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ABSTRACT
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QTL MAPPING OF SOME IMPORTANT AGRONOMIC
CHARACTERISTICSIN WHEAT (Triticum aestivum L .)
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CUKUROVA UNIVERSITY
INSTITUTE OF BASIC AND APPLIED SCIENCES
DEPARTMENT OF FIELD CROPS

Supervisor : Prof. Dr. Ristii HATIPOGLU
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Committee : Prof. Dr. Riistit HATIPOGLU
: Prof. Dr. Hakan OZKAN
: Prof. Dr. Saih KAFKAS
: Prof. Dr. Mehmet TOPAKTAS
: Prof. Dr. Bahattin TANYOLAC

This research was conducted to genetically dissect the quantitative trait loci
(QTLs) for spike related and other agronomic traits, and to understand their mode of
inheritance in bread wheat during the years of 2009-2011.

A genetic linkage map was constructed based on recombinant inbred lines
(RILs) derived from cross between the Turkish cultivar Gerek and Moroccon cultivar
Arrehane by using DArT markers anchored with SSR markers. This map consisted of
54 linkage groups belonging to twenty one bread wheat chromosomes, spanning to a
total of 935.629 cM. Total number of markers mapped varied from 5 to 87 depending
on the chromosomes. Seventy seven DArT markers with unpublished chromosomal
locations were mapped on different chromosomes, whereas 23 DArT markers were
mapped on different chromosomes instead of their published chromosomal locations.
Interval mapping was conducted to identify QTLs for agronomic and spike related
traits by using four different environments/locations. The QTL analysis led to the
detection of 120 QTLs. Several important and novel genomic regions for spike
morphology were detected. In addition, some of the QTLs showed pleiotropic effects
for different quality traits. Stable QTL clusters influencing the 1000 grain weight,
spike length, number of spikelets per spike, number of grains per spike, grain weight
per spike, spike compactness and flowering time were identified on chromosomes
1A, 1B, 2B, 3D and 6B. It was concluded that DNA markers might provide an
opportunity for increasing the frequency of desirable alleles for spike related traits
through marker assisted selection.

Keywords: Bread wheat, QTL, Linkage map, DNA markers, spike traits
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DOKTORA TEZi

BUGDAYDA (Triticum aestivum L.) BAZI ONEMLI TARIMSAL
KARAKTERLERIN QTL HARITALANMASI
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TARLA BIiTKILERI ANABILIiM DALI
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Juri : Prof. Dr. Rusti HATIPOGLU
: Prof. Dr. Hakan OZKAN
: Prof. Dr. Salih KAFKAS
: Prof. Dr. Mehmet TOPAKTAS
. Prof. Dr. Bahattin TANYOLAC

Bu arastirma, ekmeklik bugdayda basak ile ilgili kantitatif 6zellik gen lokuslarinin
genetik olarak ortaya gikartilmasi ve bunlarin kalitim sekillerinin anlasilmas: amaciyla 2009-
2011 yillar: arasinda stirdiril mustor.

Turk ekmeklik bugday cesidi Gerek ile Fas ekmeklik bugday cesidi Arrehane nin
melezlenmesi ve elde edilen melezlerden tek tohum yontemiyle olusturulan rekombinant
kendilenmis hatlarda SSR markerlarla desteklenmis DArT markerlart kullanilarak genetik
baglant1 haritasi olusturulmustur. Bu harita 21 bugday kromozomu zerinde toplam 935.629
cM uzunlugundaki 54 baglanti grubundan olusmustur. Haritalanan marker sayisi
kromozomlara bagli olarak 5 ile 87 arasinda degismistir. Farkli kromozomlarda daha dnce
kromozom Uzerindeki yeri bilinmeyen 77 DArT marker: haritalanmistir. 23 DArT
markerimin farkli kromozomlar Uzerindeki yeri ise daha Once literatirde bildirilen
yerlerinden farkli olarak saptanmigtir. Tarimsal ve basak 6zellikleri ileilgili kantitatif 6zellik
lokuslarin (QTL) saptamak amaciylaincelenen rekombinant kendilenmis hatlarin doért farkl:
cevrede yetistirilmesiyle elde edilen morfol gjik ve fenolojik veriler ve baglant: haritalarindan
yararlamlarak QTL haritalamas: yapilmustir. QTL analizleri sonucu 120 QTL belirlenmistir.
Basak morfolojisi ileilgili cok sayida yeni ve 6nemli genomik bolgeler saptanmistir. Ayrica,
saptanan QTL’lerin bazilar: farkl: kalite 6zellikleri icin pleiotropik etki gostermistir. 1A, 1B,
2B, 3D ve 6 B kromozomlari1 Uzerinde 1000 dane agirligi, basak uzunlugu, basak basina
basakcik sayisi, basak basina dane sayisi, basak basina dane agirligir , basak sikligi ve
giceklenme zamanmin etkileyen stabil QTL gruplari tammlanmistir.  Arastirma sonuglarina
dayanarak, DNA markerlarinin basak ile ilgili 6zellikler icin arzu edile alelerin frakansin
markera dayal1 seleksiyon yoluyla artirma olanagi saglayabilecegi sonucuna varilmistir

Anahtar Kelimlere: Ekmeklik Bugday, QTL, Baglanti haritas, DNA markerlari,
Basak Ozellikleri
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1.INTRODUCTION Faheem Shehzad BALOCH

1. Introduction

Wheat (Triticum aestivum L.) is one of the most important food crops
worldwide, which feeds about 40% of the world’'s population (Gupta et a. 2008).
Given the current land usage, humans need to increase wheat production at an annual
rate of 2%, to meet the growing demand imposed by the population (Gill et al. 2004).
Breeding wheat cultivars with increased yield potential can contribute to meet at
least half of the desired production increases and the remaining half can come
through better agronomic and soil management practices (Reynolds and Borlaug
2006). Therefore, selection for high grain yield is an important focus in wheat
breeding programs. Grain yield is a complex trait and usually controlled by a number
of quantitative trait loci (QTL) with minor effects. It is influenced by environmental
factors, which make it difficult to be manipulated and improved in breeding
programs. The improvement is slow due to the lack of genetic information about the
number, location and contribution of each QTL to the final expression of yield
(Koebner and Snape 1999). Grain yield and agronomic performance are the most
commonly measured, but poorly understood crop traits. This is despite the fact that
these traits are economically the most important and are complex in nature,
exhibiting low heritability. The grain yield of wheat is determined by three yield
components, i.e., number of productive spikes per unit area, number of kernels per
spike and kernel weight. Itsincrease is one of the major factors that have contributed
to wheat yield improvement, which mainly resulted from increase in number of
kernels per spike, or from increase in both number of kernels per spike and number
of spikes per unit area.

With the advent of DNA molecular markers, the genetic bases of yield and its
related traits have been extensively analyzed in wheat, rice, maize, barley, sorghum
and other crops and a great achievement had been gained (Bernardo 2008). Modern
strategies for investigating the genetic basis of grain yield and agronomic
performance were first established in the 1980s with the use of molecular markers.
During the last two decades, both genomic mapping and sequencing methods have

advanced significantly to provide tools for scientists to explore genome structure and
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function in many organisms. Genetic maps offer a framework for carrying out
evolutionary and comparative genomic studies (Ahn and Tanksley 1993). They are
also crucia in the search for Mendelian and quantitative trait loci (QTL) (Lander and
Botstein 1989), and understanding the organization and dynamics of organism
genome such as landscape of linkage disequilibrium (LD) (Flint-Garcia et al. 2003).
Genetic linkage maps based on molecular markers have become an important tool for
genome analysis, detection of quantitative trait loci (QTL) underlying important
traits, physical mapping, map-based cloning and marker-assisted selection.
Construction and improvement of a genetic map for wheat is an important task in
order to facilitate quantitative trait locus (QTL) analysis and the development of
tools for marker assisted breeding. Marker assisted selection (MAS) is an important
plant breeding tool that could be used in the introduction of favourable alleles. With
the aid of MAS the breeder can focus on introgressing only alleles for the desired
quantitative trait loci (QTL) and avoid introgressing those that could have a negative
impact on the trait of interest on the genera background. The use of phenotypic
selection, instead of MAS, tends to be more time consuming, greatly depends on the
environment and requires large populations and much field testing (Reyna and
Sneller 2001).

A genetic linkage map constructed from a population segregating for atrait of
interest is required for QTL identification. Until now many genetic linkage maps and
QTL analysis had been published since 1998 (Vaissayre et al. 2012). These authors
also elaborated the gap of durum linkage map for gene pool from diverse regions.
Genetic and physical maps and QTL analysis conducted till now were mainly
belonging to genetic pools of only few geographic regions. Most of the genetic maps
published yet mainly belong to North America and some European gene pool.

Bread wheat originated in the Eastern Mediterranean and has been farmed in
this region for the last 12 thousand years (Habash et al 2009). This region is located
within the Fertile Crescent, a part of area that stretches from Jordon, Lebanon, Syria,
southeastern Turkey and Tigris and Euphrates rivers into Iraq and western flanks of
Iran. Northern Syria and southeastern Turkey are the core area of plant

domestication, where first einkorn and wild emmer wheat were originated and
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domesticated near Karacadag Mountain, and is one of the most important diversity
centers for bread and durum wheat and contains unique landraces (Ozkan et a 2002).
Turkey is main producer of bread wheat in the world. During the last 35 years wheat
production in Turkey steadily increased, reaching about 21 million tons/year out of 9
million ha (the seventh largest area in the world; Altintas et al., 2008). Genetic
resources from Turkey contributed greatly to the increase of wheat production in
many countries. Germplasm exploration and collection missions led to the evaluation
of sampled materials in different countries, and several landraces (e.g. Turkey Red)
were largely utilized to breed new varieties. In Turkey modern wheat breeding
started in 1925. The main goal was to select lines adapted to the different regions of
the country from local population. This breeding effort quickly produced many
cultivars. In 1967 the National Wheat Release and Training Project was established,
with the contribution of international organizations resulting in the Turkish Green
Revolution. Since then many cultivars (like Chaml) were introduced from
international research centers such as ICARDA, CIMMYT and other foreign
countries specifically targeting different areas. The national wheat breeding program,
meanwhile, developed over 100 whesat cultivars, most of which had a significant
impact on the economy. Unfortunately, genetic structure and QTL analysis of these
cultivarsis till largely unknown.

Fertile Crescent is the primary center of wheat domestication and diversity.
Despite of the importance of gene pool from Fertile Crescent particularly from Syria
and Turkey, no efforts had been made to get information about the genetic structure
of Anatolian gene pool. Therefore to fill this gap and to provide additional
information about the genetic structure and genome distribution of the bread wheat
from Anatolia, first time we tried to attempt to construct a genetic linkage map and
QTL analysis using mapping population composed of recombinant inbred lines from
a cross between Turkish landrace “Gerek” and cultivar “ Arrehan” developed by IRRI
for Morocco. This population isideally suited for studies designed to map genes and
QTLs controlling traits of agronomic importance in bread wheat grown in the
Mediterranean region.

Particularly, it was sought to:
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a) Construct a genetic linkage map for Gerek x Arrehan population
representative of Anatolian whest,
b) Identify and locate QTLs linked to agro-morphological characteristics under
different environmental conditions and
c) Identify molecular markers for agronomic traits to be used in the Marker-

assisted selection program.
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2. REVIEW OF LITERATURE

2.1. Importance of wheat

From antiquity, foods from wheat (Triticum turgidum var durum L. and
Triticum aestivum L.) have been the staff of life for Middle East and the
Mediterranean region and later for much of the world’s population. Wheat is a mgor
food crop worldwide and is used to produce awide diversity of baked food products.
Wheat rank first in the world grain production, and is one of the important crops for
most of the population of more than 40 countries of the world, for both human as a
staple food and food products, asit is abundant source of energy and protein (Patnaik
and Khurana, 2001), and also wheat straw used as a animal feed. Wheat is the most
widely grown cereal crop in the world, with an ever increasing demand. It plays a
fundamental role in food security, and a major challenge is to meet additional
requirements with new cultivars and improved cropping technologies (Pena 2002).
Slightly more than 50% of the world wheat is grown in the developing countries
(Braun et al., 2006). Bread wheat accounts for about 95% of World whesat
production, and durum wheat the other 5%.

