine, Romania and Hungary.
The Polish landraces Sandomierka (Strebeyko 1976)
and Galicia (from a region now in West Ukraine)
(Lelley 1967) were not only the parental popula-
tions for a large number of East European wheats,
but were also taken to North America by emigrants
in the 19" century. The Galicia landrace was also
the ancestor of the Hungarian landrace Tiszavidéki
(called Teiskaya in Russia), the progeny of which
spread at the end of the 19" century to South Russia,
to the Kuban region, and also to parts of the North
Caucasians (Jakubziner 1962), while also being one



of the parents of the Bankuti wheat varieties, known
for their excellent breadmaking quality.

In the winter wheat zone, the development
achieved by Lukyanenko, who selected the variety
Bezostaya 1 in Krasnodar, led to excellent results in
the Eastern European region after the second world
war. The good adaptability of Bezostaya 1 could have
been due in part to the fact that its parents originate
from different ecological regions of the World. With
the selection of this variety, yields were increased in
the Krasnodar region of Russia by 2.5 times (Dorofeev
and Udachin 1987). In the northern zone of winter
wheat production, the extremely winter-hardy variety
Mironovskaya 808 became the dominant variety in the
northern part of Ukraine, and also occupied large areas
in Poland and Czechoslovakia in the 60s and 70s of the
last century. The Krasnodar-bred varieties Avrora and
Kavkaz, which carry the 1B/1R rye translocation con-
taining the resistance genes Pm§, Lr26, Sr31 and Y19,
represented a great genetic advance in yield potential
(Bedé et al., 1993). Similar conclusions were drawn by
Javornik et al., (1991) when analysing 1B/1R translo-
cation varieties such as Yugoslavia, Balkan and Zvez-
da in Serbia. However, despite the positive effects of
wheat-rye translocations on yield and adaptability traits
in Eastern Europe, their deleterious effect on bread-
making quality cannot be completely eliminated. The
further use of this germplasm in wheat breeding may
be limited, as the new stem rust (Puccinia graminis
tritici) race Ug99 exhibits broad virulence, being able
to overcome the stem rust resistance gene Sr 31, lo-
cated on the 1B/1R translocation (Singh et al., 2007).

Daylength insensitivity, race-specific disease re-
sistance and better lodging resistance contributed to
the better adaptability and widespread cultivation of
modern types of varieties in the second half of the last
century. From the 1970s onwards, Ukrainian wheat
breeders endeavoured to reduce plant height (Litvinen-
ko 1998). Russian wheat breeders in Krasnodar aimed
chiefly at winter hardiness and favourable technolog-
ical quality, so they made use of Krasnodarskii karlik,
developed by mutation breeding from Bezostaya 1
(Bespalova 1996), while Romanian breeders used Rht1
(Saulescu et al., 1988). In Hungary the Rht1 and Rht8
genes proved successful. In Serbia Rht8, originating
from the Japanese variety Akakomughi, and Rhtl, de-
rived from Saitama 27, can be detected in semi-dwarf
wheat varieties (Borojevic 1990). These genes cause
less dwarfing than the joint presence of Rht2 and Rht1
in a number of West European varieties, but due to
the drier climate and the lower nutrient supply levels,
their use was a realistic solution for the development
of semi-intensive wheat.

whisab

As growing conditions improved and chemical
input increased in the second half of the last century,
breeders endeavoured to develop genotypes with a
higher ratio of reproductive organs. Positive correla-
tion was found between the grain yield and the harvest
index (r=0.92) in Martonvasar (Szunics et al., 1985).
The statistical analysis of data collected over many
years proved that the year (environment) had a sub-
stantial effect on the grain-straw ratio of the varieties
examined, though the varieties responded differently
to ecological factors. Lukyanenko (1966) considered
a 1:1 grain-straw ratio to be ideal. The harvest index
increased in many parts of the East European region as
a result of breeding efforts. Szunics et al., (1985) found
a 47% harvest index due to selection efforts focused
on an increase in plant productivity and a decrease in
plant height.

Yield progress and improved adaptability traits
contributed to an annual yield increase of 0.86% in
Russian spring wheat varieties between 1920 and 1999
(Vassiltchouk 1999). The genetic progress for yield in
Romanian wheat varieties was estimated by Saulescu
(1998) to be 50 kg/ha/year. In Hungary, studies on the
period between 1965 and 1985, when national yield
averages grew to the greatest extent, reveal that the
varieties were responsible for 42—45% of the total yield
increment (Szunics et al., 1985).

The type of wheat developing in the East European
region was not uniform. Despite the similarities, there
were also substantial differences as a consequence of
the diverse ecological conditions. In general the win-
ter type is dominant, but spring wheat varieties spread
in several of the central and East European regions
of Russia (e.g. in the Volga and Ural regions), where
abiotic stress resistance is a decisive factor. In these
regions, variety change progresses at a slower rate.
The great extent of diversification is demonstrated
by the fact that selection is carried out for four differ-
ent adaptation types in Krasnodar, the largest Russian
wheat breeding centre, including both semi-intensive
drought-resistant types and semi-dwarf wheat types
(Bespalova 1996). In accordance with the duration of
the vegetation period and adaptation to soil and climatic
zones, Ukrainian wheat varieties can be divided into
three fundamental groups, so breeding is underway for
intensive, semi-intensive and widely adapted wheat
varieties (Lyfenko 1987).

The yield increases recorded between 1960 and
1990 stagnated the last decade of the 20™ century and
first decade of the 21 century in many regions of
Europe, and this situation was characteristic in most
East European regions too. This can be attributed to a
number of factors, including
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The low level of fertilizer and pesticide applica-
tions, which resulted in a lower yield and quality traits
stability. The use of technical inputs declined partly due
to growing input costs. The strengthening demand for
sustainability and environmental protection have also
led to a reduction in the use of chemicals (Figure 1).

Large differences among growing seasons due
to the climate change caused more negative effects
on wheat production than in many other regions of
the World.

Breeding For Adaptability Traits of Wheat in

Martonvdasar, Hungary

Wheat breeding programmes initiated in Hungar-
ian plant breeding institutes after the second world
war developed a whole series of varieties in Mar-
tonvasar and in Szeged. Bread wheat improvement
in the 20™ century was carried out using traditional
breeding methods. However, new genetic, patholog-
ical and physiological knowledge have significantly
contributed to a better understanding of this crop. It
has become evident that the next generation of wheat
genotypes will need to be developed for better adapt-
ability traits and that further crop improvement will
require new breeding tools. It has become important to
select wheat genotypes adapted to changing climatic
conditions, as a return to old varieties is not an option
for future development. Martonvasar small grain cere-
al breeding programmes established breeding strategy
to improve research efforts, including strategies in
gene bank research and research efforts to develop
new germplasm in pre-breeding programmes.

Gene Bank Research

The role played in plant breeding by the old va-
rieties and populations stored in gene banks has in-
creased recently. One of the richest collections in
the World and in Eastern Europe is located in the
Vavilov Institute of Plant Industry in St. Petersburg,
Russia. The efficiency of plant gene bank research
programmes depends on the accuracy and precision
of evaluation techniques. The evaluation of large ger-
mplasm materials using only traditional tools such as
geographic origin, pedigree information, and botanical
and agronomic descriptions has become less efficient.

The establishment of a cost-effective core col-
lection to represent the genetic variability of large
collections is of vital interest in Eastern Europe, where
traditionally large germplasm collections have been
available to breeders. Core collections are useful ma-
terials for the association mapping of disease resist-
ance, seed quality and domestication-related traits. A
good example is the core collection of 372 accessions

based on passport and simple sequence repeat (SSR)
marker data selected by Balfourier ef al., (2007) in the
Clermont-Ferrand Genetic Resources Center (INRA)
to explore the diversity in wheat accessions. Genetic
resources are suitable materials for association map-
ping when breeders analyse low heritability traits like
yield components (Breseghello and Sorrells 2006).

The efficiency of gene bank research can be im-
proved through the joint application of new methods
of genotyping and phenotyping, which enable plant
breeders to screen the collections for genes important
for breeding, identify unique alleles and characterize
genetic resources at the gene level, dissect the popu-
lations of old landraces and wild relatives to provide
insights into the allelic content of potential germplasm
for use in breeding.

Screening wheat genetic resources, molecular
markers are efficient tools for identifying agronom-
ically important genes. In the course of gene bank
research in Martonvasar, pedigree analysis revealed
that the variety Bezostaya 1 is frequently present in
the wheat germplasm. According to Dyck (1994) Be-
zostaya 1 carries the Lr34 leaf rust resistance gene,
which ensures a medium level durable resistance.
When it is combined with other Lr genes, is an effi-
cient component of leaf rust resistance. Vida et al.,
(2009) carried out analysis with molecular markers
and they proved that the Lr34 resistance gene is sig-
nificantly present in the Martonvasar germplasm of
the 226 genotypes screened (Table 1).

The identification of unique alleles from genet-
ically heterogeneous old populations play an impor-
tant role in developing new germplasm for breed-
ing. A unique allele was identified with the help of a
gene-specific primer from the Bankuti 1201, an old
Hungarian variety population. In the course of the
analysis a fragment characteristic of Bankuti 1201
was identified and the nucleotide sequence was
determined. This showed the presence of a 1Ax2"
high molecular weight (HMW) glutenin gene var-
iant which, despite near homology, differed from
the original 1Ax2" gene at one important point. Nu-
cleotide exchange involving the exchange of serine
for cysteine was observed at 1181 bp in the 1Ax2"
sequence (Juhasz et al., 2003). This change resulted
an extra sulphydryl group which facilitates the for-
mation of further disulphide bonds, might lead to an
improvement in gluten quality characters.

The dissection of the heterogeneous population
and the development of sublines contribute to the ex-
ploitation of existing variation for different agronomic
traits. For example, the analysis of 216 sublines from
the Bankuti 1201 revealed six HMW glutenin subunit
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types and 19 different gliadin types. Significant var-
iation was detected involving the overexpression of
the Bx7 HMW glutenin subunit and the unextractable
polymeric protein % (UPP%) (Juhasz et al., 2003).
Marchylo et al., (1992) reported that at least two types
of Bx7 protein existed in different varieties, and des-
ignated the Cheyenne type, leading to normal protein
production, as 7° and the overexpressed Glenlea type
as 7. The quality of the Canadian variety Glenlea can
also be attributed in part to the Bx7 subunit (Cloutier
and Lukow 1998), though in this case the gene is only
present in a single copy. Overexpressed Bx7 HMW
glutenin subunits have also been detected in many
other wheat genotypes, both in old landraces and in
modern varieties (Marchylo et al., 1992). Analyses
carried out by Butow et al., (2004) demonstrated that
the allele responsible for 1Bx7 HMW glutenin overex-
pression in the Canadian prime hard red spring wheat
Glenlea is also present in certain sublines of Bankuti
1201, providing an indirect confirmation of the fact
that East European germplasm may also have had an
influence on the development of North American va-
rieties. The rheological analysis of lines isolated from
old varieties and carrying the 1Bx7 HMW glutenin
overexpression gene showed that selection for this
trait may contribute to the breeding of varieties with
excellent gluten quality in Eastern Europe.

New Germplasm Development in Pre-breeding

One consequence of commercial breeding in the
second half of the 20" century is that differences
between alleles in modern elite varieties are dimin-
ishing, and the development of new germplasm in
pre-breeding programmes has become important.
Different types of genetic resources are available in
East European wheat breeding for the development of
new germplasm. In commercial breeding programmes
breeders use mainly adapted varieties and lines to
achieve fast breeding progress and select new regis-
tered varieties. The application of old landraces, wild
and cultivated relatives need more time, however the
chance of broadening genetic variation is better.

The transfer of useful genes is complicated by
crossing barriers in the case of wild or cultivated
related species, by the absence of pairing between
homologous chromosomes, etc. To avoid embryo
or endosperm abortion after successful fertilisation
in vitro techniques such as ovule culture or embryo
rescue are applied. It often happens that the F, plants
from interspecific crosses are sterile. Many methods
have been introduced to overcome incompatibili-
ty between the species and achieve successful hy-
bridisation. These include doubling the ploidy level,
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protoplast fusion, etc. Colchicine treatment was ap-
plied to F, hybrids to induce chromosome doubling
in order to produce synthetic hexaploid wheat. The
use of a genome homozygous for the crossability
alleles (krikrikr2kr2) may contribute to higher seed
set when wheat is crossed with rye, barley, etc. The
recessive crossability allele k71 was transferred from
the spring wheat cultivar Chinese Spring (CS) into
the winter wheat cultivar Martonvasar 9 (Mv9) by
backcrossing Mv9 x CS hybrids with Mv9. As a result
of five backcrosses with Mv9 and two selfings after
each backcross, the selected progenies had over 50%
seed set with rye when tested on a large number of
individual plants (Molnar-Lang et al., 1996).

The introduction of alien gene into adapted
wheat germplasm is time-consuming using tradi-
tional breeding methods. A good example of this are
wheat varieties carrying the 1B/1R rye translocation,
which required 33 years from the first cross of parents
to the registration of the first variety (Rabinovich
1998). Pre-breeding for adaptational traits is efficient
if breeders are able to widen the genetic variation
and to shorten the selection time. One method which
has been routinely introduced in Martonvasar is the
doubled haploid technology 30 years ago to produce
homozygous progenies from the F, generation in a
single step (Bed6 er al., 1988). This technology is
an excellent tool not only for cultivar development,
but also for pre-breeding and for the establishment
of mapping populations.

Despite the complex nature of the breeding
process, wild relatives have frequently been used
by East European wheat breeders. In Russia Tzitzin
selected winter wheat varieties from Agropyron sp. X T.
aestivum crosses and they were grown in commercial
production (Zhukovsky 1957). Interspecific crosses
were used to incorporate a number of disease
resistance and storage protein genes into the common
wheat germplasm in the Odessa breeding programme
(Litvinenko et al., 2001).

Today one of the most promising breeding tech-
nologies to accelerate the introduction of alien genes
into wheat from wild relatives is cisgenesis. It has
great potential to overcome many problems of tra-
ditional breeding, such as linkage drag, crossing
barriers, the introduction of many deleterious genes
linked with one useful gene. This method differs from
transgenesis that DNA fragments from cross-com-
patible species are incorporated into the genome, so
cisgenic plants do not contain foreign or modified
genetic material. As wheat has many wild and culti-
vated relatives, the prospects for developing precision
breeding via the cisgenesis technology are excellent.
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This technology would be a modern alternative to
traditional breeding and would offer an ideal way of
incorporating genes of adaptation traits from wild
and cultivated wheat relatives into common wheat.

The use of molecular markers for the develop-
ment of new germplasm and to improve the efficiency
of pre-breeding is a great step forward in breeding.
On the one hand it allows breeders to accelerate the
introgression and backcrossing of genes into diverse
genetic backgrounds, while on the other hand they
can use it to pyramid genes with similar phenotypic
effects. This technique is particularly useful for the
incorporation of resistance genes. The advantage of
marker assisted selection (MAS) in early generations
is that heterozygous progenies with valuable reces-
sive genes are not discarded, thus contributing to the
fixation of recessive genes. To exploit this advantage,
the use of MAS in early generations and phenotypic
selection in later generations are suggested. MAS can
substitute for phenotypic selection in conditions un-
favourable for phenotyping, or against stress factors
not present in the breeding location or appear only
rarely. This technique is not affected by the environ-
ment, which means that it is less season-dependent
than phenotypic selection.

Marker-assisted backcross breeding (MABC)
is one of useful tools to accelerate the introgression
of adaptation traits. Simulating recombination dur-
ing meiosis proves that breeders can recover recur-
rent parent with molecular markers more efficiently
compared to traditional backcrossing (Frisch ef al.,
2000). MABC provides efficient positive foreground
selection for the donor trait, positive background se-
lection for the recurrent parental genome and nega-
tive background selection against undesirable donor
parent alleles. After three backcross (BC) generations
it was possible to select genotypes with useful agro-
nomic trait similar to that of the donor line (Figure 2).
MABC will be a useful breeding method to introgress
transgenes into elite germplasm, which will permit
the rapid deployment of agronomic traits.

Molecular markers offer a precise selection for
pyramiding genes for resistance to diseases. They
were employed for the transfer of leaf rust resistance
genes in the framework of the BIOEXPLOIT FP6 EU
project (Vida ef al., 2009). The choice of the Lr genes
was based on their effectiveness and how closely
linked PCR markers were available. The agronomic
traits of BC, and BC, lines are very similar to those of
the recurrent parents. Eleven pyramided gene combi-
nations have been developed, and a doubled haploid
programme has been set up in order to stabilize the
gene combinations.

Stem rust is one of the most destructive diseases
of cereal crops worldwide. During the last period a
new aggressive virulent stem rust group of races Ug99
cause severe losses in some wheat growing regions of
the World. However, this race is not present in Eastern
Europe until now. We carried out pre-breeding studies
about the genetic background of stem rust resistance
in the Martonvasar gene pool and we selected new
genotypes resistant to these virulent stem rust races.
In international experiments Mv Zelma was found to
be resistant to Ug99 related pathotypes. Preliminary
data indicated that its resistance gene is located on
7A chromosome. Resistance genes Sr15 and Sr22 are
located on this chromosome. Infection types and map
location suggest that the gene in MV Zelma is not
Sr22. It is probable that this gene could be a second
allele of Sr15 that provides Ug99 resistance (Nava
etal., 2012).

One of the most important criteria for germplasm
development in Eastern Europe is above-average abi-
otic stress resistance. This includes winter hardiness,
which involves different components in different re-
gions of Eastern Europe. One of these components is
late winter frost resistance, which has been studied
in the Martonvasar phytotron for several decades
(Veisz et al., 2001). The analysis of wheat varieties
characteristic of diverse regions of Europe revealed
(Bedo et al., 2005) that East European varieties were
the most resistant, South European varieties the most
frost-sensitive and West European wheats were inter-
mediate for frost resistance.

The importance of winter hardiness, and espe-
cially of frost resistance, is proved by the fact that
over the last century a large part of the area previously
sown to spring wheat in Russia was gradually occu-
pied by winter wheat. While spring wheat was grown
on around 80% of the European region of the country
in the first two decades of the 20" century, this ratio
had dropped to 62.4% by the 1980s. However, a high
level of winter hardiness is required in these areas if
production is to be reliable (Dorofeev and Udachin
1987). Due to the negative grain yield/frost resistance
correlation, varieties with poorer winter hardiness are
spreading in Ukraine, if the frost resistance of the vari-
eties grown in 1985 is compared with the situation 15
years later. By the turn of the millennium none of the
varieties could equal the winter hardiness of Odess-
kaya 51, demonstrating the importance of breeding
for winter-hardy germplasm (Litvinenko et a/., 2001).

The most complex task facing East European
wheat breeders is the improvement of drought and
heat tolerance, or its maintenance in new germplasm
at a higher level of yield potential. In Ukraine
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drought-resistant genotypes have high vernalisation
requirement and low photoperiod sensitivity. They
should have intensive nodal root growth in early
spring, active root development during double ridge
formation, leaves with high osmotic adjustment
and the active remobilisation of non-structural
carbohydrates to the kernels during the grain-filling
period (Litvinenko 1998). In regions prone to drought,
adaptability, drought tolerance and yield are closely
related traits. In the southern parts of Romania,
selection for earliness is one way of avoiding drought
and improving yield stability (Saulescu et al., 1998).
The role of environmental effects depends on the
developmental stage of the plant, and may influence
both yield and grain quality properties. Breeding for
improved heat and drought stress tolerance during
meiosis and anthesis remains a significant challenge.

Selection for better adaptability has become par-
ticularly important in the light of climate change,
especially with the increasing frequency of extreme
weather events (Veisz ef al., 1996). Greater fluctua-
tion is observed not only between regions, but also
between years. Price volatility during the recent period
is also influenced by unstable yield.

Regardless the fact that drought and heat are the
main abiotic stresses in wheat production, extreme
weather conditions, like heavy rainfall during the
harvest period, can cause the premature germination
of seeds, known as preharvest sprouting (PHS). This
phenomenon became more frequent during the cli-
mate change and it is a serious problem in Eastern
Europe too. Especially wheats with white-colored
grain are particularly susceptible. PHS has a negative
effect on grain yield but it also reduces bread-making
quality through the breakdown of starch reserves in
the endosperm by the increased enzyme activity of
alpha-amylase.

The high yield gap between the potential yield
and farm yield is one of the consequences of the lower
level of yield stability. To determine the difference
between the potential yield and farm yield we set up
a three-year small plot experiment carried out with
registered varieties widespread in the commercial
production in Hungary. The experimental plots were
treated with herbicide and fungicides and 240 kg/
ha mineral fertilizer - nitrogen, phosphorus and po-
tassium in 2:1:1 ratio - were applied. The difference
between the farm yield - characterized by the national
average yields - and the potential yield was 48.2%
in average of the 3 year results in Hungary (Figure
3). Investigations made by Litvinenko et al., (2001)
showed that the potential yield of new varieties rose
from 2.73 t/ha in the second decade of the 20" century

whisab

to 6.74 t/ha in the 1980s, based on the results of small-
plot experiments. At the same time, the average wheat
yield in Ukraine was only 3 t/ha even in favourable
years, and was even less at the turn of the millennium.
This is less than half of the potential yield. Among the
West European countries, the yield gap in the UK is

30%, indicating that the potential yield of the
wheat varieties is better exploited (Fischer and Ed-
meades 2010).

