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INTRODUCTION

Most projections suggest that wheat, already thetnmaportant food source for human-kind, will
also be the primary food staple in the developimgladvin the next 15 years. Demand for wheat in
developing countries is expected to grow at aroRrdpercent annually, about the same rate as
production growth. By the year 2020, the productonsumption gap that is made up by wheat
imports could approach 120 million tons annuallyice today (Rosegrant et al. 1995). It was
recently postulated that there would be a needddyte 1 billion tons of wheat by the year 2020
(Braun et al. 1998). These projections assumeinicatases in global productivity will meet these
demands without real price increases, which islizidlesirable for consumers. Since increases in
the area sown to wheat are likely to be small, petidity increases will have to come almost
entirely from the development and application ofvnechnologies. At the same time, greater
sustainability and environmental demands on wheratihg systems will have to be met, and yield
stability of the world. Genetic improvement of whea likely to remain the major source of
productivity gains. The crop, yield potential hasen about 25 percent annually over the past 30
years. This trend is expected to continue but negyire greater breeding resources, especially as
recent gains in efficiency that resulted from cotepaation and mechanization of breeding begin
to dwindle. Innovations in molecular biology appeatikely to effect an impact on yield progress
anytime soon. Despite considerable progress inldhe 100 years, huge scope still exists for
strengthening and making more durable the resistahwheat to diseases, viruses and insects. This
appears to be the area in which molecular biologlymake its first impact on wheat breeding.
Molecular biology is also likely to aid conventidimeeding in changing the quality of wheat grain
by developing it for novel industrial uses and impng its nutritional structure in ways that would
clearly benefit consumers (increasing its content\ailable iron, zinc, vitamin A and certain
amino acids).

The last 30 years have witnessed an unprecederted o0f international wheat germplasm
exchange and the development of a greater degrgenetic relatedness among successful cultivars
globally. The concept of broad adaptation has tieen well vindicated. However, this is seen by
some as increasing genetic vulnerability to pathegalthough such vulnerability depends more on
similarities in resistance genes, which may acyua#l more diverse now than before. Various new
factors, including the growing strength of natiobedéeding programs in the developing world and
the advent of breeders, rights, should result oreased diversity among cultivars and perhaps lead
to the exploitation of hitherto-overlooked specifidaptation in wheat. This would be especially

important if climate change accelerates. Just eseasing nitrogen supply and improving weed
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control have been almost universal driving facwirsvheat cultivation in the last 50 years, higher
atmospheric concentrations of carbon dioxide andbal warming with resulting warmer
temperatures could significantly influence breedigectives in the next 50 years.

In the last 10,000 years, the earth's populatiehdwaubled ten times, from less than 10m to more
than six billion now and ten billion soon. Mosttbe energy for human nutrition, which made that
increase possible, has come from three plants:enace and wheat. Wheat is the oldest and most
widespread crofdn the 2007 the wheat world production was 607iamlitons, making it the third

most-produced cereal after maize (784 million tars) rice (651 million tons).






Plant of Wheat Introdion

1- PLANT OF WHEAT
1- 1- The origin of wheat
The wheat is derived from three wild ancestral gsein two separate inter specific hybridizations.
The first took place in the Levant 10,000 years, dge second near the Caspian Sea 2,000 years
later. From the Fertile Crescent extends from Rakeshrough Syria and southern Turkey into Iraq
and western Iran. 7000 BC and then spread quickly ldeolithic agriculture package to other parts
of West Asia, the Nile Valley, and the Balkans. &hrmillennia later, this wheat-and-barley
Neolithic farming system provided food for peophrig in an extensive area of the Old World
from the Atlantic Ocean to the Indian subcontinentl from Scandinavia to the Nile Valley. The
Near East crop complex has made a significant ibution to feeding the human population in
historical times as well as today (Heun MR et 807).
The hybridization together with domestication résdilin a specie with extra-large seeds incapable
of dispersal in the wild, dependent entirely ongledo sow them.
The wheat diffusion was parallel with human pogala’ migrations. The farmers brought not only
seeds, but also their habits and agricultural prast not just sowing, reaping and threshing, but
baking, fermenting, owning, hoarding, as well as Wheat use in animal feeding to get meat and
milk. The wheat from its origin site in the Middieast spread overall the world, 5,000 years ago
reached Ireland, Spain, Ethiopia and India. A mitiem later it reached China: paddy rice was still
thousands of years in the future (Ozkan et al. 2002
The wheat plant evolved mainly for three traitstat its new servants: the seeds grew larger; the
“rachis” which binds the seeds together became llegdde so whole ears of grass, rather than
individual seeds could be gathered. And the ldaf-tjlumes that covered each seed loosened, thus
making the grains “free-threshing”. In the pastrtyeyears, the different mutations of loci involved

in these changes have been located within the witaats genome (Colledge 2007).

Figure: 1.1: The distribution of industrial
plant in the world (FAO, 2010).

Wheat 20%
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1- 1- 1- Natural mutants

Eager farmers took it up with astonishing resuBg.1974, Indian's wheat production had tripled
and India was self-sufficient in food; it has neV@ced a famine since. In 1970 Norman Borlaug
was awarded the Nobel Peace Prize for firing thet 8hot in what came to be called the “green
revolution”. Borlaug had used natural mutants; sb successors were bringing on mutations
artificially.

Scientists used thermal neutrons, X-rays, or ethgthane sulphonate, a harsh carcinogenic
chemical “anything that will damage DNA” to generamutant cereals. Most of the wheat varieties
growing in the field were produced by “mutation dxleng”. The irony is that genetic modification
(GM) was invented in 1983 as a gentler, safer, mat®nal and more predictable alternative to
mutation breeding-an organic technology. Insteacanlom mutations, nowadays scientists could
add the traits they wanted. In 2004, 200m acre&Mf crops were grown worldwide with good
effects on yield (up), pesticide use (down), biedsity (up) and cost (down). Yet, far from being
welcomed as a greener green revolution, genetidfioatibn soon ran into fierce opposition from
the environmental movement. Around 1998, a centaftgr Crookes and two centuries after
Malthus, green pressure groups began picking upcdisquiet about GM and rushed the issue to
the top of their agendas, where it quickly broutjiegm the attention and funds they crave (Staple
food, 2005).

Wheat, because of its unwieldy hexaploid genome |dr@ely missed out on the GM revolution, as
maize and rice accelerate into world leadershipe Tirst GM wheats have only recently been
approved for use, their principal advantage toftiener being so-called “no till” cultivation the

planting of seed directly into untilled soil safasl and topsoil (Ears of plenty, 2011).

1- 2- Structure and development of Cereal plant

Cereals belonging to theraminacee family. Worldwide, the most cultivated are wheairn, rice,
barley, oats and rye. Whealr{ticum aestivum) has been, since prehistoric times, the most
important cereal. This feature depends on its adbélfgy to all types of terrain and different
climates. Therefore its cultivation area is betw88f-60° north latitude and 20°-40° south latitude
and it is found in culture even at the equator laeygbnd the Arctic Circle.

Like all of the temperate cereals, wheat undergwefound changes in structure through its life
cycle. The delicate growing point at the shoot aeXxirst produces leaves, and then later changes
to form the flowering spike or ear. The stem, atftompact and measuring a few millimeters,
rapidly expands to a structure that may be a thalsallimeters or longer.
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Plant growth and development concerns the lengtthefplant's life cycle, its subdivision into
distinct stages, and the processes of formatidheplant's organs, the leaves, tillers and spikele
These organs are important because are the basigefplant adaptation to environments. Cultivars
with differing developmental patterns are neededlitferent sowing dates and regions.

Structural and developmental patterns are also fitapbbecause many decisions about nutrition
and crop management are best made on a developmah&a than a calendar time scale.

The major developmental processes for a cereal are:

1-Germination and seedling establishment

2-Initiation and growth of leaves

3-Tillering

4-Growth of the root system

5-Ear formation and growth

6-Stem extension

7-Flowering and grain growth (Lotti 2000).
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1- 3- Wheat plant description

Planting

Soil: Adequate
Sunlight: Full

Days to Harvest:120 D

The cereals group includes several genera suchhastwriticum), barley Hordeum), Oats
(Avena), rye Secale) and the man-made hybrid triticalEriticosecale).

There are about 30 species of wheat, and more48d800 cultivars have been produced in the
world. Wheat species can be divided into three gsadepending on the number of chromosomes
present in vegetative wheat plant cells: diploid ¢hromosomes); tetraploid (28 chromosomes);
and hexaploid (42 chromosomes). These speciesroas breed in nature or by plant breeders.
Only three species of wheat are commercially imgourt

1-Triticum aestivum, 2-Triticum turgidum cv. durum — durum wheats: hard wheats (from Latin,
durum, meaning ‘hard’), e.g. cv. Yallaroi and Walla Flour from these wheats holds together well
due to high gluten content, cultivars are generafigd for pasta and bread product3ridcum
compactum — club wheats: This species is sometimes congidersubspecies of common wheat.
These are usually soft grained wheats often usedcdée flour (http:/www.kstate.edu/wgrc/
Taxonomy/taxtrit.htmi).

Wheat and all other grasses have a common struatuich provides the basis for understanding
the growth and development of the crop and theoresafor particular management practices.
Wheat is a grass between 50 and 150 cm high. Th&iqath appearance of the grain is familiar to
most consumers, with a long stalk that terminates itightly formed cluster of plump kernels
enclosed by a beard of bristly spikes. Wheat iararual, which means that at the end of each year,
fields must be plowed and prepared again to grengthss.

Ancestral wheats looked very different, with muchadler kernels. The early domesticators of
wheat obviously wanted to select for plants withtipalarly large kernels, since more nutrition
could be eked out from each stalk. Because whegegnegrally a self pollinating plant, each plant
tends to produce pure lines. When farmers wantytwithize a wheat strain, they must physically
pollinate the different plants. Farmers blendingeathfor various purposes usually combine
different seeds at harvest time and spread themlyewger the field. The wheat grown in general
falls into two categories: winter wheat, which larged in the fall and matures in the summer, and

spring wheat, which is planted after the dangefradt is over and also matures in the summer.
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Wheat's characteristic golden color at harvest isngell known and often appears in artwork that

uses wheat (Dubcovsky and Dvorak 2007).

1- 3- 1- The grain

The grain, in cereals, is the small (3-8 mm lonlgy, seed-like "fruit" of a grass, especially aszdr
plant. (kernel is an older term for the edible seé@ nut or fruit). Grain is considered as a one-
seeded "fruit" (called a caryopsis) rather thaseetl". A seed is a mature ovule which consists of
an embryo, endosperm and the seed coat. HoweVaritas a mature ovary which includes the
ovule or seed, in addition to the ovary wall thargunds the seed (pericarp). In wheat, the pegricar
is thin and fused with the seed coat (Figure Bg) this makes wheat grain a true "fruit". In other
plants the pericarp may be fleshy as in berriesand and dry forming the pod casing of legumes
(Setler and Carlton 2000).

Seen in cross-section (Figure 1.4), the main ctuesiis of grain are the bran coat, the embryo or
young plant, and the endosperm. In most wheatveutj the proportions of grain are: bran 14%,
endosperm 83% and embryo 3%. The bran coat, cayvdrengrain, is made up of an outer pericarp
derived from the parent plant ovary wall; a testaseed coat derived from the ovule. And the
aleurone layer, important as a source of enzymeégeowth factors in germination (Figure 1.2).

The endosperm makes up the bulk of the grainowiges the energy for the seed germination, and
it is the store of starch and protein which is edlfor production of white flour.

The whole wheat flour is made of the ground proslugtthe entire grain and therefore naturally
contains more vitamins and minerals from the brashembryo.

The embryos (Figure 1.2) consists of a short axis aterminal growing point or shoot apex, and a
single primary root known as the radical. Around trowing point are the primordial of the first
three leaves (Cramb et al. 2000).

1- 3- 2- Tillers

Tillers are basal branches which arise from budsh@ axils of the leaves on the main stem.

Structurally, they are almost identical to the msteem, and are thus potentially able to produce an
ear. Leaves on a tiller are also produced altelynakée tiller is initially enclosed in a modifiddaf

— the prophyll — which is similar to the coleopttleat encloses the main stem during emergence
(Figure 1.3). Reduced tillering in new cereal aats is proposed by some scientists to try and
increase yield, i.e. by eliminating stems that @6 produce ears. However, tillers that have their

own roots produce ears. Tillers may also contriliatgrain yield as a source or sink for excess

sugars and nutrients of the main stem. In the kbeslwhere insects, diseases or environmental

stresses are common, tillers offer assurance ttogd losses are minimal. The wide range of
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environments where wheat is grown resulted in ardity of cereal plant types (Setler and Carlton
2000).

1- 3- 3- The roots

Seminal roots which develop from primordial withire grain. As is the case for leaves and tillers,
all the root axes of a plant can be given designatito describe their position, type and time of
appearance on the plant. The growing, meristentagcies of roots are located in the first 2-10
millimeters of the tip of each root. Hence, as sogtow the meristematic tips move further away
from the shoot deep into the soil. This contragth ¥he structures of blades and sheaths where the
meristematic tissue remains close to the stem asblgs older tissues away from the plant (Figure
1.3). Why roots have evolved differently from leawe have their growing meristematic tissue at
the tip is unknown (Cramb et al. 2000). One possilis that this allows immediate control over
root growth in the event of environmental changeshsas water or nutrient supply. Hence this

enables better control of the direction of rootvgifoin the diverse soil matrix.

1- 3- 4- The stem

The stem of the wheat plant is made up of successides, or joints, and internodes (Figs 1.2;
1.3). The stem is wrapped in the sheaths of theosnding leaves. This structure of stem and
sheaths gives strength to the shoot, and it is Wéeps the cereal shoot erect and reduces lodging.
Nodes are the places on stems where other stractuoh as leaves, roots, tillers and spikelets join
the stem. This is also where the vascular charsalying nutrients into and out of these organs
join the vascular connections of the stem. Only mveem elongation begins, do the internodes
begin to grow to form the characteristic tall j@dtstem of the mature wheat plant (Figure 1.3). As
the stem grows, it evolves from a support tissueldaves, to also become a storage tissue for
carbohydrates and nutrients in preparation for egient grain filling. At the time of ear
emergence, carbohydrates account for 25 to 40%eoflty weight of stems of most wheat. This is
an adaptive trait for wheat grown in rainfed enmimeents, since even if severe drought occurs at the

end of the season this carbohydrate can used sofile grains.

1- 3- 5- The ear

The inflorescence or ear of wheat is a compounkiespiade up of two rows of spikelets (Figure
1.5) arranged on opposite sides of the centralisatlike the stem, the rachis consists of nodes
separated by short internodes, and a spikeletastetd to the rachis by the rachilla at each node.
From the ears structure it is possible identifydipoid, from tetraploid and hexaploide wheat.

On each ear there is a single terminal spikeletnged at right angles to the rest of the spikelets

(Figure 1.5). At the base of each spikelet theeetan chaffy bracts called sterile or empty glumes
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(Fig. 1.5). These enclose up to ten individual #osvcalled florets, although the upper florets are
usually poorly developed. Generally only 2 to 4dks form grains in every spikelet (Cramb et al.
2000).

A typical wheat ear will develop 30 to 50 graingchk flower will produce one grain which grows
in the axil of a bract called the lemma, and islesed by another bract called the palea. The long
awns (sometimes called "beards") found on many mmodéeats are extensions of the tip of the
lemma (Fig. 1.5), (Kirby and Appleyard 1987).
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Figure 1.5: ““Structures of the wheat inflorescence (spike oy, spikelet and floret of the wheat plant
Table 1.1: Shoot structures to identify cereals and seleatssgds.

Grass Ligule Auricles Leaves Leaf sheath
Wheat Fringed membrane Yes-large clasping, with Usually tWE;i(r:ISockwse; no split
hairs . S
Barley membrane Yes-very large, without hairs Twist Cl%ﬂ?\r’l\/;i’ usually split
Twist anticlockwise; no hairs .
Oats membrane none split
Annual Ryegrass membrane (<2 mm) yes — large, clasping No hairs Slight split
Barley grass membrane (<2 mm) yes — large, pointed Soft hairs Slight split
Wild oats membrane (<2 mm); hairless none Twist antlh;il:)sckwme; no split
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1- 4- Seed treatment

Seed health is an important attribute of quality] &eed use

pests. Seed infection may lead to low germinatieduced field establishment, severe yield loss or
a total crop failure. For example, severely infdcteheat grains with Karnal bunt either fail to
germinate or produce a greater percentage of alat@®eedlings (Singh 1980; Singh and Krishna
1982). In wheat, fungiHusarium spp.,Tilletia spp.,Drechslera spp.,Septoria spp. andUstilago
spp.), bacteriaGorynebacterium, Pseudomonas andXanthomonas) and nematode#\(guina tritici)

are the most important seed-borne diseases dheitontorldwide distribution and losses they incur
in crop production (Mamluk and van Leur 1986; Digltm 1996 a).

Chemical seed treatment is one of the efficienhtpfaotection. But another way more effective
than this treatment can be used genetic. Thesgtarse genes protected young seedlings or adult
plants against attack from seed-borne, soil-bomairtorne pests. The disease-resistance genes
have been transferred from wild grasses into bveaeht using a new pre-breeding technique that
allows the genes to be inherited together.

Led by Dr Phil Larkin and Dr Ligia Ayala-Navarrethe CSIRO team targeted the Lr19, Sr25 and
Bdv2 genes that are effective against leaf rusipestrust and barley yellow dwarf virus. In tests
against all races of the new stem rust pathotyp@Uthe Sr25 gene has provided total resistance
while Bdv2 is the first gene to provide true remmste to barley yellow dwarf virus, the most
widespread and economically significant cereal svimu Australia. The CSIRO strategy involves
two wild relatives of bread wheakhinopyrum ponticum (the donor of Lr19 and Sr25) aiidl. inter
medium (the donor of Bdv2). For each wild species, tlanteselected translocations that moved a
chunk of wild chromosome (containing the diseaséstance genes) to wheat chromosome 7D.
These translocated chromosomes were then crossétasaluring sexual reproduction — when
chromosomes pair up to exchange DNA —Theinter medium andrh. ponticum fragments were
also brought together.

In the hexaploid wheatfl(iticum aestivum L.) more than 50 leaf rust resistance (Lr) gergesrest

the fungal pathogePRuccinia triticina have been identified in the wheat gene pool, aharge
number of them have been extensively used in bmgedf the 50 Lr genes (AWLr10, Lr23), all
are known only from their phenotype and/or map tpmsiexcept for Lr21, which was cloned
recently (Feuillet et al. 2003).
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In wheat, race-specific resistance to the fungtiggen powdery mildewB{umeria graminis f. sp.
tritici) is controlled by the Pm genes. There are 10esllebnferring resistance at the Pm3 locus
(Pm3a to Pm3j) localized on chromosome 1AS of hiexépvheat {riticum aestivumL.).

The diploid T. monococcum and the tetraploid. turgidum ssp.durum, also carry the gene pm3
(Yahiaoui et al. 2004).

Rong et al. (2000) working idriticum turgidum var. dicoccoides have been verified that the
powdery mildew resistance gene was designated &6 Rssociated with some markers (WMS149,
WMS445).

Seed production in disease-free areas or undectigtfedisease control and field inspection
schemes is very important to obtain disease-fregl.s8o knowing the genes involved in the
resistance mechanisms against these diseasesawdlltgne in eliminate the damage came from

pathogen agents.

1- 5- Wheat, permitted the rise of Civilization

The wheats known today are cereals that evolvedthen Middle East through repeated
hybridizations ofTriticum spp. with members of a closely related grass ge¥egs ops.

The process which began some ten thousand yearsyagued the following major steps. Wild
einkorn T. boeoticum crossed spontaneously wisltegilops speltoides to produce Wild Emmet.
dicoccoides; further hybridizations with anothéegilops, Ae. squarrosa, gave rise to Spelt, Emmer
T. dicoccum and early forms of Durum Wheat. Bread Wheat finalolved when cultivated
Emmer re-crossed withAe. squarrosa in the southern Caspian plains. This evolution was
accelerated by an expanding geographical rangeult¥ation and by human selection, and had
produced Bread Wheats as early as the sixth millemBC (Gregg 2001).

Modern varieties and Major cultivated species otathare selections caused by natural mutation

starting with:

1- 5- 1- Emmer

Emmer {riticum dicoccum), a tetraploid species, cultivated in ancient snieit no longer in
widespread use. A low yielding, tall (2m) awned athwith small grains and originating from a
mutation with no husk. Closely related to the madéurum wheat used for pasta, Emmer dates
from approximately 7000 BC. This wheat along witirley has been found on sites, including the
Pyramids, all over the near east and Europe fraretrliest times. In fact Emmer wheat was the
staple cereal of prehistory, the real reason whily @mgriculture actually worked. Even today it is
grown in remote areas of Turkey and Syria (Flemek Ravies 2001; Ozbek et al. 2007).
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1- 5- 2- Einkorn

Einkorn (Triticum monococcum), a diploid species with wild and cultivated vati;a Domesticated
at the same time as emmer wheat, but never redbbeshme importance. It was widely cultivated
in Neolithic times and, by the Iron Age, Bread Wh&aaestivum was sustaining populations in
much of Europe. A sub species, Club whEabmpactum, was notably grown by Neolithic farmers
in Swiss lake side villages. Identification of ttypes of crops grown in the Iron Age comes from
three sources of evidence; carbonized seed, potkens and impressions of seed fired into pottery.
In proportion related to the climate of the sitenkérn is more resistant to cold, heat, drought,
fungous diseases and bird predation, althoughidlsl ys lower than those of emmer, spelt and
naked wheat (Chen et al. 2009).

1- 5- 3- Spelt

Spelt {Triticum spelta), a hexaploid species cultivated in limited quiaegi Similar to Emmer but
with a tough husk that cannot be removed. Spelt prabably first sown and harvested in the
Bronze Age. Spelt has an appalling yield (by weiglt volume) and even when threshed is mostly
husk, consequently it is not surprising that Brodage man had very worn teeth. Along with
Emmer wheat, Spelt was grown extensively in Britduring the late Iron Age and the Roman

period. Its modern use is for specialist breadlmedkfast cereals (Fleure and Davies 2001).

1- 5- 4- Bread wheat

Bread wheat Triticum aestivum), a hexaploid species that is the most widelyivatiéd in the
world. Husk free and with (usually) no awns, itypically short (less than 1m) and stands well in
highly fertile situations (Gregg 2001).