Wheat is superior to most of other cereal such asrice, maize and barley etc. in
their nutritive value. Its grains not only contain starch (carbohydrate content of the
wheat is 60-80% approximately), but also source of significant amount of protein (8-
14%). Unlike other cereals, wheat contains a high amount of gluten, the protein that
provides the elasticity necessary for excellent bread making. Gluten protein present
in the seed endosperm give wheat dough stickiness, and its ability to rise when
leavened, in other word, unique baking qualities, which make wheat a preferred
staple food of most of the traditional farming communitiesin old world from Atlantic
coast of Europe to northern part of Indian subcontinent (Zohary and Hopf, 2000).
Hard wheat is high in protein (10-17%) and yields a flour rich in gluten, making it
particularly suitable for yeast breads. The low-protein (6 to 10%) softer type yields
flour lower in gluten and therefore, better suited for tender baked products, such as

biscuits, pastries and cakes. Wheat is used also in the making of beer and whiskey to
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a limited extent. Together with rice and maize, it provides more than 60% of the
calories and proteins for human nutrition. With 620 million tons produced annually
worldwide, wheat provides about one-fifth (20%) of the calories consumed by
humans (FAO, 2007). Common wheat is used for making bread, cookies and pastries,
whereas durum wheat is used for making pasta and other semolina products.
(Dubcovsky and Dvorak, 2007; Patnaik and Khurana, 2001).

Both durum and bread wheats are often considered very versatile because
they can be used for making many different types of food. Bread, pasta, bulgur,
couscous, crackers, cookies, cakes, and various breakfast foods are all made with
wheat. In the 20th century, global wheat output expanded by about 5-fold, but until
about 1955 most of this reflected increases in wheat crop area, with lesser (about
20%) increases in crop yields per unit area. After 1955 however, there was a
dramatic ten-fold increase in the rate of wheat yield improvement per year, and this
became the major factor allowing global wheat production to increase. Thus
technological innovation and scientific crop management with synthetic nitrogen
fertilizer, irrigation and wheat breeding were the main drivers of wheat output
growth in the second half of the century (Slafer and Satorre, 1999).

The cereal is an important component of the world's diet as they represent the
largest protein of world food supplies. In the years ahead, bread and durum wheat,
perhaps more than other cereals, can be expected to assume greater importance as a
source of protein much of the world's increasing population. Wheat grain contains all
essential nutrients; grain contains about 12% water, carbohydrates (60-80% mainly
as starch), proteins (8-15%) containing adequate amounts of all essential amino
acids (except lysine, tryptophan and methionine), fats (1.5-2%), minerals (1.5-2%),
vitamins (such as B complex, vitamin E) and 2.2% crude fibers (USDA, 2006).

2.2. History and origin of wheat

The transition from hunting and gathering to agriculture had revolutionary

consequences for the development of human societies. Crops such as wheat, played a

crucia role in the establishment of complex civilizations in south west Asia. The
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earliest evidence that man collected and used the cereas is from Ohao II, a
permanent site of epipaleolithic (19,000 BP) hunter-gatherers on the southwestern
shore of the Sea of Gadlilee, Israel (Feldman and Kislev, 2007). In the same Area,
Kidev et a. (1992) found grains of wild barley and wild emmer, and Piperno et a.
(2004) presented evidence for grain processing and baking of flour. About 10,000
BP, hunter-gatherers began to cultivate wild emmer.

Wheat is the universal cereal of old world agriculture and sincespread worldwide
to become one of the maor crops (Dubcovsky and Dvorak, 2007). Wild emmer
wheat (Triticum dicoccoides) was one of the first cereals to be domesticated in the
Fertile Crescent between c. 12,000 and c. 10,000 years ago (Ozkan et al. 2011). This
step provided the key for subsequent bread wheat evolution. Modern bread wheat
(hexaploid) is atrue breeding hybrid of its ancestry linked wild grasses still growing
in Fertile Crescent (Patnaik and Khurana, 2001), a piece of land that stretches from
present Israel, Jordon, Lebanon, western Syria, southeast Turkey, Tigris and
Euphrates rivers into Irag and western flanks of Iran (Ozkan et a., 2002) and
geographical distributions of wild ancestors of modern cereal species including wild
wheat such as Triticum urartu, Triticum boeticum, Triticum dicoccoides and
Aegilops tauschii interact in this region (Nesbitt Samuel 1996; Zohary and Hopf,
2000). The first wheat to be cultivated successfully was einkorn, a diploid species,
whereas durum and common wheat are polyploidy species that originated by
interspecific hybridization of two and three different diploid species, respectively
(Ozkan et d., 2002). The diploid einkorn wheat T. monococcum was one of the first
crops domesticated in the Fertile Crescent from the wild progenitor species T.
boeoticum. The domestication of einkorn wheat occurred in the Karacadag mountain
range in southeast Turkey (Heun et al. 1997). T. urartu contributed the A" genome to
all tetraploid and hexaploid wheats (Dvorak et al. 1993) Triticum urartu (AA) come
in cross with Aegilops speltoides, the hybrid was tetraploid emmer, Triticum
dicoccoides (AABB). Then domesticated emmer, Triticum dicoccum hybridized with
Aegilops tauschii to form modern hexaploid wheat Triticum aestivum (Salamini et
al., 2002). Feldman et al (1995) estimated that the latter hybridization event occurred
approximately 8,000 years ago. Hybridization events are explained in the Fig. 2.1.
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Fig. 2.1. The evolution of wheat from the prehistoric Stone Age grasses to modern
durum whesat and bread wheat (Peng et al., 2011).

There are aso two wild tetraploid wheat species known as T. dicoccoides
(AuAuBB) and T. araraticum (AUuAuGG). T. dicoccoides, wild emmer, grows
naturally all over the Fertile Crescent. Emmer is believed to have been domesticated
probably in southeast Turkey (Ozkan et al. 2002)

Domestication of wheat caused substantial genetic erosion and that erosion
was reinforced during modern breeding processes, and thus increased susceptibility
and vulnerability to environmental stresses, pests and diseases (Fu and Somers
2009). Hence, its future genetic improvement as a high-quality nutritional food is
paramount for feeding the ever-increasing human population. The best strategy for
wheat improvement is to utilize the adaptive genetic resources of the wild
progenitors, wild emmer T. dicoccoides and other wheat relatives (Feldman and
Sears 1981).

Lev-Yadun et al. (2000) proposed a‘‘core ared’ for the origins of agriculture
within the Fertile Crescent. This was based on the proposition that wild einkorn and
wild emmer from this area are genetically more closely related to the domesticated
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crop plants than elsewhere. Therefore wheat genetic resources from this area might
contain novel aleles for resistance to insect pest, diseases as well as drought
tolerance and these genetic resources could be utilized for future cultivation practices

and future breeding for higher yield and better quality.

2.3. Molecular mapping of wheat genome

Wheat (Triticum aestivum L.) is not only an important food crop worldwide
but also an excellent and complex system for genome mapping and map based
analysis. Understanding of wheat genomics and genetics using molecular marker is
of great value for genetics and plant breeding purposes. The economic importance of
wheat has triggered intense cytogenetic and genetic studies in the past decades that
have resulted in a wealth of information and tools which have been used to develop
wheat cultivars with increased yield, improved quality and enhanced biotic and
abiotic stress tolerance (Carver 2009). The nuclear DNA content often varies
somewhat among different cultivars (Bennett 1976). There are different ploidy level
I.e diploid, tetraploid and hexaploid found in wheat. Common wheat is disomic
hexploid (2n = 6x = 42), self-pollinated and segmental alopolyploid, containing
three distinct but genetically related genomes. A, B and D; A and D sharing much
similarity while B is more diverged, each genome with 7 chromosomes (Gupta et al.,
2002), arranged in two way classification with seven homologous groups. The
diploid progenitors of these have been established as T.urartu for A genome,
Aegilops tauschii for D genome and Aegilops speltoides for B genome. A normal 2n
plant has pairs of chromosome 1 of genome A (1A), chromosome 1 of genome B
(1B), and chromosome 1 of genome D (1D), and so on for the seven chromosomes
Chromosomes 1B and 6B carry nuclear organizers on their short arms. In general the
chromosomes of D genome are shortest. Chromosome 5B is most heterobrachial.
The rest of the chromosomes are not substantially different from each other and thus
are classified on the basis of total length and the arm ratios. The haploid DNA
content of the bread wheat is aproximately 1.7 x 10™ bp (Nalini et al., 2007) with an

average of 810 Mbp per chromosomes. Thus average wheat chromosomes is 25 fold
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longer than an average rice chromosomes and three wheat chromosomes is equal to
haploid maize genome and one half of the average wheat chromosomes is equal to
haploid rice genome, making wheat one of the largest genome. It is estimated that
each of the three wheat genomes contains approximately 40.000 to 50.000 genes.
More than 80% of the DNA of bread wheat consists of repeated DNA sequences
with transposons and retro transposons representing the highest proportion (Devos et
al., 2005 ; Roder et al., 1998).

2.3.1. New genomic tools for Wheat impr ovement

For the improvement of agronomicaly and economically important traits,
plant breeding generaly recombines traits present in different parental lines of
cultivated/ wild species. Conventional breeding programs reach this goa by
generating an F2 segregating population and then screening the phenotypes of pooled
or individual plants for presence of desirable trait. This is followed by a time
consuming and costly process of repeated backcrossing, selfing and testing. During
this breeder depends on accurate screening methods and availability of lines with
clear-cut phenotypic characters. Therefore, combination of complex characters
encoded by multiple genes with additive effects (quantitative trait loci - QTL),
recessive genes or accumulation (pyramiding) of genes encoding the same trait as
different resistances against the same pathogen, is difficult to achieve with classical
methods (Beckmann and Soller, 1986). QTL is a single locus from a series of
polygenes, which are involved, in a quantitative trait of complex nature
(Paterson et al. 1988).

Use of molecular markers facilitates all these breeding processes, since it can
accelerate the generation of new varieties and allow association of phenotypic traits
with genomic loci. These properties make molecular markers indispensible for crop
improvement. DNA markers aso provide means of detecting and resolving
complications such as linkage drag (Young and Tanksley, 1989), suppression of
recombination and segregation distortion, encountered during interspecific gene

introgression.

10
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The first chromosome map was produced by Sturtevant with segregation data
derived from studies on Drosophila (Crow and Dove, 1988). Markers on this map
were phenotypic traits scored by visual observation of morphological characteristics
of flies. By the early 1980s, biochemical markers had been employed as a general
tool for QTL mapping (Weller et a. 1988). Isozyme genomic maps have been
established for several plant species, including wheat (Saha and Stelly, 1994). DNA
fingerprinting involves the display of a set of DNA fragments from a specific DNA
sample (Vos et al. 1995), to study polymorphism at DNA level that can be an
indicative of genetic diversity. Plant DNA fingerprinting is aso defined as the
application of molecular marker techniques to identify cultivars, measure genetic

diversity, select parents and warrant marker assisted selection.

2.3.2. Linkage Analysisand construction of genetic linkage map

This section aims to summarize the requirements of genetic linkage analysis,
and to give a theoretical background on it and on the methods used to construct
linkage maps. Linkage maps display the linear order and the relative distances
between loci.

2.3.2.1. Principles of linkage analysis by means of meiotic recombination

When ordinary somatic cells divide, the cell undergoes a procedure named
mitosis. During that process two daughter cells are produced that have identical
genetic material. However, during the production of gametes, the cell divides
according to a different biological pathway called meiosis, that after completion are
formed four gametes which are haploid and carry a random set of one copy of each
chromosome. In the course of meiosis, homologous chromosomes will pair, form
chiasmata and exchange genetic material under the process known as recombination

or crossing-over (Figure 2.2)

11



2. REVIEW OF LITERATURE Faheem Shehzad BALOCH

B C
AI -] A A ap oa A A aJ- o a A AI aJ ag
—_— —_— R E
B b B B by ob B i b B b B b B b

Figure 2.2. Schematic drawing of the process of crossing-over between loci A and B.
(A) Two homologous parental chromosomes, one that carries alleles ‘A’
and ‘B’, and another that carries aleles ‘a’ and ‘b’. (B) Chromosomes
goes through replication, generating two pairs of identical sister
chromatids. (C-D) Cross-over occurs between two of the chromatids
resulting in two recombinant (R) and two non-recombinant (NR)
chromatids (figure adapted from Wahlberg, 2009).