Technological quality stability is a particular-
ly critical property in Eastern Europe because, in
general, wheat with better breadmaking quality and
higher protein content can be grown in the region
than in Western Europe. The vast majority of wheat
varieties belong to the hard red quality group, based
on the North American classification, although each
country has its own quality standard. Over the last
two decades the stability of quality parameters has
deteriorated due to the negative effects of reduced
mineral fertiliser use, extreme climatic conditions
and biotic stress factors (e.g. Eurigaster sp.). The
concept raised by Canadian plant breeders (DePauw
et al., 1998), who suggested that endeavours should
be made to change the composition of the storage
protein for new types of industrial uses rather than
increasing the protein content, would definitely be
worth considering in the course of new germplasm
selection for better quality adaptability.

Wheat breeding programme in Martonvasar has
been focussed on bread-making quality and quality
stability in order to preserve the good quality tradi-
tionally characteristic of Hungarian wheat, which is
capable of exploiting Eastern European environmen-
tal conditions to give good quality with satisfactory
stability. The Pannonia quality wheat R&D system,
a complex national project was established in 2000
for the management of research and development on
wheat quality. As a result of the programme techno-
logical quality categories were established, taking
into consideration the major quality classifications
used in the global cereal industry and the high pro-
tein quality of the hard red type of wheat traditional-
ly grown in Hungary. The Pannonian premium and
Pannonian standard categories both have criteria to
exploit the advantages of the Hungarian germplasm
and environmental conditions to produce wheat of a
quality satisfying the demands of both domestic and
export markets. In order to validate the new quality
categories and the quality level expected from them,
a trade-mark has been registered (Bedo 2008).

Despite the fact that genetically modified wheat
development is limited because of public concern, es-
pecially in case of small grain cereals, well-established
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transformation protocols are already available for
wheat, involving increasingly efficient Agrobacte-
rium-mediated transformation techniques, better in-
tegration patterns and improved co-transformation.
The rapid development of the transgenic breeding
technology for various agronomic traits is proved by
the increasing number of traits tested in field trials
in North America (Dunwell 2008). Breeders from
Martonvasar carried out joint analyses on genetically
modified (GM) wheat in cooperation with scientists
from Rothamsted. This collaboration is focussed on
high-molecular-weight (HMW) glutenin subunits to
increase dough strength, which is one of the quality
stability traits for breadmaking. According to the
results of field experiments on GM spring wheats
over-expressing HMW subunits 1Ax1 and 1Dx5, led
to significant changes in the structure of the glutenin
polymers which were detected in flour functional
properties, caused by the altered ratio of x-type to
y-type HMW subunits. The expression of the subunit
1Ax1 transgene led to increased dough strength, while
the expression of the homologous subunit 1Dx5 trans-
gene led to “overstrong” dough with low extensibility
and poor water absorption (Rakszegi et al., 2008).

Seed Policy and Production Stability

Through the breeding programmes initiated in
Hungarian Pant Breeding institutes a whole series of
varieties were developed, first in Martonvasar and in
Szeged, while other varieties of foreign origin are also
grown because of the liberal seed market policy of the
European Union. The area sown to Hungarian-bred
varieties occupy about 50% of the wheat-growing area
in the middle of the second decade of the 21* century.

The number of varieties cultivated gradually rose
after entering the European Union in 2004. Beside the
wheat varieties registered in Hungary, wheat varieties
registered in other countries of the European Union
are also allowed to produce in Hungary. The higher
number of wheat varieties potentially a useful tool to
increase biodiversity in the wheat production, however

the agronomic properties of unknown wheats, mainly
their adaptation to the Hungarian climatic conditions
are questionable. The twenty most popular varieties
occupy around 50-60% of the total growing area.
Even the most successful varieties are rarely grown
on more than 10% of the sowing area. Over the last
few decades there has been little change in the 5—6-
year average life-span of the varieties, which is 6-7
years when weighted with the sowing area.

Concerning the seed industry, the centralised seed
supply system was discontinued in 1990 when the
market oriented economy was introduced. Although
the land changed hands, the majority of the seed mul-
tiplication farms continued their activities regardless
of the constant transformations. The restructuring
of the seed market was accelerated by the fact that
foreign breeding companies, which had for years
been contracting farmers in Hungary to grow large
quantities of seed, set up their own companies, which
then entered the market. Leading breeding institutes
in Hungary have adapted to the new market environ-
ment by establishing their own seed companies and
by signing contracts with new market players. Their
survival was greatly helped by the fact that Hunga-
ry has been a member of UPOV since 1983, which
meant that variety rights were reliably protected even
during the transitional period of the market oriented
economy.

The structural changes were accompanied by
a reduction in the use of certified seed. The state
attempted to remedy this by providing discounts on
seed purchases. For several years a certified seed level
of around 50% was achieved by decreeing that these
discounts were only available to farmers who sowed
certified seed on at least 40% of their wheat fields.
When Hungary joined the EU in 2004, however, all
seed subsidies were discontinued, so the use of cer-
tified seed dropped to 25-30%. This new situation
does not contribute to the yield and quality stability
of wheat production.
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Figure 1. Applied amounts of fertilizers in Hungary (years 1980-2010)

Applied amount of fertilizers in Hungary
(1960-2010)

(Central Statistical Office, Budapest)
t/ha

PEFFLFINLEL PP LIPS PSS

~

year

Table 1. Identification of Lr 34 tested in Martonvasar wheat genebank collection

Origin Total number of genotypes No. of genotypes with Lr34
Martonvasar 129 35 (27.1%)
Other 97 29 (29.9%)
Total 226 64 (28.3%)

Figure 2. Recurrent parent genome (RPG) recovery using marker-assisted
backcrossing (MABC) and traditional backcrossing (Frisch et al., 2000)
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Figure 3. Comparison of potential and farm yield averages in Hungary

Comparison of potential and farm yield averages in
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ABSTRACT

The objective of this presented study was to characterize orange fleshed Altinbas melon dihaploid lines that we developed
in a breeding program. The study was conducted in greenhouse condition in Antalya, Turkey. The DH lines were
developed by irradiated pollen technique and morphologically characterized according to modified UPOV descriptor list
for 63 characters. Sixteen quantitative characters (3 seedling, 2 plant, 3 leaf, 8 fruit) were also measured. Cluster analysis
was performed for both qualitative and quantitiative data. According the research results, orange fleshed melon pure lines
showed different level of variation in case of morphological characterization as well as fruit traits and -carotene contents.

Keywords: Melon, dihaploidization, B-carotene, UPOV.

Introduction

Melon (Cucumis melo L.; 2n =2x =24) is member
of Cucurbitaceae family with high economic value
cultivated extensively in tropical and subtropical re-
gions in the world. It is thought to have originated
in East Africa and the centre of diversification is in
Asia from the Mediterranean Sea to Eastern Asia
(Pitrat 2008).

Besides located in the secondary genetic diver-
sity centre (Pitrat et al., 1999), Turkey is the second
largest melon producer country after China with 1.7
million tons of production on 102000 ha area (Anon-
ymous 2014). It has been reported that Turkey is rich
in melon genetic resources and they are morphologi-
cally diverse especially for fruit characters (Sari and
Solmaz 2007; Sensoy et al., 2007; Solmaz et al., 2010;
Mancak et al., 2014). Melon cultivation is intensively
carried out particularly in Central Anatolia; Aegean,

Southeastern Anatolia and the Mediterranean regions
(Yilmaz 2009). In Turkey, winter melons which be-
longs to inodorus group, are commonly produced in
Aegean, Central Anatolia and the Mediterranean re-
gions in open field conditions and it is reported that
many genotypes grown localy (Solmaz et al., 2010).
Among these, Altinbas is one of the the most import-
ant winter melons. These melons have a yellow rind
with black points and stains. Their fruits vary in size
(1.5-3 kg). They have white-green, odourless, sweet
and firm fruits with long shelf life.

In recent years, melon breeding programs are fo-
cused on improving fruit internal quality traits such as
high sugar concentration, beta-carotene concentration
and nutritional value. Melon includes Vitamin C, A,
B9 and potassium. These four components are very
important for human health. f-carotene (provitamin
A) is the major carotenoid in orange fleshed melons



and important antioxidant agent that strengthen the
human immune system. In addition, it reduces the
occurrence of cancer, prevents cardio vascular system
disorders, cataracts and night blindness (Hodges and
Lester 2011). Esteras et al., (2015) reported that be-
ta-carotene is the most abundant carotenoid and the
orange color of the fruit flesh from most cantalupensis
correlated with the highest levels of beta-carotene.

The aim of this study was to characterize morpho-
logically 30 Altinbas (Cucumis melo var. inodorus)
melon lines developed by dihaploidization technique
according to the modified UPOV descriptor list for
63 features and determine their performance for some
quantitative traits.

Material and Methods

Thirty orange fleshed Altinbas melon lines and
one green fleshed commercial variety (Edali F,, Verim
Ziraat) were used in this study. These DH melon lines
(1-3, 3-6-A, 3-21, 4-91, 4-94, 5-2-2, 5-51-2, 5-54,
5-84, 7-25, 7-40, 9-12, 9-13, 9-24, 9-25-2, 9-36-3,
9-38, 9-48, 9-49-3, 9-61, 9-66-2, 10-5-5, 10-45-3,
12-40, 13-38, 13- 58-2, 19-38, 19-45, L and 1) were
developed by dihaploidization technique in a project
supported by Ministry of Science, Industry and Tech-
nology (SANTEZ programme) and carried out by
Antalya Tarim Inc. and Cukurova University during
2010 and 2012. The experiment was conducted in
glass greenhouse at Experimental Station of Antalya
Tarim Inc. f-carotene content of melons was analyzed
in West Mediterranean Agricultural Research Insti-
tute (BATEM) of the Ministry of Food Agriculture
and Livestock.

The seeds of thirty melon lines and control vari-
ety (Edali F1) were sown in plastic multipots in the
Nursery of Antalya Tarim Inc. on 20 January 2012.
Seedling characterizations and measurements of coty-
ledon length (CL, cm) cotyledon width (CW, cm) and
hypocotyl length (HL, mm) were done 3 weeks after
sowing in 15 seedlings at the first true leaf stage on
8" February 2012. These measurements were carried
out with a ruler or a digital compass (Mitutoyo CD-
15D). Fifteen seedlings of each line at 2-3 true leaf
stage were transplanted at spacing of 25 cm within
rows and 150 cm between rows on 27" February 2012
in glasshouse. Plants were grown hydroponically in
perlite medium. Pruning, irrigation, fertilization and
pesticide application were conducted regularly during
vegetation period.

Number of nodes on the main stem were counted
and leaf blade length (cm), leaf blade width (cm) and
petiole length (cm) were measured with a ruler in 10
plants of each line on 25™ April 2012. Morphological

characterizations were done for 63 characters using
a modified UPOV (The International Union for the
Protection of New Varieties of Plants) descriptor list
at cotyledon, flowering and mature fruit stages. Ma-
ture fruits were harvested on 10®, 11t 13% and 15%
June 2012 and four fruits from each line were ana-
lyzed. After taking the fruit weight (g); fruit length
(cm), fruit diameter (cm), diameter of seed cavity
(cm), length of seed cavity (cm), thickness of flesh
(cm) were measured with ruler, total soluble solids
(%) were analyzed using a hand held refractometer
(ATAGO). The B-carotene content of melons (ppm)
were determined by spectrophotometric method ac-
cording to Sasuni and Adebiyi (2009).

For analyzing qualitative and quantitative data,
cluster analysis was performed by the unweighted
pairgroup method using arithmetic average (UPGMA)
method with NTSYS-PC Prograram (Rohlf, 1998).

Results

Thirty orange fleshed melon lines and 1 green
fleshed commercial variety (Edali F1) were character-
ized for morphological characteristics using 63 traits
according to UPOV descriptor list. The distribution
of the genotypes according to observed characters
were given in %.

According to the observations in seedlings, hy-
pocotyl length was observed as medium in 30 lines
(96.8%) and long in 1 line (3.2%). Great diversity
was found among the accessions regarding cotyledon
size, 1 (3.2%) line had very small, 3 (9.7%) lines
had small, 21 (67.7%) lines had medium, 4 (12.9%)
lines had large and 2 (6.5%) lines had very large cot-
yledons. The green color of the cotyledons were all
(100%) dark.

The number of nodes on the main stem was me-
dium in 23 (74.2%) lines and high in 8 (25.8%) lines.
The length of internodes and leaf blade size were ob-
served as medium in all (100%) lines. Green color of
leaf blade was dark in most (93.5%) of the lines and
medium in the rest (6.5%). Development of the leaf
blade lobes was weak in 12 (38.7%) lines, medium in
14 (45.2%) lines and strong in 5 (16.1%) lines. High
level of diversity was observed regarding length of
the terminal lobes, dentation of margin, undulation
of margin and blistering of leaf blade. Attitude of the
petiole was semi-errect in 26 (83.9%) lines and hori-
zontal in 5 (16.1%) lines. Regarding petiole length, all
(100%) lines had been observed as medium. Consid-
ering the sex expression all (100%) lines were found
to be andromonoecious.

The ground color of the fruit before maturity was
mainly green (90.3%) while grey-green (6.5%) and
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white (3.2%) colors were also observed. Intensity of
ground color of fruit before maturity was light in 21
(67.7%) lines, medium in 7 (22.6%) lines and dark
in 3 (9.7%) lines.

Fruit length and fruit diameter were also quite
variable among the lines. Fruit length of the DH lines
was observed as short in 4 (12.9%) lines, medium in
21 (67.7%) lines, long in 4 (12.9%) lines and very
long in 2 (6.5%) lines. The medium fruit diameter was
dominant reaching 71% of all lines, followed by the
wide (16.1%) and narrow (12.9%).

Fruit shape showed high diversity among
the lines. It was found round in 45.2%, ovate in
9.7%, like-egg in 9.7%, elliptical in 12.9% and
flattened-ovate in 22.6% of the lines respectively.
Ground color of fruit skin at maturity was white
in 3.2% , yellow in 61.3%, yellow-green in 12.9%
and green in 22.6% of the lines. Intensity of ground
color of skin at maturity was light in 41.9% medium
in 32.3% and dark in 25.8% of the lines. Secondary
color of skin was present in 21 (67.7%) and absent
in 10 (32.3%) lines. The distribution of secondary
color of skin was dominantly (95.2%) in dots and in
patches. The intensity of the dots and patches were
quite variable among the lines. The fruit peduncle
length was observed as medium in 30 (96.8%) and
short in 1 (3.2%) line. The thickness of fruit peduncle
was medium for all (100%) of the lines. Abscission
of peduncle was absent in 24 (77.4%) and present
in 7 (22.6%) lines. In terms of shape of base and
shape of apex of fruits considerable variation was
observed. Size of pistil scar was observed as small
in 2 (6.5%) lines, medium in 20 (64.5%) lines and
large in 9 (29%) lines. Grooves of fruit were absent
in 23 and present in 8§ of the investigated lines. The
width of fruit grooves was narrow in 3 (37.5%) and
medium in 5 (62.5%) lines. The depth of the grooves
was observed as shallow in 3 (37.5%) and medium
in 5 (62.5%) lines. Color of the grooves was green
for all (100%) lines. Creasing of surface varied from
absent or very week to strong among the lines. Cork
formation was present in 8 (25.8%) and absent in
23 (74.2%) of the lines. Thickness of the cork layer,
pattern and density of cork formation, showed dif-
ferent level of diversity. Maximum width of outer
layer of fruit flesh was thin in 2 (6.5%), medium in
21 (67.7%) and thick in 8 (25.8%) lines. In melon
breeding programmes, maximum width of flesh thick-
ness is a desired trait. It was observed to be medium
in most of (83.9%) the lines. Regarding main color
of flesh orange color was dominant (87.1%), while 3
(9.7%) lines had green and the control variety (Edali
F1) had cream flesh. Intensity of main color of flesh
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was light in 5 (16.1%) lines, medium in 15 (48.4%)
lines and dark in 11 (35.5%) lines. In terms of fruit
flesh texture in all genotypes (100%) were assessed
as grainy. Fruit cavity was full in 17 (54.8%) and
medium in 14 (45.2%) lines. Placenta color was ob-
served as highly variable among the lines. Two lines
(6.5%) had transparent, 1 (3.2%) line had white, 8
(25.8%) lines had salmon and 20 (64.5%) lines had
orange placenta. Considering the number of carpels
10 (32.3%) lines had 3, 20 (64.5%) lines had 4 and
1 (3.2%) line had 5 carpels. Fruit taste was sweet
for all lines (100%) and most lines (71%) contained
external aroma.

Seed size was medium in 28 (90.3%) lines and
large in 3 (9.7%) lines. The shape of hilum end was
sharply pointed in all lines. Shape of cross-section of
the seed was elliptical in most (96.8%) lines. The seed
color was creamy yellow in all lines and the number
of seeds were found medium in 21 (71%) and high
in 9 (29%) lines.

Means, minimum and maximum values of the
seedling, plant, leaf and fruit measurements of 30
DH lines and 1 control variety (Edali F1) are pre-
sented in Table 1. Considering hypocotyl length,
maximum value (40.64 mm) obtained from Edali F1
while minimum value (17.54 mm) measured in line
3-21. Longest (2.38 cm) cotyledons were determined
in line 13-38 and shortest (1.87 cm) in line 9-61.
Cotyledon width ranged between 1.32 cm (9-61) and
2.38 cm (Edali F1). Number of internodes on main
stem varied between 26 (5-84) and 33 (9-48). Max-
imum length of internodes on main stem was found
11.42 cm in line 12-40 and the minimum length (7.71
cm) was measured in line 19-45. The longest (16.79
cm) leaf blade was obtained from line 12-40 and the
shortest (9.92 cm) from line 9-61. Both for the max-
imum leaf blade width (19.75 cm) and petiole length
(16.75 cm) line 4-94 had the highest values. Control
variety Edali F1 was superior than all other lines in
terms of fruit weight (3840.42 g), fruit height (22.23
cm), fruit diameter (18.07 cm), length of seed cavity
(15.40 cm) and fruit flesh thickness (6.19 cm). Total
soluble solid content (SSC) ranged between 6.71%
(1-3) and 11.67% (9-49-3). The highest value for
the B-carotene content was 38.20 ppm and obtained
from 10-45-3, and lowest was 0.47 ppm in green-
fleshed Edali F1.

The dendrogram generated by cluster analysis
of 63 qualitative characters is presented in Figure 1.

The DH lines were divided into four main clus-
ters. The first cluster (I) included nine lines (7-25,
9-61, 10-45-3, 10-5-5, 7-40, 9-66-2, 9-38, 9-25-2
and 4-91). While line 7-25 was the most distant, line




10-45-3 and 10-5-5 was the most similar lines within
this cluster. The second main cluster (II) consisted
of 13 lines and Edali F1. Within this cluster green-
fleshed Edali F1 formed one individual sub-cluster.
Lines 13-38 and 13-58-2 grouped together and showed
close relations than any sub-group in the main cluster.
The third cluster (III) composed of 7 lines ( 3-6-A,
9-49-3, 9-13, 9-48, 9-12, 9-24, 9-36-3, 5-84). The
fourth cluster (IV) contained only line 1-3 which was
the most distant line from other lines.

Based on quantitative data the clustering dendro-
gram was created and presented in figure 2. The den-
drogram was divided into 5 main clusters. While the
first cluster (I) consisted of two lines (green-fleshed
Edali F1 and line A), the second cluster contained 5
lines (L, 13-38, 19-38, 7-25, 5-84). The third cluster
(IIT) consisted of only 19-45 line. The fourth cluster
(IV) included 14 lines, and two main sub-clusters
were identified within this cluster. While the first
sub-cluster contained lines 9-13, 4-91 and 3-6-A, all
other lines in cluster IV were grouped in the second
sub-cluster. The fifth cluster (V) was composed of 10
lines and divided into two sub-clusters. Line 9-49-3
was separeted from the other lines and formed the
first sub-cluster. The second sub-cluster were divided
into new sub-clusters which showed close relations.

Discussion

Thirty Altinbas DH lines were characterized for
morphological traits and high level of diversity was
found except green color of the cotyledons, the length
of internodes, leaf blade size, petiole length, sex ex-
pression, the thickness of fruit peduncle, color of
the grooves, fruit texture, fruit taste, shape of hilum
end and seed color. Sixteen quantitative characters
(3 seedling, 2 plant, 3 leaf, 8 fruit) were also mea-
sured and remarkable variation was found among the
lines. Our results are compatible with previous studies
regarding morphological characterization of melon
(Solmaz et al., 2004; Sari and Solmaz 2007; Sensoy
etal.,2007; Lotti et al., 2008; Escribano and Lazaro
2009). In a study reported by Szamosi et al., (2010),
58 Cucumis melo accessions were studied to compare
the morphological characteristics of Hungarian and
Turkish germplasm. Their results indicated that both
Hungarian and Turkish germplasm resources present
wide range of diversity for morphological traits for

all the traits tested except intensity of green color of
cotyledon and color of petals.