Wild emmer Domesticated emmer Durum wheat Common wheat

W BBAA BBAA . 1 BBAA 14~ BBAADD
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1- 6- Wild wheat

The narrow genetic basic of durum and common wiseaimajor constraint for the improvement of
these crops (Feldman and Sears 1981). Thereforg,oit great importance to widen the genetic
variation of desirable traits, particularly, thadéecting yield and quality (Nachit 1998, 2000).18Vi
relatives of wheat, having a much wider range afegie variation, could serve as an excellent
source for improvement of such desirable traitsfalet, wild relatives hold rich pools of genetic
variation and carry many genes of great economterpial (Feldman and Sears 1981). For this
reason, many programs are now carrying out hylatain, based on inter specific or intra specific
crosses between wild species and cultivated whe&atsinstance, the joint ICARDA, CIMMYT
durum-breeding project has mainly based its hybaititbn program on crosses between improved
genotypes, Mediterranean landraces and wild re@stig improve and broaden the genetic base for
resistance to biotic and abiotic stresses. Thuslréees and wild relatives from the Middle East
have been used to enhance drought tolerance, frarkey and Algeria to incorporate cold
resistance and from Morocco-Iberia region to improssistance to root rot and Hessian fly (Nachit
1989; Nachit et al. 1995).

Wild species, relatives to actual wheats, belongrttceae tribe. The genus has Wild as well as
domesticated species occur in both the diploid &tidploid groups. Only domesticated species
occur in the hexaploid group, although Dekapreleyit961) reported hexaploid wheat with fragile
rachis growing wild in Georgia, and Sears (197 htlsgsized such a hexaploid from wild tetraploid
wheat andr. tauschii (Sharma and Waines 1980).

At the diploid level, basically only one speci&smonococcum has been domesticated and possibly
has been used by humans for 8,000 to 10,000 yleagsneral, diploid species are rather resistant to
disease (particularly to rusts) and have profukeritig with narrow leaves, and good elastic straw
and high resistance to lodging. Wild wheats diffesm those domesticated mainly in two
characteristics: 1) the spikes of the wild wheaardiculate at maturity while those of domestidate
wheats have a tough rachis and remain intact. 2)Kehnels in wild wheats are enclosed tightly by
the palea, lemma, and glumes, whereas, in the dmates wheats the kernels are loosely held by
the glume and are free-threshing. Neverthel@sgjcum monococcum L. is not exactly free-
threshing. These differences between wild and dooatsd wheats are apparently caused by gene
mutations accompanied by selection under domesticébharma and Waines 1980).

TheTriticeae tribe forms an important subdivision of teaminea family. It holds fourteen genus
sharing out, according to their morphologic chaestin two sub-classes, thrdeinae and the
Triticinae (Fig. 1.6). The species such as barléjordeum ssp.) of theHordeinae sub-class

differentiates of the others by the presence of d&wthree spikelets per rachis. The species as rye
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(Secale ssp.) and wheafT(iticum ssp.) of theTriticinae under-tribe have usually just one spikelet
per rachis (Feldman and Sears 1981). In wheamft@escence is a determinate, composite spike.
Sessile spikelets are alternate on opposite sidi® aachis of the main axis of the spike, formang
true spike.

Figure 1.6: A diagrammatic representation of the current thedithe evolution of wheat (Wheat Genetics Reseurc
Center web site: http://www.ksu.edu/wgrc).
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Even if the wild species have, probably, a commoceator, they differentiate widely from each

other, not only by their morphology but also byithgeographic and ecological distributions.
Cytogenetic analysis has confirmed the taxonomassification and distinction. Each diploid
species has a specific genome that is geneticalated, in variable degrees, from others species.
The polyploid wild species dfriticum constitute a classical example of evolution by hipipidy
(Feldman and Sears 1981).

1- 6- 1-Triticum dicoccoides

Between tetraploid wheat, the first species.igurgidum from var.dicoccoides and other wild form

of T. timopheevii, now these are species, do these have a comngin oriseparately as there are
different. Wild emmer off. dicoccoides (syn.T. turgidum ssp. dicoccoides Thell.) is the immediate
progenitor of all cultivated forms of tetraploid cahexaploid wheats (Feldman and Sears 1981).
The wild tetraploid is endemic primarily to the wers arc of the Fertile Crescent (Kimber and
Feldman 1987). It grows on terra rosa or basaltisdhe herbaceous cover of the oak park forest,

dwarf shrub formations, pastures, abandoned fexhdisedges of cultivation.
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T. dicoccoides is a tetraploid carrying two genomes A and Bekras that its cytoplasm is similar
to that of Triticum longissimum Schweinf. and Muschl. Harlan (1987) reported thadicoccoides
was formed fromT. boeoticum wild einkorn and the little weedy goat gra&egilops speltoides
Tausch. Wild emmer is distributed over the neat Eagile Crescent (Feldman and Sears 1981).
Most certainly, wild tetraploid wheats were alredargely distributed in the Near East when men
started harvesting its grain and using its strawature. Their general size and particularly tlze si
of head and the kernels made them much more woitdhfdr domestication than diploid wheats.
Their large grains attracted pre-agricultural atlbes who eventually domesticated it, presumably,
in the southern part of the Fertile Crescent (Kiméed Feldman 1987), probably in the Syrian
Haurani plain.

The analysis of seed storage proteil ofiicoccoides has shown that this species is highly variable
for HMW glutenin subunits (gs) encoded by the Glu-and Glu-B1 HMW loci and for the B-
group LMW gs (Damania et all988; Nachit et al. 1995). Liu and Shepherd (19%f&ind 7
different LMW gs patterns in Kushnir's collectiomch 72 different B subunit patterns in Nevo'’s
collection. These results are in accordance witbseéhreported by Ciaffi et al. (1993) dn
dicoccoides lines from Jordan and Turkey. They also have oleseenormous variation of LMW gs
banding patterns beside the usual w35/g45/LMW?2. géwetic diversity of thesé. dicoccoides
lines appeared geographically structured and figrt@edictable by ecology and alloenzyme
markers (Liu and Shepherd 1996). It should be nthed protein bands with similar molecular
weight could be derived from different protein Bk Nevertheless, it appeared that the greater
band variation in the old tetraploid wheats thamumum cultivars indicated a greater variation of
their protein alleles. The electrophoretic analyss shown thal. dicoccoides alleles by the Glu-
Al, Glu-B1, and Glu-B3 loci are uncommon among ieated durum. Nachit et al. (1995 b), by
evaluating F6 progenies @t durum x T. dicoccoides, they found that these progenies have allelic
variants at the Glu-Al, Glu-B1, Gli-B1 and Glu-B&ci, which are not usually present in durum.
The presence of a wide polymorphism and the deteatf unique subunits in this wild wheat
would make worthwhile the assessment of the effefctdifferent gluten components on
technological properties (Ciaffi et al. 1991).

1- 7- Cultivated wheats

Wheats belong tdriticum genus and as mentioned above, the basic chromosomber of this
genus is seven (x=7). The cultivated species hdieraht levels of ploidy as follows:

Genetic and cytogenetic analyses conducted matnllyeahexaploid level have demonstrated that
the chromosomes of the three basic genomes in luestgadABD), two in tetraploids (AB) or one

in diploid (A™), can be grouped into seven basic types. Oneopainromosomes of the genome A
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is at least partially able to substitute for a $ipepair of the genomes B (in tetraploids) or BddDb
in hexaploids. Very often, similar mutations (oriations) can be found in all of the three types of
genomes, in corresponding homoeologous chromosohes.is easily explained by the fact that

the three genomes (A, B, and D) may have had a @onancestor in the past (Bozzini 1988).

1- 7- 1- Diploid wheat

The A genome of diploid wheat consists of 5 billibop of DNA organized into seven pairs of
chromosomes. Kuspira and his colleagues (Friela¢ 4990) carried out cytogenetical studies and
developed a primary trisomic series that provebetof limited value due to its high sterility. Hre

et al. (1990) constructed the standard karyotypd,al chromosomes were individually identified.
In addition to cytological polymorphism associat®dh different geographical populations, the
diploid wheats contain a translocation involvingahosomes 4A and 5A (Dubcovsky et al. 1996).
There has been some differentiation between theedoige of diploid and polyploid wheats as
evidenced from the reduced level of pairing, oremlog of pairing in the case of chromosome 4A
(Gill and Chen 1987), in the amount of C-heteroaiatn (Friebe and Gill 1996) and other
structural features (Jiang and Gill 1994).

Genetic transfers are feasible from diploid to ptdyd wheats by bridging crosses or direct crosses
(Cox et al. 1991). However, because of genomerdifteation, linkage drag is likely, and methods
to enhance recombination may need to be deployatd@vsky et al. 1995). Those who wanted to
improve T. monococcum by crosses with 4x and 6x wheats were disappoiasesiich transfers are
impossible (Sharma and Waines 1981).

1- 7- 1- 1-Triticum monococcum

Is still cultivated as feed for poultry and swimethe mountains of some Mediterranean countries
(Italy, Spain, Turkey, Iran, etc.). Diploid cultieal wheat, Triticum monococcum L. ssp
monococcum L. (2n = 2x = 14), is one of the most ancient srodpmesticated in the Middle East
(Harlan 1980).T. monococcum is closely related td@. urartu Thum. However, their hybrids are
sterile (Johnson and Dhaliwal 197d). monococcum was assumed to be the ancestor of the A
genome of polyploid wheats. Chromosome pairing sewbmbination betweef. monococcum
chromosomes individually substituted in wheat drelwheat chromosomes of the A genome is low
if the wheat Phl locus is active (Paull et al. Z99dbcovsky et al. 1995a), which indicates that
some differentiation has occurred between theserges. The existence of genome differentiation
betweenT. monococcum and to other species is also evident from extendifferences in the
restriction profiles of repeated nucleotide seqeenand the promoter region of the 18S5.8S-26S

rRNA genes, which show very little intraspecificriadion in theTriticum species (Dvorak et al.
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1993). For these reasons, it was proposed to grusi the genome df. monococcum as (A" )
(Dvo et al. 1993; Dubcovsky et al. 1995 a).

Since the cultivars of. aestivum have low levels of polymorphism, while wild genpég ofT.
monococcum show high levels of restriction fragment lengtHypoorphism (Castagna et al. 1994;
Le corre and Bernardi 1995}, monococcum was used to produce high-density RFLP maps that
complemented the genetic mapsTo&estivum. A similar rationale was used for the constructén
linkage maps of. tauschii (Coss.) Schmalh. (Kam-morgan et al. 1989; Gikletl991; Lacuda et
al. 1991).

The fact that linkage groups in this map are lortgan the linkage groups in the genetic maps of
other species in the tribEriticeae complicates comparisons. A map of chromosomé& bAT.
monococcurn ssp uegilopoides has been reported and was of a similar genetgtheas a map of
chromosome 1A of. aestivum and for this reason that A genome is the unnam&¥ (Bubcovsky

et al. 1995a).

1- 7- 2- Tetraploid Wheat-Triticum durum

Durum wheat T. turgidum subsp.durum) is a tetraploid species (2n=28, genomes AABB)ery
important crop for the human diet, particularlytie Mediterranean basin where about 75% of the
world’s durum grain is produced. With about 21.0lioni hectares under cultivation (about 8% of
the total wheat cultivated area), durum wheat ragghth among all cereals. Except for the small
amount used in manufacturing couscous and localdbire some Mediterranean countries, its only
significant finished product is represented by alwtary pasta. With wide variation due to drought
stress, diseases and pests.

The major exporting countries of the European Un{&b), Canada, and the United States
combined, account for 51 percent of total durundpodion, followed by Syria, Morocco, Russia,
Turkey, Mexico.

= China

. ® India
Figure 1.7: & USA
L = Russi
The distribution of the ) _ ”r‘:::
wheat in the world, Top ten i & Canada
- y , = Germany
wheat producers-2010 : ' ¥ Italy

= Australia
= |ran

(million metric ton).

Wheat is the major crop in Syria with annual prddurcof 2.5 million tons. It is planted in differen
agroclimatic zones, in both rainfed and irrigategbs.
Measurements of genetic diversity in cultivated psrdhave important implications for plant

breeding programs and for the conservation of genesources (Tinker et al. 1993).
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The EU's 2009/10 durum crop is estimated to be i@ibion tons. Europe’s durum crop is
concentrated along the drier Mediterranean Basa arth Italy, France, Spain, and Greece being
the largest durum producing countries. Italy isrien market for the European Community durum
wheat. With a growth area larger than 1.5 milliectares, and a production of about 4t million
tons, Italy is one of the most important durum witpgraducing countries in Europe.

Durum wheat is one of the oldest cultivated plantthe world and is grown mainly in the middle
and near East region and North Africa, which arexscdered the centers of origin and
diversification of this crop (Vavilov 1951). Based archeological evidence it is generally accepted
that durum wheat was domesticated at least 200G yediore bread wheat (Morris and Sears 1967)
during the late Mesolithic period and the early Me@ age (Harlan 1986). The adaptation of
durum wheat largely overlaps that of bread whedtjdless widely grown (Autrique et al. 1996) In

addition, durum wheat trade expectations for theing years show an increase of 21% by 2012
(CWB, 2008).
Figure 1.8: World durum wheat trade forecast (CWB, 2008).

The cause of such differences is mainly due todifferent pedology and climatic conditions. In
fact, durum wheat is primarily grown under rainfamhditions, and grain yield is strongly limited
by the frequent and irregular occurrence of drowgimbined with heat stress at the late phases of
the growth cycle (Araus et al. 2002; Condon e2804). Furthermore, fungal pathogens and other
diseases also concur to reduce the field perforeauiitt losses reaching 30-50% in grain yield. For
these reasons, the improvement of plant capacitppe with water stress and the accumulation of
disease resistance genes into the same genotypleeangain objects of the breeding programs for
durum wheat in order to reduce the gap existing/éetn potential and actual yield.

Durum wheat is not only a food crop, but it als® l@abroad use in the industrial sector and in
animal feeding. However, the most peculiar chareties of the wheat kernel, elasticity and

extensibility of the gluten complex, which conféhe viscoelastic properties of the dough, make
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durum wheat well suited for pasta, as well as hreadscous, burghul, frike and other local food
products. In fact, those end-products have vanmigsities according to the country (Table 1.2).
Recently, the researchers from some countries & Hnan, India) to making Nano-Crystalline
cellulose, that camed from straw of durum wheaesehNano-Crystalline are cells that contain a
natural polymer with microfibrils by highly ordethat trough of Plants constantly being produced.
Generally, these end-products require large visdainels with high protein content, good yellow
pigment and strong gluten.

Table 1.2: Durum use and quality requirements in different pathe world (Nachit et al. 1992).

Country/region Use Requirement
North Africa, Europe, America, High Vitreousness, medium to
Pasta
Australia strong gluten, high yellow pigments.
High Vitreousness, medium to
North Africa Couscous,
Bread strong gluten, high yellow pigments.
Middle East UnLeavened M edium to strong gluten
read
Near and Middle East Burghul High Vitreousness,me_diumto
strong gluten, yellow pigment.
Andeanregion M ote Hard grain.

As compared to hexaploid wheat, durum wheat und&naemore limited selection until 1960,
when more intense breeding programs based on itimevgermplasm introgressions and multi-
environment testing for wide adaptation was appéistd to durum wheat. Accordingly, the genetic
gains obtained after 1970 in grain yield (GY) ofwu wheat are comparable to those obtained for
hexaploid wheat. These gains have mainly beerbatéul to a balanced improvement in fertility
because of higher allocation of assimilates to gh@wing tillers and ears concomitant with a
general increase in total biomass production, whk harvest index remaining practically
unchanged (Slafer and Andrade 1993; Slafer et®l6;1Pfeiffer et al. 2000; De Vita et al. 2007,
Slafer and Araus 2007). As suggested by Pfeiffeal e{2000), GY components have reached a
near-optimal balance in modern elite durum wheétveus. While the improvement of GY under
optimal growing conditions has prevailingly beetribtited to increased spike fertility, under
Mediterranean- like conditions the importance @iitsr at the basis of growth plasticity, such as
early vigor and a finely tuned heading date thkivwad the plant to escape from terminal drought,
has been universally recognized (Richards 200@&I®piyer et al. 2007).
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High-yielding cultivars endowed with drought toleca and disease resistance, high grain yield, in
addition to high commercial and technological valaee therefore highly desirable. Due to the
complex genetic basis and the high genotype — emwient interaction of quantitative traits as the
yield capacity and the tolerance to abiotic and esdrotic stresses, the success obtained with
traditional breeding approaches have been somehuited. Therefore, the integration of the
traditional breeding methods with modern techna@sdiased on molecular markers is expected to
open new opportunities for selection of high yietgidurum wheat cultivars in environments
characterized by biotic and abiotic constraintspéaticular, plant physiology has provided new
insights and developed new tools to understanadhngplex network of drought-related traits, and
molecular genetics allows to map disease resistgroes and QTLs affecting the expression of
drought tolerance-related traits. This kind of ssdmakes possible to dissect the genetic
mechanisms of analyzed traits and the identificatiblinked molecular markers that can be used to
transfer useful alleles into elite cultivars in erdo reduce the gap between yield potential and
actual yield (Spielmeyer et al. 2007).

A wide research program is in course at ICARDA. #nber of segregating populations, together
with the corresponding genetic maps have been deeélin the frame of this project, by starting
from crosses between durum wheat varieties comgadbr the traits of interest. The work
described in this thesis was carried out by usomgesof these genetic materials, and was focused
on studying genetic basis of yield-related traatsg resistance to biotic and abiotic stresseshior t

improvement of field performance of durum wheathe Middle East environment.

1- 7- 3- Hexsaploid wheat

Hexsaploid or Bread wheat has a genome size oflliéntbase pairs (bp) of DNA organized into
21 pairs of chromosomes, seven pairs belongingth ef the genomes A, B and D (Sears 1954;
Okamoto 1962). Sears (1954) identified individualaenosomes of wheat by monosomy and made
some observations on their gross morphology, atthoonost chromosomes were cytologically
indistinguishable.

T. aestivum is the most widely cultivated form. Most of thetwad varieties are suitable for bread
making and are adapted to various environmentalitons and to a large scale of latitudes. It was
known as modern wheat, and for this reason that mesarchers are to change, with the objectives
(1) Production potential: Balanced development ketwtillering, ear length and density, ear size
and number of kernels. (2) Quality: the amount aiftgin, especially gluten and other nutrients
present in grain. (3) Resistance to the followidgs Rusts, Ginning, developing a variety that has
very tough husk, Cold, Cultivating a variety thasha delay in the rising, Warm, nurturing species

that have early maturing.
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1- 8- ICARDA Center
Syria is a producer of durum wheat, this country mubset of the ICARDA Central. In this project
thesis was used species cultivated in Syria anesasgent under the ICARDA central. In 1972, the
CGIAR commissioned a team of experts to study. gioposed center would focus on sub-tropical
(temperate) zones (dry areas). ICARDA center isified in 1975 in Aleppo (the heart of the Fertile
Crescent) and Canada's International Developmes¢d&eh Centre as the executing agency. This
region of economic and strategic importance. ThARDA region contains three of the eight
centers of crop origin (see map). Plant genetierdity in the region is almost unique and this
diversity allows scientists to uncover new genes tiontrol vital traits such as drought tolerance,
disease resistance or grain quality. The many casnare donors of ICARDA, most important
countries are Canada, United States of Americam@ey, UK, Italy, Syria, Iran, and European
Union).

Figure 1.9: Center of crop
Origin, for plant genetic diversity,
and ICARDA region contains.

1- 8- 1- Origin of different tetraploid wheat from ICARDA

ICARDA cultivars and advanced materials ICARDA cultivars and advanced materials
Anton 1991 aBp Anton --

Belik 2 1987 eltanon Belik 2 CR/STK

Don Pedro - path Don Pedro CARC/AUK

Heider 1997 ran Heider CAN2 109/2/J®@I8/S15/CR
Kabir 1 1993 gAlia Kabir 1 OVI/CP/2FG

Kofa = Cham 3 1987 Syria Korifla = Cham 3 DS15/GEIER

Omrabi 3 = Cham 5 1993 Syria Omrabi 3 =Cham5  JO/Haurani

Roqueno 1991 S8pai Roqueno --

Jabato 1989paid Jabato --

Waha =Cham 1 1984 Syria Waha =Cham 1 PLC/RUF/2/GTA/IRTTE
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2- POPULATION AND MARKER
2- 1- The population

One of the most critical decisions in constructniinkage map with DNA markers is the mapping
population. In making this decision, several fastorust be kept in mind, the most important of
which is the goal of the mapping project. Is thalgomply to generate a framework map to provide
a set of mapped loci for the future, or insteaddémtify and orient DNA markers near a target gene
for eventual map-based cloning (Young 2000).

Perhaps the goal is mapping quantitative trait [@ZTL), or the monitoring of several disease
resistance loci in the process of pyramiding theta a single background.

Whichever goal is the motivating factor behind magpit will have a critical influence on which
parents are chosen for crossing, the size of tipeilpton, how the cross is advanced, and which
generations are used for DNA and phenotypic ara{ung 2000).

To obtain a linkage map it is required a segregapiopulation obtained by parents sufficiently
genetically diversified, in order to have a gresoant of polymorphism between them. The high
genetic polymorphism allows to evaluate the linkhgéveen the different markers and determine
their disposition along the chromosome and to nreahie recombination distances between them.
The markers could be of different typologies (RFLAKLP, ISSR, SSR, S-Sap, SNP, etc.),
moreover could be sequence of express gene, bt coonmonly the markers is linked to a target
gene. As the area in which it was identified thespnce of the target gene is limited to a small
portion of the genome, it is appropriate to restie analysis to markers located in that regian. |
case there are sufficiently detailed linkage mép,possible locate the available gene of interest.
However, if the maps are not available to locat dgene of interest, or to increase the degree of
resolution of the map with other markers, it wél becessary to find new markers located near the
gene.

The near isogenic lines (near isogenic Lines, NItgjering only in the region around the gene. If
the isogenic lines aren’t available, it is possiiol@dopt the strategy proposed by Michelmore .et al
(1991), which includes the performance analysisDINA pools from different individuals of a
segregating population, distinguished accordingpt@notype resistant or susceptible to the
character of interest (Bulk segregant Analysis, BFAnally, it is possible to use resistant matsria
derived from interspecific crosses, to introducto ithe genome portions of the genome of a
resistant genotype.

The genetic maps can be obtained using differgrestyof segregating populations: F2, F 3, BC,
RILs, DHLs (Burr et al. 1988; Burr and Burr 1991ulet al. 2005; Naghi et al. 2007).
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2- 1- 1- Population size

Once an appropriate mapping population has beesechohe appropriate population size must be
determined. Since the resolution of a map and thktyato determine marker order is largely
dependent on population size, this is a criticalisien. Clearly, population size may be technically
limited by how many seeds are available or by tivalmer of DNA samples that can reasonably be
prepared. One population will be more numerouslarge size will be more useful.

