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ABSTRACT

Potato is the world's number one non-grain commodity and ranks at fourth position after maize, rice and wheat. As
a species, potato is very docile to cell culture, it also contains an extended history of applications in the field of bio-
technology for the improvement of crops. The genomic insurgency from the recent past has significantly enhanced
the overall knowhow of the genetic structure of all the crops. Crop genome sequences has totally reformed our view
and understanding for genome association and genome development. Increased knowledge in markers along with the
advanced phenotyping, genotyping by sequencing, genomewide association studies added a new way for determining
marker-trait associations that can withstand genome based breeding programs. Accessibility of sequencing of genomic
data has permitted editing of genome (localized mutagenesis), for obtaining sequences of gene that is anticipated by the
breeders. To develop some genetic maps, markers application and genomics in the field of potato breeding these genetic
characteristics have also assigned the tasks to the breeders. Many strategies are formulated to describe the potato loci,
(contender) genes and alleles, and association of genotype with the phenotype are also stated. This review demonstrates
how next generation phenotyping, genome-wide association studies and genome editing tools can be used to modify

tools to genomics for the need of potato breeders to transform potato improvement.

Keywords: Next generation phenotyping, Genomewide association studies, genome editing, potato.

Introduction

Potato (Solanum tuberosum L.) is a vital crop
and occupies 4" place in production among other
food commodities behind maize (Zea mays L.), rice
(Oryza sativa L.), and wheat (Triticum aesitvum
L.) worldwide (FAO, 2014). Potato is tetraploid
and highly heterozygous crop which has the major
importance for food, feed and the industrial use. It
was cultivated on an area of 130.000 ha having the
production of 4.175 million tons in Turkey (TUIK
2015). Central Anatolia including Nigde portions
almost 60% potato production in this regard. Potato
has a wide range of production in the country, and
has an important role in Turkish agricultural sector.

The cultivated European potato Solanum
tuberosum ssp. tuberosum is autotetraploid
(2n=4x=48), which means that they have four alleles

per locus. Homologous chromosomes pair at random
during meiosis (Milbourne et al. 2007). Moreover,
there are tuber-bearing varieties under cultivation
that are non-tuberosum types ranging from diploid
to hexaploidy Van den Berg and Jacobs (2007).
Potatoes are outbreeding plants. Therefore, they
obtain a high level of heterozygosity and are prone
to inbreeding depression, making it difficult to obtain
homozygous lines. The heterozygosity in commercial
cultivars is preserved by the clonal propagation of
tubers (Milbourne et al. 2007; The Potato Genome
Sequencing Consortium 2011).

From start, potato has been nominated and reared
in production areas for advanced echelons of locally
adapted to several environmental conditions. This
effect was gained in relatively short time because of
the potato’s highly diversified genetics, allowing the



selection and identification of the genotypes that are
high performing in different type of environments.
This type of genetic heterogeneity is a result of
both out-breeding habit and the chromosomal
changes that takes places in the chromosomes of the
species (Slater et al. 2014a). Notwithstanding to all,
hereditary advancement in multifaceted characters,
like crop produce, is very sluggish to nearly absent
(Jansky 2009), particularly at the time at which we
associate it with different crops like as maize, wheat,
and rice (Fischer and Edmeades 2010).

Presently, there are 7.25 billion people that exists
on earth, and it is estimated that the population of
world can get up to 70 million per annum for the
next 40 years. It is expected that the population of the
world will approximately be 9.2 billion by year 2050,
Attentiveness of carbon dioxide (Co,) and the ozone
will reach upto 550 ppm and 60 ppm, correspondingly
and the climate is going to be warm by 2°C as at
present (Jaggard et al. 2010). It is anticipated by that
time that about 90% of this world’s population will
be living in continents like Asia, Africa, and Latin
America (FAO 2012, Silva 2014). To cope with this
dramatically increasing population and hunger, plant
breeders have been working very hard to increase
the food production. Recently, plant breeding has
switched from an entirely phenotypic-dependent
procedure to have an improved dependence on
genotype-based selection up to some level of extent
(Varshney et al. 2014).

Considerable research is being carried out for
the improvement of genomic possessions to increase
the potato breeding as compared to the other crops,
that concluded in an estimated potato genome (Potato
Genome Sequencing Consortium 2011). All the
work on genomic level has enabled the discovery
of over 39,000 genes, together with many genes that
regulates a biotic rinsing confrontation in potato
(Bakker et al. 2011; Jupe et al. 2012; Jupe et al. 2013)
and the quantitative trait loci (QTLs) for improving
the traits for the quality of the plants (D hoop et al.
2014; Uitdewilligen et al. 2013). Though, QTLs of
huge result are improbable, however these characters
show practical heights of heritability for some
traits like yield (Slater et al. 2014b). The traits like
yield and some others that are related to that are
used to arise genome estimated breeding estimates
for the traits that are being affected by genome
selection (Meuwissen et al. 2001), applicable for
the crop like potato, provided with huge number
of SNPs that have been discovered with the help of
sequencing of genomes (Uitdewilligen et al. 2013).
Genome selection is being applied effectively for
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several plants and animal expansion plans (Crossa
et al. 2010; Daetwyler et al. 2010a; Grattapaglia
et al. 2011; Lin et al. 2014; Resende et al. 2012;
Riedelsheimer et al. 2012; VanRaden et al. 2009;
Wiggans et al. 2011; Wolc et al. 2011, 2015). DNA
sequencing have become increased visibility and
extremely low pricing with the progress in recent
developments for next generation sequencing (NGS)
techniques. To sightsee the associations within
genetic and phenotype range many possibilities are
being opened with a tenacity that had never achieved
earlier just because of these developments in the field
of science. This review is about the discussion for
the possible enforcement of next generation breeding
techniques in potato, including the genotyping
by sequencing (GBS), genomic selection (GS),
genome wide association studies (GWAS), genome
editing, next generation phenotyping, and their
overview, advantages disadvantages and some future
prospective of all the next generation approaches.

Genotyping by sequencing

Current progresses in the field of next generation
sequences (NGS) helped reduced cost for the
sequencing of DNA to the great extent. Therefore,
sequencing by genotyping is used to produce a
reliable high-throughput data for highly diversified
and large number of genome species and samples
(Elshire et al. 2011). GBS creates many SNPs for
genetic examinations and genotyping (Beissinger
et al. 2013). Main mechanism includes reduced
price, limited handling of the samples, less PCR and
decontamination procedures, no size fractionation,
no reference limits, acceptance to scale-up as well
as reliable barcoding (Davey et al. 2011).

GBS was basically designed for increased
occurrence determination in association studies
in crops like maize and, similarly restriction site
associated DNA (RAD), has been stretched to the
degree of species having an intricate genome. GBS
has commonly been implemented in multiple crops
to evaluate the breeding and mapping population
ranging from 10-100s of 1000s of SNP markers
being technically very simple, highly precise, GBS
is suitable for the studies like population studies,
germplasm characterization, plant genetics and
breeding in highly diversified crops, (Poland et al.
2012 a).

Application of Genotyping by Sequencing

Genotyping by sequencing has become a supreme
podium for the studies which range from single gene
to the whole genome (Poland and Rife 2012). In the
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field of plant breeding GBS has the most valuable
applications. It offers a quick and cost-effective
means for the genotyping among the breeding
populations, letting plant breeders to contrivance
genome wide association studies, genome diversity
studies, analysis of genetic linkage, discovery of
molecular markers and genomic selection (GS).

As genomewide association studies require
hundreds of thousands to loads of markers to produce
adequate data besides exposure, hence with the
emergence of such NGS technologies, there is an
obvious improvement in the marker resolutions as
compared to the earlier resolutions and technologies
(Edwards and Batley 2010). To evaluate and map the
numerous interested characters in breeding running
programs, recently genotyping by sequencing
through the next generation sequencing approach
was used to re-sequence assemblies of recombinant
inbred lines (RILs) (Deschamps et al. 2012). Maize,
wheat, barley, rice, potato and cassava and many
other crops have been improved by genotyping by
sequencing for the effective, reduced price and vast
gauges of sequencing of genome (Poland and Rife
2012; van Poecke et al. 2013). The main purpose
for the implementation of GBS is the expansion
of molecular markers for the whole genome with
inreased absorption with reduced charge (Heffner et
al. 2009, 2010; Jannink et al. 2010).

An inclusive 2,815 maize genotyping
concurrences exposed 681,257 SNP markers that
are banquet all over the whole genomic region,
from that few SNPs are connected with recognized
contender genes that are responsible for kernel
color, sweetness, and flowering time (Romay et al.
2013). A set of 205,614 SNPs have been recognized
so far subsequently re-sequencing 31 soybean
genotypes (Lam et al., 2010). Across 83 tetraploid
potato cultivars, 12.4 gigabases of increased value
sequence information were produced and plotted
with the potato genome of reference that is 2.1 Mb.
In addition, a mean different concentration of 1
SNP/24 bp in exon regions and 1 SNP/15 bp in intron
regions was observed across 83 potato cultivars
(Uitdewilligen et al. 2013).

Related to conventional Marker assisted
selection, Genomic selection is an innovative method
which cartels both phenotype and pedigree data with
molecular markers to upsurge precision on genotypic
morals in different breeding programs (Heffner et al.
2009). Conjectural as well as functional studies on GS
disclosed great aspect to increased development of
new cultivar. GS over the GBS method attitudes to be
a vital element to the conventional crop development

and we can move genomic- assisted breeding to the
commercial crops that have a large and complicated
genome which is a vital property of this techniques
(Poland and Rife, 2012).

Genotyping by Sequencing has become a
convincing tool for the studies that are being held
on genetic diversity in the crops (Fu and Peterson,
2011; Luetal., 2013; Fu et al., 2014). For instance,
Fu and Peterson (2011) operated with Roche 454
GS FLX Titanium expertise with lessened genomic
illustration and increased bioinformatic tactics for
examination of the collection of 16 various barley
landraces, revealed 2,578 contigs, and 3,980 SNPs,
and established a main topographical separation in
the gene pool of sown barley. SNP detection etiquette
to improve the analysis of diversity for 540 different
plants of switchgrass tested from different 66
inhabitants and exposed edifying designs of genetic
association with the deference to their ploidy level,
geographic spread and ecotype was established a
network-based by Lu et al. (2013). Gene diversity
of 24 various accessions of mustard yellow, in which
around 1.2 million reads with sequence (total about
392 million nucleotides) were produced, 512 contigs,
and 828 SNPs were recognized by using genotyping
by Sequencing etiquette (Fu et al., 2014). 26.1%
of total distinction exist in cultivar, breeding lines
and landrace, and 24.7% among black-seeded and
yellow-seeded germplasm was revealed by variety
examination of these yellow mustard SNPs.

Genotyping by Sequencing is an outstanding
stage for the implementation of plant breeding even if
there are no reference genome sequences or without
the earlier polymorphic DNA invention through
integration of genotyping the huge populations and
some molecular markers. Examination with the
help of genetics and molecular marker expansion of
rapeseed, lupin, lettuce, switchgrass, soybean, and
maize has been shown to be suited to genotyping
by sequencing approach (Bus et al., 2012; Truong et
al., 2012; Yang et al., 2012; Lu et al., 2013; Sonah
etal., 2013).

Potato Breeding and Genomic Selection

Breeding of potato is a difficult task, as ~40 of
the characters are inspected during the development
of a fresh variety (Gebhardt 2013). These characters
can be divided into different classes like indulgence
to biotic stresses, abiotic stresses, yield-related
traits and tuber quality features (Slater et al. 2014a).
Information about genetics of each character and
extent of ecological effect of the target traits is
significant and will affect the preference of method
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to be selected for selecting the advanced genotypes
and the phenotypes. Some of the characters are
dealt by only one gene nevertheless some are being
controlled by numerous complex characters (Slater
et al. 2014a). Potato breeding is much difficult and
stimulating as compared to the other plants, not only
because there are more market-specific traits that are
also thought while dealing with breeding of potato
but also because potato is extremely autotetraploid
and heterozygous in nature. Target traits can be
pretentious mainly with the environment in which
they are grown, that can vary like meaningfully
including yield, tuber number, tuber size, specific
gravity, and processing quality (Jansky 2009). As
a result, a conventional breeding plan involves
selection of genotypes across several clonal peers
in addition to many suitable sites for a variety of
required characters, which can take the time over 10
years (Jansky 2009).

Recently, considerable developments have
been done to understand the heredities of potato
to expand breeding for brisker inherited gain. A
conservative breeding scheme involves creation of
a huge inhabitants, before employing phenotypic
repeated selections over several peers, by the use of
development for selection burdens for minimizing
inhabitant extent although simultaneously swelling
quantity under assessment for each genotype
(Bradshaw and Mackay 1994; Jansky 2009).

Several improvements have been made in
potato conventional breeding to enhance the yield
and efficiency utilizing the minimum resources. The
use of molecular markers offers the chance for the
progress of breeding meaningfully with the reduction
of both extent and prices in breeding cycle. Marker-
assisted selection (MAS) can select the characters
many years former in any breeding program than by
using it practically in conventional breeding program.
Marker assisted selection (MAS) can become useful
technique for the characters like qualitative ones that
are being administered by foremost genes but it may
also be significant as well as for the characteristics
like quantitative ones, if the QTLs with an increased
significance donated to the known characteristic.
There are very less reports for their profitable potato
breeding programs used, though, a considerable
quantity of markers that are related to the genetic
factor for significant characters are recognized
(Dalla Rizza et al. 2006; Ortega and Lopez-Vizcon
2012; Ottoman et al. 2009; Schultz et al. 2012).
The breeders that are working with potato to accept
marker assisted selection, compared to conventional
screening the use of the markers must be low in cost,
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as it is exposed to become the case for the control
for the screening of pest and disease confrontation.
(Slater et al. 2013).

Marker assisted selection can also be applied
economically to the second generation (Slater et
al. 2013) then at the same time the results can be
premeditated for many compound (Slater et al.
2014b), the combination of both approaches could
help to reduce the cycle for breeding purposes from
more than 10 years until 4 years (Slater et al. 2014a).
Such milestones can really speed up the breeding
period and therefore upsurges genetic increase over
conventional breeding methods in a very less time.
MAS is also used mutually with the help of biased
selection index, this is going to give guarantee for the
expansion that is made within calculated characters.
Additional decreases in the life span could only be
probable with the help of selection through genomic
strategy.

Genomic selection is different than marker
assisted selection as it equally scrutinizes whole
molecular marker data and can therefore restrain
whole genetic alteration, while MAS only incarcerates
a limited number QTLs variance. Moreover, GS do
not practice specific complications that are related to
GWAS as well as quantitative trait locus studies, like
the embellish of marker results (Beavis 1998). As the
achievements in the potato genome arrangements and
the detection of many SNPs that are present in the
whole genome (Uitdewilligen et al. 2013), appliance
of GS for potato can be vigorously estimated in
coming years, even with the heterozygous nature of
potato genome (Slater et al. 2014a) will comprise few
conscientious policies.

Genomic selection necessitates a significant
quantity of markers that are vast all over the whole
genome of potato. There are some studies that have
discussed the same thing, with the following studies
growing the sum of markers recognized throughout
the genome in advancement for the genome-wide
marker maps (Bonierbale et al. 1988; Dong et al.
2000; Gebhardt et al. 1991, 1989; Milbourne et al.
1998; Tanksley et al. 1992). The procedure dominated
for the growth of a thick inherited linkage map
populated with 10 thousand of amplified fragment
length polymorphic markers (Van Os et al. 20006),
which was used for the development of a map that
assisted in the gathering the sequence potato genome.

GS in plants has received much attention and
evaluations were performed recently in species such
as maize (Guo et al. 2012; Zhao et al. 2012), wheat
(Ladoet al. 2013), sugar beet (Wiirschum et al. 2013)
and trees (Resende et al. 2012abc). Heffner et al.
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2011b performed some trials on genomic selection
both in biparental populaces and transversely
among several relatives in the program of breeding
(Heffner et al. 2011a). Rutkoski et al. have performed
some trials on GS for the development of stem
rust confrontation in plants and provided a review
(Rutkoski et al. 2010), approaches to trust the absent
statistics deprived of arranged indications and work
showing genomic selection for the resistance against
fusarium head blight (Rutkoski et al. 2013). GS also
provided some help for gene theory that the many
variants that are affecting maize flowering time are
clustered in a few common loci has been provided by
the current widespread mapping exertions for time to
flowering in maize (Buckler et al. 2009) (Table 1.)

The genome sequence achievement has permit-
ted the knowing of several SNPs with somewhat se-
quenced genotypes which are associated to that (Uit-
dewilligen et al. 2013). We can use the specific SNPs
as a compactly linked molecular markers set. The
frequency of these SNP in potato has been predicted
and its around 1 in 24 bp in the exons (Uitdewilligen
et al. 2013), which illustrates degree for the arrange-
ment range in potato. Arrangement of the potato se-
quenced genome provided a chance in the formation
of an 8303-featured chip with SNPs (Felcher et al.
2012; Hamilton et al. 2011). Implementing genom-
ic selection in plants is inadequate, possibly due to
the restricted number assayed markers, as SNPs not
segregating under examination population, or over
problems of polyploid calling of SNP that’s why
SNPs chip in various other classes have measured a
considerably huge percentage of impracticable sta-
tistics only because of missing data (Jan et al. 2016)

Hitches for SNPs bunch calling are the
polyploids, primarily of the genotypic classes that are
heterozygous, have been somewhat talked over the
growth of custom packages of softwares (Voorrips
et al. 2011) that software now allows the infinium
calling (Illumina, San Diego, CA) for genotypic
classes of five different classes data (Pembleton et al.
2013). GS also offers a suggestion for re-sequencing
for the transfer for a huge amount of molecular
genetic markers within no time.

Even though the SNP chips permits credentials
of genes through GWAS with a large effect through,
they may not detect the perfectly by the spectrum
of frequency of alleles (i.e., ascertainment bias) and
that’s why might not be able to detect some of the
related properties too. Genotyping-by-sequencing
(GBS) methods can soon outdate single nucleotide
polymorphism (SNP) chip systems potentially,
that could deliver SNP profiles genome-wide by

relatively low price (Elshire et al. 2011; Xu et al.
2012). To attain this all, main problems confronted
with methods of GBS presently are the quantity of
properties examined, the size of absent information
that must be remunerated, and amount of dominant
types of marker that are involved in the information.

Main benefit of a huge quantity of SNPs, that
these offer an experience to the entire genome,
ensuring that available LD have all the QTLs
present within at least one marker and thus having
the mainstream of genetic change. The crops with
slow LD decay, but many for the crops with rapid
LD decay would involve thousands of markers. (Xu
etal. 2012). Calus et al. (2008) anticipated that 0.25
of LD amongst the markers that are adjacent was
enough for thriving imitation studies for the genomic
selection. For potato, LD with large number has been
revealed to be at distances of less than 1 ¢cM and
with so quick decay to less than 0.2 at inter-marker
distances greater than 1 ¢cM (D hoop et al. 2010).

Meuwissen et al. (2001) anticipated genomic
selection (GS), which was thought to resolve the
glitches that are connected to marker assisted selection
of composite traits. In different ways, this technique
also applies to the molecular markers. Dissimilar with
MAS, within markers for GS are not being used for
the finding of a specific trait. In genomic selection,
increased density marker management is needed with
at least one marker to have all QTL in LD. Effects of
markers and haplotypes throughout genome is used to
estimate genomic estimated breeding value (GEBV)
of breeding population for a single line using all the
inclusive data on all probable loci.

GS of superior positions are easily accepted in
any of the breeding population. For the empowerment
of the successful genomic selection, a recognized
population trial population should be preferred.
Population must be the result from bi-parental cross
as well as it should essentially be the characteristic of
candidates to be selected in the breeding program in
which genomic selection is going to be implemented
(Heffner et al. 2009). Trial populace essentially be
genotyped always with the huge markers number.
Captivating the considerations of the minimum
sequence price, finest is the execution of GBS
that will yield increased value of polymorphisms.
Sequence of the two collections of genotype and
phenotype data, is random and can be performed
side by side. One can start “training” molecular
markers when both phenotypic and genotypic data
are organized (Zhong S. et al. 2009).

Explanation of the reference genome of potato,
including 39,000 protein coding genes, has created
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lots of opportunities to identify candidate genes in
regions associated with a trait of interest rapidly. For
instance, detection of both StSP6A gene that helps
in initiation of tubers in the crops (Navarro et al.,
2011) and the StCDF1 gene accountable in maturity
of plants (Kloosterman et al., 2013) was significantly
assisted by sequencing of genome (Table 1)
Apparent rewards of genomic selection over
outdated marker assisted selection have been
effectively confirmed in breeding of animals (Hayes
and Goddard 2010). The quick development in
genotyping systems with increased yielding SNPs
and sequencing technologies are allowing creation
and confirmation of lots of markers, providing a
“careful hopefulness” in the coming days for the
successful application of GS in plant breeding.

Genome Wide Association Studies

Genome-wide association studies (GWAS) are
extensively being applied in many crops as well as
in potatoes to study complex traits in diversity and
breeding populations. The association of phenotypic
trait values with segregating alleles of molecular
markers in a mapping population is referred to as
QTL mapping. The intend of QTL mapping is to
detect genomic regions that explain phenotypic
variation in a trait of interest and the subsequent
identification of potential causal genes in that region.
QTL are regions on the chromosomes which are
physically linked to a molecular marker allele. The
QTL and the marker allele are inherited together to
the next generation. Principal genes of a quantitative
trait, which has a wide distribution of phenotypes,
can be located on all chromosomes (Gebhardt et al.
2005). For linkage analysis, several types of mapping
populations are suitable (Collard et al. 2005). After
establishing the mapping population, it is genotyped
with segregating molecular markers and phenotyped
for the quantitative characteristic of our own interest.
A linkage map is produced from the molecular
marker data and QTL are detected by marker trait
association.

QTL mapping in potato is mainly carried out
on diploid level. This is due to the heterozygous
nature of the potato plants. Many QTL studies deal
with resistances to biotic stresses like Phytophthora
infestans (Li et al. 1998), root cyst nematodes
(Kreike et al., 1994) and abiotic stresses (e.g. drought
tolerance: Anithakumari et al. 2011). Furthermore,
yield- and quality-related traits were studied with
QTL mapping, such as specific gravity (Freyre and
Douches, 1994), starch content and yield (Schafer-
Pregl et al. 1998), cold-sweetening (Menendez et
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al. 2002) and enzymatic discoloration (Werij et al.,
2007).

Although QTL mapping in tetraploid potato is
not as straight-forward as in diploid potato, there are
successful examples, such as the resistance studies
for late blight (Bradshaw et al. 1998; Li et al. 1998;
Meyer et al. 1998). Bradshaw et al. (2008) mapped
16 QTL for yield, agronomic and tuber quality traits
in a tetraploid full-sub family mapping population.
More examples were reviewed by Milbourne et al.
(2007) and Van Eck (2007).

Alternatively, to the family-based linkage
mapping approach, association mapping is a
method to detect marker-trait relations in a given
population of individuals that are related through
ancestry. The method takes advantage of historical
meiotic recombination and linkage disequilibrium
(Flint-Garcia et al. 2003). It was first established in
the study of complex inherited diseases in human
populations, where it is not feasible to establish
segregating mapping populations from crosses
(Gebhardt et al. 2004). For AM, a populace consisting
of a diverse germplasm including cultivars, breeding
clones and landraces is assembled and phenotyped
for the complex traits of interest. Molecular markers
are then analyzed in the population and marker-
trait associations between phenotypic and genetic
variation are detected. In the case of candidate gene
association mapping, the molecular markers are
obtained from knowledge-based candidates, whereas
markers for genome-wide association mapping
randomly cover all chromosomes in high density.