Solmaz et al., (2010) collected 78 melon acces-
sions from Eastern and Central Anatolia regions of
Turkey and characterized them for morphological
traits according to the UPOV melon descriptor list.
They also measured twenty quantitative characters
(3 seedling, 3 plant, 3 leaf, 2 flower, 9 fruit). Results
revealed that the Turkish melon accessions have quite
diversity for all the traits examined except intensity
of green color of cotyledon, attidude of petiole and
color of petals. In our study we have obtained more
common characters, it was expected because we had
characterized DH lines (pure lines) of which all be-
long to Altinbas (Cucumis melo var. inodorus) group
of melons. The study reported by Killi (2010) also
confirmed our results. In this research morphologi-
cal characterization of 27 Kirkagac and Yuva melon
pure melon lines developed by dihaploidization tech-
nique were performed for 68 features according to
the modified UPOV descriptor. According to the re-
search findings, melon lines showed different level of
variation except attidude of petiole, sex expresssion,
color of petal, ovary pubescence, intensity of ground
color before maturity, fruit diameter, abscission of
peduncle, ease of abscission of peduncle, grooves,
cork formation, fruit flesh color, fruit taste, color of
flesh of outer layer, shape at hilum end and seed shape
accessions. It is also stated by Mancak et al., (2014),
that Kirkagac accessions shared more common char-
acteristics (8 characters) with one another than they
did with other accessions.

It can be concluded that different level of varia-
tion was obtained among DH Altinbas melon lines in
terms of morphological characters. This finding was
also supported by the cluster analysis and measure-
ments of quantitative caharacters.

Finally this valuable germplasm must be con-
served and used for the future breeding studies of
orange fleshed Altinbas melon cultivars.
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Table 1. Means, maximum and minimum values of melon lines obtained by 16 quantitative measurements.

Parameters Mean Maximum Line Minimum Line
Value value

Hypocotyl length (mm) 26.31 40.64 Edali F1 17.54 1-3
Cotyledon length (cm) 3.11 4.13 13-38 1.87 9-61
Cotyledon width (cm) 1.86 2.38 Edali F1 1.32 9-61
Number of internodes on main stem 28.84 33 9-48 26 5-84
Length of internodes (cm) 9.16 11.42 12-40 7.71 19-45
Length of leaf (cm) 13.09 16.79 12-40 9.92 9-61
Width of leaf (cm) 16.84 19.75 4-94 14.35 9-61
Length of petiole (cm) 13.39 16.75 4-94 10.08 9-24
Fruit weight (g) 1168.36 3840.42 Edali F1 354.17 19-45
Length of fruit (cm) 13.38 22.23 Edali F1 9.52 3-6-A
Diameter of fruit (cm) 12.51 18.07 Edali F1 9 19-45
Length of seed cavity (cm) 8.32 15.40 Edali F1 5.67 3-6-A
Diameter of seed cavity (cm) 6.15 8.36 5-84 4.29 19-45
Thickness of flesh (cm) 3.23 6.19 Edali F1 2.48 3-6-A
Total soluble solids (%) 8.92 11.67 9-49-3 6.71 1-3
[-carotene (ppm) 18.65 38.20 10-45-3 0.47 Edali F1

Figure 1. Dendrogram of melon lines obtained from cluster analysis of 63 qualitative agromorphological traits
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Figure 2. Dendrogram of melon lines obtained from cluster analysis of 16 quantative agromorphological traits
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ABSTRACT

Today beside ionizing radiation, chemical mutagens are also used in crop improvement and Ethylmethanesulphonate
(EMS) is one of the most widely used chemical mutagens in the field of plant breeding. This research work was carried
out to determine the effect of chemical mutagen (EMS) on seedling height. TAEK A-3 and TAEK C-10 soybean vari-
eties were used as the test plants and effect of presoaking time determined. In greenhouse and field experiments five
different EMS doses ( 0 (Control), 0,025, 0,050, 0,075 ve 1,0 M) and in greenhouse 3 different presoaking time (0, 6
and 18 hours), in the field 2 different presoaking time (0 and 6hours) were applied. After chemical mutagen application
in the green house germination percentage and seedling height base EMS dose and presoaking time effect had been
determined. Effects of EMS in M, germination of soybean for different characterics (no. of plants, plant height, no of
pods and seedyield) were determined under field condition. As a result it can be said that in both soybean varieties,
seedling height was reduced as the EMS concentration increased. But there was no distinct influence of presoaking
time on the seedling height in both soybean varieties. In both soybean varieties the average percentage of germination
increased with increasing pre-soaking time. Based on results obtained in field experiment, it was concluded that by 6

hours presoaking the harmful physiolojical effect of EMS could be decreased.

Keywords: Soybean, Induced mutation, mutation breeding, chemical mutagen, EMS.

Introduction

In TAEK, SANAEM, Nuclear Agriculture Divi-
sion mutation breeding activities have been carried out
on wheat, barley, soybean, tobacco, lentil, chickpea,
potato, rapeseed, and sunflower between 1982-2014.

Today beside ionizing radiation, chemical muta-
gens are also used in crop improvement and EMS is
one of the most widely used chemical mutagen in the
field of plant mutation breeding ( Anonymous 1977,
Sagel, Z. 1994). As a source of physical mutagen,
gamma irradiation source is not always possible to
reach easily. When the security and applications are
fulfilled, chemical mutagens are easily accessible and
appliable. Chemical mutagens are a indispensable tool
to create variation in plant breeding (Maluszynski,

M, 2000) as chemical mutagen to use base analogs
is preferable for plant breeders to induce point muta-
tions and have great capacity. A very high mutation
rate invariably causes high sterility so plant breeders
aim at the more mutagenic effect and the less physio-
logical damage (Konzak, ef al., 1965). Therefore this
research Project was planned and conducted.

Material and Methods

This research work was carried out to determine
the effect of chemical mutagen (EMS) on seedling
height TAEK A-3 ve TAEK C-10 mutant soybean
varieties were used as the test plants. Germination per-
centes of seed of test genotypes was 99% and 50 seed
were used for each treatment. For EMS treatments



O (control), 0.025, 0.050, 0.075 ve 0.100 M EMS
concentrations were used.After the seeds were pre-
soaked for 0, 6 and 18 hours they were treated with
EMS for 3 hours at room temperature. Then they
were post washed with running tap water for 6 hours
(Sagel, 1994, Savin, et al., 1968).

In the greenhouse the seeds were planted in
45x30x30 cm wooden cases according to split plot
desing with 3 replications .They were placed to grow
in optimum conditions. After 12 days, germination
percentage was determined. After 14 days of growth
seedlings were uprooted and seedling height was
determined on the first leaf (Constantin, et al., 1976,
Peskircioglu, 1995).

For field experiment as the test plants TAEK
A-3 ve TAEK C-10 mutant soybean varieties were
used. First the seeds of these plants were presoaked for
0 and 6 hours then they were treated with O (control),
0.025, 0.050, 0.075 ve 0.100 M EMS for 3 hours. Af-
ter these treatments seeds were postwashed for 6 hours
with running tap water ( Doll and Sandfaer,1969).

In field experiment for each treatment 300 seeds
were used. Totally 6000 seeds including control and
treated with EMS (1200 seeds for were kept as control
and 4800 seeds were treated with EMS) were used.
All the seeds were planted in the field in rows spaced
50 cm apart with 10 cm distance between plants.

Results and Discussion

In Tables 1 and 2 effect of pre soaking time
and various EMS concentration on percentage of
germination and on seedling height are presented ,
respectively.

As it is seen from Table 1, presoaking time and
mutagen doses on the germination percentage were
determined to be significant at 1% level. However,
as shown in Table 1 and Figurel, the average per-
centage of germination increased with increasing
pre-soaking time.

The Germination percentage did not decrease in
the TAEK A-3 variety compared to the control, when
pre-soaking time was “0”’hours in 0,100 M EMS dose,
when pre-soaking time is “6” hours in all EMS doses,
when pre-soaking time “18” hours in all EMS dos-
es except 0,050 M EMS doses. Likewise, in TAEK
C-10 soybean variety depending on EMS doses, on
different pre-soaking time there was non significant
effect on germination percentage (Anonymous, 1977,
Sagel, 1994).

According to the Table 2 values of presoaking
time, seedling height and mutagen dose were deter-
mined to be statistically significant at the 1% level
between cultivars. When pre-soaking time was “0”
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and “6” hours there was no significant difference in
seedling height but it was determined seedling height
at “18” hours of pre-soaking increased.

As shown in Figure 2, statistically significant
differences at 1% level were apparent in both soy-
bean varieties for seedling height, parallel to increase
with increasing EMS concentration, as compared to
control .

According to the values in Table 3 and Figure3,
results of the field experiment, as compared with
control for TAEK A-3 number of plants did noot
change when presoaking was “0” hours and at 0.025,
0.050 and 0.075 M EMS concentration. Whereas
at 1.00 M EMS treatment the number of plant was
reduced. On the other hand for TAEK A-3 as com-
pared with control, plant height, number of pods
and seed yield were also reduced at 0.025, 0.050
and 0.075 M EMS.

As compared with control for TAEK C-10 soy-
bean variety when presoaking time was “0” hour ,
number of plant was also reduced with 0.075 and
0.100 M EMS treatments, whereas plant height was
not affected and number of pods were reduced only
at 0.100 M EMS concentration. On the other hand
seed yield was decreased as the concetration of EMS
increased (Constantin, ef al., 1976)

Although number of survived plants was less than
TAEK C 10 for TAEK A-3. Because of the increase in
branching and increased area per plant the seed yield
was more in TAEK A3 soybean variety.

When presoaking time was 6 hours, as compared
with control for TAEK- A3, number of plants was
decreased at 0.050 and 0.100 M EMS concentrations.
Whereas plant height, No. of pods and seed yield were
decreased from 0.050 M EMS concenration.

For TAEK C-10 soybean variety as compared
with control when presoaking time was “6” hour,
No. of plant did not change , but plant height and
No. of pods were decreased at 0.100 M EMS. Seed
yield was also decreased at 0.075 M and 0.100 M
EMS treatment.

When presoaking time was “0” hours, for TAEK-
A3 soybean variety, effect on seed yield, No. of pods
and plant height physiological effect was not much ,
whereas when presoaking time was 6 hours, as com-
pared with control for TAEK- A3, these traits were
decreased at 0.050 M EMS concentrations.

When presoaking time was “0” hours, as com-
pared with control for TAEK- C10, yield was de-
creased. from EMS concentrations.

When presoaking time was 6 hours, as compared
with control for TAEK- C-10,yield was decreased
from 0.075 M EMS concentrations




Chemical mutagens, especially EMS have high
mutagenic effect on seeds but main criteria is to find
maximum physiological damage.

The result of the greenhouse experiment revealed
that in TAEK A-3 and TAEK C-10 soybean varieties
seedling height decreased with increasing mutagen
dose, but preasoaking time did not have any significant

effect. In both soybean varieties the average percentage
of germination increased with increasing pre-soaking
time ( Zakri, et al., 1982)

As evident from results of the field experiment,
with 6 hours presoaking, physiological damage de-
creases in M, generation after EMS treatment.

Table 1. Influence of presoaking time and EMS concentration on germination percentages of seeds in TAEK

A-3 ve TAEK C-10 mutant soybean varieties

Germination percentages of seeds

EMS
Doses Varieties Presoaking time
M)
"0" hours "6" hours ""18" hours
TAEK A-3 37,0 (74,0) 43,0 (86,0) 38,3 (76,6)
0 (Control)
TAEK C-10 39,3 (78,6) 39,3 (78,6) 42,7 (85,4)
TAEK A-3 49,3 (98,6) 34,7 (69,4) 46,0 (92,0)
0,025
TAEK C-10 36,0 (72,0) 49,7 (99,4) 44,0 (88,0)
TAEK A-3 40,0 (80,0) 31,3 (62,6) 33,7 (67,4)
0,050
TAEK C-10 46,3 (92,6) 39,3 (78,6) 46,3 (92,6)
TAEK A-3 43,3 (86,0) 41,3 (82.6) 41,3 (82,6)
0,075
TAEK C-10 31,3 (62,6) 48,3 (96,6) 45,0 (90,0)
TAEK A-3 35,3 (70,6) 41,3 (82,6) 49,0 (98,0)
0,100
TAEK C-10 49,7 (99,4) 48,3 (96,6) 43,7 (87,4)
40,8 (81,6) C 41,7(83,4)B 42,9 ( 85,8)A

Figure 1. Influence of presoaking time on germination percentages of
seeds in TAEK A-3 ve TAEK C-10 mutant soybean varieties
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Table 2. Influence of presoaking time and EMS concentration on seedling height of seeds in TAEK A-3 and
TAEK C-10 mutant soybean varieties

Seedling height (cm)
EMS
Doses Varieties Presoaking time (hours) EMS Doses
M) ™M)
"0" hours "6" hours "18" hours
TAEK A-3 9,35 (100,0) 9,75 (100,0) 9,83  (100,0)
0 (Control) 10,03 A (100,0)
TAEK C-10 10,25 (100,0) 10,48 (100,0) 10,52  (100,0)
TAEK A-3 8,55 (91,5) 8,77 (89,9) 10,45  (106,3)
0,025 9,58 B  (95,5)
TAEK C-10 10,22 (99,7) 10,41 (99,3) 9,01 (85,6)
TAEK A-3 8,30 (88,8) 8,04 (82,4) 9,04 (92,0)
0,050 8,79C (87,6)
TAEK C-10 9,65 (94,1) 9,30 (88,7) 8,41 (79,9)
TAEK A-3 7,85  (83,9) 7,73 (79,3) 9,79 (99,6)
0,075 8,67D  (86,4)
TAEK C-10 8,98 (87,0) 9,28 (88,5) 8,37 (79,6)
TAEK A-3 7,53 (80,5) 6,29 (64,5) 8,43 (85,7)
0,100 7,89 E  (78,7)
TAEK C-10 8,57 (83,0) 8,80 (84,0) 7,73 (73,5)
8,93 B (97,3) 8,88 B (96,8) 9,17 A (100,0)

Figure 2. Influence of presoaking time on germination percentages of seeds in TAEK A-3 and
TAEK C-10 mutant soybean varieties
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Table 3. Effect of presoaking time and chemical mutagen (EMS) on average No. of plants, plant height,

No. of pods and seed yield.

Plant height No. of pod Yield
No. of plant
EMS (cm) (pod/plant) (g/plant)
Doses Varieties Presoaking time (hours)
™M)
0 6 Ort 0 6 0 6 Ort 0 6
TAEK A-3 22 17 66,23 62,12 212,55 220,21 93,79 86,87
Control 1 428 C 1532 A 65,4 A
TAEK C-10 78 54 67,09 62,96 88,80 91,16 41,56 39,22
TAEK A-3 31 24 61,52 63,63 144,68 230,55 63,45 95,18
0,025 56,3 A 139,6 B 59,3 B
TAEK C-10 92 78 66,42 64,90 91,46 91,72 40,94 37,60
TAEK A-3 36 13 55,64 60,38 97,97 150,29 43,99 61,22
0,050 48,0 B 1133 E 48,7C
TAEK C-10 78 65 66,28 67,45 103,60 101,49 40,36 42,18
TAEK A-3 26 28 58,46 55,14 153,96 158,92 66,62 57,81
0,075 48,8 B 1254 C 46,9 D
TAEK C-10 77 64 67,01 65,59 93,04 95,55 38,02 32,26
TAEK A-3 10 12 66,20 53,00 228,10 101,00 77,56 34,82
1,00 350D 120,9 D 40,6 E
TAEK C-10 59 59 67,53 60,44 85,85 68,53 30,89 19,08
509A 414B 53,7A 50,6 B
TAEK A-3 21,8 B 169,8 A 68,1 A
Varieties
TAEK C-10 70,4 A 91,1 B 36,2B

Figure 3. Effect of chemical mutagen (EMS) on average No. of pods and seed yield.
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ABSTRACT

Evaluation for drought tolerance and SSR (microsatellite) markers based molecular polymorphism were investigated
in F_ plant population raised via single seed descent method from a cross between drought tolerant japonica rice
variety Azucena and drought sensitive premium traditional Basmati rice variety Taraori Basmati HBC 19. A total
of 50 F, plants were evaluated individually for drought tolerance on 1-9 scale on the basis of agronomic character-
istics, root and shoot traits, relative water content and visual observations; the average score ranged between 1to
8.3. Fourteen plants each in the category of drought tolerant and drought sensitive were selected from F, population
for SSR marker analysis using 30 SSR markers covering all the chromosomes. The 28 Azucena x HBC19 F, plants
had an allele from either of the two parental lines (homozygous condition) or alleles from both the parental rice vari-
eties (heterozygous condition). Frequency of HBC19 specific alleles was higher in comparison to Azucena in selected
drought tolerant and drought sensitive Azucena x HBC19 F, plants, which may be indicative of segregation distortion.
At ten SSR loci new/recombinant alleles were obtained which indicate the active recombination between genomes of
two rice varieties. Cluster tree analysis and principal component analysis demonstrate high level of diversity between
Azucena and HBC19 with the clustering of 28 Azucena x HBC19 F plants with HBC19.

Keywords: Genetic diversity; drought stress; microsatellite; Oryza sativa; root traits; recombinant inbred lines

Introduction which accounts for 13% of the total area is always prone
Rice (Oryza sativa L.) is a staple food for almost  to drought during a part of the growing season. In devel-
half of the world’s population and it is grown in tropical, ~OPINg countries like India, rgm.fall.ls the main source of
subtropical and temperate regions of the world. More than ~ Water available to crops and irrigation facilities are often
90% of the world’s rice is grown and consumed in Asia, lacking, so the problem of water stress is more acute in
.. . o . these countries. Thus, emphasis has been given to alle-

where rice is cultivated on 135 million ha with an annual

. o : viate this problem in recent years.
production of 516 million tonnes. In India, area under low p Y
o o ) Under drought conditions, the performance of crops
land rice is about 14.4 million hactares which accounts

. . may be improved by number of morphological, physio-
to 32.4 percent of the total rice crop area in the country.  |ooical and phenological characters (Hemamalini ef al.,

Yields Ofrainfed IOWIand I‘ice are drastically reduced by 2000) Several scientists have Suggested adaptive mech-
drought due to unpredictable, insufficient and uneven  anisms of plants in response to water stress (Fukai and
rainfall during the growing period. Further, upland rice ~ Cooper, 1995; Nguyen et al., 1997). Root system is one



of the most significant components of drought tolerance.
Nguyen et al., (1997) reported that traits such as root
thickness, depth of rooting, and deep root to shoot ratio
have been found to be associated with this mechanism.
Maximum root depth and dry weight of roots below 30
cm were good indicators of drought resistance in rice
(Ahmadi, 1983). Desirable root characteristics could
be useful in selecting rice genotypes for drought resis-
tance breeding. However, phenotypic selection for most
root traits is challenging and labor intensive. Molecular
marker technology is a powerful tool to overcome these
drawbacks. It has been successfully utilized for molecular
dissection of complex agronomical traits, marker assisted
breeding and in linkage mapping (for review see Flowers
et al., 2000). Molecular marker technology can signifi-
cantly enhance the efficiency and accuracy of breeding
process. A number of genes have been mapped which
include genes/QTLs for several agronomically important
traits such as yield, quality and resistance against abiotic
stresses including salinity and water stress (Forster et
al., 2000; Zhang et al., 1999). Among abiotic stresses
maximum progress has been made towards the salinity
tolerance and there have been only a few studies to map
QTLs for drought tolerance (Babu et al., 2003). Several
types of marker such as RFLP, RAPD and AFLP, micro-
satellites (SSRs) have been used for drought tolerance
in rice (Hemamalini et a/., 2000). However, PCR based
markers such as AFLPs and microsatellites have revealed
a great potential in the analysis of genetic diversity, gene
tagging and genome mapping studies because they are
very informative, technically simple, require less time,
and need small amounts of DNA. Microsatellites are
tandemly repeated short sequences of DNA with repeat
unit of less than 6 bp in length. They exhibit high level
of polymorphisms and have been successfully applied in
the study of genetic diversity in wheat (Plaschke et al,
1995), barley (Saghai-Maroof et al., 1984) and rice (Xiao
et al., 1996). Rice grain yield under drought conditions
may be improved with the help of marker-assisted breed-
ing approaches due to the availability of genome wide
molecular markers, inexpensive genotyping platforms
and sequence information of rice genome.

In this paper, we report the genetic evaluation
and microsatellite marker analysis of F, advance
population derived from a cross between a drought
tolerant japonica rice variety (Azucena) and Taraori
Basmati and its application in linkage mapping for
drought tolerance and Basmati rice breeding.

Material and Methods

Plant Materials

A population of 211 Azucena x HBC19 F, plants
was raised through single seed descent method of which
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50 were used for drought tolerance analysis. Azucena
is a drought tolerant japonica rice variety and HBC19
(Taraori Basmati) is a commercially important tradition-
al Basmati variety, which is quite sensitive to drought.