For example, Messeguer et al. (1991) examined b@0 F2 plants to construct a high resolution
map around the Mi gene of tomato, Stuber et aB7)1@nalyzed over 1800 maize F2s to find QTLs
controlling as little as 1% of the variation in ecomponents, and Alpert and Tanksley in 1996,
analyzed more than 3,400 individuals to obtain @ikl map around a fruit weight locus (Alpert
and Tanksley 1996).

2- 1- 2- Segregating populations (F2, F3 and Backuss)

The most basic and traditional system to obtaiegregyating population is the intersection between
two inbred lines showing between them a sufficegree of polymorphism. F1 progeny will be
genetically homogeneous and heterozygote and intiméhe recombination events occur, which
will be detected by self-fertilization in the sufgent generation (F2) or in backcross (BC).

In this last case, the recombination occurred dividual gametes can be shown directly. In the F2
populations, however, since the recombination nmaslve both gametes that give rise to the
zygote, consideration must be given for each marlteee genotype categories: homozygous
similar to a parent, like the other parent and reetggote Where the characters in question are the
dominant type, as in much of the resistance gehesheterozygote can’t be distinctive from the
dominant homozygote. The F2 and BC populations tiaeereat disadvantage of not being able to
be preserved over time and each sample to be athlgzrepresented from a single plant, then it
should repeat the intersection to get new segmgatiogeny in each experiment.

Analysis of the F3, obtained by selfing of each iR@ividual, it is possible to determine the
genotype (homozygous / heterozygous) of F2, doming@ihe homozygous genotypes, in fact,
produce only individuals with the dominant phenatyphile heterozygous individuals will give a
segregation ratio of 3 dominant: 1 recessive.

2- 1- 3- BIL Population

Recently, some breeding programs have adopted eeddackcross inbred line (BIL) populations
as a method for the identification and the intregren of useful genes from wild relatives or
unadapted germplasm with the potential to imprdnveeagronomic performance of elite cultivated
lines (Fulton et al. 1997; Bernacchi et al. 1998taime et al. 2004). The potential benefits of these
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lines versus more balanced populations (for exanif2e F3, BC1, etc.) depends on the possibility
of reducing the introgressed chromosomal regiomsfare mapping loci linked with quantitative
traits (QTLs). Epistatic QTLs or QTLs with geneians ranging from recessive to additive can be
detected in BILs and each QTL is treated as a siMgndelian factor (Fulton et al. 1997). The
application of the backcrossing method to the impnoent of quantitative traits has been limited
mainly because of the low heritability of these relcters and the difficulty of simultaneously
transferring a relatively large number of genes.

In contrast to more traditional procedures of wheaeding, the backcross inbred line method, first
described by Wehrhahn and Allard, (1965), produgks that can be tested in replicated trials
over environments prior to selection. BILs are eltgrized by the low proportion of the donor
parent in each of the population members and tbexefre ideally suited for mapping inter specific
variation (Eshed and Zamir 1995).

The wild tetraploid wheatriticum turgidum var. dicoccoides shows particular promise as a donor
of useful genetic variation for several traits,liing disease resistance, drought tolerance, grain
protein quantity and quality. Despite this, lititkeknown at the genetic level about the introg@ssi

of DNA from wild relatives into cultivated wheat.

2- 1- 4- DH Population

In some plant species have developed systems dgortsduction of double haploid plants through
regeneration from haploid tissue (another cultureowaries) or by inter specific crosses and
subsequent selective chromosome elimination. Thgstems were resulted efficient in some grass,
for example rice as a bear, here in breeding prograre now used correctly, in wheat, however,
the possibility of producing haploid is less eféiet and limited to certain genotypes.

These systems were more efficient in some grasseXamplerice and barley here in breeding
programs are now used correctly, in wheat, howether,possibility of producing haploid is less
efficient and limited to certain genotypes.

Following the doubling of the chromosomal inducillih colchicine, an alkaloid that inhibits the
formation of the spindle, it's possible quickly abt homozygous at all locus. The advantages of
this strategy is the ability to immediately higliitgthe genotypes derived from the F1 gametes
segregating in virtually limitless multiplicationf ahe material, recombinant lines genetically
homogeneous, with analysis replicated, allowingosieraccurate assessment of the characters more
influence by environment, such as the dissectioguaintitative traits into Mendelian components
or QTL (Quantitative Trait Loci). Another advantage the ability to distribute diaploidi
populations in different research groups, allowiagvork independently on the same segregating

material. A disadvantage of this technique is tlegjdent deviation from the normal ratio of 1:1
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segregation, caused by gamete selection (Grarakr B291; Kintzios et al. 1994; El kharbotly et al.
1996).

2- 1- 5- RIL Population
The RIL require considerable time and a major faiancommitment, but once obtained are stable
and can be used indefinitely, when they have amiteld number of recombinant plants for each
configuration. Recombinant Inbred Lines (RILS) camve as powerful tools for genetic mapping.
An RIL is formed by crossing two inbred parentddaled by repeated selfing or sibling mating to
create a new Inbred Line (Broman, 2005).

In species in which it was not possible to develeghniques to obtaining diaploidi, it is still
possible to obtain segregating populations staddllithrough several generations of selfing from F2
individual seeds, a technique called SSD (SingkedS2escent). From the F6, when only 3% of the
characters will still be in the heterozygous sttte,population may be considered genetically fixed
and used for genetic analysis. In this case, tladysis of the frequency of recombination will be
considered including those that occur in subseqgenerations to F1. Considering recombinant
inbreed population as genetically determined anedii the frequency of recombination is:

r = (Recv.) / 2x (not rec.) (Haldane and Waddingi®81; Burr and Burr 1988). The main
disadvantage compared to diaploid lines, derivethfthe time needed for the many generations of
selfing to the achievement of homozygosity.

The time required to build up the genetic matecah be reduced, however, raising plants in a
controlled environment, so could be run multiplegm@tions in a year. As each RIL is an inbred
strain, and so can be propagated eternally, a mdriRILs has a number of advantages for genetic
mapping: one need genotype each strain only onge.dan phenotype multiple individuals from
each strain to reduce individual, environmentald ameasurement variability. Multiple invasive
phenotypes can be obtained on the same set of @snémd, as the breakpoints in RILs are more
dense than those that occur in any one meiosigtagrenapping resolution can be achieved.
(Threadgill et al. 2002; Churchill et al. 2004).

Panel: The production of recombinant inbred

Such a panel would serve as a valuable commursturee lines by Se'ﬁngg

for mapping the loci that contribute to complex pbigpes il I I~

in the wheat. The use of such a panel requiresaal ekt F HE
understanding of the relationship between alleles a F, El] ﬁlg Elﬂ Ele
linked loci on a Recombinant Inbred (RI) chromospme v l L !
particularlyfor the reconstruction of the parerdadgin h Hﬁ F ELE Ef
of DNA (the haplotypes) on the basis of less-thaly F i i bl {
informative genetic markers [such as single-nualeot F Hﬂ EE EE Ewé
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polymorphisms (SNPs)].The haplotype reconstructidhlikely make use of the standard hidden
Markov model (HMM) technology, and a primary ingedt to the HMM will be the two-point
haplotype probabilities on an RIL chromoby somehsas the probability that the RIL is fixed at
allele A at one locus and allele E at a seconddpas a function of the recombination fraction (per
meiosis) between the two loci.

Methodologies for the identification and mappinggehes underlying quantitative traits in plants
have advanced considerably in recent years sineeadlvent of marker-saturated linkage maps
(Tanksley 1993). The developments in marker teagylivere not accompanied by corresponding
progress in RIL population structure&re suitable for DNA-based mapping, but recombinant
inbred (Burr and Burr 1991) provide permanent magpesources. These types of populations are
also better suited for analysis of quantitativéisra

2- 1- 6- NIL Population

Near Isogenic Lines are obtained with a prograrnamkcrosses and selection for resistance, so that
after a sufficient number of generations, you el a line with genotype substantially equal to the
improved varieties, but with the resistance gerexaBse of the "linkage drag” on the sides of the
transferred gene will still be a portion of the dogenotype. Each polymorphism analysis revealed
differential markers between the susceptible vi@sednd near isogenic lines will be attributed hwit

a high degree of probability, the region surrougdime gene (Michelmore et al. 1991).

2- 2- Developing breeding population

A number of authors have noted the difficulty okqdately evaluating hybrid performance when
seed quantities are small. When only limited nuslmdrcrosses can be evaluated, it is difficult to
sample a large number of parents and select tihaseombine well and have the most heterosis.
Wilson (1984) pointed out that developments of dieepopulations that combine well are desired
for the initiation of a hybrid wheat breeding pragr. He mentioned as examples the Reid and
Lancaster maize populations and the Kafir and Mdohums.

2- 3- Applications of molecular markers

The development of molecular techniques for genatialysis has led to a great increase in our
knowledge of cereal genetics and our understandinghe structure and behavior of cereal
genomes. Subsequently in the 1950s and 1960ssipassible to look at more subtle variation in
the structure of polypeptides and, more recenihgesthe 1980s it has become possible to explore
variation at the level of DNA itself. Actually, threcent advances in techniques for DNA analysis
and subsequent data analysis have greatly increasedability to understand the genetic

relationship among organisms at the molecular level
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The potential usefulness of genetic markers assinuiment for the plant breeder was recognized
almost 80 years ago (Sax 1923). However, until ghst 20 years its application was largely
hindered by the lack of suitable markers. The mdécmarkers have several advantages over
morphological markers (Melchinger et al. 1990):

(2). Numerous markers can be identified in breednageriel.

(2). A relatively large number of alleles can barfd.

(3). Most molecular markers show codominant modaludritance.

(4). Molecular markers are generally silent in tiegfect on the phenotype.

(5). Genotypes of most molecular markers can berched at a very early developmental stage,
allowing early screening methods to be appliedcdntrast to hexaploid wheat and to diploid
relatives of durum for which several maps have lomreloped relatively little attention was been
given to developing genetic linkage maps for dumuheat (Nachit et al. 2001; Peleg et al. 2008;
Zhang et al. 2008).

Scientists are constructing genetic linkage mapsposed of DNA markers for a wide range of
plant species (O’Brien 1993). Several types of DiNArkers have been widely used (Fig. 1.10).

All types of DNA markers detect sequence polymaspts and monitor the segregation of a DNA
sequence among progeny of a genetic cross in tyaemstruct a linkage map. While the theory of
linkage mapping is the same for DNA markers as lassical genetic mapping, special
considerations must be kept in mind. This is prilpar result of the fact that potentially unlimited
numbers of DNA markers can be analyzed in a simglpping population (Young 2000).

The analysis of DNA sequence variation is of majoportance in genetic studies. In this context,
molecular markers are a useful tool for assayingetie variation, and have greatly enhanced the
genetic analysis of crop plants. A variety of malac markers, including restriction fragment
length polymorphisms (RFLPs), random amplificatadnpolymorphic DNAs (RAPDs), amplified
fragment length polymorphisms (AFLPs) and micrdsitde or simple sequence repeats (SSRS),
have been developed in different crop plants (Bt al. 2001; Varshney et al. 2004).

These molecular techniques, in particular the dseadecular markers, have been used to monitor
DNA sequence variation in and among the speciescezste new sources of genetic variation by
introducing new and favorable traits from landraaed related grass species.

It gives a theoretical measure of genetic diversglatedness among cultivars based on the
assumption of equal parent contributions. Geneitierdity in wheat has been estimated using
markers such as isozyme (Asins and Carbonell 138@)] storage proteins (Branlard et al. 1989;
Metakovsyk et al. 1989). However DNA markers hawe ddvantage of directly detecting sequence

variation among cultivars. DNA based markers such Restriction Fragment Length
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Polymorphisms (RFLPs) (Autrique et al. 1996; Patlal. 1998), Random Amplified Polymorphic
DNAs (RAPDs) (Fahima et al. 1999), were used tadsiyenetic diversity in wheat. Both isozyme
and RFLPs show low level of polymorphism due toighhamount of repetitive DNA in wheat
(Flavell and Smith 1976; Ranjekar et al. 1976).aDatalysis and linkage map construction.
Improvements in marker detection systems and inettleniques used to identify markers have been
the basis for most work in crop plants, valuablekaes have been generated from RAPDs and
AFLPs. Simple sequence repeats (SSR) or microsatetfiarkers have been developed more
recently for major crop plants and this marker eystis predicted to lead to even more rapid
advances in both markers linked to useful traits been based on complete linkage maps and
bulked segregant analysis. However, alternativehaus, such as the construction of partial maps
and combination of pedigree and marker informakiave also proved useful in identifying marker/
trait associations.

A revision of current breeding methods by utilizingplecular markers in breeding programs is,
therefore, crucial in this phase. This review pded an overview of current stage of these
developments, examines some of special issue that hised in applying molecular techniques to

molecular breeding of cereals species (Korzun 2003)

Figure 1.10: Different reaction of different marker on the gédctrophoresis

RFLP
Restriction Fragment
Length Polymorphism

RAPD
Random Amplified
Polymorphic DNA

SSR
Simple Sequence Repeats or
“Microsatellites”

2- 4- Molecular marker techniques

Genetic linkage maps are a fundamental tool foesd\purposes, such as evolutionary genomics,
understanding the biological basis of complex d$radissection of genetic determinants underlying

the expression of agronomically important traitfile Tconstruction of a genetic map requires a
segregating plant population and molecular markeesetic linkage maps indicate the position and

relative genetic distances between markers alongnobsomes. Genes or markers that are closing
together or tightly-linked will be transmitted tdger from parent to progeny more frequently than

genes or markers that are located further apantz(in2003).
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The evolution of comparative genetics research ftbenwhole plant level to the DNA level will
greatly expand our knowledge of genome structucefanction because of the diverse approaches
scientists take in studying different species.

There are many molecular marker techniques thdtddmiused for genetic linkage mapping. They
can easily being divided as based or not on PCRifieafion. So | will review the based PCR

techniques: Microsatellites and SNPs marker.

2- 4- 1- Non- PCR Based Techniques

2- 4- 1- 1- Restriction Fragments Length Polymorptem (RFLP)
One of the techniques derived from the progressatecular biology research whose application in

crop genetics and breeding has already producedin@resting results is the analysis of RFLPs.
RFLPs were first proposed by Botstein et al. (1989)pe used as genetic markers. This technique
reflects differences in homologous DNA sequences #iter the length of restriction fragments
obtained by digestion with a type of restrictioreymes. These differences result from base pair
changes or other rearrangements (translocatiommsversions) at the recognition site of restriction
enzyme or from internal deletion/insertion eveiitse restriction fragments are separated according
to their size by agarose gel electrophoresis

Although it is well recognized that RFLPs are shigato estimate phylogenetic relationships among
related taxa, the detection of RFLPs is both lasiand tedious, especially in plants with a great
genome size such as wheat, and more than 40 RFlkernaare required to estimate accurate

genetic relationships (Liu et al. 1990).

2- 4- 2- PCR-Based Techniques

A number of methods for the detection of DNA polyplasm have recently been reported. So far
one of the most useful techniques in this respeetns to be PCR (Benito et al. 1993). This
technique is an effective amplification of targeolvn sequences. PCR has become the standard
procedure in plant molecular biology because oéfisiency, ease, and versatility.

In fact, PCR offers a less technically demandind amore rapid methodology. Another particular
advantage of this technique is that it does allowtlie efficient screening of large populations and
in principle, it can be developed for any targepedt of the genome where nucleotide-sequence
information is either available or can be readityained from RFLP probes. The main advantage of
PCR is that primer sequences can be shared ang gasihesized, obviating the need of exchange
between labs of biological materials as requiredclones for RFLP. The direction of genetic
mapping programs is, therefore, tending to be fedum the conversion of an RFLP based to PCR
based assay (Koebner 1995 a, b). Those PCR premersalled Simple Tagged Sequences (STS).

The STS primer is a short, unique sequence thatbeaamplified by PCR and that identifies a
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known location on a chromosome. The simple intégpien of the single -locus make STS primers
superior to multilocus DNA marker types, especidtly map construction. PCR technique is also
less expensive because there is no transfer, nadisdiion and no radioactive isotopes. The fact
that the DNA sequences are amplified with primefrkmown sequences, make this technique
specific, reliable, and repeatable (Lashermes. 19814 a, b).

DNA polymorphism obtained with the PCR were usedgasetic markers to tag genes, to
fingerprinting viruses, fungi, bacteria, plants,dahumans as well as to determine genetic
relationships (Yu and Pauls 1993). And more regerntl has been used in genomics to gene
identification.

While providing a powerful tool in biological regeh, PCR has its limitations. For instance, PCR
can only efficiently amplify within a certain sizange of DNA, and Tag DNA polymerase can
introduce errors. The accumulated mutation rater &0-30 cycles was reported to be as 0.3-0.8%
(He et al. 1992). Also, a frequent observationtieen that results from a particular primer pair may
vary between laboratories (Lunz 1990; He et al.4)9@ primer pair that produces a product
marking a particular chromosome region in one latooy may not produce the same product when
the experiment is repeated in another laboratanis Timits the utility of sharing primer sequences
among laboratories. Of course, the relationshighef primer to the target sequence influences
reproducibility of PCR. Therefore, a high spectijoof the primer to the target sequence decreases
mispriming and resultant amplification of extransoDNA. This is why many studies were
conducted on the definition of the ideal STS primer

In general optimal PCR-primers should have follaywmiteria:

Specificity.

The primers should be short enough to be spegfeferably between 18 and 22bp. This length
will maintain specificity and provide sufficient && pairing for stable duplex formation.

Free of dimers and hairpins

The primers should be free of dimers and hairpfPismers should not contain sequences of
nucleotides, especially complementarity at the r81,ethat would allow one primer molecule to
anneal to itself or to the other primer used inGRPeaction (primer dimer formation). Once the
primer dimer product is formed, it is a competiagget for amplification. The primer should not
contain complementary (palindromes) within themssgj\that is, they should not form hairpins. If
this state exists, a primer will fold back and gare rise to stable intrastand structures on itibelt
limit primer annealing to the template DNA resujtim an unproductive priming event, which

decreases the overall signal obtained.
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Form stable duplex

Both primers in a PCR reaction should have simmt@iting temperature to ensure that they will
have the same hybridization kinetics during thepiate-annealing phase. Primers with an overall
G + C of 45-55% are most desirable and a very @@hcontent result in lower repeatability. The
5 and 3’ end stability has to be taken in consatien also, low 3' stability enhances the
repeatability. The latter drawback may be that R€dqiire information on DNA sequences, which
are not always available.

The microsatellites markers are used as anchoeprethereas the AFLPs to saturate the map.

On the other hand, RAPD markers are more easildlednand thus are becoming more desirable
to estimate genetic relationships among relatea.ta®nalysis of allelic variations in RAPD
markers. But RAPD markers belong to another groupechniques markers, means PCR based

techniques (Devos and Gale 1992).

2- 4- 2- 1- Inter simple sequence repeat (ISSR)

Taking these situations into account (knowing tisadlvantages of the markers in the first group),
the variability of ISSR markers in wheat species h&en investigated, and has solved some
problems on the part of other markers. The ISSRkenarare also useful for detecting genetic
polymorphisms (Zietkiewicz et al. 1994). Thus, ISBRA has been proposed as a new source of
genetic marker that overcomes many of the techfiroéations of RFLP (Rafalski et al. 1991) and
RAPD (Devos and Gale 1992) analyses, even in pla@rgesmura et al. 1996jo the SSR-PCR
method that amplifies with primers located on th@nKing single-copy DNA, microsatellite
anchored primers that anneal to an SSR region oaplifg regions between adjacent SSRs
(intersimple sequence repeats; ISSR). Reasonahbbeis only one primer.

Molecular marker technologies, however, are culyamdergoing a transition from largely serial
technologies based on separating DNA fragmentsrdicgpto their size (e.g. SSR, AFLP) to highly
parallel, hybridization-based technologies that cmultaneously assay hundreds to tens of

thousands of markers.

2- 5- Microsatellites (SSR)

2- 5- 1- Explanation of the SSR markers

Recently, all these molecular markers have futfilievital role in modern breeding programs and
their application has become a standard practiceghi® selection of several alleles of interest.
Among the different classes of molecular markewslalble, microsatellites (SSR, Simple Sequence
Repeats) include an important role. and we wilabke to give a great help in the genetic programs.
Up to 90% of the plant genome consists of repetibINA. Tandemly repetitive DNA is classified

into three major classes (Tautz 1993):
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(i). satellite DNA, which shows repeat units witkeagth of up to 300 base pairs (bp).

(if). minisatellite comprised between 9 and 100 bp.

(ii). microsatellite or simple sequences that éxhrepeats unit of 1-4 bp in length (Haman et al.
1995). According to Beckmann and Soller (1990), rtiwst informative STS marker appears to be
one that amplifies a DNA region containing a mietteflite repeat sequences. Such an STS-based
marker has been referred to as a Simple SequemgtH_€olymorphism (SSLP) or Sequence
Tagged Microsatellite Site (STMS). Microsatellitesnsist of a small repeat unit, generally less
than four nucleotides, that generate repeatingonsgiess than 100 bp (Thomas and Scott 1993).
Microsatellites are either dinucleotides as (GT)ICT), (GA), trinucleotides as (CAG)or
tetranucleotides as (GACAand (GATA).

SSRs are tandemly arranged arrays of short repeatprising a few nucleotides (Hamada et al.
1982; Tautz 1989; Weber and May 1989), and thersisnated to be a total of 500 to 30,000
microsatellites per plant genome (Condit and HUbl®@91). SSRs are known to be hyper variable
and distributed throughout the genome even in pldbhagercrantz et al. 1993; Morgante and
Olivieri 1993; Senior and Heun 1993; Wu and Tank4/@93; Bell and Ecker 1994).

The SSR are DNA sequences consisting of 2-6 bagemated in a straight line (tandem) for a
variable length from 20 to 150 base pairs. Thepeated sequences are distributed randomly and
abundantly in the genome of eukaryotes (Hearnd. €i982; Wu et al. 1993). Their length has a
high degree of polymorphism (Levinson and GutmaB7)9Morgante and Olivieri (1993) and
Wang et al. (1994) have identified in (AT@nd (ATA), repeat sequences, respectively, dinucleotide
and trinucleotide more abundant in plants.