The purpose of linkage analysis is to determine whether or not pairs of
genetic markers show independent assortment. To illustrate genetic linkage, let us
consider the formation of gametes from an individual that is a double heterozygote
(Aa/Bb) for two loci (Table 2.1). If the two loci in this example are located on
different chromosomes, or far away on the same chromosome, they will segregate
independently during meiosis, and thus, there is a 50 % probability that aleles at
different loci will be inherited together. The independent segregation of alleles from
the two loci would lead to the formation of four different gametes in equa
proportions (i.e. AB, Ab, aB and ab). In contrast, if two loci are located on the same
chromosome they tend to show genetic linkage and the proportions of gametes will
be distorted and not produced in equal numbers. In this case we have to consider that
two aternative linkage phases exist; either that allele A is coupled to B or
aternatively A could be coupled to b. In Table 2.1, we see that the majority of
gametes correspond to either ‘AB’ or ‘ab’. Those represent the parental or non-

recombinant haplotypes (NR).

12
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Table 2.1. Segregation of allelesin adouble heterozygote individual.

Genotypes AaBb

Gametes AB Ab aB ab
Independenat segregation (%) 25 25 25 25
Incomplete Linkage (%) 35 15 15 35
Complete Linkage 50 0 0 50

This Table is adapted from Wahlberg (2009)

In practice, recombination between homologous chromosomes means that the
physical linkage between marker aleles on the same chromosome will occasionally
be broken up by recombination events and that the linkage between two alleles will
be incomplete. The more distant two markers are on a chromosome, the more likely
it isthat recombination events will break up the linkage between the markers.

As discussed above, recombination between the maternal and paternd
chromosomes occurs during meiosis, whereby homologous chromosomes are paired
and genetic material is exchanged. At a genomic level the exchange of genetic
material between chromosomes produces diversification by shuffling allelic variants,
and hence results in novel haplotype combinations that are transmitted to the next
generation. Therefore, recombination has considerable influence on the genome
diversity and on evolution. At a molecular level, the process of recombination
generates atemporary connection between chromosomes (chiasma).

Several approaches have been used to study the frequency and the
chromosomal distribution of meiotic cross-over events. Historically, recombination
was studied directly by observing chiasmata in cells going through meiotic division
using cytogenetic methods. The cytogenetic approach can be used to examine the
total number of cross-over events per cell as well as the number or events per
chromosome. Whilst this method can reveal general patterns, it fails to provide a
detailed view of the distribution of recombination events. Indirectly, recombination
can be monitored by the construction of genetic maps to estimate the frequency of
recombination between pairs of loci. The resolution of alinkage map is dependent on
the marker density and the number of observed meiosis. Fine-scale patterns of

13
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recombination can be studied by observing the degree of linkage disequilibrium (LD)
between marker loci in natural populations

2.3.2.2. Mapping Population

In early 20" century, it was demonstrated by Johannsen that quantitative
variation results from the combined effects of multiple segregating genes and
environmental factors. The parents selected for mapping population should be
sufficiently polymorphic at the DNA level so that the recombination events
throughout the genome could be detected. There are several types of breeding
schemes that can be used to produce a mapping population for QTL analysis or
linkage map construction, each having its own advantages and disadvantages. Mostly

used populations for genetic mapping or QTL studies are;
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Fig. 2.3 Diagram of main types of mapping populations for self-pollinating species
(Pictureistaken from Collard et al. 2005)
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F, segregating population, backcross population, recombinant inbred line
(RIL) population, doubled haploid (DH) population (Fig 2.3). F2 and backcross
population can be developed by selfing the F1 hybrids, and backcrossing them to one
of the parents. The advantages of F, and backcross populations are that they are easy
to develop, and require short time to produce, although sterility in F1 hybrid may
limit some combinations of parents particularly in wide crosses. A F; is better than
backcross, since QTL with recessive aleles in recurrent parent cannot be detected,
when dominance is present (Asin 2002). Major inconveniences of F2 and backcross
population is that, these cannot breed true and cannot be replicated (evaluation
severa times, different environmental conditions, different years and locations etc.),
and more crossing is needed to produce sufficient seeds that is difficult and labor
intensive. Recombinant inbred lines (RIL) can be produced by single seed descent
method through selfing the F, progeny, until 6 or more generations. Recombinant
inbred lines contain a series of predominant homozygous lines, and due to several
meiosis process, each RIL contains a unique combination of different linkage blocks
from the origina parents. However to produce RIL takes long time and 100%
homozygosity cannot be achieved even selfing until 6 or more years. One preferred
mapping population used by researchers is doubled haploids. Doubled haploid
population in wheat can be derived from F1 generation through anther culture,
microspore culture, and hybridization of wheat with maize or pearl millet followed
by chromosomes elimination technique, and later doubling the chromosomes by
colchicine application. DHs are hundred percent homozygous and require short time
to be produce. The main drawback of DH population largely depends upon genotypic
response to tissue culture techniques. However, RIL and DH population are
considered as a powerful over F2 or back cross population, where only fewer
individuals can be screened (and this economically very important while using
molecular markers) and can be maintained permanently and evaluated in repeated
trials across different years and locations and having a large potential for
identification of reliable QTL. Some other populations used for linkage map
construction or QTL analysis are advanced backcross QTL population, single

chromosomes recombinant lines (SCRL), and single chromosome recombinant-
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double haploid lines (SCR-DH). Advanced backcross QTL (AB-QTL) was first time
proposed by Tanksley and Nelson in 1996.

Once an appropriate population is chosen, then appropriate population size
must be decided. In general large population is suggested, whenever possible.
Population less than 50 individuals give poor map to be useful. For QTL mapping,
much larger population will be required. Generally, population smaller than 200
individuals is rarely successful in finding QTL and in some cases more than 500
individuals is required (Young 1994). The limited population sizes used in many
QTL detection experiments may have led to underestimation of QTL number, over
estimation of QTL effects, and failure to quantify QTL interactions (Beavis 1998;
Melchinger et a. 1998). The number of lines used in many QTL experiments has
been about 100. Beavis (1998) suggested that even 200 individuals may be too few
for reliable QTL detection, and addressed issues related to the choice of population
size in QTL mapping experiments. In most of the QTL experiments, size of
populations is limited because of the cost of marker genotyping and phenotyping
traits. If marker genotyping is expensive, then selective genotyping can be used
rather to exploit whole population, in which entire population is phenotyped for the
traits of interest and lines from extreme tails are selected for marker genotyping.

After the mapping population is created, DNA is extracted from each line in
the population and analyzed with molecular markers. The markers used for mapping
population must first be tested on the parental lines to confirm that they polymorphic.
The genotyping of the whole set of population allow researchers to determine, if each
individual is genetically similar to parent A or parent B for specific marker, allowing
the segregation to be determined and recombinant events to be inferred.

For QTL analysis, parents and whole set of the population should be screened
for morphological traits. For phenotypic evaluation, data should be recorded under
multi locations and years. For example, for F, or backcross population,
morphological characters must be recorded minimum two different locations and
repeated at least for two years. If there exist a significant difference between
population and parents for particular traits of interest, then they are subjected to

identify by DNA markers that revea difference between parents. It is extremely
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crucia that there must be sufficient genetic diversity between parents in order to
construct genetic linkage maps or QTL analysis.

2.3.2.3. Molecular markers

The term “molecular markers’ is applied to a variety of DNA fingerprinting
techniques that assay variations at the DNA level. Ideal markers are stable, abundant
and detectable in plant tissues regardless of growth, differentiation and defense
status. A number of DNA fingerprinting techniques are available (Karp and Edwards
1997), most of which use polymerase chain reaction (PCR) (Vos et al. 1995) for
detection of polymorphism, mapping and QTL anaysis (Y oung, 1999). Devel opment
of the first map of human genome based on molecular markers (Botstein et al. 1980)
fueled the development of maps in other genomes.

Molecular markers are powerful tools that can be used for marker-assisted
selection and as landmarks for map-based cloning of resistance genes. Any unique
DNA sequence can be used in DNA hybridization, PCR or restriction mapping
experiments to identify that sequence. They occupy specific position on
chromosomes like a gene and revea site of variation in DNA. They arise from
different classes of DNA mutations such as substitution mutation (point mutation),
rearrangement mutation (insertion or deletion) or error in replication of tandemly
repeated DNA (Paterson, 1996). The first available molecular markers were
biochemical markers, which include allelic variants of enzymes called isozymes,
protein variants detected by difference in migration on electrophoresis and specific
staining. Isozymes markers were extensively used in genetic diversity studies in
different crop species including wheat, but for mapping studies, they are insufficient
in number. The main drawback of the biochemical markersis that they are limited in
numbers, affected by environmental conditions and developmental stage of the
plants. In comparison, DNA markers are useful complements to the morphological
and physiological characterization of cultivars because they are plentiful, are not
influenced by plant tissue or environmental effects, and allow cultivar identification

very early in plant development (Manifesto et al. 2001).
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In the recent decades, use of molecular markers has become routine in
studying genetic diversity, population genetics, understanding evolutionary
mechanism among crop species, linkage maps and QTL identification, discovery of
genes, and thereby resulted in revolutionization of molecular biology. A number of
different molecular markers have been developed to be used in various plant species;
however some markers may not be suitable for one purpose but may be not suited for
other purpose. Unlike morphological and biochemical markers they are unlimited in
numbers. Molecular markers has been classified by Weising et a (1995) as
(1) Hybridization based: Classical hybridization based fingerprinting involves the
cutting of genomic DNA with restriction enzymes, electrophoretic separation of the
resulting DNA fragments according to size and detection of the polymorphic
multilocus of the banding patterns by hybridization with labeled complementary
DNA sequences, aso called ‘probe’.

(2) PCR based markers involve intro amplification of particular DNA sequences
with the help of specific primers and thermo stable DNA polymerase, electrophoretic
separation of amplified fragments and detection of polymorphic banding patterns by
staining with ethidium bromide.

(3) DNA sequence based such as single neocleotide polymorphism (SNP) markers.

DNA based molecular markers have been divided on the basic principal; one
which can distinguished between heterozygote and homozygote plant, termed as co-
dominant marker, whereas dominant markers indicated as present and absent and
cannot differentiate between heterozygote and homozygote plant.

Variety of molecular techniques have been emerged to study the DNA
polymorphism for selection of desired parents for improvement of cultivars through
breeding and also vastly used in the studying the genetic relationship among species
of different crops. Most commonly used markers used in different plant species are;
random fragment length fragment polymorphism (RFLP), random amplified
polymorphic DNA (RAPD), simple sequence repeats (SSR), inter simple sequence
repeat (ISSR), sequence related amplified polymorphism (SRAP), amplified
fragment length polymorphism (AFLP) etc.
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2.3.2.3.(1).AFLP- marker

A novel DNA fingerprinting technique, called amplified fragment length
polymorphism (AFLP™), has been developed by Zebeau and Vos (1993). The AFLP
technology is trade marked by keygene (www.keygene.com). According to Vos et
al., 1995, the AFLP technique is based on the amplification of subsets of genomic

restriction fragments using PCR. DNA is cut with restriction enzymes, and double-
stranded (ds) adapters are ligated to the ends of the DNA-fragments to generate
template DNA for amplification. The sequence of the adapters and the adjacent
restriction site serve as primer binding sites for subsequent amplification of the
restriction fragments. Selective nucleotides are included at the 3' ends of the PCR
primers, which therefore can only prime DNA synthesis from a subset of the
restriction sites. Only restriction fragments in which the nucleoctides flanking the
restriction site match the selective nucleotides will be amplified. Using this method,
sets of restriction fragments may be visualized by PCR without knowledge of
nucleotide sequence. The method allows the specific co-amplification of high
numbers of restriction fragments. The number of fragments that can be anayzed
simultaneously, however, is dependent on the resolution of the detection system.
Typically 50-100 restriction fragments are amplified and detected on denaturing
polyacrylamide gels. AFLP are Mendelian markers having a number of appealing
features. Thus they provide a novel and powerful tool for DNA fingerprinting of
genome of any origin or complexity (Ajmone et al., 1998). However, according to
comparative studies on soybean and maize, AFLP is the most efficient marker
system with a 10-fold higher efficiency in the time, cost and replicability and
resolution, when compared to RFLP, RAPD and SSR (Powell et a., 1996). AFLPs
combine the merits of both RFLP and PCR-based multilocus markers (Bai et al.,
1999). AFLP can detect multiple loci and are dominant inherited as compared to
RFLP, which is a codominant in nature. However, AFLP is a complicated time
taking technology, require large amount of DNA, with more labor (Vos et al., 1995).