Evaluation for drought tolerance

The dehusked F, plant seeds along with parental
genotypes were germinated in large size pots in the
green house of the CCS Haryana Agricultural Univer-
sity, Hisar. Two sets of 50 Azucena x HBC19 F, lines
were taken for recording observations. Each set con-
tained four plants per line. Water stress was given to
one set of plants by with-holding water at 60 days after
sowing while the other set comprised plants under con-
trol conditions and these plants were regularly irrigated.
Observations consisted of plant height (PH) in cm, tiller
number (TN), grain yield (GY) in g/plant, thousand
grain weight (TGW) in g, maximum root length (MRL)
in cm, shoot and root fresh weight (SFW, RFW) in g,
shoot and root dry weight (SDW, RDW) in g, root:-
shoot ratio (RSR), harvest index (HI), relative water
content (RWC), leaf drying(LD) and recovery of water
stressed plants (RWSP). RWC of youngest expanded
leaf was calculated as suggested by Weatherly (1950).
Drought tolerant index (DTI) was then calculated for
agronomic characteristics (PH, TN, GY, TGW), shoot
and root trait (SFW, RFW, SDW, RDW, MRL, RSR),
HI and RWC (Ribaut et al., 1997) and on the basis of
DTI all the F, plants were individually grouped under
1,3,5,7 and 9 score categories for drought tolerance.
Further, grouping of these F, plants was done on the
basis of visual symptoms of leaf drying and recovery
on a 1-9 scale as per IRRI’s standard evaluation system,
where lower score stated for tolerant and higher scale
for sensitive (Gregorio et al., 1997). Average scores
were calculated for each of the F, plants and data was
used for the selection of drought tolerant and drought
sensitive surviving plants.

DNA isolation and microsatellite DNA loci

amplification

Genomic DNA was extracted from leaf samples
using modified CTAB method (Saghai-Maroof et al.,
1984) from parents and fourteen F plants each select-
ed for the both extremes i.e. most drought sensitive
and most drought tolerant plants. Thirty microsatellite
primer pairs (Table 1, Research Genetics, Inc.) were
used to amplify microsatellite DNA loci using genom-
ic DNAs as templates. PCR reaction was conducted
in a volume of 20 pl containing 50 ng template DNA,
1X Taq DNA polymerase buffer, 100 uM of each of
four dNTPS, 0.4 uM each primer, 1.2 mM MgCl,
and 1 unit Taqg DNA polymerase (Perkin Elmer). The
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PCR amplifications were performed on a PTC100 (MJ
Research) thermal cycler under the following condi-
tions- a hot start at 95°C for five minutes; followed
by 35 amplification cycles of denaturing at 94°C for
1 minute, annealing at 55°C for 1 minute, extension
at 72°C for 2 minutes and final extension at 72°C for
7 minutes. Amplification products were resolved on
4% polyacrylamide gels using aluminium backed se-
quencing system model # 535 (Owl Scientific, Inc.,
USA) with silver staining.

Molecular weights of electromorphs were esti-
mated using 10 bp DNA ladder from Gibco BRL, Md.

Data Analysis

The band patterns were scored for each micro-
satellite primer pair in each rice genotype. Presence
and absence of each band in each rice genotype was
coded as 1 and 0, respectively. The 0/1 matrix was
used to calculate similarity genetic distance using
simqual sub-program of NTYSY S-pc program (Rohlf,
1990). The resultant distance matrix was employed
to construct dendrograms by the cluster tree analysis
sub-program of NTYSYS-pc.

Results

Evaluation of Azucena x HBC19 F, population

for drought tolerance

It has been suggested that traits, particularly RFW,
RDW, RSFW, RSDW, MRL, RWC and visual symp-
toms (LD and RWSP) are more important for drought
resistance in rice. In this study, some shoot traits such
as PH, TN, TGW, GY, SFW and SDW were also re-
corded as summarized in Table 2. Significant variation
in all the investigated traits indicated the presence of
high genetic diversity among of Azucena x HBC19 F,
genotypes. Mean drought tolerant index (DTI) which
is the average of DTI values calculated on the basis
of agronomic characteristics, shoot and root traits and
RWC ranged from 42.1% (F, genotype no. 9) to 90.6%
(Azucena). Regarding MRL, thirteen F, genotypes were
observed to have higher DTI than Azucena. All the 52
genotypes (Azucena, HBC19 and 50 F genotypes)
were further scored for drought tolerance. Mean score
values were calculated on the basis of scores given to
DTI values and visual symptoms and it was found to
be varied between 1 to 8.3. Out of 50 F, genotypes,
two genotypes (genotype no. 14 and 46) were as tol-
erant as Azucena (mean score value -1.6). Genotype
48 was highly susceptible to drought conditions. Max-
imum numbers of plants (20 plants) were found to be
moderately tolerant with mean score values of 4-5,
followed by 12 plants in tolerant category with mean
score values in the range of 3-4.

Microsatellite Marker Analysis

Microsatellite (SSR) DNA fingerprint database
was generated for 28 selected plants (14 drought toler-
ant and 14 drought sensitive plants) from a population
of Azucena x HBC19 F| lines using 30 SSR markers
covering all the 12 chromosomes. The 28 Azucena
x HBC19 F, plants had an allele from either of the
two parental lines (homozygous condition) or alleles
from both the parental rice varieties (heterozygous
condition). Silver stained gels displaying allelic poly-
morphism among selected F, plants for SSR markers
RM 332 and RM 247 have been shown in Fig 1a, b.
Number of of F, plants with parental alleles in het-
erozygous condition varied from 1 (RM 170, RM 21,
RM 232, RM 218, RM 332, RM 316, RM 24, and
RM 247) to maximum of 6 (RM 169 and RM 180).
27 of 28 selected F, plants amplified HBC19 specific
alleles at RM 207 locus, while 14 F, plants showed
Azucena specific alleles with RM 18. In some cases,
new (rare) alleles were also observed in combination
with a parental allele or in the homozygous state. 10
(RM 304, RM 171, RM 241, RM 335, RM 180, RM
22, RM 332, RM 247, RM 204 and RM 310) of 30
SSR markers amplified rare (new) alleles, which were
different to those present in two parental rice varieties.
Number of F, plants with rare allele(s) varied from 1
(RM 304) to 10 (RM 22 and RM 332). At 5 SSR loci
(RM 304, RM 241, RM 180, RM 247 and RM 204)
rare alleles were present alone, while for rest of SSR
loci rare allele was present alone as well as an allele
from either of the parents.

The frequency distribution of Azucena and
HBC19 specific alleles in 28 selected plants is shown
in the Figure 2). Plant number 5 showed maximum
number of Azucena specific alleles with Azucena
alleles present at 9/30 loci in homozygous condition
while the maximum number of Azucena alleles (sum
of homozygous and heterozygous state) were observed
at as many as 11 of 30 loci in plant number 5 and 6.
While plant no. 15 and 25 had as many as 26 HBC19
specific alleles (sum of homozygous and heterozy-
gous state), the plant no. 8 and 25 had maximum no.
(25 alleles) HBC19 specific alleles in homozygous
condition. All 28 F, plants had higher number. (>15
alleles) of HBC19 specific alleles.

SSR allelic database for 28 Azucena x HBC19 F,
plants and the two parental rice varieties was used
for generating similarity matrices data (Table 3) and
UPGMA tree cluster/PCA analysis. The similarity co-
efficient ranged from 0.39 to 0.86 and dendrogram
resolved 28 F, plants and their parents into two groups
(Fig. 3). Group 1 was further divided into two sub-
groups. Subgroups- II had plant numbers 14 and 23.
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Subgroup— I had HBC19 and rest of F, plants. Group
2 had a lone parent plant Azucena which merged with
group 1 at similarity coefficient of 0.37. The groups
identified by PCA were very similar to those linked
by cluster analysis (Fig.4).

Discussion

Molecular marker technologies have revolution-
ized the genetic analysis of crop plants and its appli-
cation has been suggested for the molecular dissection
of complex physiological traits such as drought toler-
ance (Steele et al., 2013; Sehgal et al., 2012). Using
DNA markers, comprehensive molecular marker/
linkage maps have been developed in variety of crops.
However, a mapping population such as recombinant
inbred lines (RILs), double haploid lines (DHLs) and
backcross/ F,/ F, families is a prerequisite for the
development of most of the maps. The main objec-
tive of the present study was to develop the mapping
population, F, lines and RILs, to increase the effi-
ciency of QTLs mapping for drought tolerance. F,
lines were derived from the cross between Azucena
(drought tolerant japonica rice variety with good root
growth) and HBC19 (drought sensitive indica rice
variety with poor root growth). Drought tolerant and
drought sensitive plants were selected on the basis
of agronomic characteristics (plant height, number
of productive tillers per plant, 1000 grain weight and
single plant yield), shoot and root related traits (root
length, root weight, shoot weight and root: shoot
weight ratio), relative water content, harvest index and
visual symptoms like leaf drying and recovery from
drought. Ingran et al., (1990) reported that among the
selection indices used to screen rice, visual scoring
of stressed plants was the best method of scoring for
drought resistance. DeDatta et al., (1988) used visual
scoring method to evaluate rice germplasm during the
vegetative stage. Malabuyoc et al., (1985) reported
that drought recovery ability is more important than
drought tolerance. Various parameters used to assess
the drought tolerance clearly showed tremendous
variation for drought tolerance in Azucena x HBC19
F, population.

This was evident from the variation in the overall
mean score of individual F, line (1-8.3) calculated
on the basis of score given to each parameter. Yoga-
meenakshi et al., (2003) evaluated rice varieties for
drought tolerance on the basis of yield and drought
tolerant traits viz., days to 50 per cent flowering,
plant height, number of productive tillers per plant,
panicle length, 100 grain weight, proline content,
relative water content, root length, dry root weight,
root: shoot weight ratio, harvest index and single plant
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yield. Kanbar ef al., (2004) also evaluated transgresant
backcrosses of rice for drought resistance on the basis
of root morphological traits. Most of F, plants were
moderately drought tolerant, followed by 12 plants
in tolerant category. Two plants were as tolerant as
parental drought tolerant rice variety Azucena. These
studies indicate that it should be feasible to improve
the drought tolerance by developing new elite com-
binations of genes/QTLs from different sources by
marker-assisted selection in plant breeding programs.

SSR markers have been preferably employed
for DNA fingerprinting and varietal identification
(Olufowote et al., 1997; Bligh et al., 1999), linkage
mapping and marker-assisted selection (Guvvala et al.,
2013; Joseph et al., 2004;), assessment of genetic
diversity and phylogenetic relationships (Jain et al.,
2004), detection of cases of adulteration (Bligh, 2000)
in Oryza species. In this study, a total of 30 polymorphic
SSR markers were tested on 28 selected F, plants
comprising of 14 drought tolerant and 14 drought
sensitive plants. The two parental rice varieties, Azucena
and HBC19 had a similarity coefficient of 0.21, which
indicates that two parents are considerably genetically
divergent. Evaluation of population of Azucena x
HBCI19 F, plants derived through single seed descent
method, showed considerable variation for drought
tolerance. Selected 28 F, plants had alleles from either
or both the parental rice varieties, Azucena and HBC19.
Most of the selected F, plants (24 plants) had both the
parental alleles at one or more (up to 5) of the 30 SSR
loci. Frequency of HBC19 specific alleles was higher in
comparison to Azucena in selected drought tolerant and
drought sensitive Azucena x HBC19 F, plants, which
may be indicative of segregation distortion. However,
it is difficult to be conclusive since only limited number
of markers/F, plants were analyzed for SSR diversity.
Segregation distortion has been frequently reported
in wide crosses of rice (Maekawa and Kita, 1985). A
number of genetic markers have been found to show
segregation distortion in wide crosses. Many instances
of segregation distortion have been reported through
studies of isozymes (Wu et al., 1988; Guiderdoni et al.,
1989) and RFLP alleles (McCouch et al., 1988; Saito et
al., 1991). The genetic basis of the segregation distortion
may be the abortion of male or female gametes or
selective fertilization of particular gametic genotypes.
Lin et al., (1992) studied segregation distortion via
male gametes in hybrids between indica and japonica
or wide-compatibility varieties of rice (Oryza sativa
L.). Notably several new/rare alleles also appeared in
selected F, plants, which were entirely different from
those present in parental rice genotypes. The origin of
these rare alleles may be another interesting area to
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work on. Occurrence of such new or rare (recombinant)
alleles may have resulted from crossing over. Some
of the microsatellite loci are hot spots because here
mutations occur up to 100 times more frequently than
the normal mutation rate, a hotspot is a center of high
activity within a larger area of low activity, a hot spot
can be a position on the DNA where mutations occur
with an unusual high frequency or a position on the
DNA where recombination occur with an unusual
high frequency. Brar et al., (1996) also detected some
non-parental bands for some of the RFLP markers
during their studies on the molecular characterization
of introgression of genes for brown plant hopper and
bacterial blight resistance, which have been transferred
from wild Oryza species to cultivated rice.

However, both morpho-physiological traits and
SSR markers provided independent, yet different
estimates of genetic variation among F rice plants.
However, both markers were proficient at distinguish-
ing the genotypes. It was evident from the present

study that the genetic relationships estimated from
SSR-based markers enhanced the resolution of di-
versity and thus provided an improved representation
of variability. Analysis of genetic diversity suggested
differentiation that is more ecotypic. Appropriate par-
ents with regard to drought — resistance components
(e.g. root traits, RWC) may be selected using such
estimates of diversity at morpho-physiological and
DNA levels so as to develop a population for mapping
QTLs of interest. Research can be pursued to look for
marker association with important genes/traits/QTLs
using appropriate population.
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Figure la. A silver stained gel showing allelic polymorphism among selected F, plants of cross Azucena x HBC19
and parental lines at RM 332 locus. L represent the 10 base pair ladder, lanes 1-30 represents drought
tolerant F, plants (1-14), drought sensitive F, plants (15-28), Azucena (29) and HBC19 (30).
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Figure 1b. A silver stained gel showing allelic polymorphism among selected F, plants of cross Azucena x HBC19
and parental lines at RM 247 locus. L represent the 10 base pair ladder, lanes 1-30 represents drought
tolerant F_ plants (1-14), drought sensitive F_ plants (15-28), Azucena (29) and HBC19 (30).

Figure 2. Distribution of Azucena and HBC19 specific alleles in 28 selected F, plants of Azucena x HBC19
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Figure 3. Dendrogram of selected 28 Azucena x HBC19 F, plants based on SSR diversity at 30 loci.
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Figure 4. Three dimensional PCA scaling of selected Azucena x HBC19 F, plants using SSR diversity data

at 30 loci.
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ABSTRACT

Seventy nine maize inbred lines were screened under artificial epiphytotic condition at two locations viz, Nagenahalli
and Varanasi for continuously for 2 years to identify the additional sources of resistance for ‘Southern Corn Leaf Blight
(SCLB). The Southern Corn Leaf Blight caused by Bipolaris maydis is also known as ‘Maydis Leaf Blight’. The present
study has helped in the identification of 26 resistant inbred lines, 25 moderately resistant, 16 susceptible and 12 highly
susceptible maize genotypes. Ten lines viz. V53,V 178,V 190, V 336, V 340, V 341, V 345,V 348, CM 104 and CM 145
by scoring below 1.5 disease score showed high level of resistance, whereas inbred lines viz., V 49, CM 126, CM 127,
CM 202 and CM 212 showed high level of susceptibility as they scored above 3.5 disease score across the environment.
It was also observed that average disease incidence was high in Nagenahalli than Varanasi thus indicating that isolates of

Bipolaris maydis were more virulent at Nagenahalli than Varanasi.

Keywords: Southern corn leaf blight, Bipolaris maydis, Zea mays, resistance, susceptible.

Introduction

Maize is prone to a number of biotic stresses like,
foliar diseases, ear rot and stalk rot caused by fungi and
bacteria, under favorable environmental conditions.
These pathogens are capable of causing severe losses and
deteriorate the quality of the produce. Maize breeding
requires vigorous field and greenhouse testing to
determine the kind and level of resistance to different
diseases. Southern Corn Leaf Blight is one of the most
important maize diseases and caused by the fungus
Bipolaris maydis Shoemaker, Teleomorph Cochliobolus
heterostrophus (Drechs.). It is also commonly known as
‘Maydis Leaf Blight” and crops affected by this disease
are Corn (Zea mays), Sorghum and Teosinte. This
disease has great significance in the history of agriculture
because of its epidemic propositions in 1970 in US and
subsequent devastation of most of the corn crop that
year. It tends to be limited by temperature and climate
to the warmer part of the US (Hooker et al., 1970) spore

production is influenced by temperature (Warren, 1975).
Infected tissue is extensively covered with spots and
chlorosis rendering them non productive. It is found to
have a higher saprophytic ability (Blanco and Nelson,
1972) and hence high primary inoculums level is likely
to be found in areas with high disease occurrence. In
South East Asia it is reported to cause heavy losses
in Pakistan, India, Nepal, Kampuchea, Philippines,
Indonesia, Vietnam and China. ‘Southern Corn Leaf
Blight’ is serious disease in India particularly in J &
K, Himachal Pradesh, Sikkim, Meghalaya, Punjab,
Haryana, Rajasthan, Delhi, UP, Bihar, MP, Gujarat,
Maharashtra, Andhra Pradesh, Karnataka and Tamil
Nadu. The disease is prevalent in warm humid temperate
to tropical region, where the temperature ranges from
20-30°C during cropping period. Resistance to this
disease is polygenically governed and most of improved
cultivars at BHU, Varanasi have a moderate degree of
resistance. Ideal maize breeding programme with high



level of SCLB resistance requires to be supported by
additional new sources of resistance at regular intervals.
The objective of present study is to identify additional
sources of resistance for Southern Corn Leaf Blight
particularly to support breeding programme of Banaras
Hindu University, Varanasi, Uttar Pradesh, India.

Material and Methods
The present study was carried out at Agriculture
Research Farm, Institute of Agricultural Sciences,
Banaras Hindu University, Varanasi and Zonal Ag-
riculture Research Station, V.C. Farm, Mandya (Na-
genahalli), Karnataka during 2010 & 2011. In this
experiment 79 entries were included for screening of
‘Southern Corn Leaf Blight’ under artificial epiphytot-
ic field condition as well as in glass house conditions.
The 79 entries were evaluated in 3-row plot of 3.0 m
x 1.8 m each and a local susceptible variety Dhiari
Local was planted at regular interval as infector row
in RBD with two replications. Further, it was planted
in glass house condition with five plants of each of
79 genotypes in pots during Kharif (summer season)
2010 & 2011. The data analyzed is the average of the
4 trials in 2 locations for 2 years. The inoculation was
applied as suggested by (Meena Shekhar and Sangit
Kumar 2012) after inoculation the disease symptoms
developed within 1-2 weeks of inoculums and by the
time of flowering disease were severe in the infector
rows. Disease Score were taken as per (Payak and
Sharma 1985) and disease scoring was done as per
symptoms mentioned below:
1.0 - Very slight to slight infection, one or two to few
scattered lesions on lower leaves.
2.0 - Light infection, moderate number of lesions on
lower leaves only
3.0 - Moderate infection, abundant lesions are on
lower leaves, few on middle leaves.
4.0 - Heavy infection, lesions are abundant on lower
and middle leaves, extending to upper leaves.
5.0 - Very heavy infection, lesions abundant on al-
most all leaves plants prematurely dry or killed
by the disease.

Results and Discussion

A total of 79 maize genotypes were screened to
identify additional sources of resistance for ‘Southern
Corn Leaf Blight’ (Fig. 1).

The results of screening against ‘Southern Corn
Leaf Blight’ have been presented in Table 1.

The screening led to the identification of 26
sources of resistance viz.,, V53, V 178, V 190, V
336,V 340,V 341,V 345,V 348, CM 104, CM 145,
HKI-586, HUZM-81-1, HUZM-60, CML-192, HKI
1105, HUZM-211-1, HKI-PC-8, CML-150, HKI
193, CML-161, HUZM-53, HKI 323, HKI-164-4-
(1-3)-2, HKI-1352-5-8-9, CML-172, HUZM-36.
The lines such as CM 104, CM 145 and V 341 have
earlier been reported as resistance (Ali and Yan 2012,
Durrishahwar et a/ 2008.) where as rest of lines are
being reported as resistance for the first time. The
maize inbred such as CM-145, V-336 and V-338, was
resistance in both the environment and inbred such
as NAI-219-J, V-335, V-351, HUZM-121, CM-212,
V-25 and CML-395, was susceptible in both the
environment. These are the valuable material as it
expressed resistance across the environment. Similar
screening have been done for Southern Corn of Blight
by Ali and Yan (2012) and Durrishahwar et al., (2008)
where as many studies have been carried out in past
for other diseases like Northern Corn Leaf Blight
(Adipala et al., 1993, Muriithi and Mutinda 2001,
Singh et al., 2004, Chandrashekara et al., 2012 ) and
Grey leaf spot disease (Maroof et al., 1993). Based on
susceptible and resistant reactions of maize genotypes,
an attempt was made to identify the resistant gene
pool sources for the disease. It was observed that
Vivekananda Population, CIMMYT Population 31
and Indian public sector genotypes were a very good
source for breeding resistant cultivars for SCLB
(Table 2).