It was observed that such microsatellites showgh litfequency of variation in the number of
repeats in different individuals or accessions,bpldy due to slippage during DNA replication
(Roder et al. 1994). The genomes of all eukaryctagain microsatellites (Tautz et al. 1986).
Microsatellites with tandem repeats of a basic hadt6 bp have emerged as an important source
of ubiquitous genetic markers for many eukaryotma@mes (Wang et al. 1994). This kind of
polymorphism at specific loci is easily detectabseng specific primers in the flanking regions of
such loci and subsequent amplification via PCR. Rigé level of polymorphism, combined with a
high interspersion rate, makes microsatellites lmimdant source of genetic markers. They show,
generally, high levels of genetic polymorphism (@myet al. 1997).

Lagercrantz et al. (1993) have identified the pmeseof mainly (GT) (CT), in Brassica napus,
while Ma et al. (1996) found that in wheat the freqcy of (AC) (AG), is greater than in rice and

in Arabidopsis, and is less than in corn. The flanking regionsnadrosatellites that are generally

unique, so it's possible can clone the SSR flanldaguences determine the specific locus and
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synthesize primers that allow to analyze the polghsm though PCR amplification (Karp et al.
1997).

The benefits of SSR are: i) have a high length polyphism, and therefore are very informative
(Morgante and Olivieri 1993), ii) high reproducibil determined by the use of locus specific
primers, which facilitates the comparison of resubbtained in different laboratories, iii) are
inherited in a codominant, thus allowing to distireh homozygous individuals from that
heterozygotes.

SSR markers are useful for a variety of applicaionplant genetics and breeding because of their
reproducibility, multiallelic nature, codominanthieritance, relative abundance and good genome
coverage (Powell et al. 1996). SSR markers hava bseful for integrating the genetic, physical
and sequence-based physicalmaps in plant speogsiraultaneously have provided breeders and
geneticists with an efficient tool to link phenoity@nd genotypic variation (Gupta and Varshney
2000).

Furthermore, the microsatellite because of theipenyvariability and ease of handling in
comparison to restriction fragment length polymaspts (RFLPs), SSRs can provide a powerful
tool to construct linkage maps (Senior and Heun31®u and Tanksley 1993; Bell and Ecker
1994).

2- 5- 2- EST- SSR Marker

Expressed sequence tag (EST) projects have geteratest amount of publicly available sequence
data from plant species. These data can be minesimple sequence repeats (SSRs). These SSRs
are useful as molecular markers because their alewvent is inexpensive, they represent
transcribed genes and a putative function can ditededuced by a homology search. Because they
are derived from transcripts, they are useful fesaging the functional diversity in natural
populations or germplasm collections. These mark&ezsvaluable because of their higher level of
transferability to related species, and they caenobe used as anchor markers for comparative
mapping and evolutionary studies. They have beerldped and mapped in several crop species
and could prove useful for marker-assisted selectgspecially when the markers reside in the
genes responsible for a phenotypic trait. Applaai and potential uses of EST-SSRs in plant

genetics and breeding are discussed.
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2- 5- 3- SSR markers in the Wheat

Recently, simple sequence repeats (SSRs, also kaswmcrosatellites) have become the markers
of choice for cereal genetic analysis and mappifayghney et al. 2007 a, b). The development of
informative microsatellite markers in wheat is iiffit and time-consuming due to its large genome
size, polyploidy, and the high level of repetitisequences in its genome. Many SSR markers
publicly available wheat microsatellite primer seqoes have been reported (Devos et al. 1995;
Korzun et al. 1997; Roder et al. 1998 a, b; Pest800 a, b, c; Salina et al. 2000; Song et al.
2002; Gao et al. 2004; Nicot et al. 2004), whickaismall number relative to the genome size of
wheat. Until now have been published more than ®,$$R markers in 21 chromosomes of
hexaploid wheat (Roder et al. 2007). Most of tHeS& are also common in the 14 chromosomes of
tetraploid wheat. The construction of a genetic magh molecular markers is a key step in the
analysis of agronomically important traits, or bigically. The genetic linkage maps are essential
tools for different purposes, such as evolutiorggpomics, understanding the biological basis of
complex traits, the dissection of genetic determimainderlying the expression of agronomically
important characters and to facilitate assistedcsiein with markers (MAS) (Fahima et al. 2008).
These maps are allowing the dissection of comphatstin the individual components and to assign
to each locus, the effect on the expression ofatitar can be assessed (Dilbirligi et al. 2006; Song
et al. 2007).

2- 6- Single nucleotide polymorphism (SNP)

2- 6- 1- Explanation of the SNP markers

The development of high-throughput methods fordéection of single nucleotide polymorphisms
(SNPs) and small indels (insertion/deletions) he o a revolution in their use as molecular
markers. SNPs are increasingly becoming the markehoice in genetic analysis and are used
routinely as markers in agricultural breeding pergs (Gupta et al. 2001). They also have many
uses in human genetics, such as for the detectialletes associated with genetic diseases and the
identification of individuals (Nikiforov et al. 199. SNPs are invaluable as a tool for genome
mapping, offering the potential for generating viergh-density genetic maps, which can be used to
develop haplotyping systems for genes or regionstefest (Rafalski 2002). The low mutation rate
of SNPs also makes them excellent markers for stgdyomplex genetic traits and as a tool for the
understanding of genome evolution (Syvanen 2001).

The SNPs are single base pair substitutions thairowithin and outside genes, and they are the
most common form of sequence variation (Ching €2@02). a substantial private and public effort
has been undertaken to characterize the SNPs bf@ror genetic diversity. The SNPs are

identified in expressed sequence tag (EST) seqgsetiugs the polymorphisms can be directly used
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to map functional and expressed genes, rather EiéA sequences derived from conventional
RAPD and AFLP techniques, which are typically nehgs (Zhu et al. 2003; Huang et al. 2002).
SNPs are found in both the coding and non-codiggns of the genome, and randomly distributed
markers as well as markers clustered in geneseasbovered (Dvorak et al. 2005).

Unlike random amplified polymorphic DNAs and RFLPSNPs are direct markers because
sequence information provides the exact naturéd@fatlelic variants. They are far more prevalent
than microsatellites and, therefore, may provithéga density of markers near a locus of interest.
Limited work has been carried out to examine theugence of SNPs in plants, although these
preliminary studies have indicated that SNPs apjeehe even more abundant in plant systems than
in the human genome.

SNPs occur normally throughout a plant's DNA. Tleegur once in every 300 nucleotides on
average, which means there are roughly more thamilldn SNPs in the plant genome. Most
commonly, these variations are found in the DNAnB&n genes. Most of the variability of SNP
markers contain two alleles, and are appointedidi@lloci. For this group of marker is using
Haplotype Instead of alleles.

Germano and Klein (1999) identified five SNPs irkid of nDNA of Picea rubens and Picea
mariana, and also discovered SNPs in the chloroplastshe$d species. Coryell et al. (1999)
identified two SNPs in approximately 400 bp of seee in soybear3{ycine max). In maize Zea
mays), they have been found even more frequently, with SNP approximately every 48 bp and
every 130 bp in 3’ untranslated regions and codagjons, respectively (Tenaillon et al. 2001;
Rafalski 2002). Mogg et al. (2002) amplified andjenced the flanking region of 97 previously
characterized microsatellite primer sets in 11 mambred lines. The sequencing results indicated
that the flanking regions of maize microsatellisdsow increased levels of polymorphism when
compared with other regions of the genome, with SMRhese regions found on average every 40
bp.

While nucleotide diversity studies and the develeptmand deployment of single nucleotide
polymorphism (SNP) markers are straightforwardipiadd and polyploid species, such as maize or
soybean (Ching et al. 2002; Wright et 2005), they are complicated in recently evolved/pialid
species by high levels of orthologous gene sintylalsequence similarity makes sequencing of
single genes and allocation of sequences into cégpegenomes difficult. Special strategies are
therefore required for nucleotide diversity studiesl the development of SNP markers for young
polyploid species, which include wheat and oth@enemically important plants.

Single-nucleotide polymorphisms may fall within aogl sequences of genes, non-coding regions of

genes, or in the intergenic regions (regions betvgames). SNPs within a coding sequence do not
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necessarily change the amino acid sequence ofrttei that is produced, due to degeneracy of
the genetic code.

Until recently, an allele was defined as a singtagghaving a specific sequence, while a haplotype
is defined as a collection of alleles which, dugheir proximity, are usually inherited together.
With SNPs it is possible for several alleles toreshsome SNPs but not others. In this case the
current consensus is that each defined sequeneestygpsingle haplotype and not a single allele.
Over half of all known plant disease mutations cdram replacement polymorphisms (Ching et al.
2002).

greatest importance of SNPs markers in researdedbinology is for comparing regions of the
genome between cohorts (such as with matched colatth and without a disease) in genome-
wide association studies. They are usually biallaind thus easily assayed (Wright et24105).
SNPs do not usually function individually, rath#érey work in coordination with other SNPs to

manifest the traits.

2- 6- 2- SNP-EST

With the development of high-throughput sequenteanology, large amounts of data have been
submitted to the various DNA databases that maguiiable for data mining and SNP discovery. In
particular, expressed sequence tag (EST) sequenmiograms have provided a wealth of
information, identifying novel genes from a broashge of organisms and providing an indication
of gene expression level in particular tissues (Asl@t al. 1995). EST sequence data may provide
the richest source of biologically useful SNPs daethe relatively high redundancy of gene
sequence, the diversity of genotypes representiiiwdatabases, and the fact that each SNP would

be associated with an expressed gene (Picoult-Nevaiel. 1999).

2- 6- 3- SNP markers in the Wheat

A possible strategy for nucleotide diversity stgdad SNP discovery in young polyploid species,
such as wheat, is to find diverged regions in ddfpous genes and use them for the design of
polymerase chain reaction (PCR) primers that anteeahly a single DNA target. These genome-
specific primers (GSPs) amplify DNA from only a gl genome and facilitate gene sequencing
and SNP discovery (Ching et al. 2002). An altex@atitrategy is to shotgun-sequence cDNAs and
then allocates each sequence to a genome. Botleagbas have been used in polyploid wheat
(Blake et al. 2004; Ravel et &2006) although those studies were of limited scapé genome
coverage (Somers et al. 2003; Rustgi et al. 2068)rne mapped the markers. A domestication

bottleneck at the tetraploid level and a polyploidgttleneck during the transition from the
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tetraploid to hexaploid level are expected to hasduced the diversity of polyploid wheat
compared to wild emmer.

Nucleotide diversityr (Tajima et al. 1983) was reported to be 2.70° in 24 A- and B-genome
wild emmer genes (Haudry et al. 2007). For compariér was estimated to be 9% 10° in
teosinte gene<Zéa mays ssp.parviglumis) (Wright et al. 2005) and 7.7 to 8110° in wild barley
genes [ordeum vulgare ssp.spontaneum) (Morrell et al. 2005, 2006).

The diversity of emmer was reduced by the domdstitebottleneck but, curiously, no further
diversity loss took place in the A and B genomesnduthe polyploidy bottleneck accompanying
the evolution ofT. aestivum from domesticated tetraploid wheat (Haudry et2@07). Levels of

diversity in theT. aestivum D genome are unknown.

2- 7- Comparison between SSR and SNP molecular magks

As the SNP markers include only two alleles atcau$p comparing with SSR markers that including
more alleles in the one locus, There will have lie$srmation, with respect to other markers. A
number of reviews have highlighted the difficultefsusing a biallelic SNP-based marker system in
place of multi-allelic systems such as RFLPs ancrosatellites. Xiong and Jin (1999)
demonstrated that, whereas the biallelic natur&dPs makes them less informative per locus
examined than multiallelic microsatellites, thimiliation is easily overcome by using more loci. For
instance, Kruglyak (1997) determined that a 4 cMpra& 750 SNP-based markers was equivalent
in the information content to a 10 cM map of 300cmosatellite markers. Given the greater
abundance of SNPs, such a requirement should poé mxcessive. The relatively high frequency
of SNPs in the genome brings about the possibiitgloning genes via linkage disequilibrium
(Brookes 1999). In essence linkage disequilibrismtbe non-random association of alleles at
different loci. Logically this will occur when twdoci occur close together on the same
chromosome. The dense genetic maps (up to one mpekel kb) possible with SNPs allow
genome scans for linkage disequilibrium (of SNRs)be studied in association with complex
phenotypes (Xiong and Jin 1999). In the future ayrbe possible to use SNPs in combination with
linkage disequilibrium to screen directly the cagpolymorphisms of genes derived from complex
populations to identify directly candidates for thgronomic trait under investigation (Brookes
1999).

As with the majority of molecular markers, one bk tlimitations of SNPs is the initial cost
associated with their development. A variety ofrapphes have been adopted for the discovery of
novel SNP markers. The conversion of microsatethtigkers, identifying the relatively abundant
nucleotide polymorphisms surrounding simple segeempeats has the advantage that many of

these markers have already been characterized (ktogjg2002).
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2- 8- Target specific genomic regions

More general strategy makes it possible to targetific genomic regions without the need for
developing specialized genotypes, generally knosvhudked segregant analysis (Michelmore et al.
1991; Giovanonni et al. 1995). The strategy isdied individuals from a segregating population
that are homozygous for a trait of interest and plogir DNA. In the pooled DNA sample, the only
genomic region that will be homozygous will be tiegion encompassing the genomic region of
interest, which can then be used as a target feestng DNA markers rapidly.

This means that any trait that can be scored ifranbackcross, or Rl population can now be
rapidly targeted with DNA markers (Zhang et al. 4pQJsed in conjunction with AFLP markers, it
is possible to identify large numbers of DNA magkar a region of interest in a short time.
Moreover, pooled DNA samples can also be genetzasdd on homozygosity for a DNA marker
(as opposed to a phenotypic trait). In this wayy genomic region of interest that has been
previously mapped in terms of DNA markers can lpedig targeted with new markers. This may
be especially useful in trying to fill in gaps organetic map. All that is required is a pooled DNA
sample selected on the basis of DNA markers flapke genomic region of interest (Giovanonni
et al. 1995).

2- 9- New generation sequencing

Next generation genomic sequencing technologies h@ade it possible to directly map mutations
responsible for phenotypes of interest via direjugncing. However, most mapping strategies
proposed to date require some prior genetic arglygiich can be very time-consuming even in
genetically tractable organisms (Austin et al. 20Ihe detection and exploitation of genetic
variation have always been an integral part of fplareding. DNA-based molecular markers are
useful for detecting the genetic variation avagainl germplasm collections and/or breeding lines.
During the past two decades, many different mobecutarkers have been developed for most
major crop species. These markers have been usedsasely for the development of saturated
molecular genetic and physical maps and for thatifieation of genes or quantitative trait loci
controlling traits of economic importance for maressisted selection (MAS) (Varshney et al.
2005, 2006). In addition to traditional trait or QMapping using biparental populations, new
approaches such as association mapping (Ersoz 20@r), advanced back-cross QTL analysis
(Tanksley and Nelson 1996), functional genomich€Ba 1998), genetical genomics (Jansen and
Nap 2001), allele mining (Varshney et al. 2005)ini and Ecotilling (Till et al. 2007) have
become available in recent years. Genomics-asdisestling is a holistic approach using different
genomic strategies and tools (Varshney et al. 2005)
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The prediction of phenotype from genotype usinfed#nt genomic tools and strategies is the basis
of genomics assisted breeding (Varshney et al. REY6improving the precision and efficiency of
predicting phenotypes from genotypes, the developneé improved cultivars with enhanced
resistance or tolerance to biotic and/or abiotitesstes and higher agronomic performance can be
greatly accelerated.

Indeed, successful examples of genomics-assisteeding have been demonstrated for several
cereals (Varshney et al. 2006, 2007). Genomicstasksbreeding approaches have greatly advanced
with the increasing availability of genome and seniptome sequence data for several model plant
and crop species. Complete and/or draft genomeeseqa have become available for several plant
species such as wheat (http://www.wheatgenomeand)barley (http://www.public.iastate.edu/
imagefpc/IBSC%20Webpage/IBSC%20Template-home.html).

Complementary to genome sequencing is the widedpapalication of transcriptome sampling
strategies, which has resulted in large collectioinexpressed sequence tags (ESTs) for nearly all
economically important plant species (http://wwviaaim.nih.gov/dbEST/dbEST_summary.html).
Previously, most genome and transcriptome sequgng@rojects used Sanger seguencing
methodology (Sanger et al. 1977).

However, owing to growing interest in human genonesequencing, a new generation of
sequencing technologies has emerged. These neastagem sequencing (NGS) technologies are
able to generate DNA sequence data inexpensivelyaa rate that is several orders of magnitude
faster than that of traditional technologies.

Advances in sequencing technologies are drivingndeaguencing costs and increasing sequence
capacity at an unprecedented rate, making wholergerresequencing by individual laboratories
possible (Hudson 2008; Gupta 2008). As a resulhogecs-assisted breeding should gain
momentum, with the potential for significant impemwents in the precision and efficiency for
predicting phenotypes from genotypes.

This review article discusses the concept and piatemplications of NGS technologies for crop
genetics and breeding. Sanger dideoxy sequenciagg€® et al. 1977) and its modifications
(Prober et al. 1987; Madabhushi 1998) dominatediiA sequencing field for nearly 30 years and
in the past 10 years the length of Sanger sequeacks has increased from 450 bases to more than
1 kb. The limitations of Sanger sequencing areth@) necessity to separate elongation products by
size before scanning, requiring one capillary drlgee per sample, and (ii) the need to produce
clonal populations of DNA using Escherichia colhigh is labor, robotics and space intensive for

large-scale operations.
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Another method is Next Generation Mapping (NGM)attmethod for rapidly and robustly
mapping the physical location of EMS mutations bglgencing a small pooled F2 population. This
method, called uses a chastity statistic to quarnitié relative contribution of the parental mutant
and mapping lines to each SNP in the pooled F2t{Aes al. 2011).

cDNA RRG BACs gDNA/cDNA gDNA/cDNA cDMAs DFGUUCTSF_
metagenomics

Sequence variations
ESTs Gene Genome
space assembly

Gene expression
data

Genetic maps Alien Expression Candidate Population
and QTLs introgression QTLs (eQTLs) markers/genes biology

I T —

TRENDS in Biotechnology

Figure 1.11:Overview of NGS applications in crop genetics hrekding.

In the figure 1.11, the NGS technologies have sdvyaotential applications in crop genetics and
breeding, including the generation of genomic reses; marker development and QTL mapping,
wide crosses and alien gene introgression, expressialysis, association genetics and population
biology, as shown here. For instance, sequencingeabmic DNA including bacterial artificial
chromosomes (BACSs), reduced representation of gen(®RRG) or cDNA from the reference
genotypes using NGS technologies can provide genoasources such as ESTs, gene space and
genome assembly. These resources have a directtimpainderstanding the genome architecture
for crop genetics. Another application of NGS igarental genotyping of mapping populations or
of wild relatives, which can accelerate the develept of molecular markers, e.g. SSR and SNP
markers. These markers can be used to construetigenaps, to identify QTLs and to monitor
alien genome introgression in the case of widesa®sThese QTL-associated markers for a trait of
interest can then be used in selecting progenieyicg favorable alleles via marker-assisted
selection (MAS).

2- 9- 1- Association mapping using natural populatins

Association mapping uses one of two approachedjidate gene sequencing (CGS) or whole
genome scanning (WGS) of natural populations (R&f&002). Population surveys for haplotypes
identified based on either CGS or WGS can takeratdge of past recombination events to identify

trait, marker relationships on the basis of linkaligequilibrium (LD). NGS technology has the
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potential to accelerate both CGS- and WGS-baseastias®n mapping approaches (Nordborg and
Weigel 2008). In general, CGS-based approachesvie@anger sequencing of PCR amplicons for
selected candidate genes across hundreds of gesotypthe natural population, which is time-

intensive and expensive. NGS approaches, in pati@olexa approach, offer the possibility to

sequence pools of PCR amplicons for a larger nurobe&andidate genes generated for several
hundred genotypes of the natural population withhtblp of barcodes. Thus, in a single Solexa run,
sequence data (SNPs and haplotypes) will be alaifaba larger number of candidate genes in the
natural population within a short time and at cdesibly lower cost compared to Sanger
sequencing. By contrast, WGS approaches requirsdteening of natural populations with a large
set of genome-wide markers, which is not possibl@any crop species.

However, as mentioned above, NGS technologies aahtéte the rapid development of genome-
wide markers (Barbazuk et al. 2007; Ossowski eR@08) that could be subsequently used for

WGS approaches to association mapping (NordborgNaeidel 2008).

2- 9- 2- Perspectives on genetic mapping and DNA mnk&rs

Finally, DNA marker technology is still so techrligacomplex that it is practically impossible for
it to be applied where it is needed most in les®ldped countries.

Simple sequence repeat markers have played aatritte in merging disparate linkage maps
(Akkaya et al. 1995; Bell and Ecker 1994). Becailsy are nearly always single locus markers,
even in complex genomes like the grasses and soyB&Rs define specific locations in a genome
unambiguously. This makes them suitable to tie ipleltmaps together. Moreover, being PCR-
based, the information necessary to map SSR latibeashared among labs simply by sharing
primer sequence data.

However, better types of DNA genetic markers argh@nhorizon. The most important are SNPs
that can be assayed through DNA chip technologkeatly, researchers working with the human
genome have constructed a map of more than 2000 ®HRRers, many assayed by chip
technology. It may also be possible to create thevalent of “radiation-hybrids” for plants. This i
an extremely powerful resource that has routinedgrb used in animal genome mapping for
decades. Research have recently shown that isslge to create stable lines of oats that cordain
small segment of maize genome (Ananiev et al. 1998nough oat lines carrying overlapping
maize segments can be generated, extremely faseffiognt high resolution mapping may be
achievable.

Even as DNA marker technology advances, parallelesements are essential in complementary
technologies. As the number of markers, genetioluésn, and amount of mapping information

grows, so does the need for better computer algpnstand databases. Finally, genetic linkage
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maps, even those based on DNA markers, are siitield by the range of sexual crosses that can be
made. To make the most of genes uncovered throaghtig mapping, improvements in making
wide crosses, somatic hybrids, and plant transfoomavill be essential. In the future, better DNA
markers, along with advances in these complemetgahnologies, will enable linkage mapping,

one of the oldest genetic techniques, to becometanef most powerful.
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3- 1- Genetic mapping

The mapping of the wheat genome was really imporiarspeeding up the breeders work in
improving this important food resource, and in ustending the transmissions mechanism of
genetic information. The new dawn of agriculture &me revolution in agriculture should start from
the practice of mapping and deciphering the genointlee wheat plant. This important discovery in
the agricultural sector, will surely bring the nevedevant. The genome mapping of wheat, will
allow the creation of plants with greater resistairca way that can be grown and developed even
in the toughest conditions on the planet, espgaialareas with a greater "risk of hunger”.