Association mapping are based on linkage
disequilibrium (LD). Non-random association of two
alleles in any population is described as LD (Flint-
Garcia et al. 2003). This is the case for loci that
are near each other sharing the same chromosome
(linkage). However, LD can also occur between
alleles on different chromosomes (Flint-Garcia et
al. 2003). There are different opinions regarding
the extend of LD in tetraploid potato. D’hoop et al.
(2010) reported 5 cM for genome-wide LD. Stich
et al. (2013) suggest a linkage decay within 275 bp.
Association mapping is an application of LD (Soto-
Cerda and Cloutier, 2012), where the associated
marker and the quantitative trait locus are in LD or
physically linked in the ideal case (Gebhardt, 2013).

The genotypes of a potato population are a
collection of individuals that are related by descent
(Gebhardt et al. 2005). As a result, there is a possible
bias towards relatedness in the statistical analysis,
which means that a trait of interest can, for example,
be linked to a gene pool or a geographic origin (Flint-
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Garcia et al. 2003). The information about the degree
of relatedness between genotypes in the mapping
population plays a critical role in association mapping
in order to avoid false positives. While a marker may
not be linked to a QTL, there is a significant risk of
finding a considerable association only based on the
genetic relatedness between individuals (Pritchard
et al. 2000).

There are several options to assess population
structure in potato based on genetic markers. The
two options arising from a factor analysis approach
are principal coordinate (D’hoop et al. 2010;
Pajerowska-Mukhtar et al. 2009; Urbany et al. 2011)
and principal component analyses (D’hoop et al.,
2010), where genotyping information from molecular
marker data is processed. In another approach, the
marker data are analyzed by Bayesian clustering,
implemented in the software Structure (Pritchard et
al. 2000) and is being applied in the field of potato
research in several studies (D’hoop et al. 2010;
Li et al. 2008; Pajerowska-Mukhtar et al. 2009;
Simko, 2004; Simko et al. 2006). Further options
for population structure assessment are Analysis
of Molecular Variance (AMOVA) and hierarchical
clustering (D hoop et al. 2010).

AM is useful for the detection of genetic
difference that narrate variations in the complex
traits in plants, as for example in corn (Wilson et al.
2004), wheat (Breseghello and Sorrells 2006), barley
(Cockram et al. 2008) rice (Huang et al. 2012),
perennial ryegrass (Skot et al. 2005), Arabidopsis
(Aranzana et al. 2005), rapeseed and sugar beet
(Stich and Melchinger 2009). There are many studies
that have been conducted by using association
mapping and considerable results have also been
found. The genetic architectures of time to flower,
leaf orientation, size of leaf, and resistance to disease
traits in maize were separated by implementing
linkage mapping and genomewide association
mapping jointly in the nested association mapping
panel, and numerous associated candidate genes were
recognized (Buckler et al. 2009; Kump et al. 2011;
Poland et al. 2011; Tian et al. 2011). GWAS now
a day is being performed with many plant species
including rice, foxtail millet, maize and sorghum
(Huang et al. 2010, 2012; Kump et al. 2011; Jia et al.
2013; Li et al. 2013; Morris et al. 2012; Zhao et al.
2011). 1,083 sown O. sativa ssp. indica and O. sativa
ssp. japonica varieties and 446 wild rice accessions
(Oryza rufipogon) were gathered and with the help
of low genome coverage was sequenced (Huang et
al. 2012). Characterization of the alleles associated
with 10 grain-related traits and flowering time was

conducted with the help of GWAS to use the inclusive
information set of almost 1.3 million SNPs next to
the high-concentration haplotype map of the rice
genome was built using data accusation (Table 2).
Gebhardt et al. (2004) first published the example of
association mapping in tetraploid potato germplasm,
who worked on an assembled collection of 600 potato
cultivars for the detection of markers associated
with the late blight resistance and maturity based
on historic recombination events. Later on, studies
on association mapping was carried out that were
based on candidate genes responsible for resistance
against Verticillium dahliae (Simko et al. 2004)
and Phytophthora infestans (Malosetti et al. 2007;
Pajerowska-Mukhtar et al. 2009). More examples on
association based studies are yield and tuber quality
related traits such as tuber starch content, tuber yield,
starch yield and chip quality (Fischer et al. 2013;
Li et al. 2008, 2005). Likewise, Urbany et al. 2011,
studied tuber bruising susceptibility, tuber shape
and plant maturity were studied by AM in potato
(Tetraploid) (Table 2).

By GWAS, a broader way of looking at marker-
trait associations (MTA) is possible. D’hoop et al.
(2008) gave a first ever example of this achievement,
although the number of markers used in the study was
considerably low. Another example for genome-wide
association mapping in a small genotype panel was
illustrated by Uitdewilligen et al. (2013).

According to Flint-Garcia et al. (2003), there are
three main benefits of AM over linkage mapping.
Firstly, mapping tenacity of AM is better due to the
higher number of meiotic events, whereas linkage
mapping generally looks at the recombination in a
single meiotic generation (Gebhardt, 2007). However,
when working with potatoes, this is not such a
considerable advantage, as Gebhardt et al. (2004)
found that only relatively few meiotic generations
separate individual genotypes. This is likely due to
the clonal propagation of potato whereby the meiotic
generation is conserved.

Secondly, a high number of alleles can be
detected with association mapping. In a segregation
population, the maximum number of different alleles
possibly detected at one locus in the offspring of a
diploid linkage mapping population are four and
eight in a tetraploid linkage mapping population. In
an assembled population of 200 tetraploid genotypes,
the theoretical maximum number of different alleles
at one locus is 800. Because of a reduced statistical
power, marker-trait associations of very rare alleles
are not likely to be detected. Therefore, association
mapping is mainly suitable for the detection of
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common variants (Flint-Garcia et al. 2003).

Thirdly, the markers can be applied right away
in breeding programs. Detected markers are directly
and broadly applicable when the mapping population
consists of appropriate breeding material (Li et al.
2013; Stich and Melchinger 2010).

Results from AM are influenced by various
reasons like population structure, relationship among
parents (kinship), selection history etc., that can lead
to the detection of false positives among markers and
the QTLs.

Improving Potato
Through Editing of Genome

Genome Editing Tools

Targeted gene alteration known as ‘genome
editing’ results in the generation of new allelic variants
in the genome of cultivated species (Barabaschi et
al. 2016). Editing genome using SSNs (Sequence
Specific Nucleases) offers a resourceful substitute
to routined genetic engineering (i.e., extracellular
DNA manipulation, transgenesis, cisgenesis, GMO).
Major advancement in SSNs technology is rapidly
becoming a next generation tool for robust genetic
improvement and breeding of crop species. To date,
three most widely used SSNs have been developed
for genome editing, including ZFNs (Zinc Finger
Nucleases), TALENs (Transcription Activator-Like
Effector Nucleases) and CRISPR/Cas9 (Clustered
Regularly Interspaced Short Palindromic Repeats/
CRISPR- associated proteins (Cas9) system. Among
SSNs, CRISPR-Cas9 system is RNA-guided (gRNA
or sgRNA) approach to target DNA sequence. The
system depends upon the Cas-proteins endonuclease
activity and high sequence specificity of crRNAs
(CRISPR RNAs) to induce double-stranded breaks
in DNA, adjacent to PAM (Protospacer Adjacent
Motif) sequence. It received much attention and
used widely, due to, its multiplexing capability, user-
friendly, cost-effectiveness, and efficient way of
producing target-specific constructs. (Xiong et al.
2015; Wang et al. 2015; Andersson et al. 2016; Butler
and Douches 2016; Barabaschi et al. 2016; Khatodia
et al., 2016; Schiml and Puchta 2016). Site directed
mutagenesis (SDM) and gene silencing evolved as
potent concepts in plant research and breeding, to
study the function of gene and to develop cultivars
with improved traits (Quetier 2016). It depends on
transient action of SSNs to induce double-strand
breaks (DSBs) at specific genomic sites. The DSB
causes targeted mutations and repaired endogenously,
either through NHEJ (non-homologous end joining)
or via HR (homologous recombination) (Butler et al.
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2015; Araki and Ishii 2015). The NHEJ pathway is
error-prone and efficiently yields small insertions
and/or deletions (InDels) at specific locus, without
use of exogenous DNA (Zhang et al. 2013). It is
being widely accepted in plants to induce mutations
and targeted gene knock-outs. A few studies have
revealed that NHEJ-mediated indels can confer
disease resistance in wheat (hexaploid specie)
without the need to use a transgene (Li et al. 2012;
Shan et al. 2013; Wang et al. 2014). In contrast, the
homology-directed repair (HDR) way can familiarize
arequired DNA sequence or gene into a targeted site,
subjected to the length of exogenous DNA, which is
carried to the plant cells together with the nucleases
(Butler and Douches 2016; Ding et al. 2016). HDR
may results in gene stacking and allelic substitutions
(Knoll et al. 2014).

Precise genome editing may face shortcomings
in terms of off-target mutations. Multiple gene
targeting ability of CRISPR/Cas9 may result in
hybridization of gRNA to DNA sequence having
mismatch bases, and can thus cause off-target
mutations (Lee et al. 2016). The off-target effects
can be minimized by careful selection of composition
and structure of gRNA. Since, CRISPR/Cas9 system
is based on nucleotide (RNA)-nucleotide (DNA)
interaction, one can design the target sequence in
more predictable way as compared to ZFNs and
TALENSs. Furthermore, the availability of accurate
genome sequence information proves to be helpful
in precise determination of target site (Brabaschi et
al. 2016).

Genome Editing in Potato via Sequence

Specific Nucleases (SSNS)

Recent reports on the genome editing of major
crops of economic importance, including tomato
(Solanum lycopersicum), soybean (Glycine max),
wheat (Triticum aestivum), rice (Oryza sativa),
maize (Zea mays) and potato (Solanum tuberosum),
have shown high efficiency of SSN platforms for
site directed precise mutagenesis (indels) of desired
gene for resolute modification (Table 4). Among the
above-mentioned crops, the breeding of potato using
genome editing tools is of great importance. Potato
is autotetraploid, so the formation of new cultivar
according to the routined breeding practices is very
slow and intricate, due to tetrasomic inheritance
and increased heterozygosity in nature (Muthoni
et al. 2015). Genetic modification (GM), by stable
integration of genetic material, has been used widely
in research and breeding of potato, for a long time
(Barrell et al. 2013). But there are some limitations
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for commercialization of the developed GM plants in
Europe or elsewhere. New breeding techniques such
as gene knock-outs via site-directed mutagenesis
(SDM) using SSNs, (where no recombinant DNA
is introduced/maintained in plant chromosomes i.e.,
NHE]J resulting in small indels) has shown promising
approach and not considered as GMOs (Araki and
Ishii 2015). Moreover, efficient gene transformation
and availability of genome sequence of potato made
it an ultimate aspirant for genome editing system
(The Potato Genome Sequencing Consortium,
2011). Here, we discuss the use of sequence specific
nucleases i.e., mainly TALENs and CRISPR/Cas9 in
potato breeding to target specific locus for SDM and
gene silencing, without the introduction of exogenous
DNA.

Cold storage of potatoes causes cold induced
sweetening (CIS), which may leads to the
accumulation of reducing sugars in tubers. When
processed at high temperature, it accumulates
acrylamide content in French-fries and chips, which
are unacceptable to consumers due to its bitter taste
and being carcinogenic (Dale and Bradshaw 2003).
Vinv (vacuolar invertase) gene plays a critical role
in the production of reducing sugars in cold stored
tubers (Kumar et al.2004). RNAi mediated gene
knock-down of Vinv, significantly reduces CIS
(Zhu et al. 2014), but being transgenic, subject to
de-regulation before commercialization. Clasen et
al. (2016) designed TALENS targeting VInv gene in
tetraploid potato cultivar, Ranger Russet. Protoplast
transformation was done to introduce TALEN
encoding plasmids. TALEN-mediated mutagenesis of
VInv without stable integration of plasmid DNA was
investigated. The later point, is of great significance
in clonally propagated plants such as potato in which
homozygosity can neither be achieved through
selfing, nor the genetic cross proves to be successful
to eliminate integrated TALEN reagents. The results
revealed that only 3% (18 out of 600 regenerated
plants) contained targeted mutations. Moreover, only
5 plants out of 600 (0.83%), were detected with all
four Vinv alleles mutated. Interestingly, PCR with
designed primers demonstrated, 7 events (0.33%)
out of 18 mutant plants, having complete “knock-
out” and were also “TALEN free”. Furthermore,
ViInv knock-out events having no integrated TALEN,
were propagated in green-house trials and harvested
tubers can be stored accordingly to probe the CIS
effects. In addition to Ranger Russet, three other
commercial varieties (Atlantic, Russet Burbank and
Shepody) were also selected for targeted Vinv gene
knock-out in all alleles. Mutation frequency across

all four varieties ranged from 2% to 15.9%. So,
TALENS can be sought as useful genome editing tool
for SDM (Clasen et al. 2016) and targeted production
of healthy and safe tubers without integrated SSN
reagents (Sawai et al. 2014).

a-solanine and a-chaconine are naturally
occurring steroidal glycoalkaloids (SGAs) in potato.
A 20mg/100g fresh weight of tubers is the current
safety limit of SGAs in edible tubers (Ginzberg et al.
2009). High concentration in green tubers and sprouts
may cause toxicity, thus inadequate for human
consumption. Studies revealed that SSR2 enzyme
plays a crucial role in cholesterol biosynthesis
pathway (precursor), which induces the production
of toxic SGAs in potato. StSSR2 disrupted or StSSR2
silenced potatoes by targeted gene knock down,
achieved through TALENs curtailed the level of
SGAs in tubers. Interestingly, the StSSR2 TALEN-
transformants obtained after targeted genome editing
at all four loci in tetraploid potato, had no remaining
intact alleles (Fig. 1). Thus, StSSR2-knockout potato
deprived of transgene will be obtained by segregation
after self-crossing the transformants (Sawai et al.
2014). TALEN platform can thus be employed in
breeding potatoes for desired low SGAs content.

Similar SSN platform was employed for SDM
in tetraploid potato (cv. Desiree) to knock out ALS
(acetolactate synthase) gene through transient
expression of TALENs in protoplasts. Although,
targeted mutation in calli and regenerated shoots
were 11-13% and 10%, respectively. However,
gDNA sequencing of calli and plantlets confirmed
no full knock out ALS mutants (Nicolia et al. 2015).
Therefore, limited efficiency of targeted mutagenesis
by TALENs and some off-target mutations, advocate
the use of other potentially efficient SSNs (e.g.,
CRISPER/Cas9).

CRISPR/Cas9 is accounted for efficient site
directed mutagenesis and gene silencing in potato
(Butler et al. 2015; Wang et al. 2015; Andersson et
al. 2016). In a study, CRISPR/Cas9 was designed
with two sgRNAs to target StALS] gene (responsible
for herbicide resistance) in Solanum tuberosum
(Butler et al. 2015). Generation and inheritance of
targeted mutation in calli and primary events of both
diploid and tetraploid (cv.Desiree) potato genotypes
were investigated, in combination with two T-DNA
vectors (conventional 35S and modified geminivirus
LSL). CRISPR/Cas reagents were delivered via.,
Agrobacterium to analyze transient expression in
calli and generation of primary events. Modified
enrichment PCR detected targeted mutations in calli
of both diploid and tetraploid genotypes. Furthermore,
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transformed calli were regenerated to determine the
targeted mutations in primary events. On the basis
of number of ALS alleles, 3-60% individual events
have targeted mutations, whereas, 0-29% possesses
targeted mutations above threshold level (Butler et al.
2015). No wonder, these percentages were higher as
compared to the previous studies using TALENs for
gene knock-out indicating its efficacy (Clasen et al.
2015; Nicolia et al. 2015). The results further indicate
the transient expression of CRISPR/Cas reagents in
primary events, without integration of geminivirus
LSL T-DNA. Voytas and Gao (2014) were also of
the view that transient delivery of sequence specific
nucleases (SSNs) such as Cas9, using viral vectors,
do not result in integration of vector into the plant
genomes and effectively employed in targeted
plant breeding. Similar outcomes were recorded in
protoplast mediated transformation of TALENS to
bring about mutations without integration. This is
extremely important in polyploidy species in which
crossing cannot remove SSN reagents. In order to
determine the germline inheritance, one diploid and
two tetraploid primary events were screened for Cas9
free progeny along with targeted mutations. Selfing
was done in tetraploid mutant events, while diploid
event was crossed with self compatible diploid line.
Transmission of targeted mutations in three different
populations ranged from 87% to 100% indicating
high efficacy of targeted mutations in primary events
using CRISPR/Cas9 genome editing tool. Cas9-free
progeny along with desired mutagenesis suggest that
these progenies could be used for further study or
commercial development (Butler et al. 2015).

Likewise, CRISPR/Cas9 plasmid construct was
transformed via-Agrobacterium in double haploid
potato cultivar targeting St/AA42 gene. Kloosterman et
al. (2006) cloned and analyzed this gene and revealed
that it encodes for Aux/IAA protein in potato.
Monoallelic and biallelic homozygous mutants with
targeted knock-out of St/AA2 gene was obtained
in T1 generation, confirmed through PCR results.
Moreover, no off-target mutations were observed,
which ascertains the efficiency of CRISPR/Cas9
over other SSN platforms (Wang et al. 2015). These
findings were in line with those obtained by Butler
etal. (2015).

CRISPR/Cas9 transient expression in protoplasts
of tetraploid potato cultivar was examined to target
Granule Bound Starch Synthase (GBSS) gene. Since,
it is responsible for amylose synthesis, therefore,
silencing of GBSS gene functionality will yield waxy
potato (amylopectin rich potatoes). Three different
regions of this gene were targeted by CRISPR/Cas9
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construct and regenerated shoots showed a mutation
frequency of 2% to 12% in at least one allele. While,
frequency of multiple mutated alleles was found to
be up to 67%. Non-homologous end joining (NHEJ)
after double stranded break in DNA may result in
small indels of 1bp to 10bp in most mutations. A
PCR based HRFA (high resolution fragment analysis)
was carried out to identify the multiple mutated
lines upto a resolution of 1bp. Phenotypic studies
of starch also confirmed full knock-out of GBSS in
all four-allele mutated lines (Andersson et al. 2016).
Conclusively, CRISPR/Cas9 transient expression
would be desirable for novel potato germplasm
development, with targeted gene knock-outs without
any stable integration of DNA.

Genome Editing: A Paradigm in

Potato Breeding

Genome editing has entered a new era. The
ability to prompt specific mutations through SSNs
would enable direct modification/introduction of
related agronomic traits into elite lines for breeding.
NHEJ repair pathway i.e., indels, forced the
regulatory authorities to amend current regulations
about GM crops. Although, traditional breeding
of potato done at tetraploid level and vegetatively
propagated, yet diploid breeding is getting popular
in public and private sector. Recombinant inbred
lines (RILs) developed after diploid breeding
substantiate to be a potent tool for genome editing
in potato. Genome editing reagents can be used
to modify self-compatible and inbred lines and
following modifications can be fixed by selfing. So,
development of diploid, self-compatible germplasm
is indeed the next generation approach for gene
editing in potato (Butler et al. 2016; Barabaschi et
al. 2016).

Next Generation Phenotyping of Potato

Need of high-throughput/next

generation phenotyping

Novelty in crop improvement techniques
is incumbent for plant breeders, geneticists,
biotechnologists and agronomists to fulfill world
food production demands and counter the prodigious
biotic and abiotic stress conditions (Godfray et
al. 2010; Mittler and Blumwald 2010; Sankaran
et al. 2015). Over the past 20 years, a significant
improvement in genetic technologies (Marker-
Assisted Selection (MAS), Next Generation
Sequencing (NGS), Genomic Selection (GS))and
functional genomics has boost up the knowledge of
plant genomes, but the capability to exploit available
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genomic tools to their full potential are now limited
by the ability to phenotype (Araus and Cairns
2014).Current approaches to phenotyping are slow,
laborious, expensive and often destructive and allows
the use of only a few sensors at a time (Furbank and
Tester 2011; Cobb et al. 2013; Fiorani and Schurr
2013; Virlet et al. 2016). Since 2010, ‘phenomics’
and rapid high-throughput crop phenotyping
methods evolved as next generation approach which
significantly contributes to plant breeding (Furbank
and Tester 2011; Walter et al. 2012; Dhondt et al.
2013; Fiorani and Schurr 2013; Cobb et al. 2013;
Araus and Cairns 2014; Prashar and Jones 2014).
The selection efficiency and plant performance over
the years is greatly influenced by environmental
factors. The environmental variations can be assessed
efficiently by high-throughput phenotyping methods
than current practices, thereby increasing selection
efficiency (Sankaran et al. 2015; Virlet et al. 2016).
Rapid and inexpensive genomic information is the
outcome of advances in high-throughput genotyping.
For phenotyping of thousands and millions of
recombinant inbred lines (RILs), low cost, high-
throughput genotyping has paved the way for the
development of diversity panels and huge mapping
populations (Araus and Cairns 2014). Developments
in phenotyping are probably crucial to exploit the
developments in conventional, transgenic and
molecular breeding to ensure for the improvement
in crop genetics for future food security.

High-Throughput Techniques and

Platforms (HTPPS)

Automation and robotics; novel sensors; imaging
(2D, 3D and high resolution) technologies (hardware
and software) provide a range of applications for
high-throughput phenotyping (HTP) of crops under
controlled and field conditions (Kolukisaoglu and
Thurow 2010; Fiorani and Schurr2013; Lietal. 2014).
The HTPtechniquesinclude the application of visible
light imaging for estimation of germination rates,
height size morphology and shoot biomass (Berger
et al. 2010; Golzarian et al. 2011), fluorescence
sensing for estimating photosynthesis (Baker 2008;
Munns et al. 2010; Tuberosa 2012), thermal imaging
for detecting canopy/leaf temperature and stomatal
conductance (Pask and Pietragalla 2012; Li et al.
2014), near infrared spectroscopy and hyper-spectral
imaging for measuring leaf area index (LAI), carbon
isotope discrimination and various physiological
changes induced by nutrient and water stress (Van
Maarschalkerweerd et al. 2013; Monneveux et al.
2013), magnetic resonance imaging and X-ray

computed tomography for assessment of root
system architecture (RSA) (Li et al. 2014; Yol et al.
2015). Cobb et al. (2013) reported the use of various
image analysis software programs viz., PlaRoM
(Yazdanbakhsh and Fisahn 2009), RootReader2D and
3D (Clark etal. 2011 & 2012), Gia-Roots (Galkovskyi
et al. 2012), LeafAnalyzer(Weight et al. 2007),
LAMINA (Bylesjo et al. 2008), LEAFPROCESSOR
(Backhaus et al. 2010), TraitMill (Reuzeau et al.
2006) and LemnaTec 3D Scanalyzer (Golzarian et
al. 2011) for high-throughput phenotyping. Various
phenotyping platforms have been developed to
augment the resolution, accuracy, throughput and
precision of phenotyping, including aerial solutions,
controlled environment based systems, and several
ground/field based-platforms, each having its own
pros and cons (Deery et al. 2014; Li et al. 2014).