Thelevel of polymorphism is species specific.
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The first ssimplified AFLP method was established by Suazo and Hall (1999)
on honey bee (Apis mellifera L.). Later on AFLP analysis has been conducted in
number of crop plants such as bean (Tohme et al., 1996), rice (Virk et al., 2000), tea
(Paul et al., 1997), maize (Ajmone et al., 1998), , soyabean (Maughan et al., 1996),
including bread wheat (Liu et a., 2007).

2.3.2.4.(2). Microsattelite markers

Molecular marker technology has gained momentum with the introduction of
microsatellites during 1990s (Somer et a. 2004), since the first microsatellites has
been described for hexaploid wheat (Devos et a., 1995; Roder et al., 1998). A
genome of all eukaryote contains a class of sequence caled as microsatellites or
simple tandem repeats (STRS) or simple sequence repeats (SSRS) etc. Microsatellites
are the stretches of DNA consisting of tandemly repeated short units of 1-6 base
pairs in length (Comertpay et al. 2012). In most cases, microsatellite containing
dinucleotide, trinucleotide motifs are used for marker development. Microsatellites
are abundant and widely dispersed through eukaryotic genomes and has a number of
appealing features, such as, they are PCR based (which is much easier to perform
than RFLP analysis and is highly amenable to automation), locus specific (which is
extremely important in polyploidy species such as wheat) and are typically co-
dominant in nature. They detect high polymorphism (particularly in self-pollinated
species like wheat, where most of the markers show low polymorphism,) even in
closely related germplasm, smple screening requirements and reproducibility
ensures that microsatellites are best suited markers system in wheat breeding
(Rossetto 2001). However, due to the large genome size, the development of
microsatellite markersin wheat is extremely time-consuming and expensive. Another
disadvantage of SSRs is the reduced amount of information generated from each
amplification reaction and each gel lane. SSRs markers developed for one species are
generally of limited utility in other more distantly related species, however is usualy
successful in closely related species such wheat and its wild relatives. Only 30% of

al primer pairs developed from microsatellite sequences is functional and suitable
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for genetic analysis. Besides of above mentioned drawbacks, SSRs have received a
considerable attention and are probably the current markers system of choice for
marker based genetic analysis and marker assisted wheat breeding.

Currently, mapping of approximately 2.000 to 2500 SSR markers on 21
wheat chromosomes has been published in a variety of publications (Ganal and
Roder 2007). These are ideal markers for identification of varieties, anaysis of
germplasm collection and analysis of genetic relationship, construction of genetic
linkage maps and QTL analysis in wheat. Microsatellite markers detect a high level
of variability. Microsatellites have been extensively used in cereas including wheat
in constructing molecular maps and QTL analysis for quality traits and agronomic
characters (Prasad et al., 1999; Campbell et al., 2001; Borner et al., 2002; Huang et
a., 2004; Nelson et a., 2006; Kunert et al., 2007).

2.3.2.4. (3). Diversity array technology (DArT)

DArT is a complexity reduction, microarray DNA hybridization-based
technique that simultaneously assays hundreds to thousands of markers across a
genome. Details of the methodology for DArT were first described by Jaccoud et al.
(2001). For each individual DNA sample being typed, genomic representations are
prepared by restriction enzyme (e.g. Pstl and Taqgl) digestion of genomic DNA
followed by ligation of restriction fragments to adapters. The genome complexity is
then reduced by PCR using primers with complementary sequences to the adapter
and selective overhangs. The fragments from representations are cloned, and cloned
inserts are amplified using vector-specific primers, purified and arrayed onto a solid
support (microarray) resulting in a “discovery array.” Labeled genomic
representations prepared from the individual genomes included in the pool are
hybridized to the discovery array (Jaccoud et al., 2001). Polymorphic clones (DArT
markers) show variable hybridization signal intensities for different individuals.
These clones are subsequently assembled into a “genotyping array” for routine
genotyping (Semagn et al. 2006).
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Diversity Arrays Technology (DArT) is one of the recently developed
molecular techniques and it has only been used in rice (Jaccoud et al., 2001), barley
(Wenzl et a., 2004), eucalyptus (Lezar et al., 2004), Arabidopsis (Wittenberg et al.,
2005), cassava (Xia et al., 2005), wheat (Akbari et a., 2006; Semagn et al., 2006),
and pigeon-pea (Yang et al., 2006). DArT provides a promising alternative to satisfy
the requirements of throughout, genome coverage, with higher reproducibility and
transferability (Jaccoud et al. 2001). This technique doesn’'t need prior sequence
information for the species to be studied. DAIT preferentially targets low-copy
genomic regions, allows automation of data acquisition and is cost competitive.
However there are some drawbacks such as DArT are dominant markers and is a
microarray-based technique that involves severa steps, including preparation of
genomic representation for the target species, cloning, and data management and
analysis. The latter requires dedicated softwares such as DArT soft and DArTdb. The
establishment of DArT system, therefore, is highly likely to demand an extensive
investment both in laboratory facility and skilled manpower (Semagn et al. 2006).
Although developed some years ago, this marker technology has recently gained
increasing attention (Wenzl et al. 2004; Semagn et a. 2006). This technology can
genotype agricultural crops with varying degree of efficiency, but they several
limitations associated with their capability to quickly developed large number of
markers. DArT has recently been used in genetic mapping and fingerprinting studies
in cereals such as rice (Jaccoud et a. 2001), and later applied in other crops like
barley (Wenzl et a. 2004), and most recently in wheat (Akbari et a. 2006; Semagn
et al. 2006; Peleg et al. 2008).

Advanced high-density genetic linkage maps established using molecular
markers for a series of economically important crops provide a basis for MAS of
agronomically useful traits, for pyramiding of resistance genes and the isolation of
important genes by map-based cloning strategies (Tanksley et al., 1995). Once the
molecular markers closely linked to desirable traits are identified, MAS can be
performed in early segregating populations and at early stages of plant development
(Zhang et al., 2004).
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2.3.3. Genetic Linkage maps of wheat

Construction of linkage maps with molecular markers is a key step in the
linkage analysis of biologically or agronomically important traits. Linkage maps may
be thought of as a ‘road map’ of chromosomes derived from two different parents
(Paterson, 1996). Linkage maps indicate position and relative genetic distance
between markers along chromosomes, which is analogous to sign or landmarks along
a high way. Linkage maps have been utilized for identifying chromosomal region
that contain genes controlling simple traits (controlled by single gene) and
quantitative traits using QTL analysis (Mohan et al., 1997). Dense genetic maps of
cereals contribute substantialy to positional cloning of important genes and provide
a tool for evolutionary studies, as well as characterization of germplasm and gene
discovery. Still molecular mapping in wheat lagged behind many other crops due to
its large genome and low level of polymorphism.

Several maps have been developed for hexaploid wheat, durum wheat as well
as wild relative of wheat such as Einkorn wheat, Triticum dicoccoides, Aegilops
tauchii . In bread wheat, a linkage map based on intervarietal cross may be more
useful than an inter-specific cross in detecting agriculturally important genes such as
grain yield and abiotic stress tolerance and QTLs for the grain quality characteristics
were also determined. Some of the most updated and recent genetic linkage maps of
diploid, tetraploid and hexaploid wheat have been briefly described in tabulated form
(Table 2.2).
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2.3.4. Quantitativetrait loci (QTL)

Conventional plant breeding methods have made a significant contribution to
crop improvement, but were slow in targeting complex traits like grain yield, grain
quality and abiotic stress tolerance . In traditional plant breeding, breeders are facing
with constraints during selection like;

(i) Large segregating population needs to be screened for a desirable trait e.g., yield
and its components, cold tolerance, drought tolerance, disease resistance and
quality traits.

(if) Selection for quantitative traits will not be possible until Fg;

(iii) Environment-influenced traits are difficult to select;

(iv) Can't distinguish contrasting forms at seedling stage, making it necessary to
grow population up to the adult stage

(v) It is difficult to undertake pyramiding of resistance genes, since selection of
additional genes in presence of an existing resistance gene would be difficult
(Duraa, 2009).

One method receiving growing attention is the mapping of chromosomal
regions affecting qualitative or quantitative traits through molecular mapping and
genomics approaches which offer new opportunities and strategies to dissect major
genes and quantitative trait loci (QTL) underlying different interested traits such as
quality parameters and abiotic stress tolerance etc (Duraa, 2009). Polygenic
characters, which were very difficult to analyze using traditional plant breeding
methods, can now be tagged using DNA molecular markers. Molecular markers
allow geneticists and plant breeders to locate and follow numerous interacting genes
that determine a complex trait. Genetic linkage maps can provide a more direct
method for selecting desirable genes via their linkage to easily detectable molecular
markers (Tanksley et a., 1989).

Quantitative characters have been major area of study in generics for over a
century, as they are a common feature of natural variation in population of all
eukaryotes, including crop plants. Traditional genetic studies have concentrated on

dichotomous traits such as the presence or absence of a disease resistance in plant.

28



2. REVIEW OF LITERATURE Faheem Shehzad BALOCH

Such traits are often the result of a mutation at a single gene (Broman, 2009).
For most of the period up to 1980, the study of quatitative traits has involved
statistical techniques based on mean, variances and covariances of relatives. These
studies provide a conceptua base for partinining the total phenotypic variation into
genetic and environmental variances, and further analyzing the genetic variances in
term of additive, dominance and epistatic effect. From this information it became
possible to estimate the heritability of traits and predict the response of trait to
selection. It was also possible to estimate the minimum number of genesinvolved in
controlling the trait. However little was known about what these genes, where they
are located, and how they control the trait, and there were such segregating in a
Mendelian fashion in any given population, and most the cases their effect were
additive.

Nilsson-Ehle about 100 years ago assumed that phenotypic variation is due to
the combined effect of multiple segregating genes, all of them have a minute but
additive effect together with joint action of the environment. It has been surmised
that all allelic differences for these genes are small. Thisis because that all alleles are
thought to be different in their efficiencies in contribution to the questioned trait. The
genes responsible for these traits were first time called as polygenes by Mather in
1941, and lateraly became popular by the term ‘quantitative trait loci (QTL) by
Gelderman in 1975. Inheritance of quantitative traits has been subject of numerous
investigations, but plant breeders had very little information regarding the number of
genes and their location on chromosomes, and relative contribution of each to the
final trait expression (Stuber, 1992). Geneticists have always tried to find the
mystery of association between phenotype and genotype of an organism, which can
provide specific and easily recognizable information about the genetic control of an
economically important trait. Basic idea behind QTL mapping is just mapping genes
controlling morphological traits that show simple Mendelian segregation, as in
classical linkage studies. In 1923 Sax was first one using pigment markers in beans
to analyze genes affecting seed size by investigating the segregation ratio of F,
progeny of different crosses
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The number of genes and genetic bases of the variation observed make
manipulations and improvements of such traits slow and difficult ( Shoemaker et al.,
1995).The discovery of biochemical markers increased the use of isozymes to locate
QTL but these were not available in sufficient number for thorough scan of entire
genome. With the advent of molecular biology in the late 1980s, it is now possible to
use molecular marker information to map major quantitative trait loci (QTLsS) on
chromosomes (Zeng, 1993).