A primary genetic map, consisting of easily scopadlymorphism marker loci spaced through a
genome, is an essential prerequisite to detailetketge studies in any organism. Furthermore
saturated linkage maps are essential tools for tgerstudies like positional gene cloning,
guantitative trait mapping, and marker-assistedcseln.

A.H. Sturtevant (American geneticist) constructied tirst genetic map of a chromosome in 1913.
Throughout his career he worked on Br@sophila melanogaster with T.H. Morgan. By watching
the development of flies in which the earliest a#ilision produced two different genomes, he
measured the embryonic distance between organsumtavhich is called the sturt in his honor.
Classically, it has been possible to construct slickage maps only in intensively studied
organisms, such as bacteria, yeast or fruit fliesyhich many visible mutations were available as
genetic markers. Since the beginning of the 80s,litnitation has been overcome because of the
development of many molecular marker techniqueswatly a visualization of existing
polymorphism at DNA level (Varshney et al. 200Dbpg,(Table 1.3)

The construction of genetic linkage maps reliestb@ choice of parental lines, segregating
population, and markers to reveal polymorphism.eHassaturating a molecular map is strongly
dependent on the polymorphism revealed betweernpéinental lines. Comparative mapping in
plants has provided evidence for conservation ofkera and gene order (colinearity) between
related genomes. Rice is a particularly valuableremce for the grass family because most of its
small diploid genome has been sequenced.

British researchers (Steinberg et al. 2010) haea ladle to decode the genome of wheat, one of the
most difficult to decipher, five times the sizetbé human genome, contains 17 billion letters with
a very complex internal structure. Bread wheat gencs six times larger than that of maize and 35

times larger than the rice genome (Bennett andSh976).
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Table 1.3: The Molecular linkage maps have been constructeifferent organisms.

Plant Year | References
1991 Gill et al. Siant
Diploid wheat 1991 | Lagudah et al. Year | References
1996 | Dubcovsky J et al. 1991 | Heun et al.
2007 | Singh K et al. Barley 1991 | Graner et al.
1998 | Blanco et al. 1993 | Kleinhofs et al.
1999 | Korzun et al. 1994 | Graner et al.
) 1999 | Korzun V et al. 1988 | McCouch et al.
Tetraploid wheat | 2001 | Nachit et al. Rice 1991 | Saito et al.
2008 | Zhang W et al. 1994 | Causse et al.
2004 | Elouafi | & Nachit 1994 | Kurata et al.
2008 | Peleg et al. maize 1986 | Helentjaris et al.

1989 | Chao et al.
1991 | Liu and Tsunewaki. Oat
1992 | Devos et al.

1992 | O’'Donoughue et al.
1995| O’'Donoughue et al.

1993 | Devos and Gale. iggg ioityanko tt?t <|’:1|.
1995 | Nelson et al. aterson et al.

reploduheat | 1565 VanDeynzeetal(e) || Tomao | 1990\ T el
1996 | Jia et al. . .
1998 | Réder et al. 2000 | Saliba-Colombani et al.

2004 | Sourdille P et al.
2008 | Xue S et al.
2008 | Paux E et al.

3- 2- Mapping the genome of wheat

The initial checks on the offspring, more certaird aeliable, they begin to spread throughout
Europe in order to develop genetic tests by whiehcan identify individuals likely to develop any
hereditary disease primary, yet it is manifestédiaally. Although this work is a complex and very
expensive in terms of money and time, some intemak programs (ITMI, CIP) are developing
these methods. In a cell of a higher organism, siscdurum wheat, the number of genes is very
high, and studies that bring to the identificateomd location on the DNA chain is very complex.
Many research centers in Europe and the U.S. akinmthis effort, although it must be admitted
that the genetic mapping of wheat proceeds mucle slovly than that of other cereals (i.e. rice).
Because from a genetic point of view they are sidnore thoroughly for obvious economic
reasons. Despite this, more genetic map will bepteta in the future, more applications will result
in practical matters.

With those elaborate techniques (Introduction, giaaph 2- 9-) of bioengineering, will be possible
to know the sequences of chromosomes within the DiNAifferent polyploids wheat and then
interpret them and can then take action where we lganetic abnormalities. This should help to
stabilize and then reduce the prices of wheat, lwh&ve surged recently due to allay fears about
the impact of climate change and water scarcityenTdevelop new types of wheat with high

productivity will be key to achieving that goal dg¢eall and Hall 2011).
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Despite this "It took fifteen years to map the hanggnome sequence and only one year to the
genome of wheat, thanks to huge advances in DNAntdogy". Now sequence analysis are to
detect genetic variation among different types afural grain which will serve to speed up
breeding programs and to address the problem ofagjeof food globally (Hall and Hall 2011).
Decoding of wheat and most important state in #moding of the human genome that was worked
in 2000, the rice genome was decoded in 2005, niai2809 and that of soybean in 2010.

The mapping of these three plants are very simgilan that of wheat, which has a complex
structure due to its origins, knowledge of the geapthat is, the genetic material carried by the
chromosomes that pass through a mapping, thatpse@se localization of DNA sequences that
comprise it. Nevertheless, the amount of activedndcribing DNA is probably not much different
among the 3 species, implying that <3% of the wiggatome represent genes. Those genes in
wheat may be present in uninterrupted clustersyithaally interspersed by repetitive DNA blocks,
or in a combination of the two arrangements (Gikle 1996).

An individual chromosome contains a single molecoledouble stranded DNA. Its length is
approximately constant of any given chromosome species but varies between chromosomes.
Typically, each consists of about 107 to 108 bpypical structural gene, coding for polypeptide
chain, is between 1 and 2 Kbp long and only 10¥efgenome is actually coding, much of the rest
being spacer DNA, although the amount of spacer BOidA vary considerably between species.
Thus a chromosome probably contains somethingeobtters of 1,000 to 10,000 genes. Therefore
Gill and Gill (1994) proposed a mapping strategyai@et genes in the rich regions of wheat. This
technique is called a Cytogenetic Ladder MappingME The CLM strategy not only efficiently
identifies the gene clusters but also preferentiaiaps them. Through this mapping will be
possible to get to know, the modern methods ofrilgoeeering, all the genes and their position. The
gene rich regions in wheat genome may be as ameert@binolecular manipulation as are the
smaller genomes of plants such as rice (Gill e1296; Faris et al. 2000).

Dense genetic maps of related crops species prawveabxlers with multiple choices of markers for
tagging desired genes. Moreover, comparison ofctim®mosomal assignments and orders of
marker loci common to several genomic maps may diglt on ancestral chromosomal
rearrangements and on evolutionary relationshipsvdsn different chromosomes. The three
species wheat, rice and maize from the grass faRtéceae have similar gene composition and
colinearity (Ahn and Tanksley 1993; Ahn et al. 1p9herefore, information gained in one of these
crops can be applied directly to the other. Thestroction of a grass-genome map detailing the
gene and DNA sequence similarities between thergeamf the many species of tGeaminacee

will enable genetic studies in relatively small geres, such as rice, to be applied to the much
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larger wheat genomes, as for instance in identjf@nd tagging important pest resistance and stress
tolerance genes. Comparative maps allow the trapn$f@formation about genetic control of traits
from species with small diploid genomes, such es (400 millions base pairs/haploid genome), to
species with more complex genomic structures, stsscdurum (tetraploid) and bread (hexaploid)
wheat (16,000 Mb/haploid genome) (Sorrells et @0®. Because of the size and complexity of the
genomes, it may not be appropriate to sequencerttie genomes of wheatr{ticum ssp.), rye
(Secale cereale L.), oat Avena sativa L.), or barley Hordeumvulgare L.).

However, alternative strategies involving idenafion of gene-rich regions of thériticeae
genome and comparison of the genome structure emetig colinearity with rice, maiz&éa mays

L.), sorghum $orghum wulgare L.), and other species provide Triticeae reseaschath the
knowledge and tools necessary for genetic paritth wimpler genomes. The maps of several
members ofGraminacee family were compared and the synteny of these mesowas defined
(Moore et al. 1995). To date, most comparative nmappmong the grasses has relied on RFLP
probes (cDNAs or genomic clones) to establish grgsee orders and distance in specific
chromosome segments. Only to a limited extent heasearchers employed cloned genes,
Expressed Sequence Tagged (ESTs), mutant phenlotypar QTLs in comparative genomics. In
wheat, the transfer of information from mappingerehce populations to agronomic crosses should
take into account homoeology relationships.

Maps comparison have been made in maize (BeaviSsearat 1991; Murigneux et al. 1993), barley
(Sherman et al. 1995),.. durum 6A and 6B chromosomes (Chen et al. 1994) and wiveat
Deynze et al. 1995 b) in order to analyze colingaof markers and to study recombination
(Cadalen et al. 1997). Comparisons of molecular smap wheat, barley;T. tauschii and T.
monococcum (Devos et al. 1993; Nelson et al. 1995 a, b; Vagrize et al. 1995 b) indicate that the
order of molecular markers on the linkage mapse$é¢ species detected with the same probes are
largely homosequential. As a result, consensus magsd on species-specific maps from whEat,
tauschii, and barley were developed using wheat as a loassfmparison. These consensus maps
efficiently combine genetic information accumulatied related grass species (whehttauschii
andHordeum species) for comparisons to more distantly relafeeties (rice, maize and oat). They
help to circumvent problems with low polymorphisnetween mapping parents by providing
relative marker location information across severaps.

Size and complexity, Up to now it has been provdmuge challenge for scientists. The mapping
almost complete - 95% of the genes - will now allawating new types of plants resistant to pests

and diseases that can grow in wide weather anatgiconditions and produce higher yields.
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Tetraploid wheat are available in the detailed genmaps Triticum taushii, 2n "4x" 28) which
include about 2100 loci mapped either directly mheired from genome locations aligned with
related Triticum species, and this mapping will demand is possiigy and only using the
knowledge had come back from the genetic mapsrdwsmolecular markers.

Details of the loci mapped in wheat can be founthi gene catalog (Macintosh et al. 1995) and
further updates published in the annual report loéat newsletter or in the database Grain Genes.
Reporting the distances between markers on a gamep of wheat, it has been possible to identify
the association between the various genes withermgarthe positions of genes and markers.

On the genetic wheat maps, the markers largelyesied around the telomeric, indicating that there
is not more recombination in the distal portionghe chromosomes (Delaney et al. 1995). And on
the contrary, the markers close clustered aroua@é¢ntromere, there is more recombination.

3- 2- 1- Genetic maps of wheat through molecular nnkkers

The allocation of RFLP and SSR markers to spec#igions of wheat chromosomes enables
alignment of genetic and cytogenetic maps, thuvignog a comprehensive assessment on the
extent of genetic map coverage across the cytoigenetp of wheat. Moreover, integration of
deletion and genetic mapping facilitates the amslgs recombination in defined regions of wheat
chromosomes (Gill et al. 1996 a, b).

Although RFLP, AFLP and SSR markers have made aobat contributions to the wheat genome
mapping effort, novel DNA-based markers are allgMuarther resolution of wheat genetic maps.
Wheat genetic maps were first comprised of restncfragment length polymorphisms (RFLPS)
and later on PCR-based markers were adopted, ingludndom amplified polymorphic DNA and
amplified fragment length polymorphism (AFLP) (Galeal. 1995; Blanco et al. 1998; Messmer et
al. 1999; Peng et al. 2000; Paillard et al. 2003)contrast to hexaploid wheat (AABBDD), for
which several linkage maps have been developedThB), relatively little attention has been
given to developing genetic linkage maps for dumuheat. The first full genetic linkage map for
this species, based on RFLP markers, was preségtdtlanco et al. (1998), and subsequently
integrated with SSRs from hexaploid wheat (Tab®).1ater on, other inter-specific linkage maps
based on RFLPs, SSRs and AFLPs were developed @eg2000; Maccaferri et al. 2008), and
the first intra-specific linkage map (Nachit et2001).

A number of studies have assigned RFLP and SSRemsaté wheat chromosomes by nullisomic-
tetrasomic (NT) and deletion lines (Kota et al. 39Belaney et al. 1995 a, b; Hohmann et al. 1995
a, b; Mickelson-Young et al. 1995; Gill et al. 1996b; Weng et al. 2000; Sourdille et al. 2004).
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SSRs, also known as microsatellites, have becomentirkers of choice for cereal genetic analysis
and mapping (Roder et al. 1998 b; Song et al. 2Gfgta et al. 2002). To date, over 2,000 SSR
markers on 21 hexaploid wheat chromosomes have pablhished (Ganal and Roder 2007).
Microsatellite markers generally exhibit a highevdl of polymorphism that is critical for detecting
differences among related crop cultivars, and tbay even discriminate among closely related
wheat breeding lines (Plaschke et al. 1995).

It seems that microsatellites in plants can beoutemfold more variable than other marker system
such as RFLPs. However, due to the large genoreethig development of microsatellite markers
in wheat is extremely time-consuming and expensdmdy 30% of all primer pairs developed from
microsatellite sequences is functional and suitédneyenetic analysis (Roéder et al. 1995; Bryan et
al. 1997).

This high percentage is no longer the major linotaton a large scale the development of
microsatellite markers for wheat, however, incnegshis percentage will bring up a map with high
precision. These problems may be related to thepagenome of wheat, which contains a large
fraction of repetitive DNA. Obviously, with the ligevels of repetitive sequences present in the
wheat genome, it is likely that a relative largentner of microsatellites will be present in flanking
DNA sequences that are themselves repetitive segaefBryan et al. 1997). Isolation of
microsatellites from libraries, which are enrichiadsingle copy and low copy number sequences,
may improve the success rate (Roder et al. 1994).

Roder et al. (1998) confirmed that an effective w@yncrease the efficiency of functional primer
pairs is to use the under methylated fraction ef wWheat genome as a source for microsatellite
isolation. She reported an increase of the suceadssof functional primers from 31 to 68% by
using a predigestion witRstl and subsequent isolation of the fragments irsthe range of 2-5 Kb
before digestion with a 4bp restriction enzynb¢l or Sau3A) and cloning. Thus, as has been
shown for the isolation of single-copy RFLP cloriesn plants with large genomes, predigestion
with the CNG methylation-sensitive restriction emeyPstl creates a fraction that is highly
enriched for low- and single-copy DNA.

Nevertheless, more recently new molecular markgrest have been developed in order to satisfy
the need of high-throughput assays, able to arsadygireat number of markers and genotypes with
a reduced cost particularly in the genome of whieat contains a large number of genes, on the
genome compared to other plants.

Diversity Array Technology (DArT) is an array-baspthtform for high-throughput analysis of

DNA polymorphism and molecular markers for genetepping in the wheat (Jaccoud et al. 2001).
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The genotyping technology involves the use of matign sensitive restriction enzymes to digest
genomic DNA, thereby reducing genome complexity andching for low copy sequences for
marker development. DNA samples enriched for lowpyc®NA sequences from parents and
individuals of mapping populations are hybridizedatmicroarray panel of clones representing low
copy sequences from the same plant species. Riestrgite polymorphisms between individuals
from mapping populations are detected through diffees in hybridization signal, with clones on
the microarray panel scored as dominant markerspeamdding for allele attribution to one or the
other parental genotype. DArT and other DNA markerge been used to produce genetic maps for

a range of crop species including rice by (Jacewal. 2001), and barley with (Wenzl et al. 2004).

3- 3- The size of the wheat genome (tetraploid arftexaploid)

We concentrated on both, tetraploid and hexapldidat; because they have a use in Commercial,
S0 genetic changes are based on these two type&nbwledge of a genetic map it is need to
identify the distances between the markers andlighgth of the various chromosomes and the
entire genome.

The exact genetic size of the hexaploid wheat gen@anstill unknown, but data from several
published maps suggest it is greater than 3,500 T size of the map constructed in the
InternationalTriticeae Mapping Initiative (ITMI) population is about 3,0@M (reviewed by Gupta

et al. 1999), and the map generated in the intextahicross between Courtot and CS is 3,685 cM

in length (Sourdille et al. 2003).

Recently, Quarrie et al. (2005) used a doubleddmgopulation of C& SQ1 and 567 markers to
construct a wheat genetic map covering all 21 clesmmes, with a total length of 3,522 cM. In the
study of Liu et al. in 2005 the genetic map spajigl28 cM of genetic distance and is lacking
information for chromosome 3D, which accounts fmughly 170 cM on the ITMI map. Although
the map of (Liu et al. 2005) contains over 600 reesksome regions with inadequate coverage and
large gaps still exist. The short arms of chromassd, 2A, 4A, and 5D, and the long arms of 4D,
6D, and7A contain few markers, or no markers at all. Idiadn, gaps of significant size exist on
1D, 2B, 2D, 3A, 4A, 5A, 6A, and 7D. The addition miore markers, particularfipr A- and D-
genome chromosomes will provide more complete genamoverage. However, previously
published consensus genetic (Somers et al. 200g3 albowed us to draw some comparisons with
SSR loci on the map of (Liu et al. 2005). Of theRS$hat they (Somers) used for mapping, 71 were
in common with those on the maps presented by (8oeteal. 2004). Seven of these (Xbarc24,
Xbarc90, Xbarc91, Xbarc95, Xbarc101, Xbarc140, Xibarc143) detected loci on chromosomes
different from those reported by (Somers et al. 200
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For example Xbarc95-2D was assigned to chromosdnleynullisomic-tetrasomic (NT) analysis,
and the remaining six markers were each closeketinto other markers that were assigned to
chromosomes also by nulli-tetrasomic analysis. @rder of common markers along (Liu et al.,
2005). Maps agreed well with those presented byessmat al. (2004) and Sourdille et al. (2004)
with only a few notable exceptions.

Instead on the map (Peng et al., 2011) The tota haagth exceeded 3000 cM and possibly
covered the entire tetraploid genome (AABB). clustef molecular markers were observed on
most of the 14 chromosomes. In the genetic mapPeng et al. 2011). Peng et al. 2011 the using
203 microsatellite primer pairs, than 187 (91%)egated various levels of polymorphism between
the parental lines of the mapping population. & itiep of Peng et al. 2011 The dominant markers
of the H and L maps (the parental genotype derik@d the Hermon population [H], and durum
Langdon [L] ), were based on PCR bands amplifiemnfrgenomic segments Gt dicoccoides
correspondingly. The (H) and (L) maps span a degtai 3169 cM and 3180 cM, respectively. The
mean interval lengths of H and L maps were 9.9 oMl 0.7 cM, respectively.

It is estimated that the genome sizes of tetraphdigat . dicoccoides and T. turgidum durum
cultivar, Langdon, Ldn) and hexaploid whedt @estivum) are ~12x 10° and 17x 10 bp,
respectively (Bennett et al. 1998). If the averabeomosome length is assumed to be 200 cM
(Messmer et al. 1999), the total map size of hetdpiheat is estimated as 4200 cM. The sizes of
published maps for the populations Chinese Sprxifigspelta (Liu and Tsunawaki 1991), Chinese
Spring x Synthetic (Gale et al. 1995), FormoOberkulmer (Messmer et al. 1999) and W7%84
Opata 85 (Faris et al. 2000) in hexaploid wheaiewl&01, 2575, 2469, and 3700 cM, respectively.
These maps cover 43%, 61%, 59%, and 88% of theeeggnome of hexaploid wheat, respectively.
The total map size of tetraploid whedt ¢licoccoides andT. turgidum durum cultivar, Langdon,
Ldn) could be estimated as 2800 cM if the size efaploid wheat is 4200 cM (Messmer et al.
1999). In tetraploid durum wheat, the total lengtipublished RFLP-based genetic map is 1352 cM
(Blanco et al. 1998), and has been extended to 20B&fter integrating 79 microsatellite markers
(Korzun et al. 1999). These two maps cover 48%78% of the entire genome of tetraploid wheat,
respectively.

In the work of Akhunov et al2010)after the process of GSP (Genetic Screening Progesasd
SNP. A total of 6,045 wheat ESTs was downloadenhftoe WEST database into the pipeline and
CPs anchored in exons and flanking one or two mstreere developed. The Southern hybridization
profiles of the ESTs were examined in the wEST lsleta and CPs for those that showed a complex

profile was eliminated. Speltoides genes, and 1A&/4auschii genes and were sequenced.
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A total of 11,764 GSPs was designed and testeddnome specificity by PCR amplification ©f
aestivum nullisomic-tetrasomic (NT) lines. GSPs derivednfrd,102 EST unigenes (705 in the A
genome, 703 in the B genome, and 706 in the D gehorare validated by PCR with NT lines.
Target DNA was PCR amplified in 32 wheat lines gs@@SPs. A total of 41,065,555 bp of the
amplicons was sequenced (14,734,124 bp in the Argen14,554,737 bp in the B genome, and
11,776,694 bp in the D genome) using GSP paire@sesicing primers, and 5,471 SNPs at 1,791

loci were discovered.

3- 4- ITMI map and inter varietal crosses

A large proportion of genetic mapping studies ineath (Triticum aestivum) involved inbred
populations derived from genetically diverse paserithese include the International Triticeae
Mapping Initiative (ITMI) population derived fronuttivated (Opata-85) and synthetic (W- 7984)
accessions (Van Deynze et al. 1995 a) and popaotaterived from interspecific crosses involving
winter and spelt wheat3 .(aestivum subspspelta) (Messmer et al. 1999).

The ITMI population is of particular importanceiaigs a publicly available resource, providing the
research community with the capability to determihe chromosomal location of DNA-based
markers with respect to existing wheat molecularkexs on a single genetic map (Song et al.
2005).

The effective application of the ITMI populationdaits genetic map in breeding studies however, is
limited by the lack of trait variation of commercieelevance (http://wheat.pw.usda.gov/cgi-
bin/westsqgl/map_locus.cgi).

ITMI was founded in 1989 by the core-group with gpecific goal to develop genetic maps of
wheat and its relatives. Founding of this intemoradl organization, which has been managed from
the University of California since its conceptiowas a response to the realization that the
development of detailed comparative genetic mapswieat and its relatives required close
coordination, collaboration, and sharing of researand results. The success of ITMI is evident
from the fact that after eight years of ITMI actwyiwheat and related species are becoming among
the best-mapped plant species. The steady progmade by ITMI is clearly evident from the
voluminous progress reports prepared annually leydbordinators of individual homoeologous
groups in the tribe (Mc Guire and Qualset 1997).

The existence of this formal, well established almtirative organization will can possible rapid
dissemination of the results of this project in Ei#®l workshops that are held annually in different
countries.

The wheat EST has one of the principal projectsggementary in other countries participating in

ITMI as well as preliminary efforts in the USA. the summer of 1998, ITMI fostered foundation
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of the Internationallriticcae EST Cooperative (ITEC) to initiate collaborativiidies on gene
function in wheat and the other members of theeffibticeae (see Wheat EST sub-section in the
section below). The ITEC effort illustrates the erdlTMI plays in fostering development of
international links.