HTPP’s in Potato

High-throughput phenotyping techniques and
platforms (HTPPs) have been employed in a number
of crop species such as Arabidopsis thaliana, wheat,
maize, rice, soybean, beans, legumes, sugar beet,
tomato; and potato is no exception.Phenotyping
of potato under drought stress conditions have
been reported by Monneveux et al. (2013) and
Wishart et al. (2014). Development of high yielding
improved potato cultivars, tolerant to biotic and
abiotic stress environments required phenotyping of
different structural, morphological, physiological,
biochemical, molecular and performance related
traits. Recently, Phenofab and Keytrack System
(KeyGene, The Netherlands) have been developed,
that uses multiple imaging systems and thermal
sensors including automated plant handling under
controlled environment (Laboratory/Glass-house)
conditions for quantification of plant growth and
functions (Jalink and Van der Schoor 2015; Furbank
and Tester 2011). Indeed, HTPP’s under controlled
conditions allow detailed non-invasive observation
and phenotyping of individual plants in potted soil.
However, there exists a bottleneck to correlate the
phenotyping results obtained from glass-house/green-
house with the field conditions. Particularly, in case
of Potato which have large canopy size and depict
restricted growth and development in pots, it becomes
imperative to develop effective automated and non-
invasive remote sensing, field high-throughput
phenotyping platforms. This approach provides better
insights into crop behavior as breeding and genetic
analysis for most crop species including potato is
usually carried out under natural conditions (Prashar
et al. 2013). Thus, to address the bottleneck of field
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high-throughput phenotyping of potato, field/ground-
based HTPPs (often called ‘phenomobiles’) are often
considered superior over controlled environment
based platforms since they function directly in the
field. Moreover they can be used across multiple sites
and have a potential for high temporal and spatial
resolution.

Recently, Rothamsted’s Field Scanalyzer have
been developed which is fixed-site phenotyping
platform, fully-automated and high-throughput,
carrying multiple imaging sensors for non-invasive
monitoring of plant growth, physiology and
morphology (Virlet et al. 2016). The information
obtained from Field Scanalyzer may be utilized,
directly by potato breeders to produce new elite
germplasm by estimating temporal, spatial and
resource integrated traits. Some commonly used
traits and non-invasive high-throughput approaches
for phenotyping of potato is shown in Table 3. For
instance, Prashar et al. (2013) estimated traits viz.,
stomatal conductance and canopy temperature by
infrared thermography (IRT) in potato (Solanum
tuberosum L.). Thermal images were taken from
a fork-lift (8 m height; covered 9 horizontal plots
and 3-4 rows) fitted with ThermaCAM P25 infrared
camera (FLIR systems, USA). Thermal images were
processed via., ThermaCAM Researcher Pro 2.8
SR-1 software (FLIR systems). The study showed
substantial differences in canopy temperature among
various potato genotypes even with sufficient water
supply. A negative correlation was found between
tuber yield and canopy temperature. This information
may be used further to associate with SNPs (Single
Nucleotide Polymorphisms) for mapping regions
that control stomatal conductance and canopy
temperature. We can also combine IRT data with
carbon isotope signatures (delta C13) to identify
water stress tolerant potato genotypes (efficient
transpirants). The combination of mapping approach
and genotypic responses to water availability will be
helpful in breeding genotypes that can conserve water
(stomatal closure), but momentarily took advantage of
available water. Dammer et al. (2016) illustrated the
use of camera-sensor based phenotyping positioned
on tractor, to monitor green canopy coverage of
potato and correlate it with LAI values. It will be
helpful in detecting diseases (Late blight of potato)
and providing information for disease forecasting
models or decision support systems.

Furthermore, there are some key caveats
associated with ground-based HTPP’s such as
soil compaction, high level of supervision, non-
simultaneous measurements etc. These limitations can
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be addressed by using low altitude, high resolution
Unmanned Aerial Vehicles (UAVs) integrated with
sensors (Thermal, Fluorescence, spectral 3D cameras
and LIDAR). The traits mentioned in Table 3 can
be estimated by mounted imaging tools and sensors
on UAVs (Rotocopters and unmanned helicopters)
in potato and several other row and field crops
(Sankaran et al. 2015). One such example in potato is
the use of UAV platform Piper Seneca fitted with NIR
(near infrared cameras) and satellite multispectral
imaging to study vegetation indices (SAVI; Soil
Adjusted Vegetation Index and NDVI; Normalized
Difference Vegetation Index). Since, potato is very
sensitive to water stress especially during the late
vegetative, tuber initiation and yield formation phase.
These vegetation indices monitor vegetation growth
and can predict tuber yield (Sivarajan 2011). Despite
of the fact that UAV emerged as next generation
phenotyping tool, which possess characteristics such
as stability, reliability, high resolution, simultaneous
field high-throughput phenotyping. Concerns on
developing data processing algorithms/tools to
convert sensory data into useful phenotyping data
for genotypic selection, image blur and geometric
distortion corrections, automated feature extraction
ability, geo referencing needs to be improved to
utilize the full potential of UAV’s in phenomics
research (Zhang and Kovacs 2012; Sankaran et al.
2015). Therefore, with precise, accurate and optimal
selection of robust phenotypic tool and platform, we
can achieve goal of next generation phenotyping in
potato. It also empowers genome-wide association
studies (GWAS), high-resolution linkage mapping
and for training genomic selection (GS) models in
plant improvement.

Perspectives

Plant breeding is a major potential player
keeping in view the global climate changes,
diminishing land and water resources to address
the world-wide food security issue. Whereas the
molecular age has laid down the basis of molecular
breeding for improving crop productivity, the start
of genomic technologies and associated tools has
been providing astounding abilities for the plant
growth, development and fundamental characters for
understanding of molecular basis. The purpose of this
article is to unify latest high throughput advances
in various fields of biology and conceptualize a
technique that could markedly enhance the efficacy
of plant breeding particularly in potato. Genotyping
by sequencing, genomic selection (GS), genome
wide association studies (GWAS), genome editing




and next generation phenotyping techniques are new
and latest applications that are being used as next
generation selection protocols for crop improvement
(both in terms of quality and quantity). The low cost
of genotyping by sequencing with a high density of
SNP markers makes it a smart approach to inundate
the mapping and breeding populations. High density
of SNP markers from NGS will be widely applied
to MAS, GS and GWAS. It could be foreseen that
large crop genomes will be sequenced by the plant
breeders/geneticists and high density of genetic
linkage maps will be established from breeding
populations. Future applications of GWAS, GBS,
NGP, genome editing in crop improvement may
allow plant breeders to conduct marker assisted

selection or genomic selection on a novel germplasm
and/or species without prior having any molecular
tools. Since, sequence based genotyping is available
for the whole range of genomic studies, it will be a
vital component in plant breeding and genetics in the
upcoming years.

Through the applications of GWAS, GBS,
NGP, genome editing or a combination of all the
technologies aimed at potato breeding explained in
this review, potato can provide an amplified quantity
of the food intake that is required for the predicted
increase in population over the forthcoming years.
Approach to these biotechnological techniques are
energetic for countering food security in developing
countries.
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Table 1. Crop species whom whole genome has been sequenced using different sequencing technologies.

Ploidy Genome Sequencing

Name level Size (Mb) technologies References
Vitis vinifera ssp.sativa S . .

. diploid 504 Sanger paired end /Illumina GA  Velasco et al. (2007)
(Grapevine)
G ] imondii http:// Jjgi.doe.gov/

OSSYPIIM TAIMONGI— ioloid 880  Roche 454 / Illumina GA PLIWWWBLC0S. 80V
(cotton) sequencing/why/gossypium.html
Triti ti
(%gﬁ:;:;;:ﬁg wheat) Hexaploid 16000  Roche 454 http://www.wheatgenome.org
Solanum tuberosum Sanger/454/11lumina 79.2x
(potato) Tetraploid 856  coverage contig N50: 31,429bp Xu et al. (2011)
P scaffold N50: 1,318,511bp
Sorehum bicolor senotvpe Contig N50:195.4kbp scaffold
BTf 3 BENODPE Tetraploid 730 N50: 62.4Mbp Sanger, 8.5 Paterson et al. (2009)
coverage WGS
Fragaria vesca s Rohe 454 /Illumina
diploid 240 hulaev et al. (2011
(Woodland Strawberry) ot GA/ABI SOLiD Shulaev ( )
contig N50 40kbp

Zea Mays o
Maize diploid 2,300  scaffold N50: 76kbp Schnable et al.(2009)

Sanger, 4-6x coverage per BAC
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Table 2. Association studies that are carried out in different plants including potato.

Crop g/ly 2:';:3 LD extent Mapped Traits References
Potato Selfing 0.3-1, 3cM Resistance to wilt disease, Gupta et al. 2004, 2005, 2014;
bacterial blight, Phytophtora, Ravel et al. 2006, Simko et al. 2004 and
and potato quality (tubershape, = malosetti et al. 2007.
flesh color, under water
weight,maturity, tuber starch,
tuber yield etc)
Maize Outcrossing 200-2000bp, Plant height, Flowering time, Stich et al. 2006; Remington et al. 2001;
endosperm color, starch Tenaillon et al. 2001; Thornsberry et
3-500kb, production, maysin and al. 2001, Thornsberry et al. 2007; Stich
chlorogenic acid accumulation, et al. 2005; Guillet-Claude et al. 2004;
4-41cM cell wall digestability, forage Palaisa et al. 2003; wilson et al. 2004;
quality and oleic acid level. Andersen et al. 2005; Szalma et al. 2005;
Lubberstedt et al. 2005; Belo et al. 2008.
Rice Selfing 5-500kb, Plant height, heading date, flag ~ Zhang et al. 2005; Agrama et al. 2007,
leaf length and width, tiller Iwata et al. 2007; Mather et al. 2007;
50-225¢cM number, stem diameter, panicle  Rakshit et al. 2007; Agrama et al. 2008;
length, grain length width, Garris et al. 2003.
grain thickness, 1000-grain
weight,width and lenth of milled
rice grain.
Soyabean  Selfing 10-50cM Seed protein content Zhu et al. 2003.
Hexaploid ~Selfing <1-10cM Kernel size and milling, high Tommasini et al., 2007; Breseghello et al.
Wheat molecular weight glutenin and ~ 2006; Ravel et al. 2006; Chao et al 2007.
blotch resistance
Barley Selfing 10-5-cM, Yield, yield stability, heading Chapman et al., 2003; Kraakman et al.
98-500kb, date, flowering time, plant 2004; Kraakman et al. 2006; Caldwell
300bp height, rachilla length, resistance et al. 2006; Malysheva-Otto et al. 2006;

to mildew and leaf rust.

Morrell et al. 2005; Igartua et al. 1999;
Ivandic et al. 2003.
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Figure 1. TALEN induced SSR2 Knock-out in Solanum tuberosum L. (Picture courtesy: Sawai et al. 2014)

A) Insertion of TALEN expression cassette, unlinked to St SSR2 target site (Red) (B) TALEN construct (Green&Blue)
targeting St SSR2 loci. (C) Mutations at all four St SSR2 loci in tetraploid potato genome without modification of St
SSRI1(light blue) (D)St SSR2 knockout potato without integration of transgene achieved by segregation after selfing the
transformants.
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ABSTRACT

Turkey is one of the most important countries in the world for plant genetic resources and genetic diversity. Genetic
resources are characterized by morphological and agronomical traits. There is a need to collect, characterize and evaluate
remnants of local populations before they disappear. Morphological characterization is the first stage of the identification
and classification of genetic resources. In this study, the aim was to determine the similarities and differences in the
morphological variations of the eggplant populations collected from different eco-geographical regions of Turkey. Seventy
five populations of eggplant were characterized using standard morphological descriptors specified by the IBPGR. The
phenotypic diversity in their fruit characters was also assessed. Cluster and Principal Component Analysis (PCA) was
performed to determine the relationships among these accessions and to obtain information on the fruit characteristics
for the definition of groups. The principal component analysis showed that the first four principal component axes
explained 71.38% of the total multivariate variation. The results demonstrated many differences in fruit traits in the
detailed eggplant populations. Clustered into nine groups, a dendrogram was prepared to evaluate the morphological
differences among the populations. It revealed a high degree of variation. The results provided information on the
diversity, and this identified eggplant genetic resources to be evaluated for the development of new candidate varieties
in future breeding activities.
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Introduction

The eggplant (Solanum melongena L.) is a
very important commercial vegetable crop. It is
grown widely throughout tropical zones and in the
temperate regions of the world. Eggplant production
varies according to the country and continent. China
and India are the major producers in the world. The
eggplant is one of the most important Solanaceae
vegetable crops in Turkey. The total eggplant
production in Turkey was 827,830 tonnes and was
ranked fifth in the world (TUIK 2016). Turkey is
important producer country within Europe in terms
of eggplant production.

The eggplant was first cultivated in India, which is
regarded as the primary centre of origin and diversity
(Kumar et al., 2013). La Malfa (1990), listed China as
the secondary centre of diversification. The eggplant
arrived in Europe around 1300, and the eggplant fruits
were used as food after the sixteenth century (D’ Anna
and Sabatino 2013). The introduction of the eggplant
to the west was primarily around the Mediterranean
region, which is the secondary “domestication region”
and covers Turkey, Syria and Persia (Kiigiik 2003;
Daunay et al., 2001; Timbilen 2007). Many local
eggplant landraces are found in Turkey. These landraces
are grown by producers in almost all regions (Balkaya
and Karaagac 2005). These traditional landraces are an



important genetic resource for plant breeders because
of their considerable genotypic variation.

Crop improvement to increase productivity has
always relied on genetic diversity, and therefore, on
the ability of the crop to adapt to soil and climate
changes; it is due to this selection process, used by
farmers over the years, that most of the biodiversity
has been preserved (Schippmann etal., 2002).
The local populations are genotypes of remarkable
intrinsic value; their ability to adapt to their original
environment could make them more suited to
sustainable horticulture than hybrids and varieties
created in different soil and climate conditions, and
which often require higher energy inputs (D’Anna
and Sabatino 2013). A morphological characterization
is the first step in the description and classification
of local genetic resources (Smith and Smith 1989).
There was a need to characterize the eggplant
populations collected so that they could then be used
as lines for the development of new varieties.

Morphological identification using conventional
descriptors has proved useful for describing and
establishing relationships among local eggplant genetic
resources in Turkey. Similar collecting studies have
also been carried out in different regions of Turkey
(Filiz and Ozgalab1 1992; Piring 1999; Tiimbilen 2007;
Boyaci et al., 2010; Topcu 2014). According to these
literatures, similarities and differences were found
regarding morphological variations in eggplant genetic
resources collected from different eco-geographical
regions of Turkey. Conservation and maintenance of
these valuable genetic resources are necessary because
these populations are important sources of diversity
that can be used in future breeding programs (Balkaya
and Karaagac 2005).

Evaluation of genetic diversity is important to
identify the source of genes for a particular trait
within the available germplasm (Quamruzzaman
et al., 2009; Karim et al,. 2016). There has been
great morphological diversity observed in several
characteristics among eggplant populations. To date,
several traits have been used for evaluation of plant
diversity. Fruit colour, fruit size, fruit shape and taste
are the most noticeable traits, and differences were
shown for each eggplant genotype (Daunay et al.,
2001; Kashyap et al., 2003; Prohens et al., 2005;
Timbilen et al., 2011). The fruit of the eggplant is
classified as a non-climacteric berry that can grow
to various sizes, and in various shapes and colours
depending on the genotype. Fruit colour can vary from
white to black with variations in purple, yellow and
green. Other variable fruit characteristics for eggplants
are the fruit shapes (round, egg shaped, oblong, pear

shaped, long and curved) and fruit sizes (Ttimbilen
2007). In Turkey, small oblong or rounded fruit types
are stuffed or preserved; long cylindrical types are
grilled, fried or stuffed and large round or longish
oblong types are stewed or fried (Timbilen et al.,
2011). The eggplant populations of Turkey showed a
high variability in fruit sizes, fruit shape, fruit color
and fruit weight (Tiimbilen 2007). Unfortunately, this
considerable variation is not adequately characterized.
To date, there has been no detailed investigation of
variations in the fruit traits of eggplant populations in
Turkey. Therefore, the aim of this study was to analyse
genotypic variations among seventy five populations
of eggplant fruits in Turkey. These findings should
also help with the selection of core collections and
accessions that can be used for eggplant breeding in
the near future.

Material and Methods

Materials: This study used a total of seventy five
eggplant populations of fruit and/or seeds collected
from different regions of Turkey (Table 1, Figure 1).
Forty accessions of the S. melongena populations were
obtained from the USDA-ARS National Germplasm
Bank, twenty accessions of the S. melongena popula-
tions were provided from the Turkish National Seed
Gene Bank (AARI) and fifteen accessions of the S. mel-
ongena populations were collected by Prof. Dr. Ahmet
Balkaya, of the Horticulture Department of the Faculty
of Agriculture of Ondokuz Mayis University (Table 1).
The genetic material consisted of landraces and native
populations maintained by farmers for generations.

Growth conditions: The field component of this
study was carried out in the Samsun province in 2016
year. The soil of the experimental area was sandy loam
with a pH of 6.5. The seeds of all populations were
sown into plug trays containing peat and perlite (in
the ratio 3:1) on April 16, 2016. Forty seedlings from
each population were field planted at the 4 to 5 true
leaf stage at a spacing of 60 x 40 cm on June 13. Soil
tests were done before and after planting. Standard
fertilization and weed control practices were applied.

Characterization: The plants were harvested
manually at full maturity. The harvest period began
at the end of July 17 and lasted until the middle of
September, because the populations had different
maturation periods. The selected fruit characteristics
were described according to the IBPGR Solanum
melongena descriptors list, the characteristics of
the genetic material and previous field observations
(Table 2).
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All fruit characteristics were measured at the
normal harvest time, and their scales are presented
in Table 2. Fruit characteristic analyses were carried
out on 10 fruits from each of the population of 40
plants. Fruit dimensions: length, width and fruit
stalk length were all measured. The fruit weight in
grams was the mean of a sample of 20 fruits, when
fruits were at the optimal maturity stage for fresh
consumption. To obtain a better description of the
eggplant populations, fruit shape, fruit apex shape,
fruit colour, colour distribution and fruit glossiness
traits were also recorded.

Data analysis: Statistical analysis was performed
using the statistical software package SPSS (21.0 for
Windows). For a better overview of diversity in the
local eggplant populations, Cluster analysis was also
used. Hierarchical cluster analyses were performed
using Ward’s criteria, minimizing the total sum of the
squared distances of objects to the cluster centres.
Ward’s criteria were preferred because they tend
to produce desirable compact clusters (Zewdie and
Zeven 1997). In the Principal Component Analysis
(PCA) and the load coefficient values which relate the
values, those principal components with eigenvalues
>1.0 were selected and those characters with load
coefficient values >0.6 were considered highly
relevant characters cores for principal components
(Jeffers 1967; Balkaya et al., 2009).

Results and Discussion

Principal Component Analysis (PCA) was
used for revealing the general differences between
genotypes as numerical values, which indicate the
traits that could be used to differentiate between
genotypes (Balkaya et al., 2010). In this study, a PCA
was performed on eggplant populations that considered
fruit characteristics that included 4 quantitative and
7 qualitative variables. The principal component
axes accounted for 71.38% of the total multivariate
variation among the detailed eggplant accessions. The
first principal component axis accounted for 34.55%
of the variation, whereas the second and third axes
accounted for 16.76% and 10.8%, respectively (Table
3). The first three principal component axes explained
62.11% of the variation, suggesting considerable
diversity among the fruit characters (Figure 2). In
this study, traits with high coefficients in the first,
second and the third principal components should be
considered more important since these axes explain
the biggest share of the total variation. Though clear
guidelines do not exist to determine the significance
of a character coefficient, one rule of thumb is to
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treat coefficients >0.6 as having a large enough effect
to be considered important (Jeffers 1967; Balkaya
et al., 2009). Characteristics with high coefficients
are: fruit shape (0.87), fruit curvature (0.83), fruit apex
shape (-0.82), fruit length (0.78) and fruit diameter
(-0.61) for principal component 1; fruit glossiness
(0.67) and fruit colour (0.64) for the second principal
component, and fruit stalk length (0.66) for the third
principal component. These traits are considered to
be the most important, since they define the axes
which explain 62.11% of the total variation (Table 3,
Figure 2). Finally, principal component 4 was mainly
related to fruit calyx prickles (0.75). Earlier results
indicated that the Turkish eggplant populations could
be distinguished by fruit shape, fruit curvature, fruit
apex shape, fruit length and fruit diameter, which
had the highest coefficients on the first principal
component axis.

To better understand the overall diversity of the
Turkish eggplant populations, the data were analysed
by Cluster analysis that revealed the distribution of
genetic diversity and is displayed in Table 4. In this
study, cluster analysis grouped the populations into
nine clusters. The related dendogram is shown in
Figure 3. The means and standard deviations of some
of the traits for each cluster are given in Table 4.
Among the nine different groups, group F and group
H were divided into five subgroups, group E into four
subgroups, and groups A, C, D, and group G into three
subgroups. Group B and group I were both divided
into two subgroups (Figure 3). The nine groups
and 30 subgroups can be considered to be distinct
germplasm pools. This study shows that there is
considerable morphological variability between
the eggplant populations sampled. No association
was observed for clusters within the collection zone
(Table 1, Figure 3).

General fruit characteristics of the investigated
Turkish eggplant populations are as follows:

Group A: This group consisted of three
subgroups. There were a total of 18 populations in
group A. The fruit diameter (8.05 cm) is very large
compared to the other groups. Fruits are long, straight
and have an ellipsoidal shape (Table 4). The fruit
colours were purple to purple black tones. There were
either no fruit calyx prickles or just a few levels.
The average fruit weight in this group was 382.87 g,
higher than all the other groups.

Group B: There were five populations in this
group. It included two subgroups: a fruit length of
16.68 cm and a fruit diameter of 6.71 cm, ranking
second out of all the groups. All populations have
globular and ellipsoidal fruit shapes. The fruit colours
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were purple-black to black tones. The fruit colour
distribution was very uniform. The fruit stalk length
of 7.72 cm was identified as an intermediate value.
The average fruit weight in group B was 277.18 g
and it was higher than any group except group A
(Table 4).

Group C: This group consisted of nine
populations. Genotypes in this group were clustered
into three subgroups. Fruits in this group had the
shortest lengths (16.52 ¢cm). Fruits were globular and
ellipsoidal in shape (Table 4). The fruit apex shape
was depressed. There were no fruit calyx prickles.
In this group, the fruit brightness exhibited was very
shiny. The average fruit weight was found to be
241.51 g.

Group D: There were six populations in
this group. The fruit lengths of the populations
were short. All fruits were straight, ellipsoidal or
cylindrically shaped. The fruit apex had a protruding
shape. Fruit colours changed according to genotypes
and were green, lilac and purple tones. The fruit
stalk length was 7.90 cm, and this was identified
as an intermediate value. The fruit brightness was
identified as very shiny.

Group E: This group included fourteen
populations. It had the biggest cluster of genetic
groups. The fruits were long, but slightly curved
or curved. This group had cylindrical and long
cylindrical fruits (Table 4). The fruit apex had a
protruding shape. Fruit colours were lilac, purple and
purple-black tones. The fruit brightness was found to
be shiny or very shiny. The average fruit weight was
225.88 g. The fruit stalk length was 6.93 cm and this
value was identified as an intermediate value.

Group F: This group consisted of eleven
populations. It had the second biggest cluster of all
groups. Genotypes in this group were clustered into
five subgroups. The fruit length was 27.27 cm. This
value was the longest of all the groups (Table 4). The
fruit diameter had the shortest widths (4.05 cm). All
fruits had a long cylindrical shape. The fruit had a
protruding apex shape. The fruit stalk length was long
(8.39 cm) and the fruit colours were purple-black to
black tones. The fruit colour distribution was very
uniform.

Group G: This group included eight populations.
It had the biggest cluster of genetic groups. The
fruit length was 24.41 cm. The fruit length of this
group was the second longest value of all the groups
(Table 4).The fruits were cylindrical or had a long
cylindrical curved shaped. The fruit stalk length was
the longest (8.61 cm) of all the clusters. The fruit
calyx prickles were either absent or only had a few

levels. The average fruit weight in this group was
284.80 g and was higher than all the other groups,
except for group A.

Group H: There were six populations in this
group. The fruit length of the populations was long
(21.52 cm). The fruit diameter of this group was the
second widest value of all the groups (Table 4). The
fruits were cylindrical or long and cylindrical. The
fruit had a protruding or rounded apex shape. The
fruit stalk length was 7.25 cm and this was identified
as an intermediate value. The average fruit weight
was 190.36 g and was the lowest among all groups
(Table 4).