Gene tagging is to locate the genes of interest with the help of linked
molecular markers. DNA markers linked to a gene of interest are the milestones.
These tags are useful starters for identifying the gene. Chromosome walking to or
landing on the site where the gene can be physically found requires information on
genome composition and marker orientations. Although cotton has a large and
complex genome, however, the physical size in centiMorgan (cM) of cotton does not
prohibit map-based cloning. It is estimated that the tetraploid cotton has a genome
length of at least 5000 cM, and a physical size of 2246 Mb to 2702 Mb and hence
450 Kb/cM (Arumuganthan and Earle, 1991).

It is safe to say that molecular marker techniques will gain more and more
influence on plant breeding in the future and will speed up breeding processes
considerably. In view of potential development of new strategies, the future for
improvement of polygenic traits through DNA markers appears bright. Moreover, by
adopting new and novel marker systems like EST-SSRs, SNPs, DNA chips and
microarrays, indeed, some day it may be possible to select best lines for breeding
based on RNA expression profiles as much as marker genotypes. Integrating
genomics and bioinformatics into the field of molecular breeding may prove to be
even more significant than DNA markers and eventually lead to even more profound
revolution in crop breeding.

Statistical task of the QTL mapping analysis is essentially a bridge between
the trait phenotype and the genotype at the genomic region specified by marker loci.
Once genetic linkage map has been constructed, the chromosomal location of the
genetic factor(s) controlling the trait of interest can be located on map. A number of
methods have been developed to detect and characterize QTL. These include Single
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marker mapping (Edward et al., 1989), ssimple interval mapping (Lander and Botstein
1989), and composite interval mapping (CIM) (Zeng 1993), plus multiple trait
mapping (Jiang and Zeng 1995).

2.3.4.1. Single interval mapping

A much better approach for mapping of QTL than the single marker
associations discussed above will use information from two linked markers
preferably on each side of the QTL (i.e., flanking markers). This is the widely
applied method for QTL mapping, first described by Lander and Botstein in 1989
and described in more detail by Van Ooaijin (1992), has now become current standard
method used successfully by many geneticists for mapping QTL. They used one
marker interval at a time to construct a putative QTL for testing by performing a
likelihood ratio test (LRT) at every position in the interval. With a fine scale genetic
marker map throughout the genome, IM can be performed at any position covered by
markers to produce a continuous LRT statistical profile aong chromosomes. The
position with largest LRT statistics in chromosomes regions is an estimate of QTL
position (Kao et al., 1999). Compared with the traditional method (Soller et al.,
1976), the interval mapping method has a number of advantages such as IM has more
power and require fewer progeny. But it still has several problems; it does not allow
precise detection of nearby QTL on same chromosomes. When there are two or more
QTLs located on a chromosome, the mapping of QTLs can be seriously biased, and
QTLs can be mapped to wrong positions (Haley and Knott., 1992). LOD (logarithm
of the odd) score isthe log of ratio between null hypothesis (no QTL) and alternative
hypothesis (QTL being tested). Large LOD score correspond to greater evidence for
presence of a QTL. Different wheat researchers use simple interval mapping for QTL
detection by using computer programs eg. MQTL, MQTL (Kato et al., 1999, 2000),
MAPMAKER/QTL 1.1, QGENE (Narasimhamoorthy et a., 2006).
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2.3.4.2.Compositeinterval mapping

In 1993, Jansen proposed a combination of interval mapping and regression
on markers, which would alow a more precise detection of multiple QTLs. The
approach of the CIM is that when testing for putative QTL in an interval, one use
other markers as a covariates to control for other QTLs and to reduce the residual
variance such that the test can be improved. The main advantage of CIM isthat it is
more precise and effective at mapping QTLs compared to single marker analysis and
interval mapping, especially when linked QTL involved (Collard et al., 2005).
Different software for constructing composite interval mapping are available on
internet like QTL Cartographer, MQTL, MapManager QT, QTLMaper 2.0,
MAPMARKER, PLABQTL WinCartographer V2.5 software, MAP QTL etc.

2.3.5. Mapping agronomic traitsin wheat

For the past two decades an intensive amount of molecular research has been
conducted wherein chromosome specific DNA sequences or markers have been used
to identify genes controlling traits of economic importance in wheat. With the
incorporation of marker technology in the breeding programs worldwide, QTL
analysis has been used to detect yield and yield related traits. There is need to
improve agronomic traits that affects yield and yield components in wheat. Many
agronomic traits are correlated with each other. Agronomic traits are among the most
important and least understood traits of wheat. Understanding the genetic control of
these traits is crucia for the sustained improvement of wheat (McCartney et a.,
2005). Grain yield, time to maturity, lodging resistance, plant height and tiller
numbers per plant are important agronomic traits of wheat. Among these characters
yield is of primary importance in wheat breeding programe. Grain yield in wheat is
very complex character and generaly controlled by a number of quantitative trait
loci (QTLs) and isinfluenced by environmental factors, and are characterized by low
heritabilities, thus making it difficult to manipulate and improve breeding programs

(Kato et al., 2000). Yield can be dissected into a number of components such as
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number of kernels per spike (KPS), number of spikes per square meter (KPSM), and
kernel weight (kw) are considered the major economic traits for wheat improvement
(Brancourt-Hulmel et al., 2003; Donmez et a., 2001). These component traits are
also under QTL control and the effects of individual QTLs on phenotypic variation
are relatively small (Yano and Sasaki 1997). Therefore, while looking for QTLs
controlling grain yield, QTLs for yield components should also be determined to
provide more useful information. The genetic architecture of a quantitatively
inherited trait such as grain yield is typicaly complex, affected by multiple
interacting genes, environments, and the interaction between genes and environments
that contribute to the observed phenotypic variation (Falconer and Mackay, 1996).
Molecular genetic studies to determine these effects may increase the efficiency of
wheat breeding for improved agronomic and morphological traits with high yield.
QTL analysis has provided an effective approach to dissect complicated quantitative
traits into component loci to study their relative effects on a specific trait (Doerge
2002). In hexaploid wheat (Triticum aestivum L.), however, QTL analysis of grain
yield and its components using molecular marker systems are more complex than for
diploids like barley and rice, and hence are currently limited (Hyne et al. 1994; Araki
et a. 1999). Many QTL affecting yield and yield components has been mapped in
different studies (Bezant et al., 1997; Kato et a., 2000; Kuchel et a., 2006). As
summarized in Table 2.3, a large number of studies have been reported QTLSs for
yield and yield components in wheat in different environments using different

population
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2.3.5.1. Daysto heading

Earliness can be considered as an adaptation trait (Worland 1996). Its control
has been one of the main explanations for the gradual extension of wheat cultivation
(Law and Worland 1997). Nowadays, earliness remains a major factor of variation
for agronomic traits, and one of the critical traits which must be considered when
breeding a variety. For this reason, the modern methodol ogies used to investigate the
genome, such as QTL and gene mapping, are useful tools for breeders. One of the
main issues regarding these methodologies is to determine reliable markers that can
be implemented in the context of marker-assisted selection (MAS) programs
(Hanocq et a. 2007).

Common bread wheat is the most widely grown ceredls in the World due to
its ability to survive under many different environmental conditions. The plant life
cycle includes three basic growth stages. germination, vegetative and reproductive
growth stage. Flowering is the key component of the reproductive stage and is
important for continual cropping and adaptation to target environment. The
regulation of flowering time is most important criterion for adaptation to such awide
range of growing conditions. A heading time inappropriate for local environment
may subject a crop at critical growth stages to the influences of extreme weather
conditions such as frost, drought, heat stress, and result in significantly reduced
grain yield. Growth and developmental phases (i.e. tillering, stem elongation,
heading, anthesis and maturity) of wheat are primarily determined by vernalization
genes (Vrn), genes that control the photoperiod response (Ppd) and earliness per se
genes (Eps) (Dubcovsky et al. 1998). The adaptability of bread wheat to a wide range
of environments has been favored by allelic diversity in genes regulating growth
habit (Vrn genes) and photoperiod response (Ppd genes) (Distelfeld et al. 2009).
Differences in Vrn genes divide wheat into spring, winter and facultative types (semi
winter), whereas differences in the Ppd genes divide the germplasm into day length-
sensitive and day length-insensitive classes. Increasing knowledge about the genetics
of growth habit will contribute to a better understanding about the adaptation of

wheat and promote their breeding for specific environments (Goncharov 2003). Now
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adays earliness remain a major factor of variation in agronomic traits, and one of the
critical trait that must be considered when breeding a variety. Therefore modern
technologies such as QTL and genome mapping could be usefull for breeders to
investigate genome,

Quantitative trait loci (QTLs) for wheat flowering time or heading date were
reported in several mapping studies. In addition to the major QTLs that correspond to
Ppd and Vrn genes on homologous group 2 and 5 chromosomes, QTLs with
considerable effect in controlling earliness were mapped on the other chromosomes
such as 4A and 4B.

Sourdille et a. (1999) mapped QTL for heading date and photperiod response
in a doubled-haploid (DH) population derived from a cross between the wheat
cultivars ‘Courtot’ and ‘Chinese Spring'. For each trait, 2-4 QTLs were identified
with individual effects ranging between 6.3% and 44.4% of the total phenotypic
variation. Two QTLs affecting simultaneously heading time and photoperiod
response were determined. One QTL located on chromosome arm 2BS near the locus
Xfbb121-2B, co-segregated with the gene Ppd-Bl1 known to be involved in
photoperiod response. This chromosome region explained a large part of the
variation (23.4-44.4% depending on the years or the traits). Another region located
on chromosome arm 7BS between the loci Xfbb324-7B and Xfbb53-7B also had a
strong effect (7.3-15.3%). This region may correspond to a QTL for earliness per se.

Zhang et al. (2009) studied QTL for heading date using a population of 168
doubled haploids derived from cross between two elite Chinese wheat cultivars
Huapel 3 x Yumai 57. Two QTLs with main effect and epistatic effects of two pairs
of genes were detected for heading date on chromosomes 1B, 2B, 5D, 6D, 7A, and
7D. A highly significant QTL, designated as Qhd5D, was observed within the
Xbarc320-Xwmc215 interval on chromosome 5DL, accounting for 53.19% of the
phenotypic variance and reducing days-to-heading by 2.77 days. The Qhd5D closely
linked with a PCR marker Xwmc215 with the genetic distance 2.1 cM, located on the
similar position of vernalization sensitivity gene Vrn-D1, can be used in molecular
marker-assisted selection (MAS) in wheat breeding programs.
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A recombinant inbred line (RIL) population derived from CI 13227 x Suwon
92 was employed to tag the quantitative trait locus (QTL) for early heading in Suwon
92. Interval anaysis revealed a magor QTL for heading date, designated as
QHd.pser-2DS  between AFLP marker XGCTG.CGCT118 and SSR marker
Xgwm261. Based on the linkage map, QHd.pser-2DSwas about 41.2 cM proximal to
the distal end of chromosome 2DS, and explained 40.5% of the phenotypic variance
across three years. The identified markers associated with the early heading QTL
have the potential to be used in wheat breeding programs (Xu et al. 2005).

2.3.5.2. Plant height

Plant height is an important trait in wheat breeding because it is related with
plant biomass and lodging resistance. Appropriate plant height is an important trait to
achieve the desired level of grain yield in wheat. Tall wheat varieties are more
sensitive to lodging, whereas semi dwarf wheat varieties have been credited with an
important contribution to yield improvement, both because they permit a more
efficient utilization of assimilate and reduce the extent of lodging-induced yield loss.
In warm humid environments, taller plants tend to produce less leaf area, and
therefore are less effective as photosynthesizers and assimilators (Ahmad and
Sorrells, 2002). The various dwarfing genes are different in their effects on height,
grain yield and other aspects of agronomic performance (Worland et al., 1998.
Understanding of the genetic bases of plant height is useful in wheat improvement.
In bread wheat (Triticum aestivum L.), a least 21 mgor genes dispersed over a
number of chromosomes determine the overall height of plant.