Been identified and calculated distances only betwmarkers microsatellites on chromosomes in
the first map of the wheat that was valid refereinc2004 by Somers et al., the corresponding with
(table 1.4).

Table 1.4:The map of Somers et al. 2004, consensus map.

chromosome | NO- O | Genetic | Marker | Chromoso | No. of Genetic Marrke Chromoso | No.of | Genetic | Marker
markers length density me markers length density me markers length density

1A 44 126 2.9 4D 34 91 26 | Group1l 170 354 2.0
1B 75 111 1.5 5A 62 184 3.0 | Group 2 198 373 1.9
1D 51 117 2.3 5B 77 173 2.2 | Group 3 194 343 1.6
2A 62 143 2.3 5D 76 120 15| Group4 136 238 2.3
2B 76 123 1.6 6A 38 156 4.1 | Group 5 215 477 2.6
2D 61 107 1.8 6B 50 82 1.6 | Group 6 123 348 2.3
3A 49 116 2.4 6D 35 110 3.1 | Group?7 199 436 2.2
3B 88 148 1.7 A 62 131 2.1 | A genome 369 944 2.6
3D 57 79 1.4 7B 68 151 2.2 | Bgenome 483 847 1.7
4A 53 88 1.7 7D 69 154 2.2 | Dgenome 383 778 2.1
4B 49 59 1.2 Total.geno | 1235 2569 2.0

Genetic maps developed from populations deriveth fiater varietal crosses are therefore being
developed for genetic analysis and marker-traib@asons relevant to breeding programs, despite
low level of DNA polymorphism in cultivated wheata@essions (Chao et al. 1989; Bryan et al.
1997; Varshney et al. 1998; Liu et al. 2005; Sonstral. 2004). Examples include inter varietal
genetic maps developed from populations involvingsses within spring wheat Australian
cultivars (Chalmers et al. 2001), spring wheatetas from North and South America (Liu et al.
2005) and European winter wheat varieties (Pailletrcal. 2003). Furthermore, comparison of
genetic maps between studies have identified antl@guand combining single population genetic
maps into a consensus map can resolve disagreementsker order. This approach was taken by
Somers et al. (2004) who joined four genetic mapselbped from populations derived from three
inter varietal crosses involving Canadian wheaietigs and the ITMI population, into a single
consensus map. Similarly, other consensus maps lbeere developed using other inter varietal
populations (http://www.shigen. nig.ac.jp/wheat/kagimaps/markerMap.jsp). The consensus
maps are particularly useful references for tangefdditional markers in specific chromosomal
regions for fine mapping of quantitative trait Io@TL) without the need to cross-reference

independent maps.
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4- 1- Computer software for genetic mapping

The concepts and theories previously developedl&ssical genetic mapping can still be applied to
mapping with DNA markers. The difference betweeassical and DNA-based mapping lies in the
number of markers that are mapped in a single ptipal With DNA-based genetic maps, this
number can easily reach into the thousands, arnldese is a close connection between progress in
DNA markers and advances in computer technology.

In the simplest situations, all that is requiredtmstruct a linkage map from DNA marker data are
statistics software packages capable of runningsGhared contingency table analysis. This
statistical test determines two-point linkage bemvenarkers, which can then form a basis for
constructing linkage groups. Unfortunately, asribmber of markers begins to grow, this approach
becomes increasingly unsuited for comparing posstiders and choosing the best. Still, in
research situations where computer power is limittmd where linkage analysis is based on
relatively few markers, this strategy is perfedilytable.

For most mapping projects the most widely-used tieneapping software is Mapmaker (Lander et
al. 1987). Mapmaker is based on the concept oL@© score, the “log of the odds-ratio” (Morton
1955). A LOD score indicates the log (10) of theordbetween the odds of one hypothesis (for
example, linkage between two loci) versus an aliera hypothesis (no linkage in this example).
Through the use of the LOD score, data from diffeygpulations can be pooled, one reason that
the program has gained so much popularity amongahuand animal geneticists where population
sizes can be limiting. Yet even in plants, Mapmaias become a virtual standard for constructing
genetic linkage maps, as indicated by its widesprese.

Mapmaker’s popularity for genetic analysis is basedhe ease with which it performs multipoint
analysis of many linked loci. Most plant genetitkihge maps have at least one hundred markers,
and sometimes one thousand markers or more.

Therefore, fast and simple multipoint analysishsautely essential to sort out the many different
possible marker orders. Mapmaker has several mmitimat simplify multipoint analysis, including
an algorithm that quickly gathers markers into lijkinkage groups and another for guessing the
best possible order. Once a plausible order has bs&blished, another algorithm compares the
strength of evidence for that order compared tcsipies alternatives in a routine called “ripple”.
The power of this routine is that it enables therus confirm the best order in a way that increase
only arithmetically with increasing number of ld@is opposed to factorial, if all possible orders

must be compared).
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40 N.D. Young Just building a linkage map of DNArke&s is generally just a first step in genetic
marker analysis. As noted earlier, it is often aakto relate one’s map to those derived from
other mapping populations. The computer prograrmMap is specifically suited for this
application (Stam 1993). Often one wishes to appfgrmation about a linkage map to QTL
analysis. Indeed, Mapmaker has even been modifiechtry out quantitative trait locus (QTL)
analysis using mathematical models and an inteiacg much like the original program (Lander
and Botstein 1989).

4- 2- Relationship between DNA marker and cytogenet maps

The most common method to relate DNA marker mapspecific chromosomes is the use of
aneuploids, such as monosomics (Helentjaris €t%6; Rooney et al. 1994), trisomics (Young et
al. 1987), and substitution lines (Sharp et al. 9998 species where aneuploid lines for each
chromosome are available, nucleic acid hybridiraticith a mapped DNA clone indicates its

chromosome location by observing the loss of a lfanthe case of nulli-somics) or a change in the
relative signal on an autoradiogram (Mc Couch et18B8). This type of analysis may require
“withinlane” standards (such as a second DNA claiepreviously determined chromosome

location), so that subtle changes in the relatenisity of a band can be compared between lanes.
Using substitution lines to associate mapped DNAkera to specific chromosomes is similar in

concept to aneuploid mapping. In cereal speciegevties approach is most common, lines with
known chromosomes or chromosome arms substitutéd amoeologous segments from alien
species have been developed. Probing a DNA clotteabhlot containing restriction digested DNA

from a complete set of substitution lines easilgniifies the chromosome location of that clone
(Sharp et al. 1989). This is because the subsiituine corresponding to the location of a clone

shows a different restriction fragment pattern cared to the other substitution lines.

4- 3- Distorted segregation of molecular markers

Segregation distortion is defined as a deviationob$erved genetic ratios from the expected
Mendelian ratios in a given phenotypic or genotygass within a segregating population.

Distorted segregation may be caused by competi@ween gametes for preferential fertilization
or from abortion of gamete or zygote (Lyttle 199¥kiotic drive is another phenomenon affecting
segregation ratios through a variety of moleculad aytogenetic mechanisms resulting in non-
equal representation of homologous alleles (or mlesomal segments) among the functional
gametes (Lyttle 1991).

It is possible to discern whether the cause obdistl segregation is gametic competition or zygotic
selection by estimating the frequencies of twolediéor a codominant locus.
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In general, normal Mendelian segregation can beedeas a product of evolutionary co-adaptation,
and of adjustment of genomic components withinexEs rather than an automatic outcome of the
eukaryote meiotic mechanics (Korol et al. 1994ylifect evidence for this is provided by the fact
that segregation distortions frequently occur ia fpinogeny of interspecific hybrids and are similar
in manifestation to meiotic drive systems.

Distorted segregation of molecular markers has loéserved in mapping populations derived from
intra and interspecific hybrids in many plants amahny crop species, including potato (Gebhardt et
al. 1989), corn and maiz&da mays, Gardiner et al. 1993; Wendel et al. 1987; LuleR@02), rice
(Oryza sativa; Causse et al. 1994; Xu et al. 1997), common lf¢atiejos et al. 1992), and barley
(H. wulgare; Heun et al. 1991; Graner et al. 1991; Devaux. €t995).

In wheat, this phenomenon has also been reporteshtedly (Liu and Tsunewaki 1991; Devos et
al. 1993; Nelson et al. 1995 a, b; Blanco et a@8Messmer et al. 1999; Blanco et al. 2004; Peng
et al. 2000; Quarrie et al. 2005).

In the project of (Peng et al. 2011), the portidisegregation-distorted marker loci (5.9%) but was
relatively low compared with the previous studiesvheat (Liu and Tsunewaki. 1991; Blanco et al.
1998; Messmer et al. 1999). The possible causesefyregation deviation of molecular markers are
chromosomal rearrangement (Tanksley 1984) and gawmetkygotic selection (Nakagahra 1986).
Further indications of causes of deviation such passence of lethal, meiotic drive, and
chromosomal rearrangements could be obtained fr@mmanalysis of additional populations with
segregation distortion (Blanco et al. 1998).

Backing again on the work of (Peng et al. 2011)db&ined data indicate that the gametes carrying
T. durum alleles have stronger vigor and higher competitibility than those witil. dicoccoides
alleles.

It is noteworthy thafl. dicoccoides was a pollen-parent of the F1 hybrid, hencedyteplasm was
provided byT. durum. We could speculatéhat some regions with presumably gamegtection
carry loci involved in nuclearcytoplasmic interacti While segregation distortion is a common
phenomenon in different types of mapping populajsuch as F2, RILs or double haploid (DH),
RIL populations have the highest probability fostditions due to repeated 5-6 generations of
selection forces (Korol et al. 1994; Singh et 8i0?2).

4- 4- Nonrandom segregation of nonhomologous chrorsome

Fifty years ago, a departure from random segregatianarkers on nonhomologous chromosomes
observed in crosses between different strains o§@anouse, was explained by a mutual attraction
of the segregating chromosomes of the same orgmigrate to the same pole during meiosis (the

“affinity” hypothesis) (Michie 1953; Wallace 1953)Consequently, gametes with parental
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combinations of alleles at loci of nhonhomologousoamosomes should appear with a higher
frequency than the recombinant gametes. As therdift QTLs, such as various markers WMC349,
WMS149, WMS251 situated on chromosomes not homalbgure effects on Lox gene.

The departure from independent segregation of kedingenes was termed quasi-linkage.
Reviewing the data in the literature, Wallace (12§@ostulated possible chromosome affinity in
cotton. Even earlier, Malinowsky (1927) explainbdsed on the chromosome affinity hypothesis, a
number of cases of abnormal segregation in hylmfdsttuce, peas, tobacco, beans, and wheat. He
was probably the first to introduce the term “afffji A pronounced effect of quasi-linkage was
reported in an interspecific hybrid @oix (Sapre and Deshpande 1987). There is evidence for
nonrandom segregation of nonhomologs during tte fireiotic division in wheat (Driscoll et al.
1979). Quasi-linkage has also been establishednato (Wallace 1960 b; Zhuchenko et al. 1977,
Korol et al. 1989, 1994).

Besides nonrandom assortment (or affinity), quiagielge can also be explained by recourse to
mechanisms of differential viability. Let us considhe MiMj/mimj heterozygote resulting from a
cross between MiMj/MiMj and mimj/mimj. Suppose thaarental combinations of whole
chromosomes (MiMj and mimj) and recombinant comtiams (Mimj and miMj) have differential
selective values. Experimental evidence of thigtlgps been obtained Drosophila (Dobzhansky

et al. 1965). Selective differences between paramic recombinant combinations may be reflected
in the differential viability of zygotes, embryoand adult individuals. The effect can also be
expressed at the gamete stage in the form of diffexl fertilizing capacity of spermatozoa,
differential rates of pollen tube growth, etc. (Kbet al. 1989, 1994).

The major problem with the old data on quasi-lirkagas poor genome coverage of the
morphological markers that could be followed up ane cross. This strongly limited the
possibilities of discriminating among different éxpatory hypotheses. Molecular markers solve
this problem, but at the price of another one: $ize of the available segregating populations is
usually very small, restricting the detection poweéthe tests, so that only big deviations could be
declared significant. In the data of (Peng et @lL13, together with the few examples on molecular
marker segregation in tetraploid wheat, hexapldgat, rice, maize, andrabidopsis indicate that
guasi-linkage may be a much more common phenominplants (especially, cereals) than ever
thought before. One practical aspect is related pmssible effect of quasi-linkage on the rate of
false positive detection in QTL mapping. The widesp approach of multi locus (composite)
interval mapping (Zeng 1994; Jansen and Stam 11984)be helpful in such cases.

With current procedures, the number of plant sampled DNA markers that can reasonably be

processed limits the widespread application of nrapfechnology.
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Even the most efficient DNA extraction techniquesdie only a few hundred samples each day,
and once samples have been isolated, significaesiments in time and effort are still required to
obtain genotypic information. Given the fact thatypical breeding project might include several
thousand, or even tens of thousands of individualg, since information is needed as quickly as
possible to make breeding decisions, the curredhnieal limitations are significant. These
limitations also constrain the application of DNAarker technology in QTL mapping to genetic

factors with relatively major effects.
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1- PLANT MATERIAL
1- 1- Plant Material
In this study 192 individuals ofriticum turgidum subsp.durum belonging to the recombinant
inbred lines (RILS) utilized to generate a genétikage map. The RIL population was developed
and cultivated at ICARDA (International Center fAgricultural Research in the Dry Areas),
Aleppo, Syria.
The population was in F8-F9 (seven generationglfihg) by single-seed decent (SSD) aftr a cross
between 2 durum wheatr{ticum turgidum ssp.durum) cultivars.
First parental was the genotype 112 of the RIL fr@mrevious cross between two durum wheat
lines Jennah Khetifa and Chaml. It was chosen thenBmber 112, for its traits: (i) high quality in
the production of pasta, couscous, and burghul;(@®ncesistance against the abiotic stresses, such
as drought, cold and heat. The Chaml and Jennafalgeinotypes was drought-resistant, and had a
good tillering.
The second parental was genotype 101 of the R fBackcross between two durum wheat lines
(Omrabi5 x T.dicoccoides) x Omrabi5. This Recombinant Inbred Line (BC-RIL) dmped at
CIMMYT/ICARDA durum breeding program for the Meditanean dryland from a cross between
the durum cultivar Omrabi5 and the accession nurB8b45 ofT. dicoccoides. The F1-cross was
backcrossed to the maternal parent Omrabi5. TheaiBcultivar is a cross between Haurani
Jori-C, bred for Mediterranean dry land condititmysCIMMYT/ICARDA durum program (Nachit
pers. com.). It is released in Turkey, Algerianlrand Iraq for commercial production in dry areas.
It combines drought tolerance with yield and yistdbility as a high weight for the thousands of
seeds, and a high contain proteins. As Toiticum dicoccoides 600545, it was collected from
Jordan at 25 km west of Amman on the Amman-Deadh8gevay. it shows resistance to yellow

rust and tolerance to drought. Parents picturexeoss schemes are reported in Figure (2.13).

1- 2- DNA

No matter what type of population or DNA marker golans to use, DNA must first be isolated

from the plants in the mapping population. Suchrmagphological or disease resistance traits,
whose expression tend to be highly dependent upmmtly conditions.

After having crossed these two relatives, and dfterlast selfing (the seven generation), every lin

was bulk-harvested to provide seed for field experits and DNA extraction. DNA was extracted
from fresh leaf tissue. High-quality genomic DNAm parents and RILs was extracted from young
leaves using CTAB method (Hoisington et al. 1994cht et al. 2001). the DNA extracted from

different individuals, they had different concetiva, hence was adjusted by adding water to arrive
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at a constant concentration of 100 ng/ul fortheiradividuals. The DNA concentration was also
adjusted to 7 ng/ul and DNA samples were storedd’&@ to be used for the analysis of

microsatellites, and SNP markers (Tai and Tanks890).
Figure 2.12: The different type ofriticum turgidum L. subspdurum.

| Dicoccoides whee | | Chaml wheat | | Jennah Ketifa wheat | | Chaml wheat |

Figure 2.13 : The figure and the drawing for our cross betwéerthree cultivar varieties of durum wheat and wité
varieties of durum wheat.

b e borod

b

x

F2
S<D (Selfing)

Our RIL (192)
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Table 2.1 :Origin of Cultivar and wild Species.

Species Name of cultivar| Cultivar's code Region
T. turgidum ssp. durum(Desf.) Husn. (cultivars) Cham1 Chl Syria (Developed by SGCASR)
T. turgidum ssp. durun(Desf.) Husn. (cultivars) Jennah Ketifa J.K Syria (Developed by SGCASR)
T. turgidum ssp. durun{Desf.) Husn. (cultivars) Omrabi Om Syria/Alraka, Syria (Developed by SGCASR)
Emmer and Durum Wheats T.Dicoccoides Dc Turkey, Iran

The Syrian Commission of the Agricultural SciemtiResearch (SGCASR)

1- 2- 1- Station of agricultural species (Tel Hady&tation):

Tel Hadya is the main research station at the hepaaiters of the International Center of
Agricultural research in the Dray Areas (ICARDA)Id at 35 Km south west of Aleppo city/Syria
and located at 36°01' N latitude; 36°56' E longi#tuand at 284 m above the sea level. This station
is characterized by the following climatic conditgo wet and cold in winter and warm and dry

summer, a typical Mediterranean climate. The aveeamual precipitation is 50 mm (Fig. 2.14).
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Figure 2.14 :Meteorological data Average of 1999/ 2009, Mimpe= minimum temperature; Evap. = evaporation;
Max. temp = maximum temgiere.

1- 2- 2- Experimental Design
For collection of phenotypic and genotypic datadoain quality traits, the 192 RILs were divided
over 6 blocks where 32-test RILs were included @acheblock. The field design used was the

augmented design (Federer 1956; Peterson 1985)triethavas sown in 8 rows of 2,5 m long

spaced by 30cm.

1- 3- SSR Markers
A total of 216 genomic SSR primer pairs were saedamsing the two parental lines. Markers were
prevalently chosen within the public SSRs (httphat.pw.usda.gov) (Table 2.4 presents the list of

the screened SSR markers.
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These markers consisted primarily of Gatersleberd/Microsatellites (GWM; Ganal and Rdoder,
2007) and a few additional markers from Wheat Miatellite Consortium (WMC; Gupta et al.
2002), INRA Clermont-Ferrand (CFA and CFD; Sougdék al. 2004; Guyomarc’h et al. 2002), and
Beltsville Agriculture Research Center (BARC; Soef al. 2005) this 216 markers showing
codominant alternative alleles between the twomtatdines and covering all 14 chromosomes of
tetraploid wheat were used to genotype the 192 Riable 2.2).

To have a complete understanding of the originhe$e markers reefer to Table 2.3, for example
Barc markers were been built from wheat and bastap initiative to map and characterize genes
for fusarium resistance.

Some of the SSRs used in this study were mappedeinous published maps, i.e. a durum wheat
mapping population (249 RILs from the cross ‘KofaSvevo’; Jurman et al. unpublished data),
herein indicated as ‘k S’, as well as on the bread wheat Ta-SSR-2004etmus SSR map
(Somers et al. 2004) and on the Ta-Synthetic/OpBfsRC map (Song et al. 2005), hereafter
referred to as ITMI map. SSR primer sequences oRBACFA, CFD, GWM, GPW and WMC
primer's sets are publicly available on the Grain@e Triticeae database
(http://wheat.pw.usda.gov/). Most of these primgemerated SSR loci that were not previously

mapped either in the Ta-Synthetic/Opata-SSR dnenfia-SSR-2004 (Tables 2.2 and 2.4).

Table 2.2: The number of SSRs markers used in this work.

SSR Class Number Reference

Barc (Xbarc) 39 Song et al. (2002, 2005)

Cfa (Xcfa) 13 Sourdille et al. (2003); Guyomarc’h et al. (2002)

Cfd (Xcfd) 10 Sourdille et al. (2003); Guyomarc’h et al. (2002)

GPW (Xgpw) 2 Sourdille et al. (2001)

Wmc (Xwmc) 46 Gupta et al. (2002); http://wheat pw usda gov/ggpas/SSR/WMC

Wms (Xwms)(gwm) 100 Pagnotta et al (2006’; Rdder et al. (199¢); Martin Ganal, IPK,
Gatersleben, Germany

Total 210

Table 2.3: The indications for Origins and references of S&Rkers.

Microsatellite Microsatellite

Name of Markers Origin code Polyploid wheat developer
WMS Gatersleben wheat microsatellites GWM Tetraplmde, Marion Roder (IPK)
Hexaploide wheat
. . Tetraploide Wheat Microsatellite
wMC Gatersleben wheat microsatellites XWMC wheat Consortium
Wheat and Barley Scab Initiative to map and .
BARC characterize XBARC Tetraploide, Perry Cregan (USDA)
- . Hexaploide wheat
genes for fusarium resistance
AandB Diploide . )
CFA genome diploid donors XCFA wheat Pierre Sourdille (INRA)
D Diploide . .
CFD genome diploid donors XCFD wheat Pierre Sourdille (INRA)
A,Band D Diploide
MST genome diploid donors XMST wheat
A,Band D Diploide . ..
GPW genome diploid donors XGW wheat Marion Roder (IPK)
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Table 2.4:Probed Polymorphic Microsatellites sequences heil bptimal amplification program in

Jennah.Ketifa/Chaml x Omrabi5/T.dicoccoide600543/Omrabi5.