Group I: This group included three populations.
It had the smallest cluster of genetic materials. The
fruits were cylindrical or long and cylindrical. The
fruit colour tone was lilac. The fruit colour distribution
was mottled or striped, and the fruit stalk length was
the shortest at 6.93 cm. There were many fruit calyx
prickles found on very many levels.

The knowledge of the extent of genetic diversity,
and the identification, differentiation and character-
ization of genotypes and populations, provides an
information tool for the detection of duplicates in
collections and also delivers better characterization
and utilization in breeding (Hornokova et al., 2003).
The clustering of eggplant genetic resources of Tur-
key on the dendogram in 9 separate groups resulted
from their different morphological structure and spe-
cial fruit characteristics. This study showed that there
is considerable morphological variability because of
the introduction of diverse eggplant genetic materials
to Turkey from different countries. Cluster groups
were not associated with the geographical origins of
the eggplant genotypes. There is no clear relationship
between clusters and the coastal or inland areas of
Turkey (Table 1; Figure 2). In other research, it has
been determined that there are many significant mor-
phological differences between local eggplant genetic
resources (Timbilen et al., 2011). This absence of
association may be a result of continuous conscious
and unconscious seed transport by humans. Secondly,
it may be a result of previous selection for different
uses (Filiz and Ozgalab1 1992; Piring 1999; Tiimbilen
2007; Boyaci et al., 2010).

At the end of this study, we have found that genetic
diversity within landraces and populations of eggplant
is high, including variations in fruit shape, fruit weight,
fruit size (length, diameter), fruit glossiness and the
colour of fruits. Reliable information on characteristic
variability within germplasm collections is very useful
to breeders in planning eggplant variety improvement
programs.

© Plant Breeders Union of Turkey (BISAB)




Conclusion

In conclusion, we have presented some fruit
characteristics of eggplant populations grown in Tur-
key. In addition, the components of the fruit char-
acteristics of S. melongena were demonstrated by
applying multivariate techniques to the morpholog-
ical data sets. Fruit traits proved useful in assessing
the diversity and relationships of Turkish eggplant
genetic resources.The current study revealed consid-
erable diversity in some fruit characteristics of the
eggplant populations. The potential use of Turkey’s

eggplant genotypes as genetic resources in breeding
programmes was highlighted for further investiga-
tion. In addition all eggplant populations used for this
study are also generated as inbred lines for variety
breeding programs in another study.
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Figure 1. The view of the diversity fruit size, shape and color for Turkish Solanum melongena populations




Figure 2. Scatter plot constructed at the basis the first three principal component axes, which contain 62.2%
of total variation
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Figure 3. Dendrogram of eggplant populations obtained from cluster analysis of eleven fruit traits
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Table 1. Code, accession number and collected sites of Solanum melongena in Turkey.

Code  Accession Number Collected Sites Code Accession Number Collected Sites
Gl PI1 166994 01 Hatay/USDA G43 PI1204630 01 Kayseri

G2 PI1167381 01 Adana/USDA G44 P1204731 01 Kayseri

G3 PI1 169642 01 Aydin/USDA G45 TR 61766 Mugla

G4 PI 169644 01 Mugla G46 TR 55995 Trabzon

G5 P1 169649 01 [zmir G47 TR 70757 Samsun

G6 PI 169658 01 Kirklareli G438 TR 70758 Samsun

G7 PI1 169667 01 Kocaeli G49 TR 70756 Amasya

G8 PI 171850 01 Kastamonu G50 TR 69835 Corum

G9 PI 171851 01 Samsun G51 TR 70768 Kastamonu

G10 PI 171853 01 Tokat G52 TR 70767 Kastamonu

Gl11 P1 173104 01 Artvin G53 TR 70766 Sinop

GI12 PI 173106 01 Agr G54 TR 68531 Bartin

G13 PI 173111 01 Kahramanmaras G55 TR 68532 Bartin

Gl4 PI1 174359 01 Van G56 TR 68528 Zonguldak

G15 PI1 174360 01 Diyarbakir G57 TR 55678 Giresun

Gl16 PI 174362 01 Mardin G58 TR 77307 Edirne

G17 P1 174369 01 Gaziantep G59 TR 69211 Antalya

G18 P1 174371 01 Gaziantep G60 TR 75349 Artvin

G19 PI1 174373 01 Malatya Gol TR 70764 Sinop

G20 PI 174374 01 Elazig G62 TR 70765 Sinop

G21 PI 175909 01 Balikesir G63 TR 75345 Artvin

G24 PI 175913 01 Corum G64 TR 70759 Samsun

G25 PI 175914 01 Yozgat G65 OMU-ZF/BAH Aydin

G26 PI 175916 01 Kayseri G66 OMU-ZF/BAH Aydin

G28 PI1 176758 01 Nigde Go67 OMU-ZF/BAH Manisa, Salihli
G29 PI1 176760 01 Konya G68 OMU-ZF/BAH Aydin, Incirliova
G30 PI1 176761 01 Konya G69 OMU-ZF/BAH Aydin

G31 PI 176762 01 Bilecik G70 OMU-ZF/BAH Kemer

G32 PI 176763 01 Eskisehir G71 OMU-ZF/BAH [zmir, Bayindir
G33 PI1 177073 01 Canakkale G72 OMU-ZF/BAH Aydin

G34 P1177074 01 Kayseri G73 OMU-ZF/BAH Diyarbakir

G35 P1 177076 01 Konya G74 OMU-ZF/BAH Hatay,Samandag
G36 PI 179045 01 Tekirdag G75 OMU-ZF/BAH Aydin, Nazilli
G38 PI 179496 01 Bursa G76 OMU-ZF/BAH Sanlurfa, Birecik
G39 PI 179498 01 Istanbul G78 OMU-ZF/BAH Mersin, Mut
G40 PI 182299 01 Mus G79 OMU-ZF/BAH Bursa

G41 PI 182300 01 Kahramanmaras G80 OMU-ZF/BAH Mersin, Mut
G42 PI 183718 01 Kahramanmaras
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Table 2. List of morphological traits used in characterization of Turkish eggplant populations.

No Traits
| Fruit length [1. very short (<1 cm), 3. short (~2 cm), 5. intermediate (~5 cm), 7.long (~20 cm), 9. very
long (>30 cm)]
) Fruit diameter [1. very small (<1 c¢cm), 3. small (~3 ¢cm), 5. intermediate (~5 cm), 7. large (~10 cm), 9. very
large (>10 cm)]
3 Fruit curvature [1. none (fruit straight), 3. slightly curved, 5. curved, 7. snack shaped 8. sickle shaped, 9. U

shaped]
4 Fruit shape [1. globular, 3. obovate, 5. ellipsoid, 7. cylindrical, 9. long cylindrical]
5 Fruit apex shape (3. protruded, 5. rounded, 7. depressed]
6 Fruit colour [1. green, 3.white, 4. lilac, 5. purple, 7. purple black, 9. black]
7 Fruit glossiness [3. dull, 5. shiny, 7. very shiny]

Fruit calyx prickles [0. none, 1. very few (<3), 3. few (~5), 5. intermediate (~10), 7. many (~20), 9. very
many (>30)]

Fruit stalk length [1. very short (<3 cm), 3. short (~5 ¢cm), 5. intermediate (5-8 cm), 7. long (~10 cm), 9.
very long (>10 cm)]

10 Fruit colour distribution [1. uniform, 3. mottled, 5. netted, 7. striped]

11 Fruit weight [1. <150 g, 3. 150-250 g, 5. 250-350 g, 7. >350 g]

Table 3. Principal component (PC) coefficients of each fruit trait in Turkish eggplant populations.
Proportions of variations are associated with first four PC axes, which correspond to eigenvalues
greater than 1.

PC Axis

Eigen values 3.80 1.84 1.19 1.02
Explained proportion of variation (%) 34.55 16.76 10.80 9.27
Cumulative proportion of variation (%) 34.55 51.31 62.11 71.38

Traits PC1 PC2 PC3 PC4
Fruit length (cm) 0.78 0.77 0.18 0.21
Fruit diameter (cm) -0.61 0.34 0.34 0.18
Fruit curvature 0.83 0.24 0.09 0.22
Fruit shape 0.87 -0.13 0.06 0.01
Fruit apex shape -0.82 0.26 -0.19 -0.11
Fruit colour 0.41 0.64 -0.52 0.01
Fruit glossiness 0.40 0.67 -0.21 0.22
Fruit calyx prickles -0.22 -0.18 -0.42 0.75
Fruit stalk length (cm) 0.17 0.38 0.66 0.21
Fruit colour distribution -0.34 -0.50 0.18 0.49
Fruit weight (g) -0.44 0.69 0.16 0.11
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Table 4. Average values of the traits used in identify Turkish eggplant populations.

Traits*
Cluster
Groups
1 2 3 4 5 6 7 8 9 10 11

A 17.3243.16  8.05+0.98 1 3 5 5,7 5 0,1  7.62+1.82 1,3 382.87+£48.55
B 16.68+2.96  6.71+1.35 1 1,5 5 7,9 3,7 3,5  7.72+1.17 1 277.18+51.73
C 16.52+3.30  6.18+0.62 1 1,5 5 1,4,5 3 1 6.72+0.67 1,3 241.51£71.26
D 18.46+£2.89  5.49+0.65 1 5,7 3 1,4,5 3 0,1,3 7.90+0.78 1 233.83+55.83
E 23.36+2.08 5.06+0.53 3,5 7,9 3 459 3,5 1,3,5 6.93+0.60 1 225.88+35.00
F 27.27£4.40  4.05+0.91 3,5 9 3 7,9 57 0,1,3 8.39£0.90 1 206.15+28.71
G 24.4142.18 5.61+0.56 5 7,9 3 1,59 35 1,3 8.61£0.50 1,3 284.80+55.15
H 21.52£2.90 4.39+0.77 1,3,5 7.9 35 149 35 1,3 7.25+0.74 1,3  190.36+39.69
I 19.30+6.67 5.36+0.16 1,5 7,9 3,5 4 3,5 3,57 6.93+0.75 3,7 198.234+80.73

* 1. Fruit length (cm), 2. Fruit diameter (cm), 3. Fruit curvature, 4. Fruit shape, 5. Fruit apex shape, 6. Fruit colour,

7. Fruit glossiness, 8. Fruit calyx prickles, 9. Fruit stalk length (cm), 10. Fruit colour distribution, 11. Fruit weight (g)
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ABSTRACT

In addition to being the most widely cultivated crop, wheat is also the most ancient cultivated plant species. Today, as
in the past, wheat continues to be a crop of strategic importance. Cultivated hexaploid bread wheat (2n=42) consists of
three genome groups (AA, BB, and DD), with each genome group further comprising three diploid wild species. Over the
past 70 years, the world population has been rapidly increasing, while the area of agricultural lands has remained more
or less constant. To be able to feed this continually increasing human population, scientists have begun to investigate the
biological origins/roots of wheat, with the aim of achieving higher yield and greater resistance to biotic and abiotic stresses.
This was because, based on the studies they performed, they determined that “reconstructing” wheat from its origins was
a more effective solution than working with limited and currently available genetic resources. Bread wheat reconstructed
by using diploid wild forms is called “synthetic wheat”. Synthetic wheat receives certain characteristics from wild forms
that render them superior to cultivated wheat. Diploid wild forms bearing the “D” genome (4egilopstauschii) are known to
be particularly very resistant to biotic and abiotic stresses. Nowadays, it has become imperative to use synthetic wheat in
order to increase genetic variation in breeding programs. To break the “yield per unit area” barrier, to ensure world peace,
and to prevent the starvation of children around the world, wheat breeders must place greater emphasis on the production
of synthetic wheat.

Keywords: Synthetic wheat, aegilops, D genome, crossing.

Introduction distributed in Southeastern Turkey, in the environs of

The origin of cultivated wheat is Southwestern
Asia. Archeological findings indicate that the
earliest locations of wheat cultivation were regions
corresponding to present-day Turkey, Syria, Jordan,
and Iraq (Kirtok, 1997). Cultivated wheat first
appeared nearly 10,000 years ago through the first
hybrids and mutations of Emmer wheat (7riticum
turgidum ssp. dicoccoides) (Yadon et al., 2000).
It is very probable that the first Emmer wheat was

Diyarbakir’s Karacadag (Heun et al., 1997; Luo et al.,
2007). Throughout history, wheat has been an important
cultivated plant for human nutrition; for this reason, it
is also the cultivated plant on which the most breeding
studies have been performed.

In the year 1900, the world population was nearly
1.6 billion (Chen and Shi, 2013), while world wheat
production was at an estimated 90 million tons. Wheat
production later reached 147 million tons by 1950



(FAQO, 1952), and 586 million tons by 2000 (FAO,
2014). Meanwhile, the world population continued
to increase rapidly, as well, reaching 2.5 billion in
1950, and 6.5 billion in 2000 (Bongaarts, 2009). It
is estimated that the world population will reach 9.1
billion by 2050 (Atabay et al., 2014); therefore, to
maintain the ratio of “wheat produced per person”
in the year 2000, the world wheat production must
be raised to approximately 820 million tons by the
year 2050. Considering the effects of climate change
and population increase, the general picture for food
production and demand in the future appears rather
bleak (Figure 1). For this reason, ensuring adequate
food supply to the world population of the future -
as well as preventing future food wars - necessitates
important and bold approaches for increases in food
production. Dr. Norman Borlaug, who was awarded
the Nobel Peace Prize in 7970, said that “if you desire
peace, cultivate justice, but at the same time cultivate
the fields to produce more bread; otherwise there will
be no peace” (David, 2013).

Today, increasing the amount of agricultural lands
around the world no longer seems possible. Quite the
contrary, increasing urbanization and industrialization,
as well as many other factors associated with the
modern world, are causing a decrease in arable lands
(Young, 1999; Cassman et al., 2003). In the 1950s,
researchers placed emphasis on high-yield varieties to
meet the world food demand, laying the foundations for
a “green revolution”. They were thus able to achieve
higher yields, owing mainly to genetic advances that
enabled greater yield potential and resistance to biotic
and abiotic stresses in wheat varieties (Blum, 1996;
Kaya et al., 2002; Reynolds and Borlaug, 2006; Rana
et al., 2013). However, as of today, researchers have
already used almost all available genetic resources
in the world in studies aiming to develop high yield
varieties. Consequently, they have already reached an
impassable “ceiling” in terms of the maximum yield
potential that can be achieved with current genetic
materials. For this reason, to reach higher yields beyond
this level, researchers have begun looking for new
genetic materials for higher yield potential and greater
resistance to biotic and abiotic stresses. Higher yield per
unit area will hence be achieved through the efforts and
studies of wheat breeders (Bindraban, 1996).

As of today, studies that initially began with the
green revolution to develop higher yield varieties
have already reached the highest yield level possible
with current genetic materials, and the new varieties
developed based on these materials (Rana et al., 2013).
In recent new varieties, the increase achieved in annual
yield are in the environs of just 1% (Sayre, 1990).
whisab
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As such, it has become necessary to initiate a new green
revolution (Rana et al., 2013). Although the maximum
yield levels achieved with wheat have gradually
steadied and become constant in recent times, higher
yields are still possible. The Quran, the holy book of
Islam, describes that a single wheat seed can yield 700
seeds (Arslan, 1995). This target seems far beyond
what is possible with present-day wheat yield levels.

In recent years, breeders have begun conducting
extensive studies for expanding the gradually
narrowing genetic basis and materials for wheat
(Shiva, 1992) by using wild wheat forms to produce
synthetic wheat. Numerous researchers have reported
higher resistance to biotic and abiotic stresses in wild
form, as well as higher adaptability (Shah et al., 1987,
Cox, et al., 1994; Mujeeb—Kazi and Hettel, 1995;
Mujeeb-Kazi, et al., 2008; Thompson, and Zwart,
2008). Hexaploid synthetic wheat serves as a genetic
bridge for polygenic transfers between wild forms and
cultivated bread wheat (Mujeeb-KaziandHettel, 1995;
Calderini and Ortiz-Monasterio, 2003a).

Today, synthetic wheat appears to be the strongest
candidates to obtain breeding materials that will enable
the development of wheat varieties with higher yields
and resistance to biotic and abiotic stresses.

What is synthetic wheat?

Synthetic hexaploid wheat is an interspecific
hybrid obtained through the hybridization of 7riticum
turgidum ssp. Dicoccum turgidum (Emmer) and
Aegilops groups (Mujeeb-Kazi and Hettel, 1995;
Feuillet et al., 2008; Trethowan and Van Ginkel,
2009). Hexaploid synthetic wheat serves as a genetic
bridge for polygenic transfers between wild forms
and cultivated bread wheat (Mujeeb-Kaziand Hettel,
1995; Calderini and Ortiz-Monasterio, 2003b). The
female progenitor of cultivated bread wheat is Emmer
wheat (Matsuoka and Nasuda, 2004). On the other
hand, the male donor for the “D” genome in bread
wheat is Aegilops tauschii (McFadden and Sears, 1946;
Feuillet et al., 2008) (Figure 2). Nowadays, the most
commonly used diploid (2n=14) for the production
of synthetic hexaploid wheat is the Aegilops tauschii
(synonyms Aegilops squarrosa or Triticum tauschii)
species (William et al., 1993; Mujeeb-Kazi and
Hettel, 1995). Other diploid groups carrying the “D”
genome include the Triticum cylindricum, Triticum
ventricocum, Triticum crassum, Triticum juvenile and
Triticum syriacum species (Kimber and Feldman,
1987).During synthetic wheat production, laboratory
tissue culture techniques and chromosome doubling
are used to ensure the germination of haploid hybrid
seeds (Figure2).
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The first synthetic wheat production began with
the use of the colchicine technique (Sears, 1939) for
chromosome doubling (Sears, 1941; Kihara, 1944;
Sears, 1944; McFadden and Sears, 1946; Sears, 1955).
Researchers have recommended the use of hexaploid
synthetic wheat in breeding programs owing to their
resistance to biotic and abiotic stresses (Shah et al.,
1987; Cox et al., 1994; Mujeeb-Kazi and Hettel, 1995;
Trethowan and Mujeeb-Kazi, 2008) and their yield
potential (Villareal et al., 1994; Lage et al., 2004;
Mujeeb-Kazi et al., 2008).

Despite studies on synthetic wheat production from
the 1940s to the early 1980s, no varieties were presented
for farmers’ use during this period. The first synthetic
wheat-based varieties were presented to farmers for
agricultural production during the 1980s (Gill et al.,
1985). Today, the number of synthetic wheat varieties
produced by researchers has exceeded 1000.

We must use synthetic wheat in breeding

programs. Why?

The greatest advantages of using synthetic
hexaploid wheat as pre-breeding material are as
follows: synthetic hexaploid wheat was produced
based on a knowledge of their diploid and tetraploid
parents’ high resistance to biotic and abiotic stresses.
Synthetic hexaploid wheat largely preserves these
same characteristics, since they receive them from
their parents in chromosome sets. Another advantage
of synthetic hexaploidis that it is not a genetically
modified organism, since it is obtained through the
hybridization of wild goat-grass and durum wheat by
using traditional methods. This is because synthetic
wheat production is performed using natural genomes,
without involving any foreign gene transfers.

1. Grain Yield and Yield Components

Primary synthetic wheat tend to have low yields
(Trethowan and Van Ginkel, 2009). When primary
synthetics are used in breeding programs, the desired
level of yield can be attained by performing several
backcrossings with the parent wheat (Trethowan and
Van Ginkel, 2009; Trethowan and Mujeeb-Kazi, 2008).

Cooper et al., (2012) previously reported that
using synthetic wheat in hybridization programs by
taking into account their number of ears, as well as
the number of seeds in each ear, is a more effective
approach for developing the grain yield of winter
wheat. Synthetic wheat generally preserves their
seed weight in different years and different locations
(Cooper et al., 2012). Furthermore, certain researchers
have also observed that the sperm of primary synthetics
resulted in wider grains, as well as higher seed weight

(Cooper et al., 2012; Cooper, 2013). On the other
hand, Lage et al., (2006) reported a considerable
genetic variation among synthetic wheat in terms of
grain weight and size.

In studies where synthetic wheat x spring wheat
F, hybrids were backcrossed with the recurrent parent,
researchers reported higher yields for these hybrids
than their spring donor parents (Villareal et al., 1994;
Lage et al., 2004; Mujeeb-Kazi et al., 2008).Other
researchers have reported that the use of synthetic
wheat was positively and significantly related with
higher grain yield, improved harvest index, improved
grain weight, and higher biomass. Mohammad et al.,
(2010) observed that in 33 of their experimental lines,
synthetic wheat varieties weighted more by nearly
1000 kernels than all control varieties.

At the end of their two year study,Mujeeb-Kazi and
Van Ginkel (2004) reported that the two varieties they
produced from synthetic wheat were associated with
20% to 35% higher yields than commercial varieties.
Similarly, Van Ginkel and Ogbonnaya (2007) reported
that synthetic wheat was associated with 18% to 30%
higher yields under heavy rain conditions compared to
commercial varieties. According to the findings of other
researchers (Del Blanco et al., 2001; Ogbonnaya et al.,
2007), lines produced from synthetic wheat exhibited
higher yield levels than their recurrent parents.

2. Grain Quality

A number of researchers have reported that
the “D” genome carried by Triticum tauschii will
enable the improvement of grain quality in wheat
(Yueming et al., 2003). Similarly, William et al.,
(1993) reported that the superior grain qualities
observed in Ae. tauschii represented a rich source for
increasing the genetic quality/superiority of hexaploid
bread wheat. Pfluger et al., (2001) described that
Ae. tauschii showed greater variability compared
to bread wheat in terms of gliadin, gluteninand
endosperm proteincontent. Lage ef al., (2006), on
the other hand, reported significant genetic variation
between synthetic wheat varieties with respect to the
protein content and quality of their grains. Calderini
and Ortiz-Monasterio (2003) reported that synthetic
wheat possessed higher concentrations of macro and
micro elements compared to commercial varieties. In
contrast, Trethowan and Van Ginkel (2009) reported
that primary synthetic wheat is more likely to have
lower grain quality.

3. Resistance to biotic and abiotic stresses
In recent years, the production of synthetic wheat
has gained further pace following the successful
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results obtained in breeding programs using synthetic
hexaploid wheat as pre-breeding materials in order
to assess their resistance against biotic and abiotic
stresses. Numerous researchers who are concerned
about the worldwide effects of climate change have
published reports describing the resistance and
tolerance of synthetic wheat to various biotic and
abiotic stresses (Shah et al., 1987; Cox et al., 1994;
Mujeeb-Kazi and Hettel, 1995; Trethowan and
Mujeeb-Kazi, 2008).

Synthetic hexaploid wheat is resistant or tolerant
to numerous disease-causing biotic factors. Some of
these biotic factors includeleaf rust (Kerber, 1987),
tan spots (Siedler et al., 1994), stem rust (Marais
et al., 1994), stripe rust (Ma et al., 1995; Assefa
and Fehrmann, 2000), karnal bunt (Villareal et al.,
1996),spot blotch (Mujeeb-Kazi et al., 1996; Mujeeb-
Kazi and Delgado, 1998), leaf blotch (Arraiano et al.,
2001), cereal cyst nematodes (Eastwood et al., 1991),
root lesion nematodes (Thompson et al., 1999),
powdery mildew (Kong et al., 1999), glume blotch
(Loughman et al., 2001), leaf blight (Mujeeb-Kazi
et al., 2001), and hessian fly (Tyler and Hatchett,
1983).