A set of 142 recombinant inbred lines deriving from cross of Heshangmai X
Yu8679 were tested under four different ecological environments during 2006 and
2007, and they were genotyped using SSR markers. Six QTLs for plant height were
identified on chromosomes ID,2D,3D and 4D (Wang et a. 2009).

Maccaferri et al. (2008) evaluated a wheat population consisting of RILs
under 16 different environmental conditions of Mediterranean ((10 rainfed and 6

irrigated locations) over two years (Table 2.3). They identified five maor QTLs for
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plant height on chromosomes 1BS in seven environments, 2BL in nine environments,
3AL in 10 environments, 3BSin 11 environments, and 7AS in 6 environments. The
QTLs were inconsistent over environments, especially under different moisture
levels.

In another study by Hai et al. (2008) a population of 108 DH lines were
evaluated in four environments. They identified 10 QTLs on chromosomes 1A, 1D,
2A, 2B, 3D, 4A, 6A, and 7D. Only one common QTL on 2A was identified across
the four environments and it explained more than 23% of the total phenotypic
variation for plant height. Similarly, Borner et al. (2002) reported the same QTL
locations (1A, 4A, and 6A), in addition to another QTL on 6AS.

McCartney et al. (2005) evaluated a population of 182 DH lines in eight
environments and revealed six QTLs controlling plant heigth on chromosomes 2D,
4B, 4D, 5B, and 7A. The strongest plant height QTL was on chromosome 4D. This
QTL had a LOD score of 30.9 and an R2 value of 47.5%. QTLs on the 4B and 4D
were mapped near the two major genes, Rht-B1 and Rht-D1, respectively.

In a study to evaluate a spring wheat population of 140 RIL segregating at
Rht- B1 and Rht-D1 under different moisture levels, Butler et al. (2005) found that
the two loci had major effects on plant heigth in all four environments with R2
values of 35.9 to 70.0 %.

QTLs for plant height in wheat (Triticum aestivum L.) were studied using a
set of 168 doubled haploid (DH) lines, which were derived from the cross Huapei
3/'Yumai 57. Four additive QTLs and five pairs of epistatic effects were detected,
which were distributed on chromosomes 3A, 4B, 4D, 5A, 6A, 7B, and 7D. Two
major QTLs, Qph4B and Qph4D, which accounted for 14.51% and 20.22% of the
phenotypic variation, were located similar to the reported locations of the dwarfing
genes Rht1 and Rht2, respectively (Zhang et al. 2008).

Y u and Bai (2010), observed similar resultsin awheat RIL population, where
they detected four QTLs for plant height on chromosomes 3D, 5A, and 4D. The QTL
on 4D showed larger effect on plant heigth and explained 40 to 59% of phenotypic

variation.

42



2. REVIEW OF LITERATURE Faheem Shehzad BALOCH

2.3.5.3. QTL for yield and yield Components

Grain yield is a complex quantitative trait controlled by a number of genes,
each with a small effect on the fina product and is highly influenced by the
environment. Studies on mapping QTLs (or genes) of yield components have been
reported in wheat. Two genes responsible for tiller inhibition were mapped on 1AS
and 3A (Kuraparthy et a. 2008; Spielmeyer and Richards 2004). Shah et al. (1999)
mapped a significant QTL for TN on chromosome arm 3AL. Araki et al. (1999)
detected QTLsfor SNSon 4AS. Kato et a. (2000) detected a minor QTL for TN and
SNSon5A. Li et a. (2002) detected QTLsfor TN on 6AS, 1DS and 2DS, and QTLs
for spike length (SL) on 1AL, 1BS, 4AL and 7AL. Borner et a. (2002) detected
QTLsfor SL on 1B, 4A and 5A, and QTLs for grain number per spike (GNS) on 4A
and 7D. Huang et al. (2003) detected QTLs for tiller number (TN) on 1B, 2A, 2D,
3B, 4D, 5D, 6D and 7A from wild wheat relatives. Huang et a. (2004) detected
QTLsfor TN on 1B and 7A, and for GNS on 1D, 2A, 3D, 6A, 7A and 7D from €lite
winter cultivar. Narasimhamoorthy et al. (2006) detected QTL for TN and GNS on
3B and 3D, respectively. Kumar et a. (2007) detected coincident QTLs for TN on
3BL, 4AL and 6DL, QTLsfor SL on 1BL, 2DS, 4AL and 5AL, QTLs for spikelets
number per spike (SNS) on 2DS and 5AL, and QTLs for GNS on 1AL and 1BL in
two populations. Cuthbert et al. (2008) detected QTLs for GNS on 1A, 2D, 3B, 5A
and 7A.

Borner et a. (2002) constructed a high density RFLP map to identify QTLsS
associated with yield and yield components under arange of conditions. The highest
number of QTLs was detected for spike length on chromosomes 1BS, 4AS, 4AL and
5AL, detected in 9 of 11 environments.

Groos et a. (2003) evaluated 194 RILs (Table 2.3) at six locations to detect
QTLs for grain yield and kernel weight. Seven QTLs were detected for yield on
chromosomes 2B, 3B, 4A, 4B, 5B, and 7D. However, only the QTL on 7D was
considered to be stable since it was observed in four of the six environments
evaluated. Nine QTL were identified for kernel weight on chromosomes 1D, 2B, 2D,
3A, 5B, 6A, 6D, 7A, and 7D, while only the QTL on 2B, 5B, and 7A were
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considered to be stable. QTLs for kernel weight and yield co-located on
chromosomes 5B and 7D.

An advanced backcross population was used to identify QTLs for yield and
yield components in four environments (Huang et a., 2003). Eleven QTLs were
detected for grain yield on chromosomes 1B, 2A, 2D, and 5B, explaining from 9.6 to
21.6% of the phenotypic variation. They aso identified seven QTLs for kernel
weight on chromosomes 2A, 2D, 4D, 5B, 7A, 7B, and 7D. QTLs for other yield
components detected in this study were distributed on chromosomes 2D, 3B, 4D, 5B,
6A and 7B.

Huang et al. (2004) studied seven agronomic traits in a 111 BC2F3 families
(Table 2..3). In total, 57 QTLs were detected for yield and kernel weight. Nine QTLs
were identified for yield on chromosomes 1A, 3D, 4D, 5A, 5B, 6B, and 6D while 14
QTLs were identified for kernel weight on chromosomes 1B, 1D, 2A, 2D, 3A, 3B,
3D, 4B, 6A, 7A, and 7D.

Lin et a. (2008) established field trias in five seasons with a population of
108 DH lines. Three QTLs for grain weight per spike were identified on
chromosomes 1A, 2B, 35 and 2D, respectively. Two QTLs for kernel weight were
identified on chromosomes 2B and 7B, explaining nearly 14% of the total phenotypic
variance in all environments. Five QTLs for biomass were located on chromosomes
1B, 5B, 5D, 7A, and 7D, respectively, explaining a total of 31% of the phenotypic
variance.

Cuthbert et al. (2008) evaluated yield and yield components in a DH spring
wheat population. QTL analysis of the mapping population detected 53 QTLs across
environments for grain yield, yield components, and agronomic traits. They
identified QTLs for grain yield on chromosomes 1A, 2D, 3B, and 5A, thousand grain
weight on chromosomes 2D, 3B, 5A, and 7A, and harvest index on chromosomes
1A, 3A, 3B, 5A, and 5B. This study identified five mgor grain yield QTLs on four
chromosomes that were consistent across the environments evaluated and coincident
with QTLsfor at least one yield component.

A mapping population of 182 DH lines was used to construct alinkage map
based largely on SSR makers. It was grown in atotal of 18 year-site combinations
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(environments) (Kuchel et al., 2007). QTLs significantly associated with grain yield
were identified on chromosomes 1B, 2D, 3D, 4D, 6A and 6D in one or more
environments. Another QTLs located at 6A, was found to be associated with kernel
weight at two environments. They aso identified QTL for kernel weight on
chromosome 7D.

Ma et a. (2007) evaluated a population of 136 RILS over two environments
to determine QTLs for spike length. Five chromosome regions were associated with
spike length in this population. A magjor QTL was detected in two environments on
chromosome 7D, which explained 29.7 to 36.3% of the phenotypic variation. Other
QTLs were distributed on chromosomes 1A, 2D, 4A, and 5B. The 1A location has
been associated with spike length in three different mapping populations (Sourdille et
a., 2000; Borner et al., 2002; Marza et al., 2006).

A durum wheat population of 249 RILs was evaluated over 16 environments
under different drought conditions (Maccaferri et al., 2008). Two major grain yield
QTLs were identified in several environments on chromosomes 2B and 3D, with R2
values up to 44.7%. The QTL on 2B, located in the distal region of chromosome
2BL, had a LOD score of 2.5 in eight environments with R2 ranging from 3.5 to
12.4%. The second major grain yield QTL located on the distal region of
chromosome 3BS was detected in seven environments with R2 values ranging from
4.8 10 18.1%.

Wang et a. (2009) evaluated a set of 142 RILs (Table 2.4) in four
environments. Twenty-one QTLs controlling kernel weight on chromosomes 1B, 2A,
2D, 3B, 4A, 4D, 5A, 6D and 7D were identified across the four environments. Two
common QTLson 1B and 2A were found across all four environments. The detected
QTLs on 2A for kernel weight in this population in the interval Xbarcl165-
Xbarcl24 seemed to correspond with the QTL results previously detected by
Campbell et a. (1999).
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2.3.5.4. QTL for kernel characteristicsin bread wheat

The economic value of wheat is determined by the class, which in part
depends on morphology, texture and size of grain. Grain morphology and texture
particularly kernel weight, kernel size, and grain protein content in wheat are
important quality traits because they influence the market value of wheat (Y licel et
al., 2005).

Seed size and seed numbers are the magjor determinants of crop yield in both
the cereals and the grain legumes. Seed size was also a target of artificial selection
during domestication, where large seeds are generaly favored due to ease of
harvesting and enhanced seedling vigor (Harlan et al. 1972). In wheat, traits related
to grain size and appearance have alarge impact on market value and play a pivota
role in the adoption of new varieties

The physical properties of grain have a direct or indirect influence on the
milling and baking quality of wheat. Many researchers discovered that grain size had
an influence on wheat milling and baking qualities (Marshall et al., 1984; Berman et
al., 1996). Millers can obtain more flour per unit of weight from large, round,
uniform and well-filled kernels. Similarly maltsters and brewers can obtain more
extracts from large kernels (Dziki and Laskowski, 2005). Wheat grains of smaller
size are considered harder than larger grain and have inferior milling and baking
characteristics, whereas larger wheat grains generally have higher weight, which
means more endosperm (Gaines et a., 1997). Marshall et a. (1986) reported that
grain size, grain thickness, grain sphericity, endosperm size, and grain density are
important factors that directly influence the milling yield. The authors also reported
that an increase in grain weight and volume was usually due to an increase in grain
length, rather than in grain width or height. The grain length, width, and area were
associated with a 40% variation in the milling quality of Australian winter wheat
cultivars (Berman et a., 1996). Similarly, selection for increased kernel size resulted
in higher flour yield in the studies conducted by Wiersma et al. (2001). Dziki and
Laskowski (2005) reported a positive correlation between grain size and grain
sphericity. Grain shape and grain sphericity influence individual wheat grain as they
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pass through the mill (Marshall et a., 1986). The yield and quality of flour are also
strongly related to wheat grain properties, which are taken into consideration during
wheat milling evaluation. These properties depend on many factors, among which
genetic heritage is most important. Therefore, it would be possible to use this
information to increase the value of wheat marketed through breeders in developing
new varieties with better grain physical characteristics and improved end use
product.