It may be mentioned here that the Indian public
sector material majority coming from Directorate of
Maize Research, New Delhi or its network have been
generated out of CIMMYT and US, materials. Thus,
the CIMMYT and US have contributed tremendously
for the development of resistant cultivars for
‘Southern Corn Leaf Blight’ in Indian Maize Breeding
Programme.
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Figure 1. Plant susceptible to MLB

Table 1. Screening of maize inbreds for identification of Additional Sources of ‘Maydis Leaf Blight’ at
Naganahalli and Varanasi

Inbred lines

Resistant: V53,V 178,V 190, V 336, V 340, V 341, V 345, V 348, CM 104, CM 145, HKI-586, HUZM-81-1, HUZM-
60, CML-192, HKI 1105, HUZM-211-1, HKI-PC-8, CML-150, HKI 193, CML-161, HUZM-53, HKI 323, HKI-164-
4-(1-3)-2, HKI-1352-5-8-9, CML-172, HUZM-36

Moderately resistant: V 12, V 13,V 26, V 128, V 241, V 273, V 334, V 335, V 339, V 346, CM 105, CM 118,
CM 119, CM 129, CM 141, HUZM-88, HUZM-47, HUZM-97-1-2, CML-451, HKI-287, V-342, CML-140, V-273,
HUZM-356, HKI-209

Susceptible: V 17, V 198, V 324, V 350, CM 128, HUZM-457, HUZM-185, HKI-536, V-338, HKI-335, V-386,
V-388, HUZM-478, HUZM-509, HUZM-69, CML-152

Highly Susceptible: V 49, CM 126, CM 127, CM 202, CM 212, V-351, V-25, HKI-162, HUZM-80-1, HUZM-121,
NAI 219-J, CML-395

Table 2. Reaction of important maize gene pools and populations available at BHU against Southern
Corn Leaf Blight (Bipolaris maydis).

No. of genotypes

5-No. Sources . Moderate . Highly
Resistant Resistant Susceptible Susceptible
1 Vivekananda Population 8 12 7 4
2 Indian Public Sector 7 7 3 5
3 CIMMYT Mexico (population-31) 6 2 1 1
4 BHU, Varanasi 5 4 5 2
5 Total 26 25 16 12
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ABSTRACT

An experiment was conducted at the experimental area of Dicle University Faculty of Agriculture, Department of
Field Crops in 2014 growing season. A total of 107 diverse sesame accessions collected from Mediterranean, Ae-
gean and Southeastern Anatolia Region of Turkey were sown on 3 May 2014. The experiment was laid out in an
augmented experimental design with eleven replications. A total of 25 morphological and agronomical characters
of 107 sesame accessions were evaluated following to IPGRI (International Plant Genetic Resources Institute)
descriptors of sesame, and the obtained data were evaluated according to their qualitative and quantitative traits.
Frequency distribution of qualitative traits and correlation coefficients of quantitative traits were determined.
According to the frequency of accessions analyzed, the variability in terms of the qualitative traits examined. Re-
garding the relationship between quantitative traits, the number of capsules, 1000 seed weight and harvest index

were determined significantly affecting the seed yield.

Keywords: Sesame, diversity, accession, correlation, qualitative and quantitative traits

Introduction

Sesame is one of the most important ancient oil
seed crops. Though the origin of sesame is not known,
archeological remains of sesame dating back to 5500
BC have been found in the Harappa valley in the Indian
subcontinent (Bedigian and Harlan, 1986), and it was
cultivated and domesticated on the Indian subcontinent
during Harrapan and Anatolian eras (Bedigian and Van
der Maesen, 2003). Discussion continues about the
exact origin of sesame. It is often asserted that sesame
has its origin in Africa and spread early through West
Asia, China and Japan, which themselves become
secondary centers of diversity. With the exception
of Sesamum prostratum Retz, all the wild Sesamum
species are found in Africa (Purseglov, 1977).

So far, many countries of the world have spon-
sored extensive research on breeding methods based on
a single and bulk selection of sesame accessions that

resulted in the introduction of new varieties. However,
sesame breeding studies relative to other crops remains
extremely limited, especially in Turkey.

As a result of natural selection for many years ,
there are numerous varieties and ecotypes of sesame
adapted to various ecological conditions of Turkey.
But the average seed yield is too low. Low yields
are mainly due to absence of non-shattering cultivars
suited for mechanical harvest, indeterminate growth,
uneven ripening of capsules and biotic and abiotic
stresses such as diseases, pests, drought etc. (Venkat-
aramana et al., 1999).

Access to a wide range of genetic diversity is crit-
ical to the success of any crop breeding programs and
the ability to identify genetic variation is indispensable
for effective management and use of genetic resourc-
es (Varshney et al., 2009), and it mainly depends on
germplasm characterization (Yogranjan et al., 2015).



The above stated constraints to the productivity pose
the need for concerted efforts for sesame crop im-
provement. However, despite, being an ancient but
an important oil crop, it is still at an early stage in its
breeding history. Characterization of available or ex-
isting genetic diversity of crops played a significant
role in bringing out a variety with desirable market
oriented physio-chemical traits. Information on genet-
ic diversity is noteworthy when working to improve
qualitative profile of the crop varieties (Yogranjan et
al., 2015).

In this context, the aims of the present study were
to find out the relationships between the quantitative
traits, and to determine varietal difference. Of sesame
accessions collected from different regions of Turkey.
The study can help breeders better understand the
genetic structure of sesame populations which can be
used for selection.

Material and Methods

The field experiment was carried out in the ex-
perimental area of Field Crops Department, Faculty of
Agriculture, Dicle University, Diyarbakir, Turkey (37°
53'N and 40° 16' E) in 2014. Annual average rainfall
in the region is 490 mm, 18%, 44%, 37% and 1% of
which falls in autumn, winter, spring and summer,
respectively. Water needs of the plant due to lack of
rains especially in July-August was met with irriga-
tion water. The soil type was a clay and mid-alkaline.
A total of 107 diverse sesame accessions collected
from Mediterranean, Aegean and Southeastern Ana-
tolia of Turkey were used as experimental material.
The experiment was laid out in an augmented design
with 11 replications. Improved cultivars Muganli 57,
Osmanl1 99, and Ozberk 82) were repeated as check
after every 13 accessions. Each plot had a size of 1.4
x 4 m?with two rows (intra-row spacing of 70 cm and
inter-row spacing of 10 cm).

Sesame accessions used in the study were exam-
ined for qualitative and quantitative traits according
to [PGRI (International Plant Genetic Resources In-
stitute) for a total of 25 traits. The frequency distribu-
tion of qualitative traits was analyzed. Also, relations
between quantitative traits were made through JMP
version 11 statistical program according to Jeffers
(1967).

Results and Discussion

Morphological descriptors of qualitative traits
recorded on 107 sesame accessions are summarized
in Table 1.

The frequency distribution of qualitative traits
of 107 sesame accessions is summarized in Table 2.

s hbisab

Regarding stem hairiness significant differences be-
tween accessions were observed, 88 of the total ac-
cession being hairless, 18 less hairy and 1 was very
hairy (Table 2).

In terms of leaf edges 102 of the accession had
flat edge, 3 were the saw-toothed and 2 were observed
to be comb-toothed. 103 of accession had straight
leaves and 4 of them were less pieced regarding leaf
fragmentation.

In terms of leaf hairiness in accession 102 had
hairlessness, and 5 had little hairiness. Because of the
fact that leaf hairiness has positive effect in terms of
preventing water loss, it is a desirable trait in breed-
ing. According to the flower color, variation was seen
between accessions, 76 of the accession were light
pink and 20 are dark pink-shaded white in and 11
were white. In respect to flower hairiness, 74 of the
accession had medium hairiness, 19 were observed
to have high hairiness and 14 had very low hairiness.
Flower hairiness, as well as preventing the loss of wa-
ter in flower at high temperatures, it is often preferred
because it is considered to have a positive impact on
the pollination of flowers. Variability was seen in
accessions in terms of stigma length. With 74 of the
accessions stigma was observed to be under the anther
(short), it was at the anther level in 33 (moderate).
Stigma length is an important factor in plant pollina-
tion, and if stigma is longer than anther, fertilization
may not occur or it may lead to cross fertilization.
The fact that stigma is shorter than anther is preferable
because it provides a timely fertilization and increas-
es self-fertilization. With respect to the number of
flowers in the axil, 94 had only flowering and 13 of
accessions were determined to have multiple flowers.
With regard to this feature it was determined that,
though very little, there was some variability among
accessions. The number of flowers in the axil affects
fertilization, the number of capsules and efficiency.
The accessions were studied in terms of capsule lo-
cule number and in 103 of the accession the locule
number was 4, while in 4 of the accession the number
was determined to be 6. Capsule locule number is im-
portant in terms of affecting the number of seeds per
capsule and thus affecting the seed yield. In terms of
the number of nodes in each capsule variability was
observed in the accession, 93 of them were with a
single capsule, while 14 had multiple capsules. This
feature has a positive effect on seed yield per plant
and seed yield per hectare. In terms of capsule form
variation was observed in the accession, and in 75
of the accession the capsule had narrow rectangular
shape, while 30 were large rectangle type and 2 were
observed to have conical shape. In terms of capsule
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hairiness in the accession, variation was recorded. 89
of the accession had little hairiness, 8 of them had
medium hairiness, 6 of them were hairless, while 4
of them were very hairy. Capsule hairiness is a de-
sired feature as it increases tolerance against plant
diseases, pests and drought. Variation was seen in the
accession in terms of capsule-beak shape, and 76 of
the accession had long beak, 30 were found to have
short beak and 1 had bent beak. In respect to capsule
cracking, 96 of the accession was totally cracked, and
in 10 of the accession partial cracking was observed,
while 1 showed no cracking. Capsule cracking is not
preferred because of lack of spillage during harvest
for prevention of loss of productivity and compli-
ance with machine harvest. Seed coat color varied
from white to various shades of brown grey to black
or red. Seed coat color is a feature for determining
the direction of the fat and protein content of seeds.
Variation in the accession was also determined with
respect to Seed coat, and 48 of the accession were
light brown, 27 medium brown, 13 dark brown, 12
beiges, 5 olive-black and 2 of them were observed to
be matt black (Table 2).

The relations between quantitative traits

Correlation coefficients of quantitative traits of
sesame accessions are given in Table 3. A significant
and positive relationship was found between the first
capsule height and plant height, harvest index and
number of capsules, capsule width and length of the
capsule, 1000 seed weight and seed yield, 1000 seeds
weight and harvest index, and grain yield and harvest
index. As for the relation between the first capsule
height and the number of capsules, and the first cap-
sule height and harvest index it was found significant
but negative. Our results agreed with similar positive
correlation observed by, Uzun and Cagirgan (2001)
and Sumathi et al., (2007).

Principal component analysis(PCA) revealed that
25% or more of the total variation, might be explained
by the first two or three-axis. PCA offers reliable
cluster analysis (Mohammadi and Prassana, 2003).

The number of seeds per capsule contributed highest
towards the divergence followed by number of cap-
sules per plant (Sudhakar ef al., 2006). Seed yield,
number of capsules per plant, plant height and 1000
seed weight are the important contributing factors
(Solanki and Gupta, 2002). There was a positive
relationship between number of seeds per capsule,
capsule number per plant and seed yield per plant.
Studies by Majumdar et al., (1987) and Reddy and
Haripriya (1992) also reported a highly significant
positive correlation between number of seeds per
capsule, number of capsules per plant and seed yield
per plant. This study showed a positive relationship
between plant height, number of branches and seed
production. These results were in agreement with
previous observations by Gupta and Gupta (1977)
and Pathak and Dixit (1992) who reported a positive
relationship between plant height, capsules per plant
and seed yield.

Conclusions

When the frequency of genotypes in the acces-
sion was analyzed, it was found that there is varia-
bility in terms of the criteria discussed. Regarding
the relationship between the quantitative traits, the
number of capsules, 1000 seed weight and harvest
index were determined to significantly affect the seed
yield. Clustering methods are based on a phenotypic
characterization of traits on accessions from which
the core collection is to be selected (Hintum,1995).
Varieties with high yield potential can subsequently be
combined with improvements of others traits such as
oil content, plant height, synchronous flowering, syn-
chronous ripening and resistance to pests. This study
is crucial in terms of having more reliable results.
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Table 1. Morphological descriptors of qualitative traits recorded on 107 sesame accessions.

Qualitative traits

Trait

Definition

Stem hairiness

Basal leaf margin

Lobe incision of basal leaf

Leaf hairiness

Flower color

Flower hairiness

Stigma length

Number flower per leaf axil

Number of lobe capsule

Number capsule of per axil

Capsule shape

Capsule hairiness

Type of capsule beak

Capsule dehiscence at
ripening

Seed coat color

0: Hairless. 3: Little Hairy. 5: Medium Hairy. 7: Shaggy

1: Flat. 2: Sawtooth. 3: Toothed Comb

1:Flat. 2: Few Pieces. 3: Medium Pieces. 4: Three or More Lobe

0: Hairless. 3: Little hairy. 5: Medium Hairy. 7: Shaggy

1: White. 2: White Light Pink Shaded. 3: Dark pink shaded white. 4: Pink. 5: Open
Violet. 6:Dark Violet. 7: Purple. 8: Red. 9: Maroon. 99: (Other)

0: Hairless. 3: Little Hairy. 5: Medium Hairy. 7: Shaggy

1: Short (stigma below anthers). 2: Medium (stigma anther level). 3: Long (stigma
anther above)

1: One. 2: More than one

Capsule On the main stem; 1: Four. 2: Six. 3: Eight. 4: Mix

1: single Capsule. 2: Very Capsules

1: conic. 2: Narrow Rectangle. 3: Large Rectangle. 4: Square

0: Hairless. 3: Little hairy. 5: Medium Hairy. 7: Shaggy

1: Short. 2: Long. 3: Inclined. 4: Separate. 99: Other

Maturation period; 1: No Cracking. 2: Partly Cracking. 3: Fully Cracking

1: White. 2: Cream. 3: Dark Cream 4: Light Brown. 5: Medium Brown. 6: dark
Brown. 7: Brick Red. 8: Bronze. 9: Olive color Black. 10: Grey. 11: Matte Black.
12: Bright Black. 99: Other
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Table 2. The frequency distribution of qualitative traits of 107 sesame accessions.

Qualitative traits Index Number Frequency (%)

Stem hairiness 0 88 0.82
3 18 0.17

5 1 0.01

Basal leaf margin 1 102 0.95
2 3 0.03

3 2 0.02

Lobe incision of basal leaf 1 103 0.96
2 4 0.04

Leaf hairiness 0 102 0.95
3 5 0.05

Flower color 1 11 0.10
2 76 0.71

3 20 0.19

Flower hairiness 3 14 0.13
5 74 0.69

7 19 0.18

Stigma length 1 74 0.69
2 33 0.31

Number of flowers per leaf axil 1 94 0.88
2 13 0.12

Number of carpels per capsule 1 103 0.96
2 4 0.04

Number capsules per leaf axil 1 93 0.87
2 14 0.13

Capsule shape | 2 0.02
2 75 0.70

3 30 0.28

Capsule hairiness 0 6 0.06
3 89 0.83

5 8 0.07

7 4 0.04

Type of capsule beak 1 30 0.28
2 76 0.71

3 1 0.01

Capsule dehiscence at ripening | 1 0.01
2 10 0.09

3 96 0.89

Seed coat color 3 12 0.11
4 48 0.45

5 27 0.25

6 13 0.12

9 0.05

11 0.02
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Table 3. Correlation coefficients among 10 quantitative traits in sesame accessions.
PH FCH NPB NC CL CcwW SN 1000 SW HI
FCH 0.6746
NPB -0.1142 0.0285
NC -0.2779  -0.3260  -0.0495
CL 0.1489 0.0419  -0.1008 0.0981
CwW 0.2212 0.1782  -0.0349 0.0427 0.3811
SN -0.0388  -0.0956 0.0026 0.0826  -0.1016  -0.1194
1000 SW  0.0888  -0.1554  -0.0637 0.1569 0.0933  -0.0011  -0.0014
HI -0.0022  -0.2620  -0.0765 0.3541 0.1990  -0.0689 0.0862 0.5471
SY 0.2040  -0.1489 0.2105 0.1198 0.2176 0.0382  -0.0118 0.3270 0.471

PH: Plant Height, FCH: First Capsule Height, NPB: Number of Primary Branches, NC: Number of Capsules, CL: Capsule Length,
CW: Capsule Width, SN: Seed of Number, 1000 SW: 1000 Seed Weight, HI: Harvest Index, SY: Seed yield

* significant at P < 0.05, ** - significant at P < 0.01. For quantitative traits, Pearson pairwise correlation coefficients were calculated.

N
§

»hisab

bitki 1slahgilan alt birligi
www.bisab.org.tr




References

Bedigian, D.,Harlan J.R. 1986, Evidence for cultiva-
tion of sesame in the ancient world, Economic
Botany, 40 (2): 137-139.

Bedigian, D.H., van der Maesen, L.J.G., 2003 Slimy
leaves and oily seeds: Distribution use of
sesamum spp. and Ceratotheca sesamodies
(Pedaliaceae) in Africa. In: Schemelzer, G.H.
and Omino, B.A., eds.: Proceeding of the
first PROTA (Plant Resources of Tropical
Africa) International Workshop, Nairobi, Prota
Foundation, Wageningen, The Netherlands.

Gupta VK, Gupta YK 1977, Variability, interrelation-
ship and path-coefficient analaysis for some
quantitative characters in Sesame. Indian Jour-
nal of Heredity 9(1):31-37

Hintum Th.J.L. Van 1995. Hierarchical approaches to
the analysis of genetic diversity in crop plants.In:
T. Hodgkin, A.H.D. Brown, Th.J.L van Hintum
& E.A.V. Morales (Eds).John Wiley & Sons.

IPGRI, NBPGR, 2004. Descriptors for Sesame
(Sesamum spp.), International Plant Genetic
Resources Institute, Rome, Italy and National
Bureau of Plant Genetic Resources, New Delhi,
India.

Jeffers, J.N.R. 1967. Two case studies in the appli-
cation of principal component analysis. Appl.
Stat., 16: 225-236.

Majumdar SK, Barik KC, Bera PS, Ghosh DC 1987,
Path coefficient analysis in sesame (Sesamum
indicum L.) with varying levels of nitrogen and
potassium. Indian Agriculturist 31: 165-169

Mohammadi, S.A., Prassana, B.M., 2003. Analy-
sis of genetic diversity in crop plants-salient
statistical tools and considerations, Crop Sci.,
43:1235-1248.

Pathak HC, Dixit SK 1992, Genetic variability and
interrelationship studies in black seeded sesa-
me (Sesamum indicum L.) Madras Agricultural
Jornal 79: 94-100

Purseglove, J.W. 1977. Tropical crops: Dicotyledons.
Longman Group, London, Third Edition, Lon-
don, 719p.

Reddy CDR, Haripriya S 1992, Genetic character
association and path coefficient analysis in par-
ents and their F, sesame. J. Maharashtra Agric.
Univ. 17: 55-57

Solanki Z.S. and D.Gupta. 2002. Genetic divergence
for seed yield and other characters in sesame

(Sesamum indicum L.). Journal of Oilseeds Re-
search, 19:35-37.

Sudhakar N., O. Sridevi and P.M. Salimath. 2006. Ge-
netic divergence in sesame (Sesamum indicum
L.). Journal of Oilseeds Research, 23:295-296.

Sumathi, P., V. Muralidharan and N. Manivannan.
2007. Trait association and path coefficient
analysis for yield and yield attributing traits in
sesame (Sesamum indicum L). Madras Agric.
J., 94: 174-178.

Uzun, B. and M.I. Cagirgan. 2001. Path-coefficient
analysis for seed yield and related characters in
a population of determinate and indeterminate

types of sesame (Sesamum indicum L.). Turk.
J. Field Crops, 6: 76-80.

K. Venkataramana Bhat, Prashant P. Babrekar & Su-
man Lakhanpaul. 1999. Study of genetic di-
versity in Indian and exotic sesame (Sesamum
indicum L.) germplasm using random amplified
polymorphic DNA (RAPD) markers. Euphytica
110: 21-33.

Varshney, R. K., Close, T. J., Singh, N. K., Hoisington,
D. A., and Cook, D. R. 2009. Orphan legume
crops enter the genomics era. Current opinion
in plant biology, 12(2):202- 210.

Yogranjan, G.K. Satpute and S.P. Mishra, 2015. Ge-
netic and genomic intervention to upsurge nu-

tritive values of sesame (Sesamum indicum L.).
Asian J. Sci. Technol., 6: 1296-1303.

© Plant Breeders Union of Turkey (BISAB)




Ekin
Journal of Crop Breeding and Genetics

3(1):52-60, 2017

Helicoverpa Resistant Chickpea Plants: From Bt Toxins to Plant-Mediated RNAIi

Surender KHATODIA"  Kirti BHATOTIA!

Rishi Kumar BEHL?

! Amity Institute of Biotechnology, Amity University Haryana, Gurgaon, 122413 India.

2 Former Associate Dean, CCS HAU, Hisar, Haryana, India.
" Corresponding author e-mail: skhatodia@ggn.amity.edu

Citation:

Khatodia S., Bhatotia K., Behl R. K., 2017. Helicoverpa resistant chickpea plants: from Bt toxins to plant-mediated RNA.

Ekin J. 3(1):52-60.

Received: 19.09.2016 Accepted: 11.12.2016

Published Online: 29.01.2017 Printed: 31.01.2017

ABSTRACT

Helicoverpa armigera, the pod borer is a major constraint to global chickpea production. Genetic improvement of chick-
pea for insect resistance by traditional methods has been hampered by narrow genetic diversity in the elite gene pool.
Bacillus thuringiensis (Bt) chickpea plants expressing Bt genes as well as pyramids also have been developed already
and many are in field trials. But, already available Bt crops like cotton have increased the insect resistance to transgenic
plants in H. armigera. Although Bt chickpeas have yet to be commercialized, but the sustainability of Btcrops is vulner-
able to the insect resistance in Helicoverpa. The next generation approach for crop protection against Helicoverpa is to
knock down the crucial physiology-related genes of insect pests using transgenic plants, which is called Plant-mediated
RNAinterference (RNAi1). Common small interfering RNAs (siRNAs) for the target genes of H. armigera, designed in
silico could be used to study the lethal effect of down-regulating crucial target genes in chickpea. This review describes
the progress of developing resistance to H. armigera in chickpea using Bt toxin genes and the future prospects of using
plant-mediated RNAi for H. armigera resistance. The plant-mediated RNAi approach holds great promise for future
development but further studies will be required to optimize RNAi-based strategies for chickpea protection against
H. armigera using integrated pest management strategies.