Numerous researchers have also reported
resistance or tolerance to abiotic stresses, as well
as wider adaptability, among the wild forms that
constitute the origin of bread wheat (Shah et al.,
1987; Cox et al., 1994; Mujeeb—Kazi and Hettel,
1995; Mujeeb—Kazi et al., 2008; Thompson, and
Zwart, 2008). Based on an experiment performed on
T. tauschii lines and drought-resistant hexaploid lines
held under low-water conditions, Reddyet al. (1996)
demonstrated that 7. fauschii lines were more tolerant.
Other researchers determined that synthetic wheat
has significant tolerance against salinity (Pritchard
et al., 2002), drought, waterlogging (Villareal et al.,
2001), frost at flowering and heat (Van Ginkel and
Ogbonnaya, 2007).

Conclusion

Climate change is gradually increasing the
average world temperature, while also reducing water
resources and causing agricultural lands to become
drier. Parallel to these negative developments, the
world population is rapidly rising while the area
of agricultural/arable lands remain constant. Many
scientists believe that the inability to produce
enough food to feed the increasing world population
will inevitably lead to food wars. In this context,
it is imperative to increase yield per unit area by
developing varieties that are more resistant to biotic
and abiotic stresses.

Until recently, new wheat varieties were
developed using available genetic materials that have
been used and reused for many years. However, these
materials have not allowed researchers to achieve
the desirable levels of resistance against the biotic
and abiotic stress factors that limit grain/seed yield.
To achieve such desirable traits in new varieties,
it has become necessary to look at the origins of
wheat. Understanding this necessity, researchers
have focused in recent years on rediscovering the
origins/roots of wheat, and on rebuilding it from
a genetic standpoint. A general evaluation of the
results obtained by researchers around the world
clearly indicate varieties with higher yield potential,
as well as tolerance and resistance to biotic and
abiotic stresses, can be achieved through the greater
use of synthetic hexaploid wheat as pre-breeding
materials. To meet world food demand by the year
2050, we mustincrease wheat production by nearly
29% compared to present levels. Synthetic wheat
currently represents the best and closest genetic
source for developing higher-yield varieties. For this
reason, wheat breeders must place greater emphasis
on the production of synthetic wheat in order to
ensure world peace, and to prevent the starvation of
children around the world.




Figure 1.World population and wheat production in the years 1900, 1950, and 2000, and the estimated world
population and wheat production for the year 2050.

Figure 2. The origin of hexaploid bread wheat. Following each hybridization, fertility was ensured by
performing chromosome doubling with the colchicine technique ().

T. urartu Ae. speltoides

T. monococcum x Sitopsis section

(AA) (BB)
T. turgidum Ae. tauschii
T. durum x syn Ae. squarrosa
(AABB) (DD)
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ABSTRACT

The sum of active temperatures affecting 21 autumn bread wheat genotypes with contrasting morphophysiological properties
during the flowering and grain filling phases after earing has been studied under dry rainfed conditions in 2013-2014, during
vegetation periods characterized by different hydrometeorological parameters. The functioning period of flag leaves in
Murov 2, Gyrmyzy gul-1 and Zirva 85 genotypes appeared to be longest and they had higher sums of active temperatures
(SAT) compared with other varieties during both years. Qyzyl bugda, Layagatli-80 and 12 IWWYT Ne 6 varieties had
quite high higher sums of active temperatures values in 2013, but they showed lower results under unfavorable climatic
conditions in 2014. There were a positive correlation between SAT and productivity at r=0.55", and a negative correlation

between earing dates and higher sums of active temperatures at r=-0.41"" during both years.

Keywords: Triticum aestivum L., morphophysiological properties, productivity, dry rainfed conditions.

Introduction

Wheat is the most important food plant for hu-
manity, one of the strategic foods in the world. After
the so called “Green Period” the world wheat pro-
ductivity and production increased by 50% and 38%
, respectively. This increase occurred at the expense
of developing short varieties and increasing number
of productive stems (Aliyev, 2000; Aliyev, 2002a).
Whereas, the total biological mass remained almost
unchanged. However, productivity increase due to
genetic progresses does not seem to meet the rising
demands. Currently, substantial achievements have
been made in the wheat selection by using morpho-
physiological parameters. Considering other morpho-
physiological parameters and different selection ap-
proaches is important for the further success (Aliyev
etal., 2002b; Aliyev, 2012). Most wheat in our country
is produced in the regions with dry rainfed conditions,

including Daghlig Shirvan’s foothill areas. Little and
unevenly distributed annual precipitation is character-
istic for this district. Generally, drought begins at the
periods close to the beginning of flowering and con-
tinues intensively till the end of the grain filling phase.

Currently, some visible morphological parameters
(height, leaf and ear sizes, etc.) of plants as well as fast-
growing is used as the selection signs and taking into
account productivity, researches have been carried out
for developing drought tolerance varieties. However,
in developing drought tolerant wheat genotypes, along
with the morphological parameters, there is a great
need in physiological tests which are repeatable and
easily performable.

The main purpose of the research was to study
the sum of active temperatures affecting plants for
characterizing their functioning during the flowering
and grain filling phases.



Materials and Methods

The research was carried out in dry rainfed areas
of the Daghlig Shirvan district of the Republic of
Azerbaijan, during the 2012-2013 and 2013-2014
vegetation years. The planting area is located at 780
m above sea level. The light-brown type soil of the
district is carbonated. The amount of humus in the
planting layer with pH 8.6 is 1.25-2.17%, digestible
nitrogen in 1kg of soil is 42.7 mg, phosphorus 23.4 mg
and K,O in 100 g of soil is 17.5 mg. Multiyear average
atmospheric precipitation in the district is 350-400 mm
and unevenly distributed during the vegetation period
of the autumn wheat. Average annual temperature is
10.2°C. Sometimes temperature in winter is -15-20°C,
in summer temperature rises to 30-35°C and relative
humidity declines to 25%.

Thirteen autumn bread wheat genotypes with
contrasting morphophysiological properties and
eight lines chosen from the International Selection
Centers for the rainfed districts were used as the study
objects. Wheat varieties of tall stature (115-130 cm)
- Bezostaya-1, Gizil bugda, Sheki-1, Sonmez were
planted under rainfed conditions. Medium-height (110-
115 cm) varieties Gobustan and Leyagetli-80 were
developed for the rainfed districts. But, they show also
good results under irrigated conditions. Short-stature
wheat varieties - Aran, Vostorg, Murov-2, Tale-38,
Fatima, Girmizi gul-1, Zirve-85 demand more water
and are highly productive under watered conditions.

To determine the sum of active temperatures
influencing on the plant after the earing phase,
chlorophyll amount was measured in flag leaves on
different dates using SPAD meter. According to the
obtained data the theoretical zero-point for chlorophyll
was estimated using the square regression method,
where the SPAD value was dependent variable (y) and
the sum of active temperatures, measured from the
beginning of the earing phase, was independent variable
(x). The sum of active temperatures corresponding to
this point was used for the assessment of the flag leaf
functioning. Moreover, using SPAD values and the
same method the day corresponding to the zero-point
for chlorophyll was established, which was then used
for the assessment of the flag leaf functioning in various
genotypes (Cekic, 2007). The results were analyzed
using the JMP 5.0.1 statistical program.

Results and Discussion

Weather conditions during the research are pre-
sented in Table 1. As seen from the table during the
vegetation period the average annual temperature was
higher than multiyear average temperature in both
years.

The amount of precipitation was slightly lower
during the 2012-2013 vegetation year compared with
the multiyear average values. However, it was sufficient
for the plant development in spring months and the
grain filling period (264.5 mm). During the 2013-2014
vegetation year, 156.7 mm and 91.5 mm less amount of
precipitation was observed compared with the multiyear
average values found for the plant development in
spring months and the grain filling period, respectively.
Such changes in weather conditions had an effect on
developmental stages of genotypes and finally on the
plant productivity. The SPAD values of bread wheat
flag leaves are presented in Table2.

As seen in the table the chlorophyll amount
decreased to the end of the vegetation, but a higher rate
of this decrease was observed in 2013-2014, due to the
less precipitaion and higher temperature. The highest
chlorophyll amount was observed in the Gyrmyzy gul
1, Bezostaya 1 and Tale 38 genotypes and the lowest
in the Gyzyl bugda, Fatima varieties and 12 IWWYT
Ne 6, 12 IWWYT Ne 17, 4th FEFWSN Ne 50 lines.

Based on the SPAD values the theoretical zero-
point for chlorophyll was estimated using the square
regression method and beginning from the earing date,
the sum of active temperatures of the corresponding
day was found according to the the daily weather data.
The chlorophyll amount decline in flag leaves of the
genotypes has been presented in Figure 1. As seen in
the figure in flag leaves of Murov 2 and Gyrmyzy gul
1 the chlorophyll amount fell to zero after a longer
period of time. Zero-point for the chlorophyll amount
was achieved faster in flag leaves of the Gyzyl bugda
and 12 IWWYT Ne 6 genotypes. It should be noted
that other genotypes, which are not presented in the
figure, occupy an intermediate position.

Sum of the active temperatures affecting all the
studied genotypes till the end of the earing period was
estimated and the results along with the earing date
and productivity were presented in Table 3. As seen in
the Table average SAT values were 547 and 477°C in
2013 and 2014, respectively. This 70°C decline in the
SAT value may be the result of the less precipitation
and fast yellowing of the plants observed in 2014. The
different responses of the studied genotypes should
be also noted. During both years SAT values of the
Murov 2, Gyrmyzy gul 1, Zirva 85 genotypes were
found to be 663, 577 and 607°C, respectively, which
are the highest results among the studied genotypes.
Unlike to others, Murov 2 and Zirva § are fast-growing
genotypes.

High SAT values for the Gyrmyzy gul 1 genotype
are attributed to the late yellowing of its leaves in
spite of the late earing. So, according to Table 4 the




Murov 2 and Zirva 85 genotypes are fast-growing
and the functioning period of their flag leaves are the
longest during both years. In spite of the late earing of
Gyrmyzy gul 1, the flag leaf was yellowed late and its
functioning period was long and thereby this genotype
also had high SAT values.

Rather high values of SAT for the Gyzyl bugda,
Layagatli 80 and 12 IWWYT Ne 6 varieties observed
during favorable 2013, decreased significantly in
unfavorable 2014. This can occur due to the earlier
yellowing of their leaves in spite of the earlier earing
period compared with other genotypes. So, the table
shows that the functioning period of flag leaves of

these genotypes during the unfavorable year decreased
by 14.3, 14.7 and 16.7 days, respectively.

The dependence between SAT influencing on
plants and earing dates and also between SAT and
productivity was studied for both years. As seen in
figure 2, there is a negative correlation between earing
dates and SAT, at r=-0.41.

Thus, the research carried out showed a positive
relationship between SAT affecting plants after the
earing period and productivity. The obtained results
are recommended for the use in the selection of the
autumn bread wheat.

Table 1. Amount of precipitation and temperature during the 2012-2013 and 2013-2014 vegetation years

2012-2013 2013-2014 Multiyear average

Months Precip. Average temp. Precip. Average temp. Precip. Average temp.

(mm) °C (mm) °C (mm) °C
September 23.1 18.0 52.0 19.5 31.0 17.1
October 24.1 14.9 23.2 11.2 45.0 11.2
November 21.6 7.8 11.7 7.2 36.0 6.0
December 28.7 2.2 18.3 -0.7 30.0 1.7
January 27.5 1.0 20.1 0.03 26.0 -0.2
February 48.2 3.2 12.5 -0.23 35.0 0.1
March 28.9 6.2 37.4 4.9 42.0 3.1
April 40.2 9.7 19.8 10.7 47.0 9.2
May 75.2 15.7 23.2 19.5 47.0 14.9
June 20.2 20.9 4.1 21.1 40.0 19.5
Total: 337.7 2223 379.0
Average: 9.96 9.32 8.3
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Table 2. SPAD values during the 2012-2013 and 2013-2014 vegetation years

2013 2014

N Varieties

08.06 11.06 16.06 18.06 20.06 24.06 19.05 27.05 02.06 06.06 09.06 12.06 16.06
1 Bezostayal 515 509 338 228 25 - 514 506 454 256 179 : -
2 Gyzylbugda 458 369 68 2.0 - - 490 478 408 141 - - -
3 Sheki 1 482 508 323 202 42 - 522 509 465 405 355 225 100
4 Sonmez 492 510 193 84 : - 510 507 465 232 163 100 -
5 Aran 492 524 454 272 203 80 497 496 458 406 281 141 6.0
6 Vostorg 50.1 52.8 31.6 84 - - 518 528 456 331 207 85 -
7 Murov 2 498 486 413 311 21.1 102 480 474 457 405 309 191 10.0
8 Gobustan 478 425 54 ; - - 498 506 387 19.0 - ; -
9 Tale 38 509 510 163 3.5 - - 536 457 471 352 125 - -
10 Fatima 460 51.1 202 45 - - 420 518 433 253 102 : -
11 Gyrmyzygull 52.6 49.8 425 30.1 156 57 490 475 485 465 350 224 12.0
12 Zirva 85 49.1 457 325 204 65 - 492 506 451 352 156 8.0 -
13 Layagatli80 487 518 199 45 - - 483 506 482 168 . - :
14 gfg‘gmeum 51.0 481 203 75 ; - 503 504 462 202 - - -
15 I}I&I;XWYUT 476 502 245 132 35 - 477 486 452 232 ; - ;
16 Jl\rz ;WWYUT 429 302 35 ; - - 520 492 440 106 - - -
17 Jl\fz SIWWYUT 477 490 205 65 - - 501 529 468 309 187 ; -
18 ;2 ;IWWYUT 477 514 131 43 ; - 476 456 445 211 - - -
1o 2 IWWYUT 0y 373 4y - - - 468 457 432 185 ; : ;

Ne 17

20 17;VONSAN9 50.1 475 259 163 4.1 - 472 482 458 383 272 105 -
21 ;ihS%EFWSN 403 500 6.1 20 - - 520 467 439 146 : - -
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Table 3. Earing dates (days from May the 1st), productivity and SAT values for the studied genotypes

Earing date SAT, °C Productivity, g/m?
Ne Genotypes

2013 2014 2013 2014 2013 2014

1 Bezostaya 1 15.7 16.0 507 445 562 421
2 Gyzyl bugda 8.3 13.3 548 428 596 450
3 Shaki 1 16.7 17.0 552 527 572 428
4 Sonmez 9.0 13.0 551 515 678 488
5 Aran 18.0 17.3 550 497 630 440
6 Vostorg 15.0 15.3 511 481 608 409
7 Murov 2 8.3 13.0 663 592 624 378
8 Gobustan 7.0 11.7 529 476 812 501
9 Tale 38 14.0 15.7 494 435 811 449
10 Fatima 11.3 14.0 526 454 723 358
11 Gyrmyzy gul 1 15.0 16.0 577 542 752 468
12 Zirva 85 7.3 12.0 607 531 705 442
13 Layagatli 80 8.0 13.7 551 432 794 560
14 Ferrigenium 2/19 8.3 11.7 560 462 782 437
15 1T IWWYT Ne 20 10.3 13.0 569 460 717 432
16 12IWWYT Ne 6 6.3 12.7 538 418 768 503
17 12TWWYT Ne 8 11.0 14.0 531 479 728 475
18 12IWWYT Ne 9 13.3 13.7 505 442 642 445
19 12 IWWYT Ne 17 8.3 14.0 518 430 689 407
20 7 WON-SA Ne477 12.0 14.0 558 517 723 476
21 4th FEFWSN Ne50 7.3 13.3 551 450 680 424
Average 11.0 14.0 547 477 695 447

and % 9.4 5.14 5.4 8.4

Minimal important 17 12 62 62

difference (MID)
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Table 4. Functioning periods (in days) of flag leaves after earing

N Variety name 2013 2014 Difference
1 Bezostaya 1 354 27.4 8.0
2 Gyzyl bugda 41.0 26.7 143
3 Shaki 1 354 32.7 2.7
4 Sonmez 40.7 31.5 9.2
5 Aran 38.0 31.0 7.0
6 Vostorg 34.8 29.6 5.2
7 Murov 2 48.6 36.2 12.4
8 Gobustan 40.4 29.5 10.9
9 Tale 38 35.2 27.0 8.2
10 Fatima 38.2 28.0 10.2
11 Gyrmyzy gul 1 40.7 33.5 7.2
12 Zirva 85 44.8 323 12.5
13 Layagatli 80 41.7 27.0 14.7
14 FERRIGINEUM2/19 41.5 28.8 12.7
15 11 IWWYTNe 20 41.2 28.7 12.5
16 12 IWWYTNe 6 42.7 26.0 16.7
17 12 IWWYTNe 8 38.5 29.5 9.0
18 12 IWWYTNe 9 36.1 27.9 8.2
19 12 IWWYTNe 17 39.4 26.9 12.5
20 7 WON-SANe 477 39.5 31.6 7.9
21 4th FEFWSN Ne 50 41.7 28.0 13.7
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Figure 1. A decrease in chlorophyll content of flag leaves of

the genotypes in 2014
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ABSTRACT

Heat stress is a major yield limiting factor of wheat productivity in India. Therefore, development of high temperature tolerant wheat
genotype is an important objective of wheat breeding. Significant differences for the years, genotypes and their interactions indicated
that the responses of genotypes under heat stress varied not only among themselves, but also over the years. This suggested the need
for evaluation of wheat genotypes over a wide range of environments/years for obtaining consistent expression for heat tolerance.
There was considerable influence of high temperature stress in both years as grain yield was reduced nearly about 50% under late
sown experiment as compared to that of timely sown conditions. Only one genotype, i.e., Raj 3765 have shown significantly high
yield under both conditions indicating a complementation of high yield and heat resistance genes. The genotypes DBW 88, HD
2967, HI 1563, HI 1571, NIAW 1951, Raj 4083 and UP 2425 were with significantly high yield under timely sown, while HD 2932,
PBW1 75, PBW 373, Raj 3765, UAS 320, WH1124, WH 1142 and WH1164 were promising for grain yield under heat stress and
for physiological parameters undertaken. Indices of heat tolerance, i.e., heat response index (HRI) and heat susceptibility index
(HSI) were the most promising traits because of their strong associations with heat tolerance parameters, namely, tetrazolium
triphenyle chloride test (TTC) and cell membrane stability (CMS), and due to their significance for their mean values for majority
of the genotypes under heat stress conditions. In addition, the above traits had a contribution of about 70% of the total variation for
heat tolerance as revealed by principal component analysis in the material under study. The diversity and spatial analysis revealed
that the contrasting genotypes in terms of heat tolerance and spatial distribution may generate the desirable segregating material for
improvement of heat tolerance in bread wheat.

Keywords: Bread wheat, genetic diversity, heat tolerance

Introduction

Globally, high temperature stress is one of the
major constraints in wheat productivity. The report
of the Intergovernmental Panel on Climatic Change
(IPCC) indicate that global mean temperature will
rise 0.3 °C per decade reaching to approximately 1
and 3 °C above the present value by the years 2025
and 2100, respectively, (Hays et al., 2007; Asseng
et al.,2011; Singh and Dwivedi, 2015). Therefore,
the understanding of mechanisms of heat tolerance
in view of crop improvement under heat stress has
become an important objective. High temperature
stress is indicated by increase in temperature above
a threshold for a period of time which may cause
irreversible damage to plant growth and physiological

development (Wahid et al., 2007; Sareen et al.,
2015). High temperature stress is a complicated
mechanism comprising heat intensity (temperature
degrees days), heat duration and fluctuations in high
temperature affecting the key physiological processes,
namely, photosynthesis, translocation and assimilate
partitioning to the grain. The influence of heat stress is
more visible when the temperature increases more than
the threshold level influencing fluidity and viability of
cell membranes leading to membrane injury and even
up to death of the organ. (Schoffl et al., 1999).

Heat stress reduces growth and development
of plants by disturbing lipid structure and reducing
the membrane lipid, resulting in to loss of membrane
integrity and irreversible damage of cell membranes



(Gigon et al., 2004, Harb et al., 2010). Increase in the
fluidity of membranes resulting into disintegration of lipid
bilayer membranes and membrane stability is considered
as one of the reliable parameter of heat tolerance (Blum et
al., 2001; Magdalena et al., 2015). It was also observed
that lipid peroxidation resulted in to polyunsaturated
precursors with hydrocarbon components, namely,
ketones, malondialdehyde etc. (Garg and Manchanda
2009). Malondialdehyde constitutes a three carbon
dialdehydes which is highly reactive and formed as result
of metabolism of polyunsaturated and arachidonic fatty
acid metabolism. (Hameed et a/., 2012). Membranes are
sensitive to heat stress because the increase in temperatures
alter the integrity and functions of membranes resulting
into tertiary and quaternary structure of proteins. As the
membranes contain proteins in a moving mosaic form
and lipids sway between their monolayers and rotate
around their axes and carbon bonds with acyl chains. The
protein conformation is influence by both increase and
decrease in the temperature resulting into unfolding of
proteins (Pastore et al., 2007). Membrane thermosability
of wheat inbred lines has been utilized as the parameter of
heat tolerance (Gupta et al., 2013). Genetic variability for
membrane thermostability have been reported by various
workers (Dhanda and Munjal, 2006;Dhanda and Munjal,
2012; Munjal and Dhanda, 2016) which may be used for
improvement of wheat for heat tolerance.

Membrane based damage are mainly observed
in crop plants as cell membrane stability for injury
in plasma membrane, as chlorophyll fluorescence for
injury in thylakoid membrane, and as viability test
for stability of mitochondrial membrane (Essemine
et al, 2011; Jha et al., 2014). These tests are also
being used in various crops for quantification for
the level of acquired high temperature tolerance in
plants (Wahid et al, 2007). For example, the 2, 3, 5
triphenyl tetrazolium chloride test is used to measure
reduction of TTC by electrons from mitochondrial
electron transport chain (Towill and Mazur, 1974).
The inhibition of triphenyl tetrazolium chloride
reduction is an indicator of respiratory enzyme
inactivation or mitochondrial dysfunction which
reflects the relative level of cell viability. Lipid
peroxidation in membranes is presumed as one
of the important cause for alteration of fluidity in
membranes due to heat stress on plants (Mirza et
al., 2013). The extent of membrane fluidity increases
with increase in temperature stress and membrane
composition. The lipids having comparatively more
unsaturated fatty acids with short fatty acid chains or
with low sterol content were generally more fluid and
had better stability under heat stress (Allakhverdiev
et al., 2008).

Heat stress has a major impact on chloroplasts,
metabolism of carbon, stroma and on thylakoid
lamellae during photochemical reactions. (Wang
et al., 2009). The chloroplasts are the primary site
of injury resulting in to distorted structure and
organization of thylakoid membranes, reduction and
swelling of grana (Rodriguez et al., 2005). Thus, the
activity of the photosystem II is highly influenced
and may even stop under severe high temperature
stress (Morales et al., 2003). High temperature stress
also influences soluble proteins, Rubisco binding
proteins, activity of key enzymes involved in
photosynthesis, namely, sucrose phosphate synthase,
ADP-glucose pyrophosphorylase, and invertase
resulting into reduced synthesis of starch and sucrose
(Hasanuzzaman et al., 2013). Thylakoid membrane
is measured in terms of chlorophyll fluorescence
and highly susceptible to heat stress. Chlorophyll
fluorescence related with photosystem II, reflected
the extent of photosynthesis and has become one of
the most reliable methods to determine photosynthetic
efficiency under heat stress in crop plants (Kornyeyev
etal., 2003).