QTL analysis for kernel physical traits had not been studied extensively
except 1000 kernel weight. Previous studies reported some QTLSs for kernel shape,
kernel length, kernel width (Sun et a. 2009, Ramya et al. 2010; Tsilo et al. 2010).
QTLs reported in these studies represent only a set of QTL alleles that segregate in
germplasm studied. Considering the fact that wheat germplasm varies with different
marker classess, QTL studies for wheat kernel physical characteristics for al wheat
classess are needed to provide good coverage of QTL alleles, including validation of
QTLsin different genetic backgrounds. Another important phenotypic assessment of
kernel character that has not been used in QTL analysisis kernel sphericity or kernel
size distribution. This is an important character because uniformity of kernel allow
for efficient milling process and quality control (Y Ucel et al. 2009; Tsilo et a. 2010).
Uniform kernels are ground more evenly during milling, leading to high flour
extraction rate and low ash contents (Y oon et a. 2002)
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Kernel weight, one of the three major yield components, is greatly influenced
by kernel dimensions (KD), such as kernel length (KL), kernel width (KW), etc.
Therefore, it is of utmost interest to obtain more information about the underlying
genetic control of kernel dimension traits. With the rapid development of molecular
marker technology in whesat, increasing numbers of QTL studies have been
conducted in an attempt to dissect the genetic basis of thousand-kernel weight
(TKW), and all the 21 wheat chromosomes have now been proven to harbor factors
affecting it. To obtain information about genetic relationships between TKW and KD
at the QTL level, some researchers performed QTL detection for both TKW and KD
simultaneously in the same parental mapping popul ations

Different QTLs were detected in a diverse germplasm when different
methods were used to assess kernel size and shape (Giura and Saulescu 1996;
Campbell et al. 1999; Dholakia et al. 2003; Breseghello and Sorrells 2007; Sun et al.
2009). Studies on kernel size showed that kernel length and width are influenced by
independent QTLs. Previous studies detected QTLs for kernel morphology on
severa wheat chromosomes. In the population NY 18 _ Clark’s Cream, homologous
group 3 was the most influential for kernel size (Campbell et al., 1999). In the bread
wheat population Chinese Spring _ RS111, aQTL wasfound on 1A (Varshney et .,
2000) and other significant loci were detected on 1D, 2D and 6B (Ammirgju et al.,
2001). In another bread wheat population, the most important QTL was detected on
chromosome 2D (Dholakia et al., 2003). QTLs for thousand-kernel weight, stable
over six environments, were detected on chromosomes 2B, 5B and 7A (Groos et al.,
2003).
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3. MATERIAL AND METHOD

3.1. Plant material and mapping population

One hundred and fourteen recombinant inbred lines (RILS) were developed
through single seed descent method from cross between two commercial cultivars
Gerek and Arrehane. Gerek is a Turkish bread wheat originated from the Anatolian
Plateau, released as a cultivar in Turkey in 1967 (Altintas et. al. 2008). Gerek is a
winter bread wheat cultivar and adapted to the high atitude areas; it is drought and
cold tolerant; tall and late flowering. Gerek has thinner and shorter grain with poor
kernel characteristics. Arrehane is a spring bread wheat cultivar, bred at IRNA
(France) and released as a commercia cultivar in Morocco in 1996. Arrehane is a
semi dwarf, early heading, and drought susceptible and resistant to Hessian fly. It
combines wide adaptation with high yield potential and yield stability (Shanati et al.
2009). Both of the parents are contrasting for major agronomic traits such 1000
kernel weight, spike characteristics, days to heading, as well as kernel physical
characteristics such as grain length, grain width, grain height, grain area etc.
Diversity of the spike shape, spike length and texture is clearly shown in the Figure
31

(b). Arrehan

Figure 3.1. Difference in the spikes length, shape and texture of two parents a).
Gerek and b) Arrehan
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Seeds of the F; hybrids were bulked and one hundred and fourteen seeds were
randomly selected and sown to obtain next progeny. At each corresponding
generation (F»-Fg), two seeds again randomly selected from the harvested lot of
spikes of each RIL and sown separately in the pots. After germination of two seed
per each RIL, one seedling having strong vigor was left while other seedlings were
discarded. Diagramatic scheme for the development of recombinant inbred lines
population is briefly illustrated in the Figure 3.2 below. Seeds of the two parents and
114 RILs population were kindly provided by Dr M. Miloudi Nachit (durum wheat
breeders-ICARDA).

Gerek x Arrehan

!

F,
®)|

FE 114 segregating progeny

- — =

LLLLLL
l l l selection
l l l larmrc,..._.r}.

S LLLLLLLLLLT

114 Recombinant inbred lines

b
l Single

plant

+— 4 4—

Fig.3.2. Schematic diagram of 114 RIL populations (Fs) developed from the cross of
Turkish landrace “ Gerek” and Morrocon cultivar “ Arrehane”
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3.2. Fidd trials

In 2008-2009, seeds of the al RILs were grown a the Research and
Implementation Area of Field Crops Department, University of Cukurova, for
multiplying the seeds. After multiplication of seeds, al RILs aong with parents
were grown in Adana during growing season of 2009-2010 and in three locations
during the growing season of 2010-2011. Some characteristics and abbreviations for

each location are given in Table 3.1..

Table 3.1. Detail about the location/environment used for growing the population
along with years and abbreviations.

Y ear Environment-L ocation Abbreviation

2009/2010: Rainfed; Cukurova Uni station-Adana-Turkey ADA-10

2010/201  Rainfed; Cukurova Uni station-Adana-Turkey ADA-11
Rainfed with partial irrigation-Adiyaman-Turkey ADM-11
Rainfed; Konya/Eregeli-Turkey KON-11

The field experiments were conducted according augmented field design. Each
block consisted of 24 genotypes with 5 control cultivars (Federer, 1956). The names
of the control varieties were *Mrb5, Hau, Krf, Waha and Gidara-2'. Total 4-year-site
combinations (environment) were utilized to assess the agronomic performance of

population. The details of each field experiments at each location are given below:

For 2009/2010 Season:
a) Inthefield tria at Adana, the seeds of RILs along with parents were sown on
well prepared seed bed with hand sowing on 23 November, 2009 (Figure

3.3). Each genotype was sown in a plot consisting of 3 rows, each 2.5 min

length. The distance between rows was 15 cm (Figure 3.2). All genotypes
were fertilized in same manner, as recommended 180 kg/ha nitrogen unit
(NH4NO:3), 60 kg/ha of (P,0s).
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o/ .f"“ ) e d sl L e ] .:.-“"_.l:__{:'i_!:-

Fig 3.3. A view of the field experiment (2009-2010) conducted at the research and
implementation area Cukurova University at seedling stage.

For 2010/2011 Season: In 2010-2011, field experiments were conducted at same

location plus two more locations within Turkey.
a) Adanal ocation
First field trial was conducted at Research and Implementation Area of Field

Crops Department of Cukurova University Adana, Turkey, under natural
precipitation. Each RIL along with parents were sown in 4 rows with each of
2.5 meter length on 3 December, 2010. The distance between rows was
adjusted as 20 cm (Figure 3.4). The amounts of fertilizers used were: N (180
kg/ha) and phosphorus (60 kg/ha).
b) Eregli/Konya L ocation

Second field trial was established at Eregli/Konya. All the RILs along with
parents and control cultivars were hand sown on 7 November, 2010. The trial

was sown in three rows of 2.5 m in length spaced by 25 cm for each of RIL

and parents (Figure 3.5). The amount of fertilizers was given as local
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recommended doses as follow: 2/3 (40kg/ha) of (NH4NO3) and full dose of
phosphorous (40 kg/ha) were given at the time of sowing, and 1/3 (20kg/ha)
dose of remaining NH4sNO3; was added before heading time.

¢) Kahta/Adiyaman Location
Third field experiment was conducted at Experimental Station of Kahta
Vocational School, University of Adiyaman, Kahta/Adiyaman-Turkey.
Adiyaman is located at the South-Eastern Turkey. Each RIL was sown in four

rows, each in 2.5 m in length and row to row spacing was adjusted as 20 cm.
Two rows were left empty after each genotype (Figure 3.6). The amount of
fertilizers were those of locally recommended as follow 2/3 (40kg/ha) of
(NH4NO3) and full dose of phosphorous (40 kg/ha) were given at the time of
sowing, and 1/3 (20kg/ha) dose of remaining NHsNO; was added before
heading time.

All trials kept free of weeds and diseases by spraying herbicides and fungicides

respectively. Agronomic and plant protection measures were kept normal during the

entire experiments.

L | A =

Fig 3.4. A view of the field experiment (2010-2011) conductéd at the research and
implementation area Cukurova University.
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Fig 3.5. A view of the field experi méﬁt (2010-2011) at Konya-EregI experimental
station

a L =T Tt I T

- =

Fig 3.6. A view of the field experiment (2010-2011) at Adiyaman experimental
station
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3.3. Climatic Characteristics of Experimental L ocations

3.3.1. Adana L ocation

This cites is located at the Research and Implementation Area of Field Crops
Department of Cukurova University Adana, Turkey (37°21'N latitude, 35° 10' E
longitude 200 m above the sea level). Adana location possesses rich soil and
characterized favorable climatic conditions for local farming system and therefore
caled as richest agricultural zone of Turkey. This location is different from Eregli
and Kahta locations, because Adana Province is located at the South of Turkey with
typica Mediterranean climate with high precipitation in winter but having high
temperature and drought condition during grain filling period of wheat. The Total
precipitation amounts during the field-experiments in 2008-2009 and 2009/2010
seasons were 578 mm and 606 mm respectively (Turkish Meteorological Service,
2012). The metrological record about thislocation is given in Figure 3.7 and 3.8.

Adana2009/2010
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Figure 3.7. The amount of precipitation, average, minimum & maximum temperature
and evaporation rate during 2009-2010 at Adana experimental field
station
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Figure 3.8. The amount of precipitation, average, minimum & maximum temperature
and evaporation rate during 2010-2011 at Adana experimental field
station

The soil of Adana location was classified as a clay soil in the upper 0-30 cm
profile, which contains an average 1.3% organic matter with pH 7.11, 478 mg kg of
K, 15 mg kg™ of P, 0.69 mg kg™ of Zn, 12.4 mg kg of Mn, 1.26 mg kg™ of Cu, and
9.6 mg kg™ of Fe.

3.3.2. Eregli Location

This experimental cite is located in the Central Anatolian region of Turkey
(Latitude; 37° 30' 0" N; Longitude: 34° 3' 0" E and elevation 1044 meters). The
Konya Basin is one of the drought regions of Turkey. By the Koppen Classification
the climate is semi-arid, with cold moist winters and hot dry summers. Evaporation
exceeds total precipitation largely. Eregli has hard winter with heavy snow and frost.
Throughout the Central Anatolia, main crop is winter wheat. This location was

selected to check the adaptation of population to hard winter conditions. Moreover,
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one of the parent cultivars Gerek was widely grown in central Anatolian region of
Turkey. The total annual precipitation amount for 2010 and 2011 338.8 and 390.3
mm (Turkish State Meteorological Service, 2012). The details of precipitation,
humidity, average, minimum, and maximum temperatures during the 2009/2010

cropping season are illustrated in detail in Figure 3.9.
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Figure 3.9. The amount of precipitation, average, minimum & maximum temperature
and relative humidity during 2008/2009 at Eregli Location

3.3.3. Kahta L ocation

Kahta is a town of province Adiyaman, about 25 km away from the province
Adiyaman. Summers in Adiyaman are hot and dry, winters cool and wet. As such
Adiyaman’s climate is a hybrid of the mild Mediterranean and the continental
climate of eastern Turkey. The effects of the large artificial lake created by the
Ataturk dam are still under study. The hottest measured day in Adiyaman was on
7/20/1998 when the temperature hit 45 °C. The coldest recorded temperature was on
2/20/1998 when it got down to -3 °C. The average annual temperatureis 17 °C , with
76 rainy days in a year (Turkish Stat Meteorological Service, 2012). On the average
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Adiyaman gets snow 7 days in a given year. The amount of precipitation, maximum
and minimum temperature and relative humidity is explained in the Fig. 3.10.
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Figure 3.10. The amount of precipitation, average, minimum & maximum
temperature and evaporation rate during 2008/2009 at Kahta Location

3.4. Agronomic evaluation of RILsand parents

Data on different agronomic characteristics of the genotypes studied were
recorded. Before heading time, the main shoots of 30 plants from each plot were
marked with plastic clips. Twenty competitive plants from the parents and RILS as
well as the control varieties were sampled randomly from the 30 marked plants from
each plot. Plants were harvested when grain moisture was about 13 (Zadoks-94) by
hand. A brief detail for each observed trait is given below.