Keywords: Chickpea, Bt toxin, Plant-mediated RNAI, siRNA, Helicoverpa.

Introduction

Chickpea (Cicer arietinum L.), a self-pollinating
diploid and world’s second most widely grown annual
legume crop. Chickpea production is of prime impor-
tance to world food security and in diversifying the
cereal-based cropping system, owing to its capacity
for symbiotic nitrogen fixation (Jukanti et al., 2012).
Chickpea is also a good and cheap source of protein
for people in developing countries (Gaur ef al., 2012).
Globally, chickpea is grown in an area of 13.6 mha;
producing 13.1 mt with an average yield of about
0.96-ton ha' (FAOSTAT, 2013). India is the largest
chickpea growing country; with 9.6 mha of chickpea
grown area and producing 8.8 mt chickpeas with an
average yield of about 0.92ton ha' (FAOSTAT, 2013).

There is growing interest in chickpea consumption
and increased global demand but chickpea production
has increased slowly at an annual rate of 1.3% in the
past 20 years (Rao et al., 2010).

The most intractable impediments to global chick-
pea production are Helicoverpa, aphids, bruchids,
weeds, drought, salinity, and low methionine content
in the seeds (Acharjee & Sharma, 2013a). Gram pod
borer, Helicoverpa armigera (Hiibner) (Lepidop-
tera: Noctuidae) is the most devastating insect pest to
chickpea production, which causes severe pod dam-
age and yield failure (ICRISAT, 1992; Yadav et al.,
2006). The pod borer is widely distributed through-
out the world and has facultative diapauses, which
enables them to survive adverse weather conditions.



The larvae feed directly on the pod, causing seed
abortion and damage, thereby having the potential
to cause major crop losses (Giri et al., 1998) (Fig 1).
However, there is still no strong resistance which
has been identified for H. armigera in chickpea cul-
tivars. Therefore, there is urgent need of transgenic
chickpea resistant to H. armigera to boost production
and productivity (Acharjee & Sharma, 2013b). This
review will focus on the progress and current status
for developing resistance to H. armigera in chickpea
using Bt toxin genes and the future prospects of using
molecular tools like RNAI for plant mediated insect
resistance in chickpea.

Conventional approaches for Helicoverpa

resistance in chickpea

The conventional breeding approaches and chem-
ical control measures have been useful to create im-
proved chickpea varieties diseases resistance like
Ascochyta and Fusarium but are limited to a certain
extent only for insect pests (Acharjee and Sarmah,
2013a). Chemical pesticides are commonly used to
control pod borers in chickpea, but unfortunately,
extensive and indiscriminate use has resulted in the
development of resistance, environmental degradation
(Armes ef al., 1992). The use of microbial pathogens
and biopesticides such as Bt-products have shown
some potential to control H. armigera, but the high
production costs make them uncompetitive compared
with the synthetic insecticides (Romeis et al., 2004).
Although, the wild relatives, C. judiacum, C. bijugum
and C. pinnatifidum have significant levels of resis-
tance to H. armigera (Sharma et al., 2005), but these
wild relatives are post-zygotic cross incompatible
with the cultivated chickpea germplasms (Mallikar-
juna, 2001). So, the genetic improvement for insect
resistance has been hampered by the limited genom-
ic resources and the narrow genetic diversity in the
gene pool of chickpea have hampered breeding for
protection (Varshney ef al., 2010; Acharjee & Sharma,
2013b). The biotechnological interventions like genet-
ic transformation are likely to improve H. armigera
resistance in chickpea (Acharjee and Sarmah, 2013a).

Approaches to the generation of transgenic crops
using modern genetic transformation technology to
incorporate insect resistance have proven suitable for
many cultivated crops. H. armigera can be effectively
controlled by using 6-endotoxin from Bt in transgenic
plants, which is very well demonstrated in widely cul-
tivated Bt crops like cotton (James, 2014). The Crystal
Insecticidal Protein (CIP) toxins expressed in plants
interacts with the mid-gut epithelium receptors and
causes an ionic imbalance to break the mid-gut cells

and insect death (Schnepf ef al.,1998; Bravo et al.,
2007). The Bt transgenic plants provide a relatively
long lasting and seed borne solution for the manage-
ment of Lepidopteran pests (Tabashnik ez al., 2003).
Genetic transformation with 5-endotoxin genes from
the bacterium Bacillus thuringiensis Berliner have
been deployed as a means to enhance crop resistance
to the insect in several crops for pest management
(Sharma et al., 2002; James, 2014). The Bt toxins are
toxic to lepidopteran pests and non-toxic to humans
and animals, which makes Bt crops are one of the
most successful plant transgenic technology (BANR,
2000; Cohen et al., 2000). The Bt crops which were
commercialized since 1996, have revolutionized the
insect pest management strategies and been widely
accepted by small and resource-poor farmers and
have achieved significant success economically and
ecologically in the world (Zhu et al., 2012). The area
under Bt crops has increased significantly and con-
tributed to more sustainable crop production systems
(James, 2014).

Genetic transformation: Bt chickpeas

Genetic improvement by molecular breeding is
limited in chickpeas due to their sexually incom-
patible gene pool of wild relatives (Acharjee and
Sarmah, 2013a). Genetic transformation to develop
transgenic chickpea expressing toxin genes for vari-
ous versions of Bt insecticidal genes has been carried
out and found to confer resistance to pod borers in
the laboratory bioassays (Devi et al., 2011; Achar-
jee and Sarmah, 2013b). Commercial Bt chickpea
lines with resistance to Helicoverpa are under de-
velopment (Sanyal et al. 2005; Acharjee et al., 2010;
Mehrotra et al., 2011;Asharani et al., 2011; Khato-
dia et al., 2014; Ganguly et al., 2014) which have
not yet been released. The first report of successful
genetic transformation of chickpea using Bt crylAc
gene came in 1997 (Kar et al., 1997) and thereafter,
various research groups initiated genetic transfor-
mation of chickpea using crylAc gene and reported
generation of transgenic Bt chickpeas (Sanyal ef al.,
2005; Indurker ef al., 2007; Biradar et. al., 2009)
(Table 1). Neelima ef al.,(2008) presents a non-tissue
culture-based in planta transformation strategy to
generate transgenic plants in chickpea with crylAcF
gene using Agrobacterium-infected young seedlings.
Acharjee et al., (2010) used cry2A4a gene to facilitate
pyramiding with existing crylAc chickpea lines. The
pyramided transgenic chickpea lines exhibited high
levels of Cry24a and CrylAc protein and conferred
high (98-100%) levels of mortality to Helicoverpa
larvae in the insect bioassays (Acharjee et al., 2010).
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Mehrotra et al., (2011) also generated pyramided
crylAc and crylAb genes in chickpea. A new synthet-
ic construct crylX was also used forinsect resistance
chickpea using in planta transformation (Asharani et
al.,2011). Ganguly et al., (2014) used fused crylAb/
Ac construct to develop different transgenic lines of
chickpea expressing constitutively and pod specifi-
cally for resistance against Helicoverpa. Khatodia et
al., (2014a & 2014b) developed Bt chickpea plants
carrying crylAa3 and crylAc gene using direct seed
Agrobacterium-mediated transformation which works
without the involvement of any tissue culture pro-
cedure and does not require the complex steps for
selection of the transgenic events.

Gene pyramiding by incorporating two or more
genes may be a more efficient way of enhancing and
broadening insect resistance of plants (Li et al., 2015).
One of the major concerns regarding the development
of the transgenic plant is need of expressing high dose
of Bt toxin, which can sustain the insect resistance. But
the transgenic chickpea lines that showed appreciable
levels of expression of Bt toxin were found to exhib-
it phenotypic abnormalities and these abnormalities
ranged from extreme retardation in the growth of the
plant to no flowering, and no setting of seeds (Rawat
et al., 2010; Acharjee et al., 2010; Khatodia et al.,
2014). Such observations in chickpea plants have been
probably overlooked earlier; however phenotypic and
developmental abnormalities with the crylAc gene have
been reported in tobacco (Rocher et al., 1998; Barton
et al.,1987). A significant reduction in the growth rate
and seed production in chickpea lines expressing high
levels of Bt toxin when compared to the parental line
(Acharjee et al., 2010; Khatodia et al., 2014). The high
level of Bt toxin protein was causing growth reduction
in chickpea. Although, the reasons for this detrimental
effect of Bt toxin need to be analyzed.

Field-evolved resistance to Bt crops

The commercialization of transgenic Bt chickpeas
containing a single Bt transgene may not give ade-
quate yield advantage, as H. armigera is evolved with
increased resistance.The widespread use of Bt toxins
has prompted concerns that insects might someday be-
come resistant to this important treatment, which can
reduce the effectiveness of Bt transgenic crops (Ta-
bashnik et al., 2013). Resistance is a genetic change
in the insect pest that allows it to avoid harm from
Bt toxins. Although the high and consistent levels of
toxin production in the Bt plants make them much
less favorable for the development of resistance. The
laboratory populations of CrylA-resistant Diamond
Black Moth have been shown to be able to survive on

whisab

high levels of Cry1Ac toxin (Tabashnik, 2003). There
were no cases of insects developing resistance to Bt
transgenic plants in the field initially. The frequency
of resistant alleles has increased substantially because
of failure to provide adequate refuges of non-Bt cotton
and that there is field-evolved Bt toxin resistance in
bollworm (Tabashnik, 2008). Intensive cultivation
of Bt crops has increased field evolved pest resis-
tance to transgenic plants in H. armigera in India,
China, and Pakistan (Tabashnik ef al., 2009; Alvi et
al.,2012; Zhang et al., 2013). The field-evolved re-
sistance in H. armigera has reduced the efficacy of
Bt crops for pest resistance (Tabashnik et al., 2013).
So, the transgenic crops expressing pyramided two or
more Bt toxins to combat the same insect pest have
been widely used now to delay the evolution of pest
resistance (Carriere et al., 2015). But field-evolved
resistance and cross-resistance in transgenic plants
expressing two different types of Bt toxins has been
discovered (Gassmann et al., 2014). The insect sur-
vival on currently used pyramids is often higher for
both susceptible insects and insects resistant to one
of the toxins in the pyramid (Carri¢re et al., 2015).
The increased resistance to Bt plants suggests that the
current approaches for managing Bt resistance should
be replaced by new integrated pest management strat-
egies in order to develop the sustainable resistance.

Plant-mediated RNAi for Helicoverpa

resistance in chickpea

The insect resistant transgenic Bt plants have
been successful to reduce yield loss and pesticide uti-
lization in the past three decades. The potential of us-
ing plant-mediated RNAi induced by double-stranded
RNAs targeting pest genes came up as a new strategy
against coleopteran and lepidopteran pests resistance
in crops (Zhu et al., 2012). Therefore, down-regu-
lating the crucial physiology-related genes by using
specific double-stranded RNAs to induce RNAI in
insects, is a key in pest control, which is paving the
way for next generation of insect-resistant transgen-
ic crops (Price and Gatehouse, 2008; Huvenne and
Smagghe, 2010). The concept of plant-mediated RNAi
was first introduced by silencing a cotton bollworm
P450 monooxygenase gene, which impairs larval
tolerance of gossypol in H. armigera (Mao et al.,
2007). Insect P450 monooxygenase, CYP6AE[4 play a
central role in adaptation to plant defense compounds
and in developing insecticide resistance (Mao et al.,
2007). Mao et al., (2007) developed transgenic tobac-
co and Arabidopsis plants expressing double stranded
RNA (dsRNA) directed against a detoxification en-
zyme CYP6AE 14, which increased the sensitivity to
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gossypol leading to mortality. A report of generation
and analysis of CYP6AE14, dSRNA-expressing cot-
ton plants by Mao et al., (2011) showed drastically
retarded growth of bollworm larvae and less dam-
age to the transgenic plants. The deleterious effects
of RNAI will magnify if multiple genes involved in
the P450 complex were targeted (Mao et al., 2011).
Another target gene for the cotton bollworm RNAI is
CYP6B6, which is expressed in the fat baby and mid-
gut of the lepidopteran pest, lead to reduced resistance
to pyrethroids and other toxic substances (Zhang et
al., 2013). HaHR3, a molt-regulating transcription
factor gene, of cotton bollworm has been used as the
target gene for plant-mediated RNAI in transgenic
tobacco plants resulting in developmental deformity
and larval lethality (Xiong et al., 2013).

The plant-mediated RNAi technology often re-
sults in a mild enhancement of insect resistance (Price
and Gatehouse, 2008). Two key steps of plant-mediat-
ed insect RNAI are the production of effective forms
of dsRNAs in plants and spreading of these silencing
molecules into gut cells of insect (Mao ef al., 2013).
The first barrier to the food components is a mid-
gut peritrophic matrix (PM) layer that prevents large
molecules and toxins from entering into midgut cells
(Hegedus et al., 2009). The plant cysteine proteases
could increase the PM permeability and used to im-
prove the plant-mediated RNAi against herbivorous
insects (Mao et al., 2013). Expression of dSRNA and
protease in the plant provides a better protection as
ingestion-mediated RNAi effect against herbivorous
insects (Mao et al., 2013).

The nucleotide variations of the dsSRNA of target
genes in different ecotypes of the target pest, necessi-
tate selection of a highly conserved, off-target, min-
imized sequence for effective gene silencing using
plant-mediated RNAi. The potential insecticidal siR-
NAs designed in silico for H. armigera control could
be used for crop resistance by synthesizing a plant
and delivering a dSRNA (Choudhary and Sahi, 2011).
Asokan et al., (2012) designed an off-target minimized
region for dsRNA synthesis and in silico analyzed
the nucleotide variationsto design common siRNAs
that could be further utilized for downstream appli-
cations for H. armigera. The effect of diet delivered
various concentrations of dsRNA in silencing genes
of H. armigera revealed that multiple applications of
dsRNA resulted in early and persistent silencing of
genes (Asokan et al., 2013). The chymotrypsin and
jhamt were shown to be suitable candidate genes that
could be utilized for RNAi-mediated management of
H. armigera (Asokan et al., 2014). Although, the lethal
or highly detrimental effects of down-regulating the

crucial target genes of H. armigera by plant mediated
RNAI for resistance in chickpea is yet to be studied.
But the accelerated emergence of Bt resistance in H.
armigera requires plant-mediated RNAi for pod bor-
er resistance in chickpea, which is an alternative tool
paving the way for next generation of insect-resistant
transgenic crops (Gordon and Waterhouse, 2007).

Future prospects

The sustainability of Bt transgenic crops is al-
ready threatened by the accelerated emergence of in-
sect resistance in Helicoverpa and Bt chickpea plants
have yet to be commercialized. The plant-mediated
RNAIi have been demonstrated in cotton and tobacco
plants using the dsRNA for the target genes (Mao et
al.,2007; Xiong et al., 2013; Mao et al., 2013; Zhang
et al., 2013). Therefore, the plant-mediated RNAI
using the in silico designed siRNA targeting the in-
sect genes may prove to be a very good approach for
chickpea plants protection to pod borer. Common
high potential insecticidal siRNAs for the target genes
of H. armigera, designed in silico by analyzing the
nucleotide variations of the dsSRNA of target genes in
different populations of the target pest are available
for implementation as a pest management strategy in
chickpea (Asokan et al., 2012). Moreover, the siRNA
also reduces the biosafety concerns, being absent in
higher eukaryotes, having low off target similarity
(Asokan et al., 2012). Further, the high expression of
Bt toxins in the plants will directly put a great load
on the protein production machinery which will ulti-
mately affect the quality and quantity of the Bt crops
in terms of growth and development (Rawat et al.,
2010; Acharjee et al., 2010; Khatodia et al., 2014).
Instead, the expression of the dsRNA in the plants
to combat the insect will not cause any load on the
protein production machinery, which is in particular
very important point for chickpea, which is the good
and cheap source of proteins with high protein con-
tent in seeds.

We propose that the lethal or highly detrimental ef-
fect of down-regulating crucial target genes like CytP450
(involved in detoxification of allelo chemicals), HaHR3
(molt-regulating transcription factor gene) and chymo-
tripsin (involved in digestion of proteins) of H. armigera
by plant mediated RNAI for resistance in transgenic
chickpeas could be studied in future. Transgenic chick-
pea plants expressing dsSRNA will provide the insight
of detrimental effects of down-regulating crucial target
genes of H. armigera by plant mediated RNAI for re-
sistance in chickpea. This strategy could be taken to
further advancement for field evaluation and utility in
integrated insect pest management.
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Conclusions

Genetic improvements of chickpea for H. armigera
resistance by molecular breeding approaches are lim-
ited due to their sexually incompatible gene pool and
insufficient to meet up the challenges of the present
agricultural state (Varshney et al., 2010; Acharjee and
Sharma, 2013a). The commercialization of transgenic
Bt chickpeas containing a single Bt gene for H. ar-
migera resistance may not give adequate yield advan-
tage. This review documents that transgenic chick-
peas generated with combinations of suitable genes
and approaches like Bt and RNA! is required for pro-
tection from H. armigera damage in chickpea. The
evidence suggests that transgenic plants expressing

dsRNA targeting insect-associated genes are able to
improve pest resistance. The plant-mediated RNAi
approach allows a wide range of potential targets for
suppression of gene expression in the insects and holds
great promise for future development. So, feeding H.
armigera with chickpea expressing dsRNA to trigger
RNAI could find applications in field control of this
insect pest. There is a need for further studies to op-
timize plant-mediated RNAI for chickpea protection
against H. armigera. The integrated pest management
strategies would require the use of, not only novel Bt
transgenics, Plant-mediated RNAI, but also the modern
biotechnological tools like targeted CRISPR/Cas-me-
diated plant genome editing for chickpea protection
against the H. armigera (Khatodia et al., 2016).

Figure 1. Typical symptoms of Helicverpa armigera infestation on chickpea plants.
Showing the different stages of larval feeding on leaves and pods, which
causes damage and seed abortion respectively, thereby causing major
crop losses.

»bisab

00

bitki 1slahgilar: alt birligi

www.bisab.org.tr



© Plant Breeders Union of Turkey (BISAB)

oy
. ) _ JU1JOD AILI :
v10T “/p 1o AInSuen  KIERow 9%001-L9  SPA Sw/Suel—  dy pue Ssug wwoqAos \Qwo\mm SIXE OIUOAIqUD  wniidpPqoLsy  ¢-76 dDA
Q10T % . . WN14219DqOLS Y I-0OH
0O1IONPAI 1M 9/C/ - ) 3,3 - du 3 oY A4 Spo9
e p10z 0 o epojeqy  COOTPOT M %S L8 A /31 $9€°0-9010 Il SSEANED 2P [44D SEEN epeyd u] ‘ez
Q10T ® i T e wn121oPqoLSy i
ep107 “p o mpojeqy | LOMOIPRIIM %LL-GS K 3/81 pS1°0-160°0  [du SSEANED €PPALD  SPadS wyuerd ug $€TD
230 qu\QD SIX®e
b 32 eNOIYIN Ajejowt 9,00 1-98 Sax Sw/Su gp—¢  [pdu d pue : WN112)o0qOL3} 729¢-d
artoc 1 : 0 pue SSEATARD oruoAIquio :
qQy 4D .
110T /v 12 eNOIYIIN Ayireniowr 94001 SOA Sw/Bugry  pdu SSEAINED 2K [41D QEMMMED wnL121o0qoLSy 29¢-d
. . ot soxe WN142JO0qOL3 )
110T “P 12 IURIeYSY Anperow 949'6y  ON /81 LL01-LSTO  [pdu SSEANED  X[41D ok1quid eyerd o] AV
. i i sIxe ¥1€68 ADDI
010€ v 12 eal1eyoy Arjeyowr %,86-07  SPA [pdu Visie popzdi) I — wn1i21o0qoLsy UOSTIG
. _ . WI)SLIdW WNn142300qO43Y
800C “7v 2 BWI[0ON ON 381 0L6-90C  [pdu SSEAINED  AOF [442 {eorde —
. e A1aAT[3p 71-Dd
LOOT “IP 12 JeYINPUL  [BAIAINS %69°9G-€'€]  SIX 3w/@u gz o9 pdu SSEANED  op[4y  [Koddg swenonsmold  “LEA00]
TLE esnd
. ) ) sopou ‘T9¢ esng
$00T “1v 2 Jekueg Areyowr o,08< oA Sw/Sug ez oGyl [pdu SSEAINED 2K [41D Areuopayf100 wnl21orqoLsy ‘9¢7 OF
‘S€TO
. ) . . A1aA1[0p 9-A00I
L661 [P 12 Te3]  UOWONPAIIM %9'TL  SAK %S00 0—+00'0  [pdu SSEANED  2F[44D  xadejooys SUBE) OSTOIE] T-ADI
pasn
oy L))o uoneIsNU] uorssaadxy  SIDLIRIA s10j0W0Ig SUIXoj, POYPIA adA,
Kesseorq qe| dqeIs uIxo} g 9[qeIdRAS iFe | syuerdxy UONBULIOJSUBL], vadyOIY)H

“159d vd12400119F] Jsurede surxo) 3g Sursn S0UERISISAT }OISUT IO SPLW UOTJeULIOJSURI) BIANOIYD snoOLIeA 3]} JO IST[ YT, 'T J[qR],




References

Acharjee S, Sarmah BK (2013a) Biotechnologically
generating “super chickpea” for food and nu-
tritional security. Plant Sci 207:108-16. doi:
10.1016/j.plantsci.2013.02.003

Acharjee S, Sarmah BK (2013b) Transgenic Bacillus
thuringiensis (Bt) chickpea: India’ s most want-
ed genetically modified (GM) pulse crop. Afri-
can J Biotechnol 12:5709-5713. doi: 10.5897/
AJB12.2439

Acharjee S, Sarmah BK, Kumar PA, ef al., (2010)
Transgenic chickpeas (Cicer arietinum L.)
expressing a sequence-modified cry24a
gene. Plant Sci 178:333-339. doi: 10.1016/j.
plantsci.2010.02.001

Alvi AHK, Sayyed AH, Naecem M, Ali M (2012)
Field-Evolved Resistance in Helicoverpa ar-
migera (Lepidoptera: Noctuidae) to Bacillus
thuringiensis Toxin CrylAc in Pakistan. PLoS
One 7: 473009.