During prolonged heat stress conditions, plant
indicates the mechanisms which help in adaptations
in short-term avoidance of heat stress through
transpirational cooling, earlier flowering and other
physiological mechanisms. In well irrigated conditions,
high transpiration rate may cause to lower the canopy
temperature from the ambient temperature up to
6°C (Fitter and Hay, 2002). Dense Root system
of plant also contributes towards heat avoidance
through obtaining more moisture through deep
penetration and wide coverage in the soil (Fisher et
al., 1982). High temperature also enhances the rate of
reproductive development resulting into shorter time to
photosynthesis contributing towards grain yield (Xue
et al., 2004) as plant growth and flowering depend on
accumulate degree days in temperature (Penuelas and
Fillela, 2001). The short duration genotypes may escape
from heat stress at later stages of plant growth, but the
genotypes with high grain yield and comparatively
longer duration under heat stress may possess the
genes conferring protective mechanisms. Thus,
identification of heat tolerant genotypes at different
stages of plant growth for various traits related to heat
stress and may help to combine heat tolerant genes
in desired background. Therefore, the objectives of
the present investigations are to determine the mean
performance and genetic diversity of wheat genotypes
for heat tolerance and the relative contribution of the
physiological traits under heat stress conditions in
wheat bread wheat.
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Materials and Methods

Fifty-six genotypes of wheat (Triticum aestivum
L.) differing in their performance under heat stress
were grown under normal (second week of November)
and heat stress environments (last week of December)
during the years 2012-2013 and 2013-2014 under
field conditions at the experimental area of Wheat
and Barley Section, Department of Genetics and Plant
Breeding, CCS HAU, Hisar India. In order to create
heat stress at anthesis and the reproductive stages,
the sowing of the heat stress experiment was delayed
by about 5 weeks. The experiments were conducted
in a randomized complete block design with three
replications for both environments and with a plot size
of a 2 rows of 1.5m length with a 20x5 c¢m spacing
within rows and between plants. Data on average of
five competitive plants selected randomly from each
row were recorded for grain yield per plant, days to
50% heading and physiological parameters as given
below. The data for physiological traits was recorded
reproductive stage of plant growth after 1% week of
April in the heat stress experiment when the maximum
day time ambient temperature was above 33°C in both
years (Figure 4).

Chlorophyll fluorescence:

The Chlorophyll fluorescence measurements,
FO, Fm, and Fv/Fm were taken 4 cm from the base
of abaxial surface of flag leaves using a chlorophyll
fluorometer, model 0S-30p Opti-Sciences under late
sown environments at post anthesis stage. Measurements
were taken on five randomly selected plants in each
three replications. The fully expanded leaves were first
acclimated to the dark for 15 minutes by fixing clips.
The dark-adapted samples were continuously irradiated
for 1second, provided by an array of 3 light emitting
diodes in sensor. The florescence signals were detected
as FO, Fm, and Fv/Fm.

Cell membrane stability:

Membrane thermostability was measured by
the method of Sullivan (1972), modified later on by
Ibrahim and Quick, (2001) was followed. A random
sample of flag leaf from 3 plants from each replication
was collected at post anthesis stage. At field, each
sample was collected in sealed plastic bags and
immediately kept in ice boxes. At laboratory all the
samples were thoroughly rinsed twice in deionised
water. The mid rib of flag leaves were removed gently
by hand and about 5 cm portion from central flag leaf
area was excised and cut in to 4 equal parts. Leaf was
taken in glass test tubes. The test tubes samples were
tightly covered with aluminum foil and submerged
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in water bath (maintained at 45°C) to depth equal
to height of water in test tubes for 30-minute time
periods after the treatment 10 ml deionised water was
added and the test tubes were held overnight at 40°C
in refrigerator. The samples were brought to room
temperature and conductance was measured with an
electrical conductivity meter after calibration with a
standardized KCl solution (T1). The test tubes samples
were then autoclaved at pressure of 0.10 Mpa for 10
minutes to completely kill plant tissues and release all
the electrolytes. The conductance (T2) was measured
again after autoclaved. Membrane thermostability
was expressed in %. Membrane thermostability was
measured by the formula given below.

Membrane thermostability= 1- (T /T,)x100
Where

Tl = conductivity reading after heat treatment
T2 = conductivity reading after autoclaving

Canopy temperature depression:

A hand held infrared thermometer (Everest
Interscience Inc.), model6110.4ZL, temp range low,
USA for rapid indirect determination was used for
instantaneous measurement of canopy temperature
depression. Canopy temperature depression, the
difference between air temperature (Ta) and canopy
temperature (Tc), Measurement were taken when
infrared thermometer viewed 100 per cent canopy
cover and held at an angle of 30°C, approximately
50 cm above the canopy from horizontal and at 1
m distance from the edge of the plot end. Data was
recorded between 12:00 hrs to 14:00 hrs. Measurements
was taken when the sky was clear and there was little
or no wind.

Tetrazolium Triphenyl Chloride Assay:

TTC assay was done following the method of
Ibrahim and Quick (2001). Two sets of long flag
leaves (3.5 cm) were excised, rinsed in deionized
water, and placed singly in a test tube with 0.1 ml
of deionized water. Out of two sets, the first set was
kept at 25° C for 90 min as control set, and the second
set was placed in a water bath at 49°C for 90 min.
Immediately following the 25°C and 49°C treatments
10 ml of TTC solution (0.8% TTC in 0.05 M NaPO4
buffer, pH 7.4, and 0.5 ml/l Tween 20) was added per
tube and vacuum-infiltrated for 10 min. The leaves
were incubated in the TTC solution for 24 h at 25°C
in dark. After incubation, the leaves were removed
and rinsed with distilled water, placed individually in
separate tubes containing 2 ml of 95% ethanol, and
submerged for 24 h at 25°C in the dark. The level of
acquired high temperature tolerance was determined
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by measuring the percentage reduction of TTC to
formazan using the following formula.

TTC= (ODh/ ODc)*100.

Where ODh referred to the mean optical density
(530 nm) values for the heat-stressed set (49°C for 90
min), and OD referred to the mean optical density for
the control set (25°C for 90 min).

Heat susceptibility index for grain yield (HSI):
Heat susceptibility index (HSI) was calculated
over stress and non-stress environment. The HSI of
individual genotype was calculated by the method
suggested by Fischer and Maurer (1978) with the
following formula:

HSI for grain yield = 1-(Y/YP)/D.

Where, D = 1- (X/XP), Y and YP is grain yield
for individual genotypes under heat stress and normal
environment, respectively. X and XP represents mean
grain yields of all genotypes under heat stress and
normal environment, respectively.

Heat Response Index for grain yield (HRI):

The heat tolerance of individual genotype was
computed using the formula given by Bidinger et al.,
(1987) as HRI = (Ya- Yest)/SES

Where, Yest and Ya are the estimated yields by
regression and actual yields, respectively, and SES is
the standard error of the dependent trait, significant
positive values of HRI denote heat tolerance, while
significant negative values denote heat susceptibility
of genotype negative values denote heat susceptibility
of genotype.

Statistical Analysis:

Simple correlation coefficients among various
traits were calculated by the method given by Snedecor
and Cochran (1981). Principal components analysis
was performed by the method given by (Everitt and
Dunn, 1992). The genotypes were further subjected to
cluster analysis by following the method of (Everitt,
1993; Eisen et al., 1998). The statistical analysis was
performed by using the softwares, namely, OPSTAT
and SPSS 19.

Results

Analysis of variance and mean performance

The mean sum of squares due to genotypes, years
and for the interactions between genotype and years
were significant for almost all the traits under heat
stress conditions, but nonsignificant under timely
sown conditions except for grain yield (Table 2).
Therefore, under timely sown conditions the data

for all the traits expect for grain yield was excluded
for further analysis. The considerable differences
for the genotypes among themselves and over the
years existed and to get consistent performance
these should be evaluated over some more number
of years. The genotype Raj 3765 was significantly
higher yielder than overall mean values under both
timely (16.03*) and late sown (11.46**) conditions
along with other heat stress related traits indicating a
desirable combination high yielding and heat tolerant
genes in this genotype which may be exploited for
obtaining high grain yields under heat stress affected
environments (Table 3). On the other hand, the
genotypes DBW 88 (17.30**), HD 2967 (17.18**),
HI 1571 (18.08), NIAW 1951 (16.12*), Raj 4083
(18.27**), UP 2425 (18.91**), were significantly
higher yielder under timely sown conditions and may
serve as the good source of high yielding attributes.

The mean values of other genotypes, namely, HD
2932 (12.41**), PBW 373 (10.51*), UAS 320 (11.02*),
WHI1124 (10.28*), WH 1142 (10.83*) and WH1164
(12.75**) were significantly higher than overall mean
for grain yield and one or more heat stress related traits,
under heat stress conditions. The better performance of
above genotypes may be exploited for incorporation of
heat stress tolerant genes in high yielding background.
The information from the parental details revealed
that the heat tolerance in above genotypes might
have been contributed by the renowned stress tolerant
varieties like Kauz, Veery, GW 322, Ae. Squrossa and
Pastor (Table 1). The genotypes HD 3059, NIAW 34,
Sonalika, WH 1021, WH 1123, and WH 730 were
also significantly superior to the of the physiological
traits, namely, mitochondrial viability test TTC, CMS,
efficiency of photosystem II (chlorophyll fluorescence)
and high rate of transpiration (CTD) under heat stress,
but not for grain yield. Such types of material may
be specifically used for improvement of heat tolerant
traits.

The early heading genotype may escape heat
stress particularly in the areas subjected to under late
heat stress. Thus, the genotypes DBW 16 (86.00**),
HD 2851 (83.00**), HI 1563 (84.72**) MP 3379
(86.00**), NW 5054 (85.39**), NI 5439 (86.06%),
PBW 590 (85.00**), PBW 688 (83.33**), UP 2425
(85.61*), WH 1021 (83.67**), WH 147 (82.33**) and
WH 730 (85.33**) tended to escape from heat stress as
they were among the entries which were significantly
earlier in heading than overall mean (90.36+3.69).
Heat sensitivity index (HSI) and heat response index
(HRI) are based on relative reduction of grain yield
from normal to heat stress environments. HSI provides
the relative reduction irrespective of effects of other
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variables, while HRI can remove the intervening
influence of other traits namely, grain yield potential
and escape mechanism due to early heading etc. The
genotypes DBW 90, MP 3336, NI 5439, Raj 3765,
Sonalika, WH 730, WH 021, WH 1123, WH 1124
and DBW 16 performed significantly better over their
mean values for both i.e. HSI and HRI, while, NIAW
34, HPW 251, UP 2845, UP 2843, WH 1080 were
better for either of these traits. Thus, based on grain
yield, physiological traits and heat tolerance indices the
genotypes Raj 3765, NI 5439, WH 730, WH 1021, WH
1123, WH 1124 and WH 1142 may be termed as heat
resistant /tolerant, on the other hand the genotypes HD
2985, HD 3043, HD 3090, HUW 667, K 1114, NIAW
1951, PBW 343, Raj 4083, UP 2425, UP 2844, WH
147 and WH 542 showed heat susceptible response.

Correlations

Correlation coefficient analysis revealed that
increased grain yield under heat stress conditions was
significantly contributed by TTC (0.314*) CMS (0.365**)
late heading (0.446**), chlorophyll fluorescence
(0.330%), CTD (0.539**), HSI (-0.661**) and HRI
(0.668**) (Table 4). This suggested the considerable
role of above traits selecting for higher grain yield under
heat stress. The positive correlations of TTC with other
physiological traits, chlorophyll fluorescence (0.504**),
HSI (-0.391**) and HRI (0.394**) indicated that heat
resistant genotypes, in general, had better viability of
mitochondrial cell viability as well better stability of
thylakoid membrane. Days to heading appeared to be
independent of physiological traits except with CTD
(0.274*) indicating that heat tolerant plant may be
of both types, i.e., early and late heading, but about
transpiration rate the genotypes with delayed heading
had higher rate of transpiration. The HRI appeared to
be the most promising trait followed by HSI in terms
of association with other traits and as an index of heat
tolerance, because this index is free from influences of
intervening variables such as escape from heat stress and
high yielding genes. The strong association of HSI with
HRI (-0.847**) suggested that the HSI was also effective
to that of HRI for categorization of genotypes in their
response towards heat stress in present set of material.

Principal components

To find out a desirable combination of few im-
portant traits required for high grain yield under heat
stress conditions and to reduce the redundancy of
the variables for simplification the selection process
principal component analysis was performed (Table 5).
The scree plot of principal components (Figure 1) indi-
cated that first four principal components accumulated
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for 86.6% of the total variation. The first component
accounted the highest contribution (47.25%) in total
variation for heat tolerance, followed by the second
(19.55%) and third (12.41%). This revealed that HSI
(-0.907) followed by HRI (0.877) appeared to the im-
portant traits with a contribution of 47.25% of the total
variation under heat stress conditions indicated by first
component. The second component revealed that the
physiological traits, namely, CMS (0.983) and TTC
test (0.851) had a contribution of 20% towards total
variation. While days to heading (0.963) in third com-
ponent and chlorophyll fluorescence (0.989) in fourth
component were a part of 12.41% and 7.33% of total
variation under heat stress. Canopy temperature depres-
sion, however was the last contributing trait (1.003) in
total variation due to heat stress with a contribution of
6.82%. Thus, HSI followed by HRI, CMS and TTC
were the important yield determines of grain yield un-
der heat stress conditions in present study.

Cluster analysis

To find out diversity for heat tolerance all the
genotypes were classified into six different clusters
(Figure 2). First cluster comprised a group of 6 entries,
namely, Sonalika, WH 1179, WH 730, DBW 16, WH
1021 and HP 1744. Majority of these genotypes were
significant for one or more physiological traits including
heat tolerant resistance/ tolerant indices indicating heat
tolerance response. The second cluster consisted of
a group of 8 entries having moderate heat tolerant
response. Among these the genotypes NW 2036, WH
1124, NIAW 34 and Raj 3765 showed significance
for HRI and or HSI in addition to other physiological
parameters. The remaining genotypes in this group were
also better for one or more parameters of heat stress. The
third cluster comprised a group of 11 genotypes with mix
responses towards heat stress. The genotypes WH 1123,
WH 1164, DBW 90 and HD 2932 indicated significance
for one or more heat tolerant traits, while DBW 88, WH
1126, WH 542, HD 3043 and PBW 343 had sensitive
type response. Group 4 and 5 comprised majority of heat
sensitive genotypes except few genotypes indicating
heat tolerant response in one or more characters. In
group 6 all the genotypes, in general, had heat sensitive
response except NW 2036, HPW 251 and MP 3379
which were significantly better at least one character
related to heat tolerance. Thus, heat stress revealed
considerable influence on grouping of genotypes, for
example, first and second group consisted heat tolerant
genotypes, third and fourth groups contained mixed
type of genotypes having moderately heat tolerant to
heat sensitive genotypes. In fifth and sixth group the
response of genotypes was in general heat sensitive.
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Scatter plot of genotypes

In addition to the diversity analysis which
indicates arbitrary distances within and among
the groups of genotypes, the scatter plot of the
genotypes further elaborated their diversity in terms
of spatial distance (Figure 3). Genotypes plotted on
scatter plot according to PC 1 and PC 2 depicting
66.8% of total variation. PC1 constituted 47.25%
of the total variation loaded with HSI and HRI
involving as major components of heat tolerance,
while PC2 represented 19.55% of the total variation
loaded with CMS and TTC. the genotypes, Raj 3765,
WH 1179, NIAW 34, WH 730, UP 2843, WH 1124,
PBW 343 and WH 1021were better for both axis and
showed a desirable combination of heat tolerance
indices (HSI and HRI) and other heat tolerant traits
namely, CMS and TTC as these genotypes had better
performance for on both axis, while the genotypes
PBW 373, DBW 90, PBW 373 WH 1164, WH 1123,
HPW 251, MP 3336, UP 2845 and WH 1142 had
better performance for the traits loaded on PC1,
i.e., HSI, and HRI. The genotypes DL 153-2, HI
1571, PBW 644, HD 3059 and HP 1744, HD 3059,
NW 2036, Sonalika, WH 542 and DBW 16 were
better only CMS and TTC loaded on PC 2. This
may probably due to their inherent characteristics
as most of, many of above genotypes had one or
more parent as stress tolerant in their pedigrees, for
example, the varieties PRL “S”, VE#5 “S’, Pastor,
Parula, Raj 3765, GW 173, PBW 175, Kauz and
Ae. Sq (Taus) are the promising stress tolerant
varieties of wheat which are one or more parent
in the pedigrees of above genotypes (Table 1). The
other genotypes which were near to origin or lower
position in graph indicated moderately heat tolerant
to heat sensitive response.

Discussion

It is now well established that various important
cellular functions depend on proper working
various membrane related activities, involved in
photosynthesis, respiration and cellular activities
for nutrient transport. (Vigh et al., 1998; Kiiltz
2005; Vigh et al., 2007; Crul et al., 2013). Due to
high temperature stress the leakage of the plasma
membrane causes severe protein denaturation. Lipid
peroxidation is also one of the most deleterious
processes occur under severe heat stress conditions
in the membranes resulting into distortion of fluidity
in membranes. The deleterious effects on membrane-
based processes may be on plasmalemma, thylakoid
membranes and mitochondrial membranes. Heat
stress increases the fluidity in the membranes leading

to disintegration of the lipid bilayer and proteins.
Damage in the membranes is generally taken as a
parameter for heat stress tolerance in terms of lipid
destruction (Asthir, 2015). Lipid denaturation are
mainly formed due to polyunsaturated precursors
including some hydrocarbon components, namely,
ketones, malondialdehyde and other related products
(Garg & Manchanda, 2009). Malondialdehyde is
a three carbon compound produced as a result of
peroxidation of polyunsaturated fatty acids and
metabolism of arachidonic acid. Some of these
products are used to produce coloured reaction to find
out the extent of damage in the membranes (Hameed
etal., 2012). Increase in fluidity of cell themembrane
resulted in activation of signal which are lipid-based
cascades and increased cyto-skeletal reorganization
(Bita and Gerates, 2013).

Light energy may be utilized by the plants in
three different ways, for example, in photosynthesis,
dissipated as heat energy and may be re-emitted
as light in terms of chlorophyll fluorescence. As
these processes occur in competition, therefore by
measuring one process, i.e. chlorophyll fluorescence
the extent of photosynthetic capacity in photosystem
IT (PSII) may be determined which has become one of
the reliable tools for measuring photosynthesis under
stress conditions (Czyczylo et al., 2013; Georg et al.,
2013, Hemantaranjan et al., 2014). Therefore, the
genotypes PBW 373, Raj 3765, UAS 320, WH 1124,
WH 1142, and WH 1164 may be utilised not only for
improvement of grain yield, but also for majority of
heat tolerance related traits under present study. This
indicated complementation of high yielding genes
with heat tolerance/resistance genes in these varieties
which may provide adaptability over wider area under
heat stress conditions. The varieties PBW 373 and
Raj 3765 are old varieties released for cultivations
under heat stressed areas of India, while the variety
WH 1124 and WH 1142 were recently released for
cultivation under late sown and drought prone areas
of northern India, respectively (Anonymous, 2015).
Among other genotypes which performed better for
physiological traits and indices of heat tolerance,
WH 730 is registered for late heat tolerance, while
HD 3059, Sonalika, WH 1021 are widely cultivated
under the areas subjected under heat stress in India
(Anonymous, 2014). The above genotypes along
with UP 2845, NW 2036, etc. which had also better
performance for physiological traits and indices of
heat tolerance indicating a higher proportion of genes
contributing towards heat tolerance than grain yield
potential may be used for incorporation of these
desirable traits in existing wheat germplasm.
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Various research workers revealed that formazan
production was comparatively more in heat tolerant
genotypes than in heat sensitive (Wahid et al., 2007,
Varshney et al., 2011). This may probably due to
because the heat sensitive cultivar has poor tolerance
mechanisms to face the initial moderate level of
heat stress and consequently the genotype may not
develop the adaptive mechanism to face the severe
stress conditions. While the tolerant plants could
activate the adaptive mechanisms during initial
moderate heat stress and become capable to tolerate
the severe heat stress. This may be due to increased
formazan production during heat stress (Block and
Brouwer, 2002). The tetrazolium test is based on
the fact that viable cells can reduce tetrazolium salts
into soluble formazans under heat stress (Berridge
et al., 1967). This assay indicates the ability of a
plant tissue to continue the electron transport and
the inhibition of tetrazolium tetrazolium triphenyl
chloride results into inactivation of dehydrogenase
thus producing less formazan production under
heat stress (Chen et al., 1982). The amount of
tetrazolium triphenyl chloride is decreased by the
mitochondrial dehydrogenases and the production
of formazan is regulated by cytochrome oxidase
in the mitochondria (Rich et al., 2001). Thus, cell
viability test is being widely for quantification of
acquired thermal tolerance in plants (Farooq et al.,
2011), because, inhibition of tetrazolium triphenyl
chloride reduction is an indicator of mitochondrial
dysfunction or inactivation of respiratory enzymes
resulting in to the variable response of cell viability.
The genotypes, namely, NIAW 34, Raj 3765 and WH
1021, having high values of formazan production
or better mitochondrial viability also better
performance for heat stress related traits may be used
as the source for improvement of heat tolerance in
bread wheat.

To have effective selection for heat tolerance the
number of characters as well as the genotypes need to
be reduced in order of their merit. Thus, the extent of
genetic diversity is a pre-requisite for selection and
improvement of heat tolerance (Parker et al., 2002;
Sharma et al., 2014). The spatial diversity for heat
tolerance may further help to may provide beneficial
alleles for improvement of heat tolerance and yield

potential (Dodig et al., 2010; Sun et al., 2013). The
heat tolerant includes the genotypes like Sonalika
which is an old, widely grown variety under heat
stress and released for cultivation under heat stress
areas of India since 1966. The other varieties, namely,
WH 1124 and HD 3059 are recent release, while DBW
16, WH 1021, NIAW 34, PBW 644, NI 5439, Raj 3765
are old varieties released for cultivation under heat/
drought stress areas of India (Anonymous, 2015).
The genotype WH 730 has unique characteristics
for heat tolerance in addition to its higher yields
under heat stress for which it was registered for heat
tolerance with the National Bureau of Plant Genetic
Resource, New Delhi. The resistance in these varieties
was primarily contributed by the parents, namely,
Kauz, Pastor, Aegilops squrossa, and some already
very popular varieties cultivated under heat/drought
stress areas of India, namely, GW 322, Lok 1 etc.
The genotypes may be used with high yielding well
adapted genotypes to develop a desirable material
under heat stress conditions.

Conclusions

The genotypes Raj 3765, NIAW 34, Sonlika,
WH 730, PBW 373, WH 1124, WH 1164, WH 1123,
MP 3336, UP 2845, WH 1142 etc. were important
for low reduction of grain yield under heat stress,
while DL 153-2, HI 1571, HD 3059, HP 1744,
NW 5054, DBW 16 etc. were important for better
performance of physiological traits, namely, CMS,
TTC and CTD. In addition, the genotypes Raj 3765,
UAS 120, WH 1124 and WH 1164 etc. indicated a
desirable combination resistance potential with yield
potential which may provide higher grain yield over
the wide range of area, while the genotypes DBW
88, HD 2967, HI 1563, HI 1571, NIAW 1951, Raj
4083 and UP 2425 were significantly higher yielder
under timely sown conditions. HRI followed by
HIS, TTC and CMS were the most promising traits
because of their strong associations with other heat
tolerance parameters and significance for their
mean values for majority of the genotypes under
heat stress conditions. The diversity analysis further
revealed that the contrasting genotypes in terms of
heat tolerance which may be used for improvement
of heat tolerance in bread wheat.