3.4.1. Daysto heading (days)

Days to heading was caculated from the date of germination to the

emergence of spikes. The days to heading was recorded when 75 % plants from each
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RIL were headed. Days to heading was measured only for three locations except
Eregli location.

3.4.2. Plant Height (cm)

Plant height was recorded at maturity one week before harvest from twenty
randomly selected plants from each genotype. Plant height was measured with the
help of meter rod from ground level to highest growing point.

3.4.3. Spiketraits.

To record data on different spike characteristics, twenty spikes were
randomly selected from marked 30 main stem spikes from each experimental unit
from each location/year. Spikes of all twenty main stem plants were removed with
the help of sickle. Data on different spike characteristics were recorded and detail is
given below.
3.4.3.1. Spikelength (cm)

Spike lengths were measured from twenty main stem spikes with the help of
meter rod from the basal of the lowest spikelets to upper most point of spike without
awn length.

3.4.3.2. Number of spikeletsper spike

Data for number of spikelets per spike were recorded from counting the

number of spikelets per spike and then averaged.

3.4.3.3. Number of grains per spike

All twenty main stem spikes were threshed manually with hands one by one
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and grains obtained were counted and averaged to number of grains per spike

3.4.3.4. Grain weight per spike(Q)

Grain weight per spike was measured by weighting the all grains of each
spike separately on a sensitive balance.

3.4.3.5. Spike compactness (number/cm)

Spike density or spike compactness (number of spikelets per each cm of

spike) was calculated as aratio of number of spikelets per spike and spike length.

3.4.5. 1000 grain weight

Thousand grain weights were inspected by counting of four samples of
hundred kernels taken randomly from harvested grain of each plot, and then averaged
to 100 grains weight, multiplied by 10 to get 1000 kernels weight.

3.5. Molecular Analysis

3.5.1. DNA extraction

Young leaves from each RIL aong with parents were collected from two
weeks old seedling. The tissues were transferred to the laboratory on the same day in
liquid nitrogen and stored at -80°C. DNA extraction was performed according to
CTAB protocol (Doyle and Doyle, 1996), with some modification of Ozkan et al.
(2005). Frozen plant tissues (about 3-5 g of fresh leaf) were ground by mortar and
pestle to a fine powder and suspended with 800 pl CTAB buffer. Samples were
incubated at 65°C for 1.5 hour with constant stirring after each 10-15 minutes by
hands. An equal amount of chloroform/isoamylacohol (24:1 v/v) was added and

tubes were centrifuged at 14000 rpm for 10 min. The supernatant was transferred to
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new tube of 1.5 ml. 2/3 volume of the isopropanal was added to each tube. The tubes
were gently inverted several times by hands to compact the DNA and left at -20°C
for few hours or overnight. Then DNA was centrifuged at 8000 rpm for few seconds.
The DNA was fished out and washed twice in 10-25ml of 70% ethanol: ammonium
acetate by stirring it for 10 minutes on the electronic stirrer then dried by putting the
tubes over tissue paper at room temperature. 50-100 pl of ddH,O was added to each
tube and DNA template was completely dissolved in the ddH,O.

3.5.2. Measurements of DNA concentration

The quantity of the total DNA extracted from each plant was measured by
guantitatively and qualitatively by 0.8 % Agarose gel electrophoresis. DNA
concentration was estimated and standardized against known concentration of £
DNA. Before using DNA molecular analysis, the DNA diluted to a concentration of
20ng/ul for SSR applications and DAIT analysis.

3.5.3. Simple sequence r epeats (SSRs) or microsatellite analysis

SSR markers used in this study were selected from the previous published
literature (Roder et a. 1998). Origin of SSR markers used in this study is given in
Table 3.2. Total 317 SSR primer pairs were screened for polymorphism between
Gerek and Arrehane. Only 65 SSR primers showed polymorphism among parents, 45
primers gave no amplification product or poor amplification, whereas rest of the 207
markers was monomorphic. First of al, M 13 tailed-primer PCR amplification of SSR
was performed according to Schuelke (2000) with some modification of Comertpay
et a. (2012). M13 tailed-SSR markers produced some nonspecific amplification
profile. To reduce or eliminate the nonspecific amplification of M13 tailed-SSR
markers, different concentrations of the M13 primer (0.2pm, 0.4pm, 0.6pm, 0.8pm
and 1,0 pm) and MgCl, (0.2, 0.4 and 0.6 ul; 2.5mM) were used. 0.6pmol
concentration of M13 primer and 0.6 pl (2.5mM concentration) of MgCl, showed

best results with minimum nonspecific amplification.
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Table 3.2. Summary of wheat obtained different source microsatellites used in

Gerek/Arrehan mapping population
Microsattelite devel oper Abbreviation for SSR Publishing Reference
SSRs used
Marion Rdoder (1PK) GWM 114 R6der et al. (1998)
Pestova GDM 3 Pestsova et al. (2000
Dr. P. Isaac WMC 116 Somer et al. (2004)
Perry Cregan (USDA) BARC 9 Song et a. (2005)
Pierre Sourdille (INRA) CFA 21 http://wheat.pw.usda.gov
Pierre Sourdille (INRA) CFD 54 http://wheat.pw.usda.gov

The PCR mixture consisted of total volume of 12 ul PCR containing 1x PCR
buffer (1.2 ul), 2.5 mM dNTP (0.96), 25mM MgCl; (0.4 ul), 0.6 pmol universal M13
sequence tailed forward primer, 5pmol (0.12 pl) of forward and 0.48 pl reverse
primer, , 0.12 U/ul Tag DNA polymerase, and ~15 ng genomic DNA. PCR cycling
program consisted of initial denaturation of 94°C for 5 minutes, 30 cycles consisting
of 94°C for 1 min, annealing temperature for 1 min, 72°C for 1 min, followed by 8
cycles for M13 labelled primer consisting of 94°C for 30sec, 53°C for 45sec and
72°C for 45 sec, and final extension at 72°C for 15 min.

3.5.3.1. Polyacrylamide gel electrophoresis for resolving microsatellite DNA
fragmentsat LICOR DNA analyzer

Polymorphism between the parents and segregation of polymorphic aleles
were revealed when electrophoresed on a denatured polyacrylamide gel using
LICOR DNA anayzer (Model 4300). Protocol for preparation of the polyacrylamide
gel for LICOR isgivenin thetable 3.3

The PCR product was mixed with fuchsine dye and denatured for 5 minutes at
94°C and waited for few minutes on ice before loading. The amplified fragments
were separated on 6% denaturing Acrylamide gel (19:1) and photographed on LI-
COR Model 4300 DNA Analyzer.

The primers that produced polymorphism between the two parents were used
to survey the DNA of Fs RIL population, and data was collected about the
polymorphic fragments/bands in Fe popul ation.

64


http://wheat.pw.usda.gov
http://wheat.pw.usda.gov

3. MATERIAL AND METHOD Faheem Shehzad BALOCH

Table 3.3. Amount of reagents required for preparing one polyacrylamide gel at
LICOR DNA analyzer

Reagents Concentration
Gel casting solution (high resolution sequa gel) 16ml
Buffering reagent (urea gel) aml

10 % APS (ammonium per sulphate) 160 ul

3.5.4. Diversity Array Technology (DArT) Analysis

Diversity Arrays Technology (DArT) marker genotyping, genomic DNA of
two parental lines and 114 RILs were sent to ‘ Triticarte™ Pty Ltd (Whole genome

genotyping service for wheat and barley)’. (http://www.triticarte.com.au/). For each

of these arrays, a genomic representation was generated from a mixture of wheat
cultivars using the Pstl-based complexity reduction metho described by Wenzl et al.
(2004). The procedure involved digestion of a mixture of DNA samples with Pstl
and one of the following frequently cutting restriction enzyme: Msel, Rsal, Tagl or
BstNI (NEB, Beverly, MA, USA), ligation of a Pstl adapter with T4 DNA ligase
(NEB), and amplification of small, adapter-ligated fragments (Wenzl et al. 2004). A
library was prepared from each of the amplification products, also called genomic
representations, as described by Jaccoud et a. (2001) with the modifications of
Wenzl et al. (2004). The cloned representation fragments were amplified (Jaccoud et
al. 2001), dried at 37°C and dissolved in a spotting buffer which was initially either
50% (v/v) DM SO or a 1:1 mixture of 50% (v/v) DM SO and the printing buffer of the
Vanderbilt Microarray Shared Resource (Nashville, TN, USA). Depending on the
number of clones, two or three replicate spots per clone were printed on the arrays.
After printing, the slides were heated to 80°C for 2 h (unless spotted with the new
buVer), denatured by incubation in hot water (95°C) for 2 min, dipped in 95% (v/v)
ethanol (unless spotted with the new buffer) and dried by centrifugation (Please see
Akbari et al. (2006) for detail information about DArT proceedure).

The marker names e.g. “wPt” were described according to Akbari et al.
(2006), where ‘w’ was designated if the clone was derived from a wheat library and

‘Pt" stands for Pstl and Tagl restriction enzymes used to generate clones. The version

65


http://www.triticarte.com.au/)

3. MATERIAL AND METHOD Faheem Shehzad BALOCH

2.0 wheat DArT array of 5,137 clones was used for genotyping RILs using the
methods previously described by Akbari et al. (2006).

3.6. Statistical Analysis

One hundred fourteen RILS, their parents and five checks were tested using
the augmented design (Federer, 1956). The morphological data for al traits was
adjusted according to control cultivars using computer software program TARIST
(Acikgbz, 1990). The standard deviation, maximum, minimum and mean values for
al traits were calculated using SPSS computer software program. Associations
among traits were calculated using the Pearson correlation procedure implemented in
SPSS. Pattern of distributrion among RIL was analysez by conducting histograms for
all studied agronomic traits using SPSS program.

3.6.1 DArT analysis

An ANOVA based estimate of marker quality, which reflects how well the
two phases (Present = 1 vs Absent = 0) of the marker are separated in this dataset.
From our experience, markers with P value above 80 are scored very reliably. We are
now reporting markers with lower P value since many could be mapped, but they
may contain more scoring errors. Because P is based on ANOVA, it is not an
appropriate quality measure for markers with a very asymetric distribution of 0 and 1
scores (low PIC). This is why some markers with much lower P but high call rate,
low discordance rate and low PIC are also reported (Triticart Pyt. Ltd).

Tentative assignment of chromosomal location of the each DArT marker
were also provided by Triticart Pyt. Ltd based on based on many well-curated
genetic maps, built and analysed by Triticart team. Image analysis and polymorphism
scoring was done. using software DArTsoft version 7. DArT software automatically

computed several quality parameters for each marker such as
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a) Call rate: Percentage of valid scoresin all possible scores for a marker,
b) PIC value: Polymorphism information content (PIC): a maximum of 0.5
when a marker scores 50% 0 and 50% 1,
¢) One ratio: Number of score 1 divided by number of scores.
d) Reproducibility of each DArT marker: Measure in % how reproducible
the scoring for replicated samplesis. (100 means 100% reproducible). A

small number of markers were also analysed in duplicate.
3.6.2. Chi squaretest

The »2 test was applied to identify DArT and SSR markers with a distorted
(P<0.01) segregation ratio from the expected Mendelian ratio.

3.6.3. Linkage analysis

The genetic linkage map was constructed using JointMap V5.0 (Lander et al.,
1987; Lincoln et al., 1993), with an LOD threshold of > 3.0. Recombination
distances were determined using the Kosambi mapping function (Kosambi, 1944).
Chromosome assignment was determined by comparing this map with the previousy
published wheat microsatellites and DArT maps

3.6.4.QTL analysis

A widely applied QTL mapping method is “conventiona” interval mapping,
first described by Lander and Botstein (1989) and successfully applied in a number
of case studies (Jansen and Stam, 1994). The implemented QTL mapping procedure
is a maximum likelihood approach to the segregation of a mixture of probability
distribution. Under the hypothesis that single QTL is segregating the mixture consists
of Q distribu