Armes NJ, Jadav DR, Bond GS, ef al., (1992)
Insecticide resistance in the pod borer
Helicoverpa armigera in South India. Pest
Science 34: 355-364

Asharani, B. M (2011) Transformation of chickpea
lines with Cry1X using in planta transformation
and characterization of putative transformants
T1 lines for molecular and biochemical char-
acters. J Plant Breed Crop Sci 3:413-423. doi:
10.5897/JPBCS11.074

Asokan R, Chandra GS, Manamohan M, Kumar NKK
(2013) Effect of diet delivered various concen-
trations of double-stranded RNA in silencing a
midgut and a non-midgut gene of Helicoverpa
armigera. Bull Entomol Res 103: 555-63. doi:
10.1017/S0007485313000138

Asokan R, Nagesha SN, Manamohan M, ef al., (2012)
Common siRNAs for various target genes of
the fruit borer, Helicoverpa armigera Hubner
(Lepidoptera: Noctuidae). Current Science 102:
1692-1699

Asokan R, Sharath Chandra G, Manamohan M, et
al., (2014) Response of various target genes
to diet-delivered dsRNA mediated RNA
interference in the cotton bollworm, Helicoverpa
armigera. J Pest Sci 87: 163—172. doi: 10.1007/
$10340-013-0541-7

BANR (Board on Agriculture and Natural Resourc-
es) (2000) Genetically modified pest-protected
plant: science and regulation. p. 292.

whisab

bitki 1slahgilari alt birligi
www.bisab.org.tr

Barton KA, Whiteley HR, Yang NS (1987) Bacillus
thuringiensis -endotoxin expressed in transgenic
Nicotiana tabacum provides resistance to Lepi-
dopteran insects. Plant Physiology 85: 1103-1109

Biradar SS, Sridevi O, Salimath PM (2009) Genetic
enhancement of chickpea for pod borer resis-
tance through expression of CrylAc protein.
Karnataka J Agric Sci 22: 467-470.

Bravo A, Gill SS, Soberon M (2007) Mode of action
of Bacillus thuringiensis Cry and Cyt toxins

and their potential for insect control. Toxicon
49: 423-435

Carriére Y, Crickmore N, Tabashnik BE (2015) Op-
timizing pyramided transgenic Bt crops for
sustainable pest management. Nat Biotechnol
33:161-168. doi: 10.1038/nbt.3099

Choudhary M, Sahi S (2011) In silico designing of
insecticidal small interfering RNA (siRNA) for
Helicoverpa armigera control. Indian Journal
of Experimental Biology 49:469-474.

Cohen BM, Gould F, Bentur JC (2000) Bt rice: prac-
tical steps to sustainable use. International Rice
Research 25: 4-10

Devi VS, Sharma HC, Rao PA (2011) Interaction
between host plant resistance and biological
activity of Bacillus thuringiensis in managing

the pod borer Helicoverpa armigera in chickpea.
Crop Protection 30: 962-969

FAOSTAT (2013). Agricultural Data. http://faostat3.
fao.org/faostat-gateway/go/to/download/Q/QC/E

Ganguly M, Molla KA, Karmakar S, et al., (2014)
Development of pod borer-resistant transgenic
chickpea using a pod-specific and a constitutive
promoter-driven fused crylAb/Ac gene. The-
or Appl Genet 127:2555-2565. doi: 10.1007/
s00122-014-2397-5

Gassmann AJ, Petzold-Maxwell JL, Clifton EH,
et al., (2014) Field-evolved resistance by
western corn rootworm to multiple Bacillus
thuringiensis toxins in transgenic maize. Proc
Natl Acad Sci U S A 111:5141-6. doi: 10.1073/
pnas.1317179111

Gaur PM, Jukanti AK, Varshney RK (2012) Impact of
Genomic Technologies on Chickpea Breeding
Strategies. Agronomy 2:199-221. doi: 10.3390/
agronomy2030199

Giri AP, Harsulkar AM, Deshpande V'V, et al., (1998)
Chickpea defensive proteinase inhibitors can be
inactivated by podborers gut proteinases. Plant
Physiol 116: 393-401

w



Gordon KHJ, Waterhouse PM (2007) RNAI for in-
sect-proof plants. Nat Biotechnol 25:1231-2.
doi: 10.1038/nbt1107-1231

Hegedus D, Erlandson M, Gillott C, et al., (2009)
New insights into peritrophic matrix synthesis,
architecture, and function.Annu Rev Entomol
54:285-302

Huvenne H, Smagghe G (2010) Mechanisms of ds-
RNA uptake in insects and potential of RNAi
for pest control: a review. J Insect Physiol 56:
227-235

ICRISAT (1992). The medium term plan. International
Crops Research Institute for Semi-Arid Tropics.
Patancheru. India.

Indurker S, Misra HS, Eapen S (2007) Genetic trans-
formation of chickpea (Cicer arietinum L.) with
insecticidal crystal protein gene using particle
gun bombardment. Plant Cell Rep 26:755-763.
doi: 10.1007/s00299-006-0283-6

James C (2014) Global status of commercialized
Biotech/GM crops: 2012. ISAAA Brief No. 47
ISAAA: Ithaca, NY

Jukanti AK, Gaur PM, Gowda CL, ef al., (2012) Nu-
tritional quality and health benefits of chickpea
(Cicer arietinum L.): a review. British Journal
of Nutrition 108: S11-S26.

Kar S, Basu D, Das S, et al., (1997) Expression
of crylA(c) gene of Bacillus thurigenesis in
transgenic chickpea plants inhibits development
of pod borer (Heliothis armigera) larvae.
Transgenic Research6: 177-185

Khatodia S, Kharb P, Batra P, Chowdhury VK (2014a)
Development and characterization of transgen-
ic chickpea (Cicer arietinum L.) plants with
crylAc gene using tissue culture independent
protocol. International J Adv Res 2: 323-331

Khatodia, S., Kharb, P., Batra, P., & Chowdhury, V.
K. (2014b). Real time PCR based detection of
transgene copy number in transgenic chickpea
lines expressing CrylAda 3 and CrylAc, 2(4),
Int J Pure App Biosci 100-105.

Khatodia, S., Bhatotia, K., Passricha, N., Khurana,
S. M. P,, & Tuteja, N. (2016). The CRISPR/Cas
Genome-Editing Tool: Application in Improve-
ment of Crops. Frontiers in Plant Science, 7,
1-13. https://doi.org/10.3389/fpls.2016.00506

Li H, Rodda M, Gnanasambandam A, et al., (2015)
Breeding for biotic stress resistance in chickpea:
progress and prospects. Euphytica. doi: 10.1007/
s10681-015-1462-8

Mallikarjuna N (2001). Prospects of using Cicer
canariense for chickpea improvement.
International Chickpea and Pigeonpea
Newsletter8: 23-24

Mao Y-B, Cai W-J, Wang J-W, et al., (2007) Silencing
a cotton bollworm P450 monooxygenase gene
by plant-mediated RNAi1 impairs larval toler-
ance of gossypol. Nat Biotechnol 25:1307-13.
doi: 10.1038/nbt1352

Mao Y-B, Tao X-Y, Xue X-Y, et al., (2011) Cotton
plants expressing CYP6AE14 double-stranded
RNA show enhanced resistance to bollworms.
Transgenic Res 20:665-73. doi: 10.1007/
s11248-010-9450-1

Mao Y-B, Xue X-Y, Tao X-Y, et al., (2013) Cysteine
protease enhances plant-mediated bollworm
RNA interference. Plant Mol Biol 83:119-29.
doi: 10.1007/s11103-013-0030-7

Mehrotra M, Sanyal I, Amla D V. (2011) High-effi-
ciency Agrobacterium-mediated transformation
of chickpea (Cicer arietinum L.) and regen-
eration of insect-resistant transgenic plants.
Plant Cell Rep 30:1603-1616. doi: 10.1007/
$00299-011-1071-5

Neelima MG, Ramu SV, Sreevathsa R, et al., (2008) In
planta transformation strategy to generate trans-
genic plants in chickpea: Proof of concept with a
cry gene. Journal of Plant Biology 35: 201-206

Price DR, Gatehouse JA (2008) RNAi-mediated crop
protection against insects. Trends Biotechnol
26:393-400

Rao PP, Birthal PS, Bhagavatula S, et a/., (2010)
Chickpea and pigeonpea economies in Asia:
facts, trends and outlook. International Crops
Research Institute for the Semi-Arid Tropics,
Patancheru, Andhra Pradesh, India. pp. 1-76

Rawat P, Singh AK, Ray K, et al., (2011) Detrimental
effect of expression of Bt endotoxin CrylAc
on in vitro regeneration, in vivo growth and
development of tobacco and cotton transgenics.
Journal of Biosciences36: 363-376

Rocher EJD, Vargo-Gogola TC, Diehn SH, et al.,
(1998) Direct evidence for rapid degradation of
Bacillus thuringiensis toxin mRNA as a cause

of poor expression in plants. Plant Physiology
117: 1445-1461

Romeis J, Sharma HC, Sharman KK, et al., (2004)
The potential of transgenic chickpeas for pest
control and possible effects on non-target ar-
thropods. Crop Prot 23:923-938

© Plant Breeders Union of Turkey (BISAB)




Sanyal I, Singh AK, Kaushik M, Amla D V (2005)
Agrobacterium-mediated transformation of
chickpea (Cicer arietinum L.) with Bacillus
thuringiensis crylAc gene for resistance against
pod borer insect Helicoverpa armigera. Plant
Sci 168:1135-1146. doi: 10.1016/j.plantsci.
2004.12.015

Schnepf E, Crickmore N, Van Rie J, ef al., (1998)
Bacillus thuringiensis and its pesticidal crystal
proteins. Microbiology and Molecular Biology
Reviews 62: 775-806

Sharma HC, Crouch JH, Sharma KK, et al., (2002)
Applications of biotechnology for crop improve-

ment: prospects and constraints. Plant Science
163: 381-395

Sharma HC, Pampapathy G, Lanka SK, et al., (2005)
Antibiosis mechanism of resistance to legume pod
borer, Helicoverpa armigera in wild relatives of
chickpea. Euphytica 142: 107-117

Tabashnik BE, Brévault T, Carriére Y (2013) Insect re-
sistance to Bt crops: lessons from the first billion
acres. Nat Biotechnol 31:510-521. doi: 10.1038/
nbt.2597

Tabashnik BE, Carriére Y, Dennehy TJ, et al., (2003)
Insect resistance to transgenic Bt crops: lessons

from the laboratory and field. J Econ Entomol
96: 1031-1038

Tabashnik BE, Gassmann AJ, Crowder DW, et al.,
(2008) Insect resistance to Bt crops: evidence
versus theory. Nat Biotechnol 26: 199-202

Tabashnik BE, Van Rensburg JBJ, Carriere Y (2009)
Field- evolved insect resistance to Bt crops: Defi-

nition, theory, and data. J Econ Entomol 102:
2011-2025

Varshney RK, Thudi M, May GD, et al., (2010) Legume
genomics and breeding. Plant Breeding Rev 33:
257-304

Xiong Y, Zeng H, Zhang Y, et al., (2013) Silencing the
HaHR3 gene by transgenic plant-mediated RNAi
to disrupt Helicoverpa armigera development. Int
J Biol Sci 9:370-81. doi: 10.7150/ijbs.5929

Yadav SS, Kumar J, Yadav SK, et al., (2006) Evaluation
of Helicoverpa and drought resistance in desi
and kabuli chickpea. Plant Genetic Resources:
Characterization and Utilization 4: 198-203.

Zhang X, Liu X, Ma J, Zhao J (2013) Silencing of cy-
tochrome P450 CYP6B6 gene of cotton bollworm
(Helicoverpa armigera) by RNAI. Bulletin of
Entomological Research 584-591.

Zhu J-Q, Liu S, Ma, et al., (2012) Improvement of pest
resistance in transgenic tobacco plants expressing
dsRNA of an insect-associated gene EcR. PLoS
One 7:¢38572. doi: 10.1371/journal.pone.0038572




Ekin
Journal of Crop Breeding and Genetics

3(1):61-65, 2017

Molecular Characterization of Some Triticale Cultivars in Turkey

Merve CARIKCI"  S.Ahmet BAGCI' Ozcan YORGANCILAR?  Fahriye VAN?

Imren KUTLU?®  Aysen YUMURTACI*

! Selcuk University Konya, Turkey

2 Transitional Zone Agricultural Research Institute, Eskisehir, Turkey

3 Osmangazi University Faculty of Agriculture Field Crops Eskisehir, Turkey

# Marmara University, Faculty of Arts And Sciences, Biology Department, Istanbul Turkey

" Corresponding author e-mail: mcarikci@etigida.com.tr

Citation:
Carikci M., Bagci S.A., Yorgancilar O., Van F., Kutlu 1., Yumurtaci A., 2017. Molecular Characterization of Some Triticale Cultivars
in Turkey. Ekin J. 3(1):61-65.

Received: 05.10.2016 Accepted: 26.11.2016 Published Online: 29.01.2017 Printed: 31.01.2017

ABSTRACT

Triticale has gained importance as an alternative crop to solve the nutritional problems of the rapidly increasing world
population. Triticale gains the yield potential of durum wheat and adaptation of rye to cold, drought and marginal soil
conditions in itself. It is also known that triticale is resistant to many diseases and pests. In this study, it was aimed to
determine the genetic characterization of some spring and facultative triticale varieties registered in Turkey with the
ISSR-PCR technique which is one of the molecular marker methods. Polymorphic and monomorphic band images were
formed from 16 primers as a result of analysis of 20 primers in 5 registered triticale isolates, and 71.1% polymorphism
was obtained. Four primers did not show any amplification in the triticale cultivars. Triticale cultivars were mainly
divided into three groups. Alperbey and Tacettinbey which were in the first group, differed by 28% and Mehmetbey
and Aysehanim in the second group differed by 37%. In addition, EgeY1ldizi in the third group differed 48% from Alp-
erbey, 45% from Tacettinbey, 49% from Mehmetbey and 38% from Aysehanim. The genetic distance values between
cultivars of triticale ranged from 0.509 to 0.712. These results obtained from ISSR-PCR method will provide significant
contributions to the triticale breeding programs.

Keywords: Triticale, molecular characterization, polymerase chain reaction, PCR, ISSR , Inter-Simple Sequence Repeat
solution to develop new plants, species and varieties

which can survive under extreme conditions and can
give high yield even under stress conditions. The first

Introduction
Cereals have the most acreage and production
among the cultivated plants in the world. Cereals pro-

vide approximately 50% of the annual protein con-
sumed by humans and animals (Colkesen, 1994). Cere-
als and their products have an important place in human
nutrition in the world. Wheat, corn, rice, barley, and
rye are the most produced cereals in the world. The
food supply and nutrition has been the most important
issue throughout history for humanity.

Increasing the productivity in agriculture is oblig-
atory because agricultural land and the natural sources
are limited although the world population is increas-
ing. For this reason, the scientists have looked for the

important research for this aim was made in Scotland in
1875 to obtain a cereal which can be grown in different
geographical and climatic conditions, can withstand
cold, drought and acidic soils, has also the yield and
quality potential of wheat. Triticale (X. Triticosecale
Wittmack) was developed as a result of these researches
(Miintzing, 1979).

Triticale which possesses the yield potential of
durum wheat and adaptation of rye to cold, drought
and marginal soil conditions, has gained importance
as an alternative crop to solve the nutritional problems



of the rapidly increasing world population. . It is also
known that triticale is resistant to many diseases and
pests (Varghese ef al., 1996). New varieties have been
continued to develop for improving the properties of
triticale. Since the genetic basis of amphidiploid trit-
icale does not have a very wide variation, sometimes
varieties developed rely on a similar genetic basis,
which limits genetic advance. Molecular markers are
one of the most reliable methods used in the charac-
terization of genotypes and varieties in recent years.

Genetic diversity is the main source for breeding
programs. Conducting the breeding studies as based on
a broad genetic basis will ensure maintaining genetic
diversity during to long-term as well as adaptation to
changeable environmental conditions (Dirik H.,1997).
In addition, increasing the genetic diversity is important
to develop cultivars resistant to plant diseases and pests
(Hajjar et al., 2008). However, it is essential to choose
the most effective method to determine genetic diver-
sity. For this purpose, DNA markers can be used safely,
especially in plant breeding and gene mapping studies
(Reddy et al., 2002).1dentification of the DNA markers
belonging to plant species and creating genomic maps
of these plants will facilitate to develop new varieties in
short time, will save time by shorten the breeding peri-
od and will provide reliability and convenience in the
selection process (Michelmore et al., 1991). In recent
years, specific sequence differences between two or more
individuals could be identified with molecular marker
techniques, Besides, developing a detailed genetic map
of marker linked to a trait under study is an important
tool for increasing the breeding efficiency. Therefore,
genome maps of many crops which have agricultural
importance have been established (O’Brien, 1993).In this
study, genetic differences among spring triticale variet-
ies registered in Turkey were determined by ISSR-PCR
method. Important cultivar based on genetic variation
were identified for further breeding programme.

Material and Methods

DNA Isolation

In this study, five spring and/or facultative triticale
(X. Triticosecale Wittmack) cultivars (Alperbey, Ayse-
hanim, EgeYildizi, Mehmetbey, Tacettinbey) were used
to determine the genetic distance/ similarity. Twenty-five
seeds of each of the Triticale cultivars were germinated
by placing seeds in 9 mm petri dishes lined with filter
papers and kept in growth cabin (Binder KBW 400). The
germinated triticale seeds were planted in pots which
were maintained in controlled greenhouses. Then, plants
were harvested after having 3-4 tillers and DNA isolation
were done according to modified Doyle and Doyle (1987)
method by using the samples obtained from young leaves.
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Firstly, the amount of isolated DNA was deter-
mined by spectrophotometer (Thermo Scientific Nan-
odrop 2000c¢) since equal amounts of DNA from each
sample would be used in the PCR reaction. Then, the
DNA samples were diluted with TE (Tris-EDTA) buffer
according to amount of DNA calculated from the OD
results for PCR analysis of ISSR primers.

ISSR Amplification

ISSR protocol developed by Zietkiewicz et al.,
(1994) was used for the amplification of DNA ob-
tained from Triticale cultivars. The volume was kept
similar in each probe as 25 microliter amplification
reaction solution; 75 mM Tris-HCI, pH=8.8, 20 mM
(NH,),SO,, 2 mM MgCl,, 100 mM dATP, 100 mM
dTTP, 100 mM dGTP, 100 mM dCTP, 0.2 mM primer,
1.0 unit Taq DNA polymerase and 10 ng DNA. The
binding temperature was adjusted (50-55 °C) accord-
ing to the Tm temperatures of the primers. Generally,
temperatures above 2-3°C of the Tm of the primers
gave favourable results in terms of amplification.
Then, the primers were incubated at 70-75°C for am-
plification with Taq polymerase (Palumbi et al., 1991).
Temperature and cycles adjusted in that: Preliminary
denaturation during 2 min at 94 °C, denaturation for
36 cycles during 1 min at 94 °C, adhesion of prim-
ers to DNA during 1 min at varying Tm according
to primers, primer elongation during 2 min at 72 °C
and last primer elongation during 10 min at 72 °C.
The reactions were performed eppendorf tubes using
Eppendorf Mastercycler Pro S PCR System.

PCR products were analyzed on a 2% agarose gel
prepared in 0.5 X TBE (Tris / Borate / EDTA), in an
electrophoresis (ThermoMidicell Promo) tank contain-
ing 0.5 X TBE buffer, at 100 V during 2-3 hours. After
electrophoresis, the DNA was stained with ethidium
bromide during 20 minutes in order to visualize and
evaluate the DNA. Emerging DNA bands examined
under UV light (VilberLourmat) and then they were
photographed on a Kodak Gel Logic 200 Imaging
System.