Table 1. Pedigrees bread wheat of the genotypes

Sr. Genotypes Parentage details Sr. Genotypes Parentage details

1 DBW 16 RAJ3765/WR 484//HUW 468 29 PBW 343 ND/VG‘I9,44//KAL//BB/3/YACO‘S’/4/

VEE#5°S

> DBW 88 ﬁ322?&5??5:/A08/3/M1LAN/ 30 PBW 373 sg}é\;gz 1,44//KAL/BB/3/YACO‘S’/4/

3 DBW90 HUW468/WH730 31 PBW 590 WHS594/RAJ3814//WH485

4 DBW95 K9908/PBWS534 32 PBW 644 PBWI175/HD2643

5 DL 153-2 TANORI 71/NP 890 33 PBW 660 WG6761/WG6798

6 HD 2733 ﬁ?giiB/TUI/CARC//CHEN/CHTO/4/ 34 PBW 688 W7561/HD2808

7 HD 2851 CPAN3004/WR426/HW2007 35 RAJ 3765 HD2402/VL639

8 HD2932 KAUZ/STAR//HD2643 36 RAJ 4083 PBW343/UP2442/WR258/UP2425

9 HD?2967 ALD/CUC//URES/HD2160M/HD2278 37 Sonalika  1154.388/AN/3/YT54/N 10B/LR 64

10 HD 2985 PBW 343/PASTOR 38 UAS 320 UAS257/GW322//DWRI195

11 HD 3043 gg;ﬁg&gggj[ggi{s f ROC_I/A. 39 UP2425  HD 2320/UP 2263

12 HD 3059 ﬁggﬁ:/\ﬁa?ﬁsgmoS/3/MILAN/ 40 UP 2843 I((?l/:%b;OBfUP%82//OPATA/RAYON//
13 HD 3090 SFW/VAISHALI//UP2425 41 UP2844  HD2844/FRTL/AGRI/NAC

14 HI 1563 MACS2496*2/MC10 42 UP2845  CPAN4022/UP2382//KAUZ//BOW/NKT
15 HI 1571 Raj 3077/WLT277//HW2045 43 WH 730 CPAN 2092/Improved Lok-1

16 HPW 251 WW24/LEHMIP2-U149 44 WH 1021 GW296/SONAK

17 HUW 667 RAJ1972/HUW468 45 WH 1080 PRL/*2PASTOR

18 K1114 HP1731/HUW234 46 WH 1105 MILAN/S87230/BABAX

19 MP3304 GW322/J485 47 WH 1123  NI5663/RAJ3765//K9330
20 MP3336 HD2402/GW173 48 WH 1124 MUNIA/CHTO//AMSEL
21 MP3379 Raj3077/DL788-2 49 WH 1126 WBLLI1*2/VIVITSI
22 NW 2036 BOW/CROW/BUC/PVN 50 HP 1744  CIANO/PARULA//CHILERE/GARUDA
23 NIAW 34 CNO 79/PRL “S” 51 WH 1142 OEN/Ae. Sq. (TAUS)/FCT/3/2*WEAVER
24 NIAW 1951 HD2781/NIAW301 52 WH 1164 RL6043/4*NAC//2*PASTOR
25 NW 2036 BOW/CROW/BUC/PVN 53 WH 1179 OASIS/SKAUZ//4*BCN/3/3*PASTOR
26 NW 5054 THELIN//2*ATTILA*2/PASTOR 54 WH 147 E4870/C303//5339/PV18
27 NI 5439 NIS883/MP1055 55 WH 542 JUPATECO/BLUE JAY//URES
28 PBW 175 HD 2160/WG 1025 56 WH 711 ALD‘S’HUAC//HD2285/3/HFW 17
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Table 2. Mean sum of squares of wheat genotypes for various traits under heat stress conditions

Grain Grain Days Days
Source of DF 1 ld TTC CMS t050% t050%  CFL CTD
Variation ’{TS) %LS) (LS) (LS)  heading heading  (LS) (LS)
(TS) (LS)
Replication 4 6.41 382 11663 1330 0.82 143 0.0005 0.43
Year (Y) 1 16135  541.95% 095  82698% 1.0l 13752 0.0000  25.07
Genotype (G) 55 2661 792 14443 9577 4950 4588  0.0086 2.50
Interaction (YXG) 55 0.33 1.48 89.26  104.41 862  11.87  0.0001 1.78
Error 220 3.36 1.82 1297 1430 2.48 2.60  0.0007 0.15
Total 335

*, **: Significant at 5% and 1% level of significance, TS: Timely Sown conditions, LS: Late Sown conditions,

TTC: Tetrazoliom Tripenyl Chloride test, CMS: Cell Membrane Stability index, CFL: Chlorophyll Fluorescence ,

CTD: Canopy Temperapture Depression.
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Table 4. Correlation coefficients of bread wheat genotypes for among various traits under heat stress conditions

Character CMS Dalf:;ghslg% CFL CTD HSI HRI
Grain yield 0.314* 0.365** 0.446** 0.330* 0.539**  0-.661**  0.668**
Tetrazoliom tripeny] 1.000  0.797* 0.101 0.504%* 159 -0.391%*  0.394**
chloride test (TTC)

;zglfﬁeyr?fgzze (CMS) 1.000 -.007 0.342* 0182 -0.298*  0.361**
Days to 50% heading 1.000 -.095 0.274 -0.438**  0.000
(Cé‘é‘f)ophyu Fluorescence 1000 0255  -0342%  0.468*
Canopy temperature 1000 -0.549%%  0.498%*
depression (CTD)

Heat sensitivity index (HSI) 1.000 -0.847**
*, ™. Significant at 5% and 1% level of significance; HRI: Heat Respone Index

Table 5. Principal components of various traits in bread wheat for heat tolerance

Character PC1 PC2 PC3 PC 4 PCS5
Heat sensitivity index -0.907 -0.023 -0.223 0.023 -0.069
Heat response index 0.877 0.022 -0.258 0.056 0.032
Cell membrane stability index -0.058 0.983 -0.097 -0.091 0.048
Tetrazoliom tripenyl chloride test 0.124 0.851 0.132 0.191 -0.048
Days to 50% heading 0.00 -0.013 0.963 -0.042 0.035
Chlorophyll Fluorescence -0.02 0.002 -0.034 0.989 0.023
Canopy temperapture depression 0.003 0.000 -0.001 0.012 1.003
Grain yield 0.15 0.067 0.197 0.109 0.066
Eigen value 3.78 1.564 0.993 0.587 0.545
Variance 47.251 19.555 12.412 7.334 6.818
Cumulative variance 47.251 66.806 79.218 86.552 93.37
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Figure 1. Scree Plot principal components for various traits in bread wheat

Figure 3. Scatter diagram of bread wheat genotypes under heat stress conditions

Figure 4. Weekly maximum and minimum temperature during the growth season
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Figure 2. Clustering of bread wheat genotypes under heat stress conditions
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ABSTRACT

Triticale hexaploide Lart. commonly known as Triticale is a manmade cereal obtained from cross between wheat (7riticum)
and rye (Secale). It is used for food and feed purposes in view of its high nutritive value. In the present study, we focused
on enhancement in the crop production of Triticale (7riticale hexaploide Lart.) under semi arid conditions at Agra, India.
A pot experiment was conducted to evaluate the effect of Azotobacter and chemical fertilizers on seven variety of triticale
viz. R2TL3001, R1TL3005, R1TL3006, R1TL2942, R2TL3002, R1TL3003, R1TL3004 and a local variety of wheat
which was treated as check. The results of R1TL2942, RITL3003 and R1TL3006 with Azotobacter were observed as
best yielding variety of Triticale with 56-59 grains and with 55-58 grains per spike respectively. The findings show that
R1TL2942, R1TL3003 and R1TL3006 are the potential variety of Triticale that could grow under Indian climatic conditions.

Keywords: Triticale, wheat, Azotobacter.

Introduction

Triticale (Triticale hexaploide Lart.) is a hybrid
cereal of wheat (7riticum) and rye (Secale) which
was developed by using conventional plant breeding
followed by embryo culture. Its origins could be
traced back to the Scotland (Ammar. et al., 2004).
The research work on triticale was started in 1950°s
in Canada and the first Triticale variety was release
in 1972 by University of Manitoba. Triticale was
developed to integrate the grain qualities of wheat with
less input requirements along with the hardiness of rye.
However, it has had limited take-up in the India till date
while triticale has made a significant impact in Europe,
notably in Poland, Hungary, Germany where over 4
million hectares are grown with good performance.
It becomes an accepted crop worldwide, competitive
with local grains. The triticale varieties are equal or
higher yielding in comparison of other crops for grain,

forage and biomass production, for feed and food along
with industrial applications. It has superior adaptation
under stress conditions like wise drought, acidic soils,
excess moisture and situations of high fertility where
other crops yield less and are poorly adapted. The grain
of triticale is much suitable as feed for ruminants and
monogastrics, especially for silage and swine feed.
Triticale develop a new levels of sustainable flexibility
for crop planning, especially for enabling year-long
forage supplies using grazing or conserved forage.
Triticale could also play a special role in integrated
cropping systems which provide the crop diversity in
the rotation, a break in pest, disease and weed cycles,
and seasonal flexibility. At the same time, high yields
of triticale silage or grain will returned to the livestock
operation that generated the manure (Chapman et al.,
2005). This is well known that micro-organisms play an
important role in number of chemical transformations in



soils and influenced the availability of major nutrients
like nitrogen, phosphorus, potassium and sulphur to the
plants. Thus, the application of chemical fertilizer may
be reduced by 20-50% with the use of bio-fertilizers
(Balyan, 1998). Azospirillum, Azotobacter, Blue
green algae (BGA), VAM and Phosphate Solubilizing
Bacteria (PSB) can be used as bio-fertilizers to increase
the crop production (Singh, et al., 2006). Therefore
the present was planned to evaluate the response of
Triticale genotypes to inoculation with Azotobacter.

Materials and Methods

Investigation was carried out during Rabi season
of 2016-17 in the research plots of the Department of
Biotechnology, Raja Balwant Singh Engineering Tech-
nical Campus, Bichpuri, Agra. A pot experiment was
conducted to evaluate the effect of Azotobacter and
chemical fertilizer on seven variety of triticale name-
ly R2TL3001, RITL3005, RITL3006, R1TL2942,
R2TL3002, R1TL3003, RITL3004 and a local variety
of wheat kept as check. All the experiments performed
in this study were replicated three times in a randomized
block design. There are four plant replicates in all of
fourty eight pots. The soil of the experimental field
was sandy loan in texture with a pH 7.84 the soil was
low in available nitrogen (174.40 kg ha'), medium in
available phosphorus (25.80 kg P, O, ha') and rich in
available potash (220.70 kg K,O ha™). The Triticale
and wheat varieties were sown during Rabi season on
January 04, 2017. The culture solution was prepared
in the concentration of 100 g/l of Azotobacter, in 10%
jaggory solution and mixed with the fine and dry soil
before sowing. The recommended dose of NPK in the
ratio of 120:60:60 kg/ha was applied as per treatment
in the form of urea, single super phosphate and potash.
One-third amount of urea and full dose of single super
phosphate and potash were used and mixed thoroughly.
Remaining two third of urea was top-dressed in two
split doses. The cultural operations viz. irrigation, weed
control, earthing up, insect pest control etc. were done
in each of the pots uniformly throughout the course of

investigation whenever necessary. The parameters for
the experimental setup includes the date of germina-
tion, initiation of first flag leaf, initiation of spike, plant
height, number of spikes, number of spikelets/spike,
number of grains per spike along with the test weight.

Results and Discussion

All of the studied triticale varieties germinated
between 13-15 January 2017. The dates for the initiation
of first flag leaf ranged between 16-25 February 2017
while the initiation of spikes started from 28 February
2017 to 10 March 2017. In some cases (R1TL3002 and
R1TL3004) the initiation of spikes was observed upto
20 March, 2017. The maximum number of spikelet
of 55+0.66 per plant was investigated in R1TL2942
treated with Azotobacter followed by R1TL3006 and
R1TL3003 with the number of spikelet of 53+2.08 and
51+4.25 respectively. The per plant yield (g/plant) of
R1TL2942, R1TL3006 and R1TL3003 treated with
Azotobacter was observed as 52+0.63, 51+2.50 and
49+4.58 respectively. These findings are encouraging
as the yield of control crop was observed as 25+0.69.
The data on various plant parameters are given in
Figure 1. Other varieties of triticale were not very
much promising with respect to plant yield. The results
of the experiments in which the triticale seeds were
grown under chemical fertilizers are summarized in
Figure 2. With the chemical fertilizer treatment all the
seven varieties of triticale were observed as plant yield
between 1942.08 to 23+0.62 which is less or nearby
the check. With the above discussion it is clear that the
Azotobacter inoculums may be used as a biofertilizer
for the triticale and it may reduce the use of chemical
fertilizers and save the environment. The Azotobacter
may be used as a component of nutrient supply system
for the sustainable agriculture. The finding were also
supported by the findings of Kader et al., 2002 in
which they studied the effect of Azotobacter inoculums
on wheat and found that it reduces the use of urea N
by 20 percent.




Figure 1. Effect of Azotobacter on investigated varieties of triticale
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ABSTRACT

Cabbages, cauliflower and broccoli breeding activities are very low level compared with the other vegetable species.
This study was conducted to determine the efficacy of the anther culture technique on the in vitro embryogenesis and
according plantlet initiation and to the author’s knowledge, this is the first reports in red cabbage species. The anthers at
uninucleate microspore stage (about 3-5 mm long) were collected at florescence times and then cultured on a solid MS
and B5 medium with the addition of 2,4-D, NAA, Glutamine, Serine, Silver nitrate, IAA, BAP and different sucrose
concentration to induce callogenesis, embryogenesis, and plantlet initiation. The culture medium, sucrose concentration,
and genotype were found to be highly effective on androgenesis. Among the genotype, Zencibas cv. produced the best
result with a combination of M medium+30 g/ sucrose for embryogenesis and plantlet initiation, while, Integro F, and
Cabellero F, did not generate an androgenic response. This results can assist cabbage breeders to develop new hybrid

cultivars in breeding programs.

Keywords: Red cabbage, anther culture, embryogenesis, plantlet initiation.

Introduction

Brassica vegetables are an important and highly
diverse group of crops grown world-wide that belong
mainly to the species Brassica oleracea and Brassica
campestris (Monteiro and Lunn, 1998; Balkaya et al.,
2005). Red cabbage is a member of the genus Brassica
within the economically important Brassicaceae family.
Cabbages breeding studies have been increased the last
years according to the other Brassica vegetable species
(Balkaya et al. 2016). Thus, it is well known that all
Brassica spp. are open pollinated and improve new F
cultivars with desirable agronomic traits need to many
times and also intensive efforts. Moreover, red cabbage
is a biennial crop for seed production, and selfing
depression, incompatibility and male sterility are seen
in some genotypes, frequently (Dogru and Balkaya,
2015). Thus, doubled haploid (DH) technology is

a unique solution and a new tool to the recovery of
genetically uniform parental lines for the release of
hybrid varieties in a short time (Kurtar and Balkaya,
2010; Dogru et al., 2016). These valuable DH lines
could be obtained from anther-microspore culture,
ovule-ovary culture and pollen irradiation in many
species.

Androgenesis is an effective and widely used
technique for the generating homozygote haploid
lines of numerous species. Various techniques for
microspore/anther culture have been developed for
Brassica species (Cardoza and Stewart, 2004). The
first successful production of haploid plants via
androgenesis was reported in broccoli by Keller and
Armstrong (1983), in Brussels sprouts by Ockendon
(1984) and in white head cabbage by Kameya and
Hinata (1970).



To our recent knowledge, there are no reports
about androgenesis in red cabbage species via anther
culture. Thus, this study was conducted to determine
the frequency of anther culture for our future breeding
efforts, firstly. So, the effects of medium, genotype
and sucrose concentration were primarily investigated.

Materials and methods

Materials, preparation, and culture

In this study, the three red cabbage cultivars named
open pollinated local variety, commercial Zencibas,
Integro F, and Cabellero F, were used for anther
culture process. The seeds of donor lines were sown
in plastic flats (cell volume 80 cm® and 45 cells per
flat) containing peat-moss. Cabbage seedlings were
grown in a controlled glasshouse and 10 seedlings from
each genotypes were planted in 7 It plastic pots. Plant
nutrition components were applied and plants were
protected with fungicides and insecticides regularly
throughout the cultivation.

Carmine staining technique was used for
determining the uni-nucleate microspore stage. Flower
buds (3-4 mm in length and 1-2 mm in width) were
collected in the middle to late uni-nucleate microspore
stages (Figure la , Figure 1b). The buds were
transferred to the laboratory immediately and rinsed
under running cold tap water for 15 min in teapots.
Subsequently, buds were immersed in 70% ethanol
for 1 min then 10% commercial bleach solution for 15
min. Buds were rinsed three times with sterile distilled
water for 5 min each time and placed on sterilized filter
paper to desiccate excessive surface water. MS and B5
medium supplemented by various PGR’s were used
for callogenesis, embryogenesis and plantlet initiation
(Table 1). The pH of the media was adjusted to 5.8 and
solidified with 7 g/l agar-agar for all culture processes.

Callus induction, callus maturation,

embryogenesis and plantlet initiation

1.0 mg/l 2,4-D was used with the addition of 100
g/l sucrose for both MS and BS5 medium for callus
induction. Anthers without filaments were excised
from buds and cultured in jars containing 25 ml of
induction medium. Jars were sealed with stretch
film and incubated in a growth chamber at 26+1°C
and illuminated with white fluorescent 32 W lamps
(3000 lux) under 16/8 h (day/night) photoperiod. Five
anthers for each jar and ten jars for each replicate were
cultured for each medium and genotype.

When calli enlarged (Figure lc, Figure 1d)
they were cut into pieces (about 5 x 5 mm) and sub-
cultured onto maturation and embryogenesis media
supplemented by a combination of 30 and 100 g/l

sucrose + 1.0 mg/l NAA + 800 mg/l Glutamine + 10
mg/l Serine, 2.0 mg/1 Silver nitrate and 1.0 mg/l BAP
at same conditions.

Five weeks old maturated calli were transferred
fresh differentiation media (Figure le) and were
incubated at same conditions. The differentiation
media were refreshed 2 times at 2 weeks interval
to maintain callus formation and stimulate plantlet
initiation.

Data collection and statistical analysis

A factorial experiment based on completely
randomized design with five replications was used.
Five jars for each replicate were cultured for each
medium, genotypes and sucrose concentration. The
data were analyzed by SPSS and mean values were
separated based on Duncan’s multiple range test.

Results

At the end of this study, various types of callus
form (whitish, greenish, yellowish) were obtained
from the anthers in callus induction procedure. The
anthers differentiated and turned callus form within
5 or 6 weeks of culture (Figure 1e). It is obvious that
strong genotypic differences were determined for
callogenesis, embryogenesis and plantlet initiation
processes (Table 2). Interestingly, among the cultivars,
Zencibas cv. had an only positive reaction and the
others (Integro F and Cabellero F, cv.) were found to
be highly recalcitrant and they did not generate any
response.

Besides, the medium was the other important
factor in all processes and the highest responses were
found statistically significant from MS medium. In
respect to callogenesis, MS medium was twofold higher
than B5 and the percentage of callus induction was
52% in MS and 26% in the B5 medium for Zencibas
cv. However, sucrose concentration had a determinative
effect on callus maturation, embryogenesis, and plantlet
initiation. The mean percentage of callus maturation
changed from 20.0% (by 100 g/l sucrose in B5) to
56.0% (by 30 g/l sucrose in MS) and MS medium + 30
g/l sucrose produced the favorable maturation results.

Some fragment of maturated calli turned mazerine
blue within 3 or 4 weeks of embryogenesis process.
Then, the primary embryos were seen in some callus
within 5 or 6 weeks (Figure 1f-1k), subsequently,
mini plantlets were seen on some callus after 3 or 4
weeks (Figure 11 and Figure 1m). Likewise, medium
and sucrose concentration were found to be effective
on the frequency of embryogenesis and plantlet
initiation and the highest responses were observed by
the combination of MS + 30 g/l sucrose. The mean
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percentage of embryogenesis were ranged from 0%
(by 100 g/l sucrose in B5) and 30% (by 30 g/l sucrose
in MS) when it was determined by 7.5% (by 100
g/l sucrose in MS) and 12.5% (by 30 g/l sucrose in
B5). On the other hand, the frequency of the mean
number of plantlets per callus was 0.58 and 0.68 with
the addition of 30 g/l sucrose in MS and B5 medium,
respectively. Although MS + 100 g/I sucrose gave the
promising outcome, the frequency was found to be the
lower than average.

Discussion

To our knowledge, this is the first report on
anther culture in red cabbage. According to our
preliminary results, the success of androgenesis was
found to be the highly depend on genotypes, medium
composition, and sucrose concentration, statistically.
In view of androgenic response, the genotypic reaction
was found to be a key factor in our research for all
process, particularly. Hence, only open pollinated
local cultivar Zencibas released androgenic response,
besides, the other hybrid cultivars were found to be
unresponsive. This is in line with findings of many
researchers, and the differences of the genotypic
reaction were observed from androgenesis in winter
rape (Smykalova et al., 2006), in rapeseed (Custers,
2003; Weber et al., 2005) and in oilseed rape (Gu et
al., 2004). Tt is clearly reflected that genotype is the
main problem for androgenesis in Brassica (Zhang et
al., 2008; Lee et. al., 2014).

Medium composition and sucrose concentration
were effective on callus induction and embryogenesis. The
MS medium combined with low sucrose concentration
produced the maximum percentages of embryonic callus,
besides, BS medium and higher sucrose concentration had
a negative effect on both callogenesis and embryogenesis.
Medium effect on embryogenesis has also been reported

for microspore embryogenesis in B. oleracea (Dias, 1999)
and B. campestris (Wakui et al., 1994), in agreement
with our findings. MS medium with BAP + 2.4-D + low
sucrose (20 and 30 g/l) produced the highest embryonic
response in broccoli. The anthers were lost their viability
in higher sucrose concentrations (50 and 60 g/l) and
embryogenesis was interrupted, comparing to BS medium
(Mousa et al., 2014). Similarly, the best embryogenic
response was obtained from on MS medium with 20 g/
sucrose + 1 mg/l BA+0.001 mg/l NAA (Krzyzanowska
etal., 2006). On the other hand, MS medium with 1 mg/1
BA produced the maximum percentages of embryos
in cabbage (Gorecka and Krzyzanowska, 2007), and
BAP was the most efficient PGR for enhancing shoot
multiplication and elongation in broccoli (Ravanfar et
al., 2009)

Conclusion

Anther culture is highly recommended as
an alternative method to microspore culture in
embryogenesis and plantlet initiation for red cabbage
in dihaploidization process. However, this technique
should be improved either the production high quantity
in vitro regenerants or used for a broad spectrum for
future breeding efforts. Moreover, the success of this
technique is highly depending on genotype, and it is
the main obstruction of dihaploidization process. Thus,
our further investigations will be realized on fecund
lines, effective PGR combinations, and concentrations,
improve the physiological condition of donors and also
microspore culture for alternatively.
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Table 1. The composition of MS and B5 media

Media  Sucrose 2,4-D NAA  Glutamine Serine AgNO, BAP
€4)) (mg/)

BS
Callus induction

MS 100 1 1 - - - -
Callus maturation, BS 100 - 1 800 10 2 1
embryogenesis,
plantlets initiation MS 30

Table 2. The effects of media on callus induction (CI %), callus maturation (CM %),
embryo induction (EI %) and plantlet initiation (PI plant/per callus)

Genotype Media CI CM El Pl
30 100 30 100 30 100
MS 52.04 56.0 4 40.08 30.04 7.5 8¢ 0.58 # 0.13 B¢
Zencibas B5 26.0® 40.0 ® 20.0 € 1258 0.0° 0.68 # 0.0P
Avr. 39.0 48.04 30.08 21.34 388 0.63 0.07

Different letters indicate a significant difference (P<0.05).
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Figure 1. (A) Female flowers (B) Microspores at uni-nucleate stage (C and D) Callus induction and
enlargement (E) Callus maturation (F-K) Embryogenesis (L and M) Plantlets initiation
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ABSTRACT

The present investigation was conducted to examine the extent of phenotypic and genotypic correlation in bi-parental mating
and selfing for yield and related components. Sixty plants from every cross of barley (IBON-W-61 x DWR91, BH935 x
BH902 and BH902/DWRUBG64) were randomly selected and crossed as well as selfed to generate 30 BIPs and 30 selfed
progenies in 2012-13. In 2013-14 those slefed and intermated progenies were grown in a compact family block design with
three replications. Data were recorded on days to heading, days to maturity, plant height, spike length, grain/spike, effective
tiller number per plant, biomass yield per plant, grain yield per plant, harvest index and 1000-grain weight. The genotypic
and phenotypic correlation coefficients were calculated between pair of characters. From the study it was concluded that
intermating has improved mean performance and variance of characters by breaking linkages between genes and resulted
in breakage of coupling phase and repulsion phase linkages that led to decreased and increased correlations, respectively.