SSRs Forwarideft) Sequen@-3') Revers (Right) PCF Program
e —
Barc 52 GCGCCATCCATCAACCGTCATCGTCATA GCGAGGAAGGCGGCCACCAGAATGA 65°-36¢
Barc 78 CTCCCCGGTCAAGTTTAATCTCT GCGACATGGGAATTTCAGAAGTGCCTA 65°-36¢
Barc 79 GCGTTGGAAAGGAGGTAATGTTAGATA TCGTGGGTTACAAGTTTGGGAGGTCA 57°-36¢
Barc 101 GCTCCTCTCACGATCACGCAAAG GCGAGTCGATCACACTATGAGCCAATG 55°-36¢
Barc 104 GCGCTTCCAAGGCTTAGAGGCT GCGCTTGGAACGCTAAGAGCGG 55°-36¢
Barc 107 CGAACTGAAACTGAAAACACAGACAT AGGGAGAGTGGACGTCATAATTTGTG 60°-36¢
Barc 119 CACCCGATGATGAAAAT GATGGCACAAGAAATGAT 55°-36¢
Barc 167 AAAGGCCCATCAACATGCAAGTACC CGCAGTATTCTTAGTCCCTCAT 55°-36¢
Barc 170 CGCTTGACTTTGAATGGCTGAACA CGCCCACTTTTTACCTAATCCTTTTGAA 59°-36¢
Barc 171 GCGGGGTCATCTTAGTAACTCAAATA ACTGTCAACGTTGGTTCACATTCA 56°-36¢
Barc 198 CGCTGAAAAGAAGTGCCGCATTATGA CGCTGCCTTTTCTGGATTGCTTGTCA 55°-36¢
Barc 213 GCGTAGATTCTCGGTTTGTTGGCTTGC CCGTCCCTCCTTCCTGGTCT 59°-36¢
Barc 309 AAGCCGCAGAGAAGGTCAGC GCGAAAGCCCTAAAGTTACAA 60°-36¢
Barc 318 CGACTAACAATTTTTCATTT TGATTTCGCTAACAAGGAG 55°-36¢
Barc 343 GGCCTAATTACAAGTCCAAAA GCTCAAAGTAAAGTTCACGAATAT 52°-36¢
Barc 349 CGAATAGCCGCTGCACAAG TATGCATGCCTTTCTTTACAAT 60°-36¢
Barc 354 CGTTGTTTGCGTAGAAGGAGGTT GCGAATGCGGGCGATAAAGTGG 55°-36¢
Barc 361 TGCAGGCTAGATTGGGCGACG GTGGGGCCTAGGCAGTGGACG 60°-36¢
Cfa 2043 CAGCCGAAGAAGGATTTCTG GAGGCAGGAACTTAGGGGAG 60°-36¢
Cfa 2086 TCTACTTTCAGGGCACCTCG TCTCTCCAAACCTCCCTGTAA 60°-36¢
Cfa 2153 TTGTGCATGATGGCTTCAAT CCAATCCTAATGATCCGCTG 60°-36¢
Cfa 2201 CAAACCAACCTCATTGACCC CCACCAGAACTTCAACCTGG 60°-36¢
Cfa 2114 ATTGGAAGGCCACGATACAC CCCGTCGGGTTTTATCTAGC 60°-36¢
Cfa 2121 TAAATGGCCATCAAGCAATG GCTTGTGAACTAATGCCTCCC 60°-36¢
Cfa 2263 GGCCATGTAATTAAGGCACA CTCCCAGGAGTACAGAAGAGGA 60°-36¢
Cfa 2278 GCCTCTGCAAGTCTTTACCG AAGTCGGCCATCTTCTTCCT 60°-36¢
Ccfd 70 GTCGGCATAGTCGCACATAC ACTATGCCAAGGGGAGTGTG 60°-36¢
cfd 73 GATAGATCAATGTGGGCCGT AACTGTTCTGCCATCTGAGC 60°-36¢
Cfd 88 TAGGCATAGTTTTGGGCCTG GGTAGAAGGAAGCTTCGGGA 60°-36¢
Cfd 267 GTGCGTCGTGTAGCAGCTC CTCTCTGTCGTCCAGGTCGT 60°-36¢
Mst 101 CCACCATGAAGACCTTCCTC ACCTTGCATGGGTTTAGCTG 60°-36¢
Gpw 95010 CCATTCCGCAAATGATGATA GTGTCTTCACCAACTTCACACTCCAGG 60°-36¢
Wmc 24 GTGAGCAATTTTGATTATACTG TACCCTGATGCTGTAATATGTG 59°-36¢
Wmc 49 CTCATGAGTATATCACCGCACA GACGCGAAACGAATATTCAAGT 51°-36¢
Wmc 63 GTGCTCTGGAAACCTTCTACGA CAGTAGTTTAGCCTTGGTGTGA 60°-36¢
Wmc 104 TCTCCCTCATTAGAGAGTTGTCCA ATGCAAGTTTAGAGCAACACCA 61°-36¢
Wmc 125 ATACCACCATGCATGTGGAAGT ACCGCTTGTCATTTCCTTCTGT 61°-36¢
Wmc 163 TTACACCCATCAGGGTGGTCTT GTCCGTCTATCCATACGACAAA 60°-36¢
Wmc 175 GCTCAgTCAAACCGCTACTTCT CACTACTCCAATCTATCGCCGT 61°-36¢
Wmc 177 GGGCTCTCTTTAATTCTTGCT GGTCTATCGTAATCCACCTGTA 55°-36¢
Wmc 201 CATGCTCTTTCACTTGGGTTCG GCGCTTGCAGGAATTCAACACT 61°-36¢
Wmc 219 TGCTAGTTTGTCATCCGGGCGA CAATCCCGTTCTACAAGTTCCA 60°-36¢
Wmc 262 GCTTTAACAAAGATCCAAGTGGCAT GTAAACATCCAAACAAAGTCGAACG 61°-36¢
Wmc 272 TCAGGCCATGTATTATGCAGTA ACGACCAGGATAGCCAATTCAA 60°-36¢
Wmc 278 AAACGATAGTAAAATTACCTCGGAT TCAAAAAATAGCAACTTGAAGACAT 53°-36¢
Wmc 310 TGTGAGGCTGGGAGGAAAAGAG GCTAGGTTGTGTCCCACAATGC 61°-36¢
Wmc 317 TGCTAGCAATGCTCCGGGTAAC TCACGAAACCTTTTCCTCCTCC 59°-36¢
Wmc 332 CATTTACAAAGCGCATGAAGCC GAAAACTTTGGGAACAAGAGCA 61°-36¢
Wmc 349 ACACACACTCGATCGCAC GCAGTTGATCATCAAAACACA 57°-36¢
Wmc 360 TATGTGTGTGAAAAATGG AATTTCTTGTAGAACCGA 50°-36¢
wmc 361 AATGAAGATGCAAATCGACGGC ATTCTCGCACTGAAAACAGGGG 61°-36¢
Wmc 397 AGTCGTGCACCTCCATTTTG CATTGGACATCGGAGACCTG 61°-36¢
Wmc 407 GGTAATTCTAGGCTGACATATGCTC CATATTTCCAAATCCCCAACTC 60°-36¢
Wmc 441 TCCAGTAGAGCACCTTTCATT ATCACGAAGATAAACAAACGG 56°-36¢
Wmc 453 CTTGTGTCCATAACCGACCTT ATCTTTTGAGGTTACAACCCGA 65°-36¢
Wmc 477 CGTCGAAAACCGTACACTCTCC GCGAAACAGAATAGCCCTGATG 65°-36¢
Wmc 522 AAAAATCTCACGAGTCGGGC CCCGAGCAGGAGCTACAAAT 65°-36¢
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SSRs Forward (Left) Sequence (%-3") Revers (Right) PCI Program
Wms 16 GCTTGGACTAGCTAGAGTATCATAC CAATCTTCAATTCTGTCGCACGG 50°-36¢
Wms 18 TGGCGCCATGATTGCATTATCTTC GGTTGCTGAAGAACCTTATTTAGG 50°-36¢
Wms 24 FCACACAAGGCACCATTGC CAATGGACATAGTTGTGTGCG 60°-36¢
Wms 46 GCACGTGAATGGATTGGAC TGACCCAATAGTGGTGGTCA 60°-36¢
Wms 47 TTGCTACCATGCATGACCAT TTCACCTCGATTGAGGTCCT 60°-36¢
Wms 67 ACCACACAAACAAGGTAAGCG CAACCCTCTTAATTTTGTTGGG 60°-36¢
Wms 92 CCGGCGACAAACTATAGCTC TTCTGGTGATTCAAACTGAACC 59°-36¢
Wms 95 GATCAAACACACACCCCTCC AATGCAAAGTGAAAAACCCG 55°-36¢
Wms 113 TTCGAGGTTAGGAGGAAGAGG GAGGGTCGGCCTATAAGACC 55°-36¢
Wms 120 GATCCACCTTCCTCTCTCTC GATTATACTGGTGCCGAAAC 60°-36¢
Wms 136 GACAGCACCTTGCCCTTTG CATCGGCAACATGCTCATC 60°-36¢
Wms 169 ACCACTGCAGAGAACACATACG GTGCTCTGCTCTAAGTGTGGG 60°-36¢
Wms 191 AGACTGTTGTTTGCGGGC TAGCACGACAGTTGTATGCATG 60°-36¢
Wms 198 CTTTGTGCACCTCTCTCTCC AATTGTGTTGATGATTTGGGG 60°-36¢
Wms 200 TCAACGGAACAGATGAGCG GACCTGATGAGAGCAAGCAC 60°-36¢
Wms 218 CGGCAAACGGATATCGAC AACAGTAACTCTCGCCATAGCC 60°-36¢
Wms 234 FGAGTCCTGATGTGAAGCTGTTG CTCATTGGGGTGTGTACGTG 55°-36¢
Wms 249 CAAATGGATCGAGAAAGGGA CTGCCATTTTTCTGGATCTACC 58°-36¢
Wms 269 TGCATATAAACAGTCACACACCC TTTGAGCTCCAAAGTGAGTTAGC 60°-36¢
Wms 291 CATCCCTACGCCACTCTGC AATGGTATCTATTCCGACCCG 60°-36¢
Wms 304 AGGAAACAGAAATATCGCGG AGGACTGTGGGGAATGAATG 55°-36¢
Wms 311 FTCACGTGGAAGACGCTCC CTACGTGCACCACCATTTTG 60°-36¢
Wms 312 ATCGCATGATGCACGTAGAG ACATGCATGCCTACCTAATGG 60°-36¢
Wms 319 GGTTGCTGTACAAGTGTTCACG CGGGTGCTGTGTGTAATGAC 65°-36¢
Wms 328 CGGGTGCTGTGTGTAATGAC CACAAACTCTTGACATGTGCG 55°-36¢
Wms 339 ATTTTCTTCCTCACTTATT AAACGAACAACCACTCAAT... 55°-36¢
Wms 371 GACCAAGATATTCAAACTGGCC AGCTCAGCTTGCTTGGTACC 60°-36¢
Wms 372 AATAGAGCCCTGGGACTGGG GAAGGACGACATTCCACCTG 60°-36¢
Wms 425 GACGAGCCCACAAGCTGGCA TCGTTCTCCCAAGGCTTG 60°-36¢
Wms 427 AAACTTAGAACTGTAATTTCAGA AGTGTGTTCATTTGACAGTT 50°-36¢
Wms 459 ATGGAGTGGTCACACTTTGAA AGCTTCTCTGACCAACTTCTCG 55°-36¢
Wms 495 GAGAGCCTCGCGAAATATAGG TGCTTCTGGTGTTCCTTCG 60°-36¢
Wms 499 ACTTGTATGCTCCATTGATTGG GGGGAGTGGAAACTGCATAA 60°-36¢
Wms 501 FGGCTATCTCTGGCGCTAAAA TCCACAAACAAGTAGCGCC 55°-36¢
Wms 512 AGCCACCATCAGCAAAAATT GAACATGAGCAGTTTGGCAC 60°-36¢
Wms 537 ACATAATGCTTCCTGTGCACC GCCACTTTTGTGTCGTTCCT 60°-36¢
Wms 558 GGGATTGCATATGAGACAACG TGCCATGGTTGTAGTAGCCA 55°-36¢
Wms 570 TCGCCTTTTACAGTCGGC ATGGGTAGCTGAGAGCCAAA 60°-36¢

1- 4- Markers Screening and Amplification

polymerase chain reaction (PCR)-based markers,hwailc require smaller amounts of starting
material and simpler extraction technologies (Laegal. 1998). With these methods, the goals are
simplicity, speed, and a small amount of startingterial. Simplicity and speed are absolutely
essential for processing large numbers of indiM&laa obvious necessity when large populations
of several hundred, or even thousands, of indivglumeed to be examined. Small amounts of
starting material are advantageous if larger qtieatare hard to obtain, such as seeds. DNA used

for this genetic mapping to be highly purified. k&g as an extraction provides DNA in sufficient
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guantity and quality for restriction enzyme digestifor any samples, through template for PCR.
SSR markers were screenibg to test their polymerpsibetween the parents.
The SSRs markers were amplified by PCR in the plat®6, in 10 ul of reaction containing:
3 ul genomic DNA with a concentration of 5 ng Ayl of H,O Mol Bio grade autoclaved, 1X PCR
Buffer Promega (100 mM Tris-HCL — pH 8.3, 500 mM KQ.5 mM MgCl2), 0.002.l Forward
primer () labeled with 0.02u colored fluorescent dyes or M13 tail (FAM, VIC Hex, NED and
PET) with a size respectively 494, 538, 535, 54d ram (absorbance maximum), (M13 appointed a
DNA fragment with the sequence complement to aat@ddled into 5’ of the Forward primer to give
the relevance the gene or interest fragment wehtwo primers), 0.02l unlabeled Reverse primer
(<), 0.6 ul each dNTP 100 mM(25umol), e 0.0bdi AmpliTag-DNA Polymerase (Applied
Biosystems, Foster City, USA).
PCR amplifications were performed in a thermocyd&@pendorf (Master cycler) and Biometra
using the following conditions according to Roédéraé (1998), 2 min at 94°C, followed by 35
cycles of 30 sec 94°C, 30 sec annealing (betweean8@®5°C, depending on the optimal annealing
temperature of the primers), 1 min 72°C, and al faxtension of 10 min at 72°C, and finally the
samples were kept at 8°C.
In general, the reactions of SSR markers for tlergal screening were grouped on the basis of the
annealing temperature. This was verified for eaahker through the formula:
69.3 +[0.41x (% GC) - 650/ L], and the site of GrainGenedeAaimplification the samples have
been loaded into a sequence for amplification readip to 4 amplification, labeled with different
dyes were bulk together in a total 16 ul of a llqoomprising: 2.5 ul of amplification, 0.5 ul ofd
(GeneScalt! 500LIZ size standard) and 13ul of Hi-Bl Formamide (Grenetic Analysis Grade).
This Liz developed for the Applied Biosystems flescence-based DNA electrophoresis systems.
The use of an internal lane size standard duriect®liphoresis enables automated data analysis and
precise DNA fragment size comparisons between relglcbresis runs. LIZ is designed for sizing
DNA fragments in the 35-500 bp range and providesithgle-stranded labeled fragments of 35 of
35, 50, 75, 100, 139, 150, 160, 200, 250, 300, 380, 400, 450, 490 and 500 bases. Each of the
DNA fragments is labeled with the LIZ fluorophomehich results in a single peak when run under
denaturing or native conditions (Fig. 2.15).
The amplification products were analyzed by mednsapillary electrophoresis (ABI-3130, Fig
2.16), multiplexing different fluorescent dyes. TiHater we observed the peaks specificity, shown
by the program Genemapper version 4.0. Indeed, trB@werograms were analyzed with
GeneMapper V.4. The program Genemapper was usddetuify the size of the fragments

amplified with the primers used (Singer and BurR@2 Takuya et al. 2002).

73



Material & Methods Material & Methods

It is critical to the sizing method employed by tBeneMapper software that there are at least two
size standard fragments larger than amplified Etrgeknown fragment.

The size standards are loaded in the same capdkathe experimental samples. The sample and
size standard fragments undergo the same electehoforces, therefore the relative
electrophoretic mobility of any sample fragmenaigood indicator of its molecular weight, as there
is no capillary-to-capillary variation.

The SSR of the 2 parental lines (Parental Scregnivere evaluated in both high-resolution

Agarose gel, which electrophoresis capillary seqaeABI3130.

Figure 2.15:Electro program of the GeneScan-500 size standardnder denaturing conditions on the ABI PRISM
310 Genetic Analyzer.
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The 16ul of the above mentioned mix were load th® wells of the plate 384 or 96 and sent for
Sequencing (ABI3130).

For simplification and for the spread of DNA in @@l or 384-well plates an automatic machine,
Robot (Beckman Coulte?) was used (Fig. 2.16), it has several pipettes Hh places for the

plates.

Figure 2.16:Imagines of robot and sequencing.
"—-‘-“-—_
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1- 5- SNPs Ildentification: Multialignments and primer design

Two different typologies of SNP mutations have bagalyzed: (i) unspecific SNPs on genes with
different functions localized on chromosomes 2 drahd (ii)) SNPs specific for genes involved in
drought and salinity stresses tolerance (Table 2.5)

The first class of SNPs has been developed emgayia SNP mutations available on database
“snpdb/ Haplotype Polymorphism in Polyploid Wheasl their Diploid Ancestors”.

An online SNP database (http://probes.pw.usda.@®@&npworld/Search) was constructed. It
contains sequences of GSPs for the amplificatiah sagquencing of 2114 loci and other relevant
information about the ESTs and SNPs (such as dakein mapping of each EST), top 38 blast hits
of each EST, alignments of nucleotide sequencesrgtsd with primers derived from each EST, a
reference sequence for a locus and its sourcegeaphical and numerical displays of each SNP.
Reference sequences were used to specify theqresdf SNPs.

For the majority of the loci, the CVriticum aestivum, or from China or from Iran sequence was
used as a reference sequence.

The sequences of putative genes have been anapzde8NP mutation were identified that will be
repeated the same SNP (similarity SNP) in Durumatfeticum dicoccoides and must had less
than 1000 nucleotides (bases).SNPs sequence watiedstto know if the SNP belonged to the
Exon or Intron. The SNPs that were present in ERanges were chosen, to be sure to have the
SNPs in the c-DNA segment, after amplification. Tleon Ranges is chosen and copied and

brought to the website (http://blast.ncbi.nlm.ndv(Blast.cgj. With nucleotide blasbption the

sequence was compared to other in the databasematically the blast option opens a page with a
blank picture above, for paste of our sequencealt chosen otheirfer the database option, under

this section is written Expressed sequence taQs(eite gap, for Organism option, was chosen the

speciedriticum turgidum subsp. duruniDesf.) Husn. (taxid:4567)

Figure 2.17 : The procedure to make the Blast and in the folhgwdonstruction of SNP primers.
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We choose BLAST option to get the percentage afitidebetween the fragments which include
SNPs with the original fragments of our specieslistil

Utilizing in particular the mutations localized emon sequences on chromosomes 2 and 4. These
SNPs have been analyzed using HRM (High Resolulteiting) technology and since this
technique requires the employment of amplificatimgment no longer than 100 bp, new primer
pairs for all the SNPs considered have been degignerder to obtain fragments with the right
length. For the development of the second clagN#'s, several sequences deriving from UniGene
(gene-oriented clusters of transcript sequences) anRNA complete cds” from wheat,
Arabidopsis, barley and rice species were multi-aligned us@lgstalW?2 (Multiple Sequence
Alignment, EMBL-EBI, website: http://www.ebi.ac.uldols/msa/clustalw2) software and
conserved portions (overlapping the substrate bandites of proteins) were selected and loaded on
Primer3 software (website: http://biotools.umassmed/bioapps/primer3_www.cgi) for primer
design. Also in this case, primers were choserrderoto obtain amplification fragments no longer
than 100 bp as requested in HRM procedure (Fig, Z.4@le 2.5).
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Table 2.5: SNP markers used correctly for the constructioawfmap came from the two-class.

Group1:  Markers non-specific gene
N.| Gene |Codof Sequence BLAST witfi. durum SNPs Locus Fragmentlenght  Tm| Mono/Pol
1 BE403352 no 2+ins of A, TIC-TIG 2A 141bp 60°C| Mono
2 BE403516 yes-ok 2, CIT-AIG 2A 155 bp 60°0  Mono
3 BE405045 no cr 4B 180 bp 60°C|  Poli
4 BE442788-a yes-100% AC 4B 134 bp 60°C|  Poli
5 BE442788-b yes-100% cm 4B 123bp 60°C|  Poli
6 BE443094-a no CIA-AT 2A 150 bp 60°C| Mono
7 BE443094-b no TIC 2A 150 bp 60°C| Mono
8 BE444541-a yes-100% GIT-TIG-AT 2A 107 bp 60°¢  Mono
9 BE444541-b yes-100% cr-crmcm 2A 134 bp 60°¢  Mono
10 BE445278 no GIA 2B 122 bp 60°C| Mono
11 BE471201 yes-98% CIT-TIA-GIA 2A 155 bp 60°¢  Mono
12 BE490267-a no CIT 2A 164 bp 60°C| Mono
13 BE490267-b no GIA 2A 169 bp 60°C| Mono
14 BE490763 no TIC 2A 151 bp 60°C| Mono
15 BE500206 no GIA-TIG 4B 149 bp 60°C{ Mono
16 BE585760-a no TIC-GIA 2A 150 bp 60°C| Mono
17 BE585760-b yes GIA 2A 150bp | 60°C| Poli
18 BE403637-a yes 100% C/T-TIA-GIT-AIG 4A 144 bp 60°C  Man
19 BE403637-b yes 100% AT-ATGIGGC-CIT] 4A 150 bp 60°C  Man
20 BE404553 yes 96% AC 4A 140bp | 59°C| Poli
21 BE404717 yes TIC-TIC 4A 102 bp 60°C| Mono
Group2:  Markers specific for Drought tolerarce
Cod. UniSTS Description
22| OSTIA |UniSTS:273614 MYB transcription factor not seuenced PMC92356P1 134 p 60°C  Mono
23| OSTIB |UniSTS:18383 zinc finger (C3HC4-type RING figer) family protein not sequenced D11S2591 113 bp 599C Mono
24| OSTIC |[UniSTS:239878 LTP2 (LIPID TRANSFER PROTEIN 2; lipid binding not sequenced DXMit3 86 bp 60°C| Mono
25| OSTID |UniSTS:152073 Zinc finger (C3HC4-type RINGifiger) family protein not sequenced D11S2920 120 bp @0  Poli
26| RD26 |UniSTS:498527 Beta glucanasi HALF-1 not sequest Ndufb11 200-300bp | 59°dq  Mono
27| SDIR1 |[UniSTS:258524 | SDIR1 (SALT- AND DROUGHT-INDUCE RING FINGER1) |  notsequenced | MASC_STS1221 336 bp 61C Mono
28| DREBIA |UniSTS 1 Dehydration responsive elements-1 neequenced no 100 bp 60°C  Mono
29| DREBIB [UniSTS 2 Dehydration responsive elements-1 eequenced no 100 bp 61°C  Mono
30| DREB2A [UniSTS3 Dehydration responsive elements-2 heequenced no 100 bp 59° Poli
31| DREB2B |UniSTS 4 Dehydration responsive elements-2 sequenced no 100 bp 59°C  Mono
32| DREB3B |UniSTS5 Dehydration responsive elements-3 gequenced no 100 bp 60° Poli
33| DREB4B [UniSTS 6 Dehydration responsive elements-4 eequenced no 100 bp 60° Poli
34| DREBS5A |UniSTS 7 Dehydration responsive elements-5 neequenced no 100 bp 60°C  Mono
35| DREB5B |UniSTS 8 Dehydration responsive elements-5 sequenced no 100 bp 60°C  Mono
36 ZP3  [UniSTS 9 Zinc finger family protein not sequened no 100 bp 59°C|  Poli
37| HKTL |UniSTS 10 High Affinity Potassium uptake TF-1 rot sequenced no 100 bp 61°C  Mono
38| WRKYL [UniSTS 11 WRKY Transcription Factor-1 not seqenced no 100 bp 60°d  Mono
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1- 5- 1- PCR conditions, sequencing and SNPs chategzation

PCR amplifications were performed on a Rotor-Ged@0O6real-time PCR Thermocycler (Corbett
Research, Australia) using 1.25 units of TaKaRa D& polymerase (TaKaRa Ex Tagq R-PCR
Custom) in a total volume of gbcontaining 10 ng of cDNA, 1X RT PCR buffer, 1M of each
dNTP 5 pmoles of each PCR primer, 4.5 mM and 1.25l of EvaGreen dye 20X. PCR reaction
was performed with a cycling of 45 cycles at 95®@ & seconds (denaturation) and 60°C
(annealing) for 10 seconds, followed by a pre-mgltiold of 72°C for 2 minutes and 50°C for 30
seconds, and a melting step with a ramp temperatui-95°C. For data quality control, PCR
amplifications were analysed through the assessuofetite Ct Threshold cycle) value, end point
fluorescence level, and the amplification efficien€he melting data were normalized by adjusting
the beginning and end fluorescence signals to #meeslevel. High resolution melting curve
analysis was performed using the HRM analysis nmedblfferent plots of the melting data were
visualized by selecting a genotype for compariswh rregative first-derivative melting curves were
produced from the fluorescence versus temperatlots PFig. 2.18). An initial screening were
performed probing all the primers designed on the parentals J.K/CI and O5/O5 in order to
identify polymorphic primers. Replicates of the difigation fragments resulted polymorphic, have
been sequenced in order to identify the typolog$NP mutation occurring, using an ABI 3130xI
sequencing platform. Sequences obtained were athlysing DNAMAN (www.Lynnon.com)
software, validated employing RealSNP (Sequenom) koftware, confirmed blasting them with
the corresponding sequences present in genes dasattaough BLAST (Basic Local Alignment
Search Tool; http://blast.ncbi.nlm.nih.gov/Blast)ggrogram, and multi-aligned to identify SNPs
mutations. For each couple of peaks resulting pohpimic, respective bins have been assigned in

order to assess the polymorphism on the progeny.