Evaluation of the Bands

PCR results were evaluated taking into account
the gel electrophoresis views of the ISSR-DNA bands
formed. ISSR amplification products were evaluated
as having (1) or absent (0), and the obtained data were
analyzed in IBM SPSS 20 (SPSS) statistical package
program. The genetic similarity index was calculated
according to Jaccard. (Jaccard , 1912)

Based on the genetic distance matrix, a dendro-
gram was constructed using the Unweighted Pair Group
Method (UPGMA).




Results and Discussion

Twenty different primers which have 17-18 base
pair lengths were used in the study. Sixteen from
them exhibited polymorphic bands and the other four
primers were showed monomorphic band formation.
Out of total ISSR-PCR 145 bands , 103 were poly-
morphic resulting from 16 primers (Table 1). When
the bands were examined assigned to individual prim-
ers; it was seen clearly that Primer UBC 821 gave
the most polymorphic band, Primer UBC 813 gave
the least polymorphic band, primers UBC 813, UBC
826, UBC 827 gave the most monomorphic bands,
and the primer UBC 821 gave the least monomorphic
band (Table 1).

Triticale cultivars were mainly clustered in three
groups. Alperbey and Tacettinbey took place in the
first group, Mehmetbey and Aysehanim in the second
group and EgeYildiz1 in the third group respectively
(Figure 1).

The genetic distance values between triticale cul-
tivars ranged from 0,509 to 0,712. The highest genetic
similarity was observed between Alperbey and Tacet-
tinbey and followed them Mehmetbey and Aysehanim
with 0.627 (Table 2). The lowest genetic similarity was
observed between Mehmetbey and EgeYildiz1 while

Aysehanim in the same group as Mehmetbey were
found more similar with EgeYildizi (Table 2)

Conclusion

This study was concerned with assessing genetic
distances/similarities among five Triticale cultivars
using ISSR markers and genetic information related
to triticale cultivars based on genetic similarities
gained from Cluster analyzes. Totally 145 bands
gained from 16 primers formed 103 polymorphic and
42 monomorphic bands. Maximum of polymorphic
bands were formed by primer UBC 808 while most
of monomorphic bands were formed by primers UBC
813, UBC826, UBC 827. From the three groups
obtained, the first group contained Alperbey and
Tacettinbey, the second group contained Aysehanim
and Mehmetbey and the last group contained only
EgeYildizi. Alperbey and Tacettinbey were the most
similar cultivars to each other genetically.

This study is important in terms of revealing DNA
isolation method and PCR conditions that can be used
in triticale. The information gained from this study
may be used in further similar research. The ISSR
technique can be used effectively in the determina-
tion of DNA polymorphism in the triticale and genetic
characterization.
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Table 1. Amount of total bands received from amplification of ISSR primers, number of

polymorphic bands and polymorphism rate (%)

Primer Number of Total Number of Polymorphism
Name Polymorphic Bands Bands Rate (%)

UBC 808 14 16 87,5
UBC 809 - - -

UBC 810 4 8 50,0
UBC 812 6 9 66,7
UBC 813 4 9 44,5
UBC 818 4 6 66,7
UBC 820 4 6 66,7
UBC 821 8 8 100,0
UBC 822 - - -

UBC 824 3 5 60,0
UBC 826 3 8 37,5
UBC 827 5 10 50,0
UBC 829 - - -

UBC 830 10 13 77,0
UBC 834 11 13 84,7
UBC 835 5 7 71,5
UBC 840 11 12 91,7
UBC 843 - - -

UBC 844 5 6 83,4
UBC 847 6 9 66,7
TOTAL 103 145 71,1

Table 2. Similarity coefficient obtained from cluster analyses according to Jaccard.

2:Tacettinbey 3:Mehmetbey 4:Aysehanim 5:Ege Yildiz1
1:Alperbey ,712 ,540 ,523 ,516
2:Tacettinbey ,610 ,592 ,549
3:Mehmetbey ,627 ,509
4:Aysehanim ,619
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Figure 1. Dendograms of some spring and facultative triticale cultivars using ISSR Markers
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ABSTRACT

Here we report the construction of transgenic Ruta graveolens L. plants. The plants were obtained via direct shoot
regeneration from leaves and petioles on Murashige and Skoog (MS) solidified medium supplemented with 6-benzyl-
aminopurine (1.0 mg L") and a-naphthylacetic acid (0,05 mg L!) in case of A. tumefaciens-mediated transformation as
well as via direct shoot regeneration from rue “hairy” root culture on hormone free half-strength MS medium in case
of A. rhizogenes-mediated transformation. Frequency of “hairy” root formation was up to 30%. All transgenic root
lines were able to form shoots. Using of 4. tumefaciens allowed to obtain transgenic rue plants with high frequency
up to 100%. Indolil butyric acid addition to the medium in concentration 0.5 mg L' enabled transgenic plant rooting.
The shoots regenerated from rue “hairy” root culture were more sensitive to the growth regulator addition and rooted
in 2 weeks. Rooting of the shoots obtained after 4. tumefaciens-mediated transformation was observed only in 6 weeks

under these cultivation conditions.

Keywords: Ruta graveolens L., A. tumefaciens, A. rhizogenes, genetic transformation, plant regeneration, “hairy” root culture.

Introduction

Ruta graveolens L. is a medical plant of Rutaceae
family. Numerous compounds of medical properties
are known to be synthesized in rue plants. Rutin,
alkaloids, essential oils and other chemicals were
found in its aerial parts and roots (Orlita et al., 2008;
Ekiert et al., 2005; Franga Orlanda et al., 2015). Rue
extracts are characterized by antimicrobial (Ivanova
et al., 2005; Franca Orlanda et al., 2015), antifungal
(Meepagala et al., 2005), analgesic (Cunha ef al.,
2015) activity. The antioxidant and anti-inflammatory
properties of Ruta graveolens L. were analysed earlier
(Raghav et al., 2006). The study of its anti-tumor ac-
tivity demonstrated that rue extracts were cytotoxic for
lymphoma and carcinoma cells (Preethi et al., 2006).
Ethanolic rue extracts were not toxic but caused the
death of skin melanoma cells (Ghosh ef al., 2015).
So, R. graveolens plants could be used as a natural
source for medical compounds production and may
be used in pharmaceutical industry.

Biotechnological methods of plant improvement
include construction of the transgenic plants of nu-
merous species characterized by high level accumu-
lation of valuable natural compounds (Sharafi et al.,
2013; Zhang et al., 2014; Thiruvengadam et al., 2014;
Majumdar et al., 2012). At the same time transgenic
plants are able to synthesize the recombinant proteins
of medical properties. So the transgenic plants are the
promising source both of natural and recombinant
biological active substances.

Transgenic plants construction was started at
the end of 20" century. Agrobacterium tumefaciens
and A. rhizogenes bacterial strains were used for this
purpose. Plant transformation using A. tumefaciens
strain resulted in direct (from plantlets) or indirect
(from primarily formed callus tissue) shoot formation.
Transgenic plants can also be obtained via shoot re-
generation from “hairy” root culture initiated after 4.
rhizogenes — mediated transformation of plants. So,
the shoot regeneration methods must be developed



both in case of A. rhizogenes or A. tumefaciens —
mediated transformation. Different types of explants
(leaves, roots, hypocotyls, petioles, stems) can be
used for shoot regeneration. Methods based on using
of growth regulators allow to obtain the regenerated
shoots (Diwan et al., 2008; Ahmad et al., 2010).

A. tumefaciens-mediated transformation
method was optimized for R. graveolens transgenic
plants obtained via direct plant regeneration from
hypocotyls (Li¢vre et al., 2009). Transformation
efficiency reached up to 22% in case of using for
the transformation pTDE4 plasmid harboring genes
encoding neomycin phosphotransferase and beta-
glucuronidase. Hypocotyls, callus and shoots of
R. graveolens were used for genetic transformation
experiments but “hairy” root culture establishment
appeared successful only after inoculation of
hypocotyls with A. rhizogenes wild strain (Sidwa-
Gorycka et al., 2009).

The aim of the present study was to obtain
transgenic R. graveolens plants. We used A. tume-
faciens GV3101 strain carrying plasmid pCB124
(Luchakivskaya et al., 2011) harboring target ifn-
a2b gene coding human interferon-a2b synthesis as
well the selective neomycin phosphotransferase 11
gene. We also used 4. rhizogenes A4 strain for es-
tablishment of “hairy” root culture and obtaining of
the regenerated transgenic rue plants.

Material and Methods

Plant material

Leaves and petioles of aseptic Ruta graveolens
plants cultivated on half-strength Murashige and
Skoog medium (1/2MS) (Murashige and Skoog 1962)
were used for agrobacterial infection.

Determination of selective concentration of

antibiotic kanamycin

To find out the optimal concentration of kanamy-
cin for transformant selection we placed the shoots of
in vitro rue plants on solidified 2MS medium with
different concentrations of kanamycin (0—200 mg/1)
(“Kievmedpreparat”, Ukraine) and cultivated them in
Petri dishes for 4 weeks. The medium with minimal
concentration of kanamycin which inhibited growth
of green plants was chosen as selective one.

Bacterial strains and plasmid vectors

A. tumefaciens GV3101 nopaline strain with the
binary pCB124 vector was used for genetic transfor-
mation. The T-DNA of the vector contained the neo-
mycin phosphotransferase selective nptll gene under
the control of nopaline synthase promoter. The used

vector carried the target ifin-a2b human interferon gene
(pCB124 vector) driven by cauliflower mosaic virus
35S promoter. We also used 4. rhizogenes agropine
A4 strain for rue genetic transformation and “hairy”
root culture initiation.

The bacteria were cultivated overnight at 28°C
in liquid LB medium (10 g/ of casein hydrolyzate, 5
g/l yeast extract, 10 g/l NaCl, pH 7.2, 100 mg/I1 car-
benicillin and 50 mg/L rifampicin) on rotary shaker
(200 rpm). After overnight cultivation the bacteri-
al cultures were resuspended in liquid MS medium
(OD,,, 0.5-0.6).

Genetic transformation, selection and

regeneration of transformants

The petiole and leaf segments were inoculat-
ed by the bacterial suspension for 30 min and then
transferred onto solidified MS medium supplement-
ed with 1.0 mg/L 6-benzylaminopurine (BA), 0.05
mg/L a-naphthylacetic acid (NAA), 30 g/L sucrose,
0.7 % agar for direct shoot regeneration in case of 4.
tumefaciens-mediated transformation. The infected
plantlets were transferred on the mentioned medium
for 1-4 days period and then were cultivated on the
same medium with 600 mg/L cefotaxime (Darnitsa,
Ukraine) for bacteria elimination. The plantlets were
put on MS medium supplemented with 1.0 mg/L BA,
0.05 mg/LL NAA, 600 mg/L cefotaxime and 25 mg/L
kanamycin after A. tumefaciens-mediated transforma-
tion for selection of transgenic plants. Regenerated
shoots of 1.5-2 cm long were transferred onto 1/2MS
medium supplemented with 25 mg/L kanamycin and
600 mg/L cefotaxime. The obtained shoots were cul-
tivated at 24°C under 16-hour photoperiod.

In case of 4. rhizogenes-mediated transformation
the explants were cultivated on 1/2MS solidified me-
dium for “hairy” root induction. The roots formed on
the plantlets were transferred to hormone-free 1/2MS
medium with 600 mg/L cefotaxime in 3-8 days. The
same medium with the antibiotic in mentioned con-
centration was used for stimulation of transgenic shoot
regeneration on “hairy” root culture.

The rooted plants were transferred into soil and
grown in the greenhouse.

Molecular analysis of transgenic plants

Total plant DNA was extracted from leaves
of the selected transformed and wild-type plants
and also from the “hairy” root culture samples
by CTAB-method (hexadecyl trimethyl ammo-
nium bromide). The total agrobacterial DNA was
extracted according to Draper et al., (1988). We
used primers 5’-cctgaatgaactccaggacgaggcea-3’ and
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5’-gctctagatccagagtccegetcagaag-3’ for amplifica-
tion of 622 bp nptll gene fragment; primers 5'-tt-
gatgctcctggecacag-3’ and 5'-ttetgetetgacaaccte-3' for
amplification of 396 bp ifn-a2b gene fragment; 5’-at
ggatcccaaattgetattccttccacga-3’ and 5°-ttaggcttctttett
caggtttactgcagce-3’ for amplification of 780 bp (rolB)
using PCR method.

The amplification of the gene fragments was
carried on under following conditions: nptll gene
fragment amplification - 3 min at 94 °C - 33 cycles
(30sat94 °C; 30 s at 65 °C; 30 s at 72 °C) - 3 min
at 72 °C; ifn-a2b - 3 min at 94 °C - 30 cycles (30 s at
94 °C; 30sat60°C;30sat72°C) -3 minat 72 °C;
rolB - 3 min at 94 °C - 33 cycles (30 s at 94 °C; 30 s
at 56 °C; 30 s at 72 °C) -3 min at 72 °C. All samples
were fractionated in 1% agarose gel in TBE buffer.

Results

Determination of kanamycin selective

concentration

Green shoots were formed if the medium con-
tained less than 25 mg/l kanamycin. Whitening of
shoots was observed in case of higher concentra-
tions of antibiotic. Basing these data, we consider
25 mg/l kanamycin to be the best for selection of rue
transformants.

Transgenic shoot regeneration after

A. tumefaciens-mediated transformation

Earlier we demonstrated the possibility of high
efficient shoot regeneration from leaves, roots, pet-
ioles and stems of in vitro cultivated R. graveolens
plants (Matvieieva et al., 2015). For transgenic shoot
regeneration after 4. tumefaciens-mediated transfor-
mation we used the medium optimized for effective
plant regeneration. This medium contained 1.0 mg
L'BA+0.05 mg L' NAA growth regulators. The re-
generation frequency of R. graveolens plants was
found to be affected not only by media composition
but also by type of explants (Matvieieva et al., 2015).
Cultivation of rue petioles and leaves on the medi-
um mentioned above resulted in shoot regeneration
of 100% frequency. We consider petioles to be more
preferable explants because of their greater length
comparing to the length of internodes of in vitro cul-
tivated rue plants (Fig. 1 a). So the petiole and leaf
explants were chosen for 4. tumefaciens inoculation
because of their high regenerative capability.

We reported the possibility of direct shoot re-
generation after plantlet cocultivation with A. tume-
faciens bacterial culture. Period of plantlet cultiva-
tion on the medium without cefotaxime addition was
shown to be an important factor for successful shoot

whisab

regeneration. At the same time the prolongation of the
cultivation period on the medium without antibiotic
adding from one to four days resulted in increase of
frequency of shoot formation from 61.1+1.9 to 100%.
The direct shoot regeneration was observed in 10-14
days after transformation (Fig. 1 b). The presence
of nptll gene in the constructs enabled the selection
of transformants so that green plants were formed
on the medium containing 25 mg/l kanamycin. The
frequency of transformation (number of explants with
regenerated shoots) depended on the type of explants
(leaves or petioles respectively).

The shoots 10-15 mm long were transferred onto
1/2MS medium for further growth and rooting. Root
formation was observed only after 8 weeks of shoot
cultivation on hormone free medium (Fig. 1 ¢). The
rooted plants were further cultivated under greenhouse
conditions (Fig.1 d).

“Hairy” root culture induction and shoot

regeneration

We analyzed the dependence of root formation
frequency on the time of plantlets cultivation on the me-
dium without cefotaxime addition (3-8 days) because
rue extract was found to inhibit 4. rhizogenes growth.
No root formation was observed in case of cefotaxime
addition to 1/2MS medium in 3-5 days after transfor-
mation. Increasing of duration of plantlet cultivation on
the medium without antibiotic up to 8 days enabled the
agrobacterial gene transfer and “hairy” root culture ini-
tiation. Root formation on the plantlets started in 14-16
days after their cocultivation with bacterial suspension
(Fig. 2 a, b). The frequency of root formation was up
to 30%. The induced root culture was characterized
by typical “hairy” root phenotype which is associated
with the transfer of T, fragment with 7o/ genes from
A. rhizogenes T-DNA of the agropine type Ri plasmid
(Tepfer 1990) and did not require any external auxines
addition to the medium for their growth.

The obtained roots were subcultured every two
weeks on the medium supplemented with cefotaxime
(Fig. 2 c). Cultivation of R. graveolens “hairy” roots
on hormone-free 1/2MS medium resulted in direct
shoot regeneration in 6 months after the transfor-
mation (Fig. 2 d). The shoots were taken from the
root culture and then grown on the same medium for
rooting. Roots formation was observed in 3 weeks
of their cultivation on hormone-free medium. The
period required for plant rooting was considerably
smaller than the one necessary for root formation in
case of A. tumefaciens-mediated transformation. We
consider this fact as an effect of A. rhizogenes genes
transfer to the plants.

\ bitki 1slahgilan alt birligi
www.bisab.org.tr




The PCR analysis proved the presence of npt/l and
ifn-a2b genes for 100% of studied plants regenerated
after A. tumefaciens—mediated transformation and also
the presence of ro/B gene in case of study of DNA of
the plants regenerated on the “hairy” roots (Fig. 3).

As we observed the time differences in rooting of
the transgenic plants regenerated after A. rhizogenes-
and A. tumefaciens—mediated transformation we
studied the effect of Indolilbutiric acid (IBA) growth
regulator in order to find out the way to make the
period of root formation shorter. Using of 0.5 mg
L' IBA resulted in initiation of root formation in 6
or 2-week period on the shoots regenerated after A.
tumefaciens-mediated transformation and the ones
regenerated on the “hairy” roots respectively. So this
regulator can be used to advance the period of R.
graveolens rooting.

There is very limited information about R. gra-
veolens genetic transformation though these plants
are known to be susceptible to agrobacterial infection
(Porter 1991). R. graveolens “hairy” root cultures
were established after inoculation of hypocotyls with
wild A. rhizogenes strain LBA 9402 (Sidwa-Gorycka
et al., 2009) in order to study the level of pinnarin,
rutacultin, bergapten and other compounds accumula-
tion. It should be noted that transgenic plants were not
obtained from the “hairy” root in these experiments.

A. tumefaciens bacteria were used earlier for
R. graveolens transformation by Li¢vre ef al., (2009).
Authors reported obtaining of transgenic plants after
hypocotyl co-cultivativation with A. tumefaciens strain
C58CI1RIif containing plasmid pTDE4 harbouring
neomycin phosphotransferase and beta-glucuronidase
encoding genes using acetosyringone as virulence
inducer. Routine transformation efficiency of R.
graveolens was 11% in these experiments.

Here we firstly demonstrated the possibility of
R. graveolens plants initiation after 4. rhizogenes-
mediated transformation. The obtained shoots were
characterized with more fast rooting compared with
the shoots regenerated after 4. tumefaciens-mediated
transformation.

We also demonstrated an opportunity for direct
regeneration of transgenic rue plants carrying human
interferon-a2b gene. Optimization of transformational

conditions in particular the prolongation of the
cultivation period on the medium without antibiotic
cefotaxime adding from one to four days resulted
in increase of frequency of shoot formation up to
100%. We would like to note that acetosyringone as
Agrobacterium virulence inducer were not used in out
experiments. Liévre ef al., (2009) noted a significant
increase in the number of kanamycin-resistant plants
by using acetosyringone. However, our research has
shown also the possibility of obtaining of transgenic
R. graveolens plants with high frequency without use
of this compound.

Conclusions

Thus the transgenic R. graveolens plants can be
obtained via direct shoot regeneration from leaves and
petioles in case of A. tumefaciens-mediated transfor-
mation as well as after shoot regeneration from rue
“hairy” roots in case of using A. rhizogenes for trans-
formation. Using of A. tumefaciens allows the obtain-
ing of transgenic rue plants with higher frequency up
to 100%. Frequency of “hairy” root formation was up
to 30% because of antibacterial activity of rue plants
against A. rhizogenes. Time of explant co-cultivation
on the medium without selective antibiotic had an
effect on the successful A. rhizogenes-mediated trans-
formation and “hairy” root formation on the plantlets.
The ability to root of the shoots of rue “hairy” root
origin exceeded the same ability of the plants obtained
via A. tumefaciens-mediated transformation. IBA
addition to 1/2MS medium in concentration of 0.5
mg/L resulted in root growth stimulation.

The described transgenic technique could be ap-
plied to improve plant characteristics and transfer of
foreign genes to rue plants. Moreover, such approach
enables the obtaining of transgenic R. graveolens
plants carrying gene coding synthesis of recombinant
medicinal compounds.
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Figure 1. Regeneration of rue shoots after A. tumefaciens-mediated transformation: in vitro cultivated plants
used for transformation (a); green shoot regeneration on the selective medium (b); transgenic plants
under in vitro conditions (c) and in greenhouse (d)

Figure 2. Initiation of Ruta graveolens “hairy” root culture and shoot regeneration after A. rhizogenes-
mediated transformation: root formation on rue petiole (a) and leaf explants (b); “hairy” root
culture (c); direct shoot regeneration on hormone free 1/2MS medium (d)

Figure 3. PCR analysis of the rue plants: 1, 2, 4, 5 - DNA of the plants regenerated after A. tumefaciens—
mediated transformation; 7, 8 - DNA of the plants regenerated on the “hairy” root clones; 3, 6, 9
-negative control (untransformed plant DNA); npt, ifn, rolB - nptII (622 bp), ifn-a2b (396 bp), and
rolB (780 bp) genes fragments; M - DNA marker ladder, Fermentas.
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