Keywords: Intermating, selfing, biparental, coupling phase, repulsion phase.

Introduction

Archaeological evidence has suggested that barley
is an oldest crop cultivated during ancient times at
about 10,000 to 12,000 years ago. It is most likely
originated in the Fertile Crescent area of the Near
East (Anonymous, 2012), since the wild progenitor of
barley, Hordeum spontaneum, is still found in this area.
Barley grain is used as animal feed, human food and
malt. The use of barley which brings the largest added
value, however, is for the production of malt, which
has contributed to the crop’s expansion to the world.
Developed countries use barley predominantly for
animal feed and malt production. In India, the major
barley production has been for cattle feed and food,
however, recently there is a considerable demand for
malt barley due to an increase in consumption of beer
and malt based products in India and other countries
(Verma et al., 2008; Verma et al., 2011).

A six-row and two-row feature of barley is an
important morphological architecture (Palmer et al.,

2009). Through selection and domestication process,
the six-rowed barley was evolved from the two-row
wild type (Pourkhiranandish and Komatsuda, 2007)
as a result of spontaneous mutations. Following this
mutation, six-row was favored more than the two-row
during selection because of the three fold number of
grains per spike.

Two-rowed barleys usually have a more number
of tillers per plant and larger, heavier grain than six-
rowed varieties. On the other hand, six-rowed types
usually have more grains per inflorescence. Thus
the compensatory effects of yield components lead
to similar levels of yield potential (Hayes et al.,
2003). In six-rowed barley all the florets are fertile
and produce grains, while in the two-rowed plants
the outer florets of each group are sterile. Two-row
character is dominant over the six-row character in F,
(Khan, 1985) and in the F, population this character
is segregated into two row, six-row and intermediate
types. Genetically, there are at least five independent



loci controlling the six rowed spike phenotype in
barley (Pourkhiranandish and Komatsuda, 2007).
Six-rowed spike / (vrsl), a recessive gene located on
chromosome 2HL, is found in six-rowed, where as
cultivated two-rowed barleys have dominant alleles
for Vrsl.

The gain in barley yield has come largely due
to manipulating genes responsible for lodging
and disease resistance which made barley plant
responsive to agronomic practices. Thus, the realized
increase in barley productivity is to be maintained.
Further efforts to increase yield have become
relatively difficult because of the fact that the
ongoing breeding methods such as pedigree method
are limited due to several drawbacks like limited
parent participation, low genetic variability, reduced
recombination, and rapid fixation of genes following
selfing. The improvement following such method
may further be restricted due to association between
genes for desirable and undesirable characters and
there is no chance to regain desirable genes that may
have lost in the selected plants. In view of these
observations, a fresh look on generating new genetic
variability for yield and its component traits has
become essential.

Most of the agronomic traits are quantitative in
nature and the expression of the desired combinations
is hidden because of tight linkages among the
interacting gene blocks. Different mating designs
have been suggested to exploit the hidden variability
by breaking the linkages in the breeding materials
of self pollinated crops. One of these designs is the
biparental mating in the early segregating generations,
mostly in F, that forces recombination and breaking
down of undesirable linkages among traits (Comstock
and Robinson, 1952) than the selfing series. The
biparental mating has been reported to effect fostered
recombination in rice (Manickavelu et.al., 2006;
Mabhalingam et al., 2011a; Mahalingam et al., 2011b),
in wheat (Yunus and Paroda, 1982; Verma, 1989) and in
six row-barley (Prakash and Verma, 2006). However,
the information is scanty in case of barley. Therefore,
the present investigation was designed to investigate
the relative efficiency of inter-mating and selfing in
breaking the undesirable linkage blocks between the
yield component traits to affect association among
those component traits.

Materials and Methods

The experimental materials used for the first
crop season of this study during 2012-13 comprised
of F, generation of three inter-varietal crosses of
barley, namely, cross [ (IBON-W-61/DWR91- two-

row / two-row), cross I (BH935/BH902 - two-row /
six-row) and cross [I1 (BH902/DWRUB64 - six-row /
six row). From each cross 1,000 F, plants were space
planted in 2012-13 rabi season at the research station
of the department of Genetics and Plant breeding,
CCS Haryana Agricultural University, India. Out of F,
populations 60 plants were selected from each cross
for paired crossing to generate biparental populations
(BIPs) and to get selfed generations from 30 female
parent plants. Crossing was conducted following the
normal hand emasculation procedure and more than
five tillers of the maternal plants were allowed to self
pollinate for production of F, selfed seed. Then, seeds
of 30 BIPs and the respective selfs were harvested
separately to grow the next experiment.

In the rabi season of 2013-14, 30 families in two
populations (BIPs and their respective F,s) in each cross
along with their parents and checks were grown in a
compact family block design with three replications.
In each replication, two compact blocks were set for
each population and each compact block was further
partitioned to 33 plots for families, parents and
checks. In each cross, families were randomized with
in replication and progenies with parents and checks
were randomized with in family block following the
standard procedure for the design (Nageswara, 2007).
Each plot consisted of a single row with 3 meters length
and the spacing between rows and plants were 30 cm
and 15 cm, respectively.

Data was recorded on days to heading, days to
maturity, plant height, spike length, grains per spike,
effective tiller number per plant, biomass yield per
plant, grain yield per plant, harvest index and 1000
grain weight. Days to heading was recorded when
ears of 50% the plants in the plot were fully emerged
from the flag leaf sheath, while days to maturity was
recorded when the plants of plot had fully turned to
yellow on plot bases. The rest traits were measured
from five competitive selected plants from the middle
of the row after maturity of the crop.

The data recorded on quantitative characters of
yield and its components were subjected to statistical
analysis. For the mean data collected, separate analysis
of variances between families for each population in
every cross was carried out using the standard ANOVA
procedure for the randomized complete block design
(Nageswara, 2007). Following ANOVA, the nature and
extent of association between yield and its component
traits was examined by computing phenotypic and
genotypic correlation coefficients for each population
in every cross using the Plant Breeding Tools software
version 1.1 (PBTools, 2013) as suggested by Miller et
al. (1958) and Kwon and Torrie (1964) as:
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where L, is phenotypic correlation coefficient and
r,., 1s genotypic correlation coefficient between
characters x and y; cov, and cov,, are phenotypic
covariance and genotypic covariance between
characters x and vy, respectively; czp and ng are
phenotypic and genotypic variance, respectively, for

the respective character.

Results and Discussion

Analysis of variance

The analysis of variance results for mean family
of ten characters studied in biparental and selfed
populations of three crosses revealed significant
variation among families as source of variation for
most the assessed traits in BIP and F,s of three crosses
(Table 1). Hence, all the families in both populations
of all three crosses differed significantly from each
other with respect to all the assessed characters.
Previous research findings indicated that biparental
mating generated adequate variability in crops like
rice (Amudha et al., 2006; Mahalingam et al., 2011a;
Mabhalingam et al., 2011b), wheat (Yunus and Paroda,
1983; Fredrickson and Kronsrad, 1985; Verma, 1989;
Nematualla and Jha, 1993;), barley (Prakash and
Verma, 2006), sesame (Vinayan and Govindarasu,
2010) and okra (Raju et al., 2010; Guddadamath et al.,
2011).

Correlation of characters

Correlation of traits signifies that when one trait
is selected, the other associated trait is also changed.
The short-term response to selection depends not
only on the heritabilities of the selected traits but
also on the genetic and phenotypic covariances
among traits (Falconer, 1989). Genetic correlations
between traits, which arise due to pleiotropy or
linkage relations among genes controlling the traits,
are considered factors affect the direction of short
term phenotypic evolution (Norry et al., 2000). The
correlation between traits can be negative or positive
in which a negative (for genes to increase one trait
and decrease the other one) correlation arises from
repulsion linkage of genes controlling the two
traits while the positive (genes increase both traits)

whisab

association occurs due to coupling phase of linkage
(Sharma, 2008). In general the genotypic correlation
varies from one population to another and also over
time.

In the present investigation, the phenotypic
and genotypic correlation coefficient analysis was
carried out for combinations of all measured traits
in three crosses for two populations (Tables 2, 8
& 9), and the result revealed that for most of the
character associations, the genotypic correlation
coefficients were higher, in magnitude, than the
corresponding phenotypic correlation coefficients for
both populations in three crosses. This indicated that
the association between characters was, in general,
inherited or controlled genetically. However, there
are certain cases that the phenotypic correlation
coefficients were closer to, or greater than (like
biomass with effective tiller number and grain yield
per plant in all crosses) the corresponding genotypic
coefficients suggesting that environment had effect
on those correlations. Most of the previous research
findings also confirm higher magnitude of genotypic
correlation coefficient compared to the corresponding
phenotypic one (Yunus and Paroda, 1982; Waitt and
Levine, 1998; Al-Tabbal and Al-Fraihat, 2012).

The considerable shift of correlations in the
biparental populations compared to selfed progenies
was observed in this investigation. When comparing
the phenotypic and genotypic correlation coefficients
among characters between BIP and F, selfs, the
situation varied depending on traits associated and
crosses. As many as 20, 16, and 14 new associations
(either from non-significant to significant or vice
versa) appeared in BIPs compared to selfed progenies
in cross I, cross 11, and cross 111, respectively.

In BIPs of cross I, grain yield/ plant showed a
significant positive association with spike length and
grains per spike in F, were broken and changed to
non-significant correlation in biparental progenies.
The grain yield/plant’s positively significant
correlation coefficient with traits such as effective
tiller /plant, harvest index and 1000-grain weight
showed increment; however, its association reduced
to positively significant with biomass yield/plant. In
cross II, the association of grain yield/plant with plant
height, spike length and days to heading was reduced
to non-significant in intermated population from a
significant positive association in selfed progenies;
but its association with effective tiller per plant
and harvest index was significantly and positively
improved in BIPs form non-significant correlation
in F, while its association with biomass yield/plant,
1000-grain weight and days to maturity improved
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in magnitude towards positive and significant in
BIPs form significant positive association in F,. The
association of grains/spike with grain yield/plant was
changed towards significant negative association in
biparental from significant positive correlation in
selfed progeny. The association of grain yield/plant
with other traits in cross Il revealed significantly
and positively improved association with effective
tiller number/plant, slightly reduced with significant
positive magnitude when associated with biomass
yield/plant and harvest index, and the correlation was
significantly reduced to non-significant correlation
with 1000-grain weight in BIPs compared to F..
Yunus and Paroda (1982) reported the improvement
of association of grain yield with days to heading,
days to maturity and plant height towards a positively
significant correlation coefficient in BIPs in one
cross of bread wheat. Similarly, Nematualla and Jha
(1993) noticed in wheat that the significant association
of grain yield/plant with plant height, number of
tillers per plant, spike length, number of spikelets/
spike, grains per spike and 1000-grain weight was
considerably reduced in magnitude in BIPs compared
to F,. Verma (1989) also demonstrated considerable
improvement of correlation coefficient in magnitude
in BIPs for association of grain yield/plant with tillers
per plant, 1000-grain weight and biomass yield/plant
in one cross of bread wheat, while the correlation
coefficient considerably reduced with 1000-grain
weight in the other cross.

Grains per spike established significant positive
association with plant height, spike length and harvest
index in F, reduced in magnitude in BIPs, while its
significant positive correlation with effective tiller
number per plant, 1000-grain weight and days to
heading in F, was broken and became non-significant
in BIPs in cross I. In cross II, grains/spike had
significant positive association with plant height and
biomass yield in selfed was broken to non-significant
in BIPs. However, previous research report showed
significant positive association between grains/ear
with plant height and days to maturity in wheat (Yunus
and Paroda, 1982). The magnitude of significant
negative association of grains/spike with 1000-grain
weight in F, was increased in BIPs which was in line
with findings of Verma (1989) and Yunus and Paroda
(1982) in bread wheat. The non-significant association
of harvest index and days to heading with grains/
spike in selfed progenies was changed to significant
correlation in BIPs to negative (harvest index) and
positive (days to maturity) directions. In cross III, the
significant positive correlation of grains/spike with
plant height in F, was broken to non-significant in

BIPs but its association with spike length considerably
increased. However, the significant correlation of
days to heading (negative) and days to maturity
(positive) with grains/spike appeared in BIPs from
non-significant correlation in F..

The significant positive association of plant
height with spike length in F, was broken in cross I
and reduced in magnitude in crosses Il & III in BIPs.
Similarly, in cross I, effective tiller number per plant
showed increased significant positive associations
with harvest index and 1000-grain weight in BIPs
from significant correlation in F, while the magnitude
reduced when it was associated with biomass yield/
plant. In crosses I & 111, the association of biomass
yield/plant and 1000-grain weight with effective tiller
numbers/plant was changed to significant positive
association in biparental from non-significant
correlation in selfed progenies. Association of biomass
yield per plant with 1000-grain weight in F, was
broken in cross I, reduced in magnitude in cross III,
and significantly improved in cross II. Thousand grain
weight established a significant positive association
with harvest index in BIPs in cross I and cross III.
The significant decrease or increase as well as
magnitude change in correlations between different
yield contributing characters have also been reported
in different crops like sesame (Martinez and Cordoba,
2004; Vinayan and Govindarasu, 2010), in cotton
(Meredith and Bridge, 1971; Tyagi, 1987), in pearl
millet (Singh and Murty, 1973), in safflower (Naike
et al., 2009) and in okra (Guddadamath et al., 2012).

From the above elaboration, it is evident that
reshuffling of genes responsible for correlations
(Yunus and Paroda, 1982) at genotypic level amongst
some of the characters in three crosses resulted in new
recombination, probably due to changes from coupling
to repulsion phase linkage or vice versa. An increase
in a genetic correlation coefficient can be obtained
if linkages were in a predominant repulsion phase
(Meredith and Bridge, 1971; Tyagi, 1987). Miller and
Rawlings (1967) suggested that breakage of coupling
phase linkages tended to decrease the correlation,
whereas that of repulsion phase linkages increased their
magnitude (ignoring the sign). Form those suggestions,
the results of the present investigation indicate to have
involved both repulsion and coupling phase linkage
as both decreases and increases the correlation. For
some of the associations between characters, more
changes will likely to occur in these populations
following successive intermating (Nematualla and Jha,
1993). In rare cases, the correlation has been changed
from significant positive in F, to significant negative
in BIPs in cross | for traits between effective tiller

© Plant Breeders Union of Turkey (BISAB)




number per plant & plant height and spike length &
biomass; however in cross 111, the association between
biomass yield/plat and days to heading changed from
significant negative in F, to significant positive in
BIPs which indicates the breakage of repulsion linkage
phase in both biparental mating and selfing approaches
following recombination.

In conclusion, the new correlations appeared in
biparental compared to selfed progenies changed from

either significant to non-significant or non-significant
to significant either in desirable or undesirable
association. And it was evident that reshuffling of
genes responsible for correlations which might
have involved both repulsion and coupling phase
linkage that decreases and increases the correlation,
respectively. This warranted that selection may be
resorted to initiate subsequent cycles of intermating
which may lead to further improvement.

Table 1. Mean square due to families for BIPs and F.s across three crosses

Mean squares due to families

Agronomic Trait Cross I Cross IT Cross 11T

BIP F, BIP F, BIP F,
Days to heading 9.2%* 33.5%* 37.4%* 31.0** 7.64 54
Days to maturity 2.96** 12.3** 7.5%* 21.1*%* 3.1** 2.71
Plant height (cm) 53.3* 165.1** 94.1** 93.85%* 32.95* 64.9%*
Spike length (cm) 0.5* 1.6** 0.71** 1.23%* 0.64 0.95%*
Grains/spike 5.3%* 9.75%* 53.8** 35.8%* 37.1%* 43.7%*
Effective tiller number 5.8* 5.52%* 8.24* 5.35%* 6.01** 2.36%*
Biomass yield/plant (g) 242.7* 295.6** 408.4* 206.6** 385.5%* 178.1**
Harvest index (%) 26.1** 29.1** 353 27.6%* 26.9%* 17.9%*
1000 grain weight (g) 15.1** 39.1** 82.9** 84.1** 125.2** 79.9%*
Grain yield/plant (g) 45.2%* 53.0** 67.7** 29.3* 66.8** 41.1%*

*and **, value is significant at 5 and 1% level, respectively
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Registration of “Saban”
Bread Wheat variety

Saban is winter bread wheat (Triticum aestivum
L.) variety developed by Trakya Agricultural Research
Institute (TARI) and registered in 2014.The pedigree
of Saban involved cross Trakia/3/MvC410-90/GK
Kalaka//MvC410-90/Ftm-I1 with TE6060-1T-1T-1T-
OT. Crossing was made in 2004 and yield test began
in 2009-2010 growing year.

The spike of the Saban cultivar is moderately long,
white, smooth, with awn and compact. It resembles
cultivar Gelibolu. The flag leaf is twisted, dark-green,
and with medium glaucousity. Grain is oval, hard and
red colour. Saban is a medium-tall cultivar, similar
to Flamura 85, Gelibolu and Tekirdag. Plant height
is between 70 and 95 cm depending on the growing
conditions. It is medium early and as it has good
adaptation ability, it has been grown throughout Trakya-
Marmara region and some other parts of Turkey. It gives
high yield both on fertile and less fertile soils. It has
resistance to winterkilling and is tolerant to medium
drought conditions. Saban is tolerant to powdery
mildew (Erysiphe graminis f. sp. tritici) and susceptible

Figure 1. Spike and grain of the Saban cultivar
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to stripe rust (Puccinia striiformis f. sp. tritici) and leaf
rust (Puccinia recondita).

Yield potential is high however; high yield can
be obtained if environmental conditions are favorable
and good agronomic practices are applied. The highest
grain yield obtained was 10561 kg ha'! in Tekirdag
location in 2003-2014 growing years. Mean yield of
the variety testing experiment was 8318 kg ha'! in
Trakya growing conditions. Suggested planting rate
is between 450-500 seeds/m?.

Grain quality is good. The mean values of some
bread making qualities of the variety testing experiment
(2001 and 2013) are; test weight 77.8 kg, thousand
kernel weight 40.1 g, protein content 13.8%, absorpsion
38.9% and sedimentation (Zel) 38.1 ml, alveograph
energy value (W) 140.5. The highest quality values
in 2010-2011 growing seasons were; test weight 79.1
kg, protein content 16.7%, gluten value 46.0%, gluten
index 91.5% and sedimentation (Zel) 65 ml.

Pre-Basic and Basic seeds of the Saban cultivar
have been produced by Trakya Agricultural Research
Institute (TARI). Certified seed of the Saban are
produced by both private companies and state farms.
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Registration of “Kopru”
Bread Wheat variety

Koprii is winter bread wheat (7riticum aestivum
L.) variety developed by Trakya Agricultural Research
Institute (TARI) and registered in 2015. Koprii
emanated from cross Pehl//Rpb8-68/Chrc/3/506/88-113
and selection history is TE 5793-1T-1T-1T-1T-4T-0T.
Cross was made in 2001-2002 and yield testing began
in 2010-2011 growing year.

The spike of the Koprii cultivar is moderately
long, white colour, smooth, with awn and compact.
The tip of the spike is so compact. Appearance of
the spike looks like Tekirdag but tip of the spike is
different. The flag leaf is twisted, dark-green, and
with gloucoisity. The grain is oval, hard, red colour
and very large. Koprii is medium-tall cultivar with
95 cm plant height. It has resistance to winterkilling,
tolerant to medium drought condition and is medium
early.It has high productive tillering capacity. It is
suitable for growing on fertile and less fertile soils.
Koprii is susceptible to powdery mildew (Erysiphe
graminis f. sp. tritici). It has tolerance to yellow
rust (Puccinia striiformis f. sp. tritici) and leaf rust
(Puccinia recondita) and it carries Lr9 gene.

Kopri has high yield potential. Average yield
of'the 2011 and 2012 growing year in Trakya region
was 7153 kg ha'. The highest yield with 8984 kg
ha! was obtained in 2011-2012 growing season in
Tekirdag location. Suggested planting rate is 450-
500 seeds/m?.

Koprii has good bread making quality character-
istics. Some of the quality mean valueof the testing
experiment years (2012 and 2014) are; thousand ker-
nel weight 36.2 g, test weight 74.7 kg, grain protein
content 12.7%, absorpsion55.7% and sedimentation
38.1 ml, alveograph energy value (W) 134.7 and flour
yield 60.8%. Before releasing testing experiment thou-
sand kernel weight 46.3 g, test weight 80.7 kg, grain
protein content 12.7%, gluten value 40.2 %, gluten
index 66.1% and sedimentation 39.5ml. In the same
period (2010-2011) the highest values were; grain
protein content 15.1%, gluten value 41.7%, gluten
index 81.6%, sedimentation (Zel) 52 ml, absorpsion
66.5%, alveograph energy value (W) 164.

Pre-Basic, Basic seeds and Certified seeds of
the Koprii cultivar have been produced by Trakya
Agricultural Research Institute (TARI).

Figure 1. Spike, grain and in the field of the Koprii cultiva
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Registration of “Yuksel”
Bread Wheat

Yiiksel is winter bread wheat (7riticum aestivum
L.) variety selected from IWWIP program and selec-
tion was made by Trakya Agricultural Research Insti-
tute (TARI) and registered in 2016. Yiiksel resulted
from cross OK81306/STAR’S’ and selection history
is CMSW92WMO00167S-17WM-05WM-015WM-
010WM-3WM-0WM-5T-0T. Selection was made
in 2009-2010 and yield testing began in 2013-2014
growing year.

The spike of the Yiiksel cultivar is moderately
long, white colour, smooth, with awn and compact.
Appearance of the spike looks like Flamur 85 but tip
of the spike is different. The flag leaf is twisted, dark-
green, and with slightly gloucoisity. The grain is oval,
hard, red colour and large. Yiiksel is medium-tall cul-
tivar with plant height variying from 78 cm to 100 cm.
It has resistance to winter killing, tolerant to medium
drought condition and is medium early. It has high pro-
ductive tillering capacity. It is suitable for growing on
fertile and less fertile soils. Yiiksel is resistance to leaf

Figure 1.Spike and grain of the Yiiksel cultivar
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rust (Puccinia recondita) and it carries L19 gene, yel-
low rust (Puccinia striiformis f. sp. tritici) and powdery
mildew (Erysiphe graminis f. sp. tritici) resistance. It
has tolerance to Septoria tritici leaf disease.

Yiiksel has high yield potential. Average yield
of the 2013 and 2015 growing year in Trakya region
was 8077 kg ha'!. The highest yield with 9310 kg ha!
was obtained in 2013-2014 growing season in Edirne
location. Suggested planting rate is 500-550 seeds/m?.

Yiiksel has good bread making quality characteris-
tics. Some of the quality value of the testing experiment
years (2013 and 2015) are; thousand kernel weight 35.2-
42.8 g, test weight 73.1-78.8 kg, grain protein content
12.3-14.3%, absorpsion 56.5-60.9% and sedimentation
41-51 ml, alveograph energy value (W) 111-199, flour
yield 67.1-72.5%. Before releasing testing experiment
thousand kernel weight 40.6 g, test weight 80.8 kg, grain
protein content 13.8%, gluten value 36.6%, gluten index
96.7% and sedimentation 56 ml.

Pre-Basic, Basic seeds and Certified seeds of
the Yiiksel cultivar have been produced by Trakya
Agricultural Research Institute (TARI).
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