Figure 2.18 :An example of a multi-alignment of sequences usetksign primers and different plots of melting
curves showing the polymorphism.
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1- 6- Data analysis and linkage map construction

Advances in computer technology have been esséatiptogress in DNA marker maps. While the
theory behind linkage mapping with DNA markersdentical to mapping with classical genetic
markers, the complexity of the problem has incréasamatically (Young 2000).

For each segregating marker, a Chi-squar® éalysis was performed to test for deviation from
the 1:1 expected segregation ratio. Linkage ma&S#, SNP were constructed using MapMakerl
described in Mester et al. (2003 a, b, 2004) amaifket al. (2008).

With a linkage criterion of P = 0.001, the Kosarhwiction was used to calculate genetic distances
from recombination fractions and the best ordemafkers within linkage groups was determined
using the Ripple command. First, the pairwise rduoation fractions (rf) were calculated for all
pairs of markers using maximum likelihood estimatwocedure.

The Kosambi function was used to calculate gendigtances in CentiMorgan units from
recombinant fraction (Kosambi 1944). Linkage growpsre assigned to the chromosomes by
comparison with the other published durum genetps(Korzun et al. 1999; Elouafi et al. 2001,
Nachit et al. 2001; Elouafi and Nachit 2004; Blaretcal. 1998, 2004) and the bread wheat SSR
consensus map developed by (Somers et al. 2004).

The map was constructed at LOD of 3.0 (Logarithnihef odds ratio), except for some segment
fragments that were joined at LOD 2.5.

Two-point analysis was first applied to get groopselated markers at maximum LOD score of at
least 3.0 and the minimum recombination ratio atet®©%. Those formed groups were afterward
ordered using “First Order” command whenever it wassible (usually the “first order” command
was found to cause the computer to crush, espgaudién it is used to analyze large number of
markers). Usually, the first order was aided with[ table correlations between markers to figure
out the most linked markers. The obtained ordethén fine-tuned using a Three-Point linkage
analysis “Ripple” command. Other markers are addsdg “Place” command and fine-tuned using
again the “Ripple” command.

Both chromosome assignment and centromere lodalizatere determined by comparing the
Jennah Ketifa/ Chamk Omrabi5/ T. dicoccoides600545// Omrabi5 map to the previously
published wheat maps, especially to Peleg et @08p and Zhang et al. (2008) wheat
microsatellites map.

Then, the number of clusters (linkage groups, L@}s wvaluated as a function of the threshold

(maximal) value rf 0, allowing for preliminary agament of a marker to a certain LG.
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For example, marker BARC309 may be assigned td_&) (f recombination between BARC309
and at least one marker from (LGj) is lower thaa tttreshold rfO and is the lowest compared to its
distances to any other LG (Peleg et al. 2008).

The number of scored markers may considerably extee number of practically resolvable
markers by recombination for the given populati@e sThus, only a small portion of markers (here
referred to as delegate markers) can be includéukeiskeleton map, with the remainder of markers
being attached to the delegates. Besides non-addellinkage caused by small sample size, the
necessity for selection of representative markerstlie skeleton map derives from non-random
(clustered) recombination distribution in the gemoifiKorol et al. 1994), varying information
content of markers (missing data, distorted sedi@mgaand scoring errors), and negative
interference (Peng et al. 2000; Esch and Weber)200 reliability of the obtained multilocus

map order was tested using the jackknife resamplingedure (Mester et al. 2003 b).
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Molecular Markers Results & Discussion

1-MOLECULAR MARKERS

1- 1- Molecular Markers in the population of JennahKhetifa/ Cham | x
Omrabi5/ T. dicoccoide600545//Omrabi5

The construction of genetic linkage maps reliesnlgaon the choice of parental lines for the
segregating population and markers to reveal paighiem (Saliba-Colombi et al. 2000). But also
the choice of the crossing system and segregatialysis has practical importance, nowadays the
most used segregant populations are Recombinargdribines obtained by single seeds method.
Moreover, the utilization of RILs is known to be racsuitable for genetic analysis of quantitative
traits. In addition, single seed descent populatigave a predominantly fixed genetic structure.
Which make the population valuable for assessimegeatfvironmental impact on trait expression.
The cross of present research was developed wéghaiim of studying a number of morpho-
phenologycal and agronomic traits for which the {payents were contrasting. Maps constructed
with such populations could afterward facilitatee thne mapping of regions around genes of
interest. The two parents Jennah.Khetifa/Chaml @nurabi5T. dicoccoides/Omrabi5 are very
distant genetically (Pool) and the segregant pajumavas developed using SSD (Single Seed
Descent) method. The genetic map was constructiedng microsatellites and Single Nucleotide
Polymorphism (SNP). Since most of the microsaeeltitarkers used here, were already used and
mapped in previous works they were also used asstoihes or anchor primers for chromosomal

arm and centromer assignments.

1- 1- 1- Overview of the genetic linkage map

The first parental (J.K/C1) is a modern cultivaléased in 2000) and the second parental (O5d/O5)
is a new (year of release 2001) high-yielding dumiheat variety selected by Dr. Miloudi Nachit
(ICARDA) from a late-maturing pure line (Recombibarbred lines N.101).

Whenever possible, the larger is the mapping pdpulanuch precise are the results. As been
revealed that populations with less than 50 indigld generally provide too little mapping
resolution to be useful. In our case the populagiae is more than doubled the minimum level. The
relatively population size used for constructiontieé genetic map presented in this work (192
RILs) is higher as compared with other studies 16@-by Blanco et al. 1998, 2004; Nachit et al.
2001; Elouafi and Nachit 2004; Akbari et al. 20@&nio et al. 2011). This high number of RILs
can be give markers distances more accurate atighly advantageous to improve the resolution

of QTL mapping for the agronomic traits taken intmsideration.
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1- 2- Microsatellite (SSR) markers analysis

Sufficient DNA polymorphisms between parents mustpbesent. This cannot be overemphasized
in the absence of DNA polymorphism segregationymisbnd linkage mapping are impossible.
The high level of polymorphism in the microsatellimarkers, combined with their high
interspersion rate, makes the SSR suitable mafkergenetic mapping (Wu and Tanksley 1993;
Plashke et al. 1995; Roder et al. 1995; Ma et361Bryan et al. 1997).

We analyzed 254 molecular markers to have a tdtatlé polymorphic loci which were used to
assemble the genetic linkage map including 105 8&IR10 SNP markers. The identification of
polymorphism and monomorphism for the used markexs process by screening all the markers
on our two parents. We read and analyzed the peakse from Genemapper software. The
monomorphic markers shown a single band with a sgeal in both parents. Maybe the height of
peaks could be different (y-axis), but the sizehaf amplified fragments was the same (x-axis). In
contrast to the polymorphic markers carrying peaikls the same shape but with different sizes.
The level of monomorphism in the chosen microsstelnarkers were 51.4%. As expected,
microsatellite markers were more polymorphic (48.@8an SNP markers (26.3%). This percentage
show polymorphism between first and second paréhigl 3.1).

In the (Fig. 3.2) is reported an example showirg ritarker Barc263 which amplified a fragment
with same size in the two Parerstsd marker WMS120 which, instead, amplified twdeteént
fragments in each parental.

Looking to the SSR markers origin come out thaymparphism was more present in WMS (41%)
and WMC (25%) SSR. Other SSR groups: BARC, CFA, C&iial MST/GPW contained 19%, 8%,
5%, and 2% respectively. Looking at the polymorphidistribution among the 7 homeologous

groups, group 2 has the majority of polymorphismib9o.
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Figure 3.1:ldentification of SSR markers to be 48,60% >15407%
polymorphic and monomorphicvizegn 0% % % 60% 80%
our two parental (‘]Kloq'IOSd/OS) ESSRs (Polymorphic) ® SSRs (Monomorphic)

Figure 3.2 : Graphs on the left came from genemapper V.4.0cenied by a peak with a size equal for both parents
(Barc263). But the graphs on the right showed tiffere:nt sizes for screening of relatives (WMS120).
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They generated 115 polymorphic fragments, 1.13 fragment per each microsatellithe vast
majority of the microsatellite primer pairs (92%gmplified only one polymorphic locus
(polymorphic fragment) in agreement wetlarlier results. Which have shown that the majaoity
microsatellite markers are genome-specific and liysaanplify only a single locus (Roder et al.
1998; Korzun et al. 1999). Nevertheless, other S§ferated 2 or 3 fragments, some amplifying
orthologous loci (Table 3.1). For example, WMS22id WMC201 amplified two fragments,
mapped to the two homoeologous sites on the A amg@ri®me (Fig. 3.3). This confirms earlier
findings for WMS291, while for WMC201 amplified gnbne fragment placed on 6A (Rdder et al.
1998 b). All markers used in present research liaat two fragments belonged to this group
(homoeologous sites). But in other cases SSRs @mufalified in non-homoeologous regions such
as gwmb54, gwm264, gwm131 and gwm537 (Elouafi aadhN 2004) or gwm154 produced four
polymorphic fragments two mapped in thed35 population, one on 3BL and one on 7AS (Roder
et al. 1998 b).
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Figure 3.3: Analyzed WMS291 Marker on the RIL n.131 and n.%dth FAM florescent trough of Genemapper
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Table 3.1: Number of generated and mapped SSR fragments aimcbtomosomal assignment in the
Omrabi5dicoccoides//Omrabi5x Jennah.Khetifa/Chaml population in comparison witteat published maps.

SSRs Am.Frag Mapped Loc.Popu Kno.Loc
Wms 136 2 1 1AS 1A Am.Frag: amplified fragments
Wms 311 3 1 7AL 7A Loc.Popu localization i_n J._K/C x Od/O population
Wms 95 2 1 2AS 2AS Kno.Loc: known localization
Wms 249 2 1 2AS 2AS
Wms 113 2 1 4BS 4B
Barc 309 2 2 2AS 2AL
WMS 291 2 1 5AL 5A
Wmc 262 2 2 4AL 4A
WMC 201 2 2 6AS 6A
CFD 88 2 2 4A 4B

1- 3- Allele size differences in the SSR markers

The allele size differences between parents haga bemputed, excluding the M13 tail. With the
aim to identify difference in allele, which meah increase of SSR motifs in one allele compared
to another. A comparison was made among the ind&/i®ILs with respect to the differences in
parent allele size across all the mapped loci.

CFD markers had the greatest parent allele siZerdifces (28.2 bp), compared to WMC markers
with the lowest parent allele-size difference (8p3. The average parent allele size differencegusin
SSRs markers was (12.4 bp). Allele pairs differing (9 bp) or less between mapping parents
occurred on average at 25% of the mapped loci witiendency of genetically narrow crosses
(O5d/O5x% J.k/C1) to have a larger fraction of parent aliedérs at (9 bp) or less. The MST and
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CFD markers had the largest fraction of marker$ arent allele pairs of (25 bp and 28 bp ). An
allele pair of (10 bp) or less between parents fobfierent crosses was observed for 69 (66%) of
the 102 microsatellite loci.

The difference size of fragments identified by S8&kers, between the two parents, were longer
in chromosome two and shorter in chromosome fivepared to other. This low difference size
between the two alleles in chromosome five indgdteat alleles are similar (Figs 3.4; 3.5).
Difference in size between two alleles amplifiedotigh the markers of the WMC group is on
average 9 nucleotides (Table 3.2).

Studies for the differences allele size, also lgiag understanding on the origin of the mapped
markers in our map. Explains that difference sietwken two alleles amplified through the
markers of the WMC group, is an average of 9 nuies, in the regions or genes that contain this
fragments and alleles, show a little differences(€ 3.2).

Sometimes mapping of inbreeding species requirgsparents be as distantly related as possible,
which can often be inferred from geographical, nhoipgical, or isozyme diversity. In some cases,
suitable wide crosses may already be availableuseca frequent goal in plant breeding in the past

has been the introduction of desirable characters fvild relatives into cultivars.
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Figure 3.5 : The average of differences between parents ifealee: (a) different homeologous groups, (b)eddht
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Comparing the markers and homology groups was weddhat the great variability was between
marker groups while the homology groups are simildren there was a similarity nucleotide

numbers of the differences size in the homologyigsacompared to markers group.

Table 3.2: Origin of the microsatellites markers used in gtigdy.

Name of - ) . ) dimensional ; '
Markers Origin Microsatellite code Polyploid wheat e —— Microsatellite developer
WMS Gatersleben wheat microsatellites GWM Tetraplmde, 10 bp Marion Roder (IPK)
Hexaploide wheat
WMC Gatersleben wheat microsatellites XWMC UEERERD 9 bp Wheat Mlcrqsatelllte
wheat Consortium
Wheat and Barley Scab Initiative to Tetraploide
BARC map and characterize XBARC Hexa Iori)de Wﬁeat 14 bp Perry Cregan (USDA)
genes for fusarium resi stance p
CFA g B XCFA et 18bp | Pierre Sourdille (INRA)
genome diploid donors wheat
D Diploide ’ ;
CFD genome diploid donors XCFD wheat 28 bp Pierre Sourdille (INRA)
A.Band D Diploide
M genome diploid donors XUST wheat 22l
GPW A.B and D XGW Diploide 20 bp Marion Réder (IPK)
genome diploid donors wheat

1- 4- The distribution of SSR markers

Figure 3.6 : Distribution of the fragments amplified through (aonomorphic markers, (b) polymorphic markers.
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The proportion of BARC, WMC, WMS, CFA and CFD markamplifying paralogous loci ranged
from 13% to 41%. The proportion of GPW/MST markansplifying paralogous loci was 2% (Figs
3.8(2); 3.8). In the analyzed RIL the SSR marke®RB, WMC, WMS, CFA, CFD and
GPW/MST markers contain 49%, 52%, 56%, 53%, 61%6&% respectively of alleles as the first
parental (J.K/C1).

The BARC markers, compared to other SSR marken® alenost unique marker to be shared with
same percentage between the two parents. Thersfese markers contain a maximum diversity
and difference, between the first and second palrent

A significant segregation distortion was found ©51(48%) out of 216 markers analyzed on 192
RILs. Fifty four markers (52.6%) showed distortionfavor of the first parental (J.K/C1) allele
whereas 42 (40.5%) showed distortion in favor efskcond parental (O5d/O5) allele (at B.05).

The rest of the markers (6) had a rate almost duptaleen the two Parental.
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1- 5- Segregation distortion of SSR markers

Molecular markers representing skewed segregatwme klready been reported in other Triticeae
species (Heun et al. 1991; Liu and Tsunewaki 199anco et al. 1998; Nachit et al. 2001).
Chromosomal rearrangements (Tanksley 1984), allaldacing gametic or zygotic selection
(Nakagarha 1986), parental reproductive differer{fe®lad et al. 1995), presence of lethal genes
(Blanco et al. 1998), wide genetic background ef parents and the single seed descend method
(Nachit et al. 2001), have been suggested as palteatises of distortion.

Most of the molecular markers, SSR and SNP (57.9%9wed Mendelian segregation in the 192
RILs. X? test was used to check whether the marker seipagatF2 fitted the Mendelian model
(1:2:1 for codominant and 3:1 for dominant markandy7-8 fitted the Mendelian model (1:1 ratio;
a = 0.01). However in total (42.1%) showed significéP < 0.05) deviation from the expected ratio
which is close to the number one would expect tdogechance in a test including many loci even if
no real distortion for all (Figs 3.8(2); 3.8).

These markers with skewed segregation occur ioshbmosomes except in 3B, 7A and 7B. The
chromosomes with the most mapped skewed markersAareA, 2B, 4A, 6A and 6B. Distorted
markers favoring the first parental were found @y 1B, 2A, 2B, 4B and 6B. Those favoring the
second parental only on 6A (Figs 3.8(2); 3.8). iiddally, distortions favoring both first or
second parental in the same chromosome were alsnl fand therefore couldn’t be segregation to
one of the two parents (Figs 3.8(2); 3.8). Thartkers that showed distortion in favor of thetfirs
parental (J.K/C1) allele were distributed amongeseshromosomes as follows: 1B (4), 2B (21), 3A
(3), 4A (11), 5A (3), 5B (3) and 7B (1). The markenat showed distortion in favor of the second
parental (O8/0O5) allele were distributed as follows: 6A (12da6B (4), Chromosome 1A showed
segregation distortion in favor of the second ptieailele in the long arm and in favor of the ffirs
parental allele in the short arm. Also chromosonie showed opposite patterns in the two
chromosome arms: markers on 2AS were in favor efsécond parental alleles while markers on
2AL were in favor of the second parental alleleig.(B.7).

Notably, all markers mapped on homeologous grot@i@s(ochromosomes 2A, 2B), showed skewed
segregation in favor of the first allele parentalt the distorted segregation in chromosome 2A a
frequency nearby the first Parental, compared desdicsegregation showed in chromosome 2B. Out
of the 14 chromosomes of genome A and B of tetrdpidneat, only three chromosomes (3B, 4B,
and 7B) showed no segregation distortion (Fig..3vVigst of our RILs had the similarity with the
first parental (J.K/C1). The reason for this majgrcould be containing the alleles or fragments,

that belonged to the first parental.
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Figure 3.7: Allele frequencies as a function of the genetikdige map along chromosomes 2A, 2B, 4A and 6A,XFhe
axis indicates the segregation distortion from XHeratio observed for each marker, and the y-eaisesponds to the
genetic linkage map, Markers marked with crossedass indicate the significance threshold of P <50.(a)
chromosome 2A that the majority of markers areritisted to the first parental, (b) chromosome 28k tine majority
of markers in the short arm are distributed tofitst parental, and long arm to the second pargf@achromosome 4A
that the majority of markers are distributed to finst parental, (d) chromosome 6A that the majoof markers are
distributed to the second parental.

Segregation distortion between 0.45- 0.53844%65%) frequency of alleless
and second parental,

: Frequency oflal between first
:Frequency of alleles pdadh parental, ® : Frequency of alleles neditst parental.

89

OMarkers) 2A @ | | Oarkery 28 @D (c) d
BARCLET —— .
whssss o “ T e
BaRcss — - 358 wacn | L ez (Markers) (D (Markers) (D
] BARCIM @
BARCHISS - 1238 crose
wigss —| | 1227 wiser — I
WMCAS3 — |- 1588 wMe1Ts —f fH- 1981
crazos — - 1814 Bancs: —| L 77
WMo —F f-H- 1388 BARCITE —f H 9.8
BARCTS =i -
WM — - 2217 WMCT — 1| . 105.2
1 wame — T BARCIOT —— Hp- 1519
— | 2687 —] - L
BARC30SS p—— : nss crazie — HI 1es
L}
Crazoss —| T | LICTL - 12 wmcies — | S—_—
wnsaz _ | | asa7 WG el i - azo wmczos — Hi 218
wicss — - ez wimsts1 ) ' [ ases
crazzon — T s d o= W19 — ! - 218
wmezrz — 4 Ht- 523 1
[ | a0 i whs289 ol ms
wasin | | s N— ; Ll 500 025 05 075
H .
wasszs | | oe p— & i 1| .. Frequency of alleles neszso | |
wicars : 1| ..
crazzes — - ses0 R — ; | .
BARCI0L ] . T w7 WSz — 1| ey
— L g3 eroms —] i H- 700
1
whasss — | | sass N _— : Ht 7aza whsass — HI- 4881
BARC361 — : 1 B WMS165
WS L tons wusis d 0 o8
05 05 075 F T R GRS 05 05 05 1
Frequency of alleles Frequency of alleles Frequency of alleles




Table 3.2: Fiaure 3.8 (2): Distribution of SSRs markers in each of chromosémneimilarity tc parents

(Distribution of SSR Markers)

Chromosome 1A P1 % H % _ % P2 % Total %

45,3 | 31 | 05 |
438 | 31 | 31
49,5 | 00 | 1.0
57,3 | 00 | 63
365 | 00 | 42
620 | 05 | 83
266 | 00 | 42
71,4 | 00 | 1,0 | 27,6

Chromosome 1B P1 % H % _ % P2 % Total %

| 45,8 | 00 | 78 | 1000
[ 1000 |
| 1000
| 1000

| 7.8 | 464 |
| 688 | 05 | 42 | 2656 |
47,9 | 1,0 | 26 | 48,4 |
| 46,4 | 05 | 12,5 | 406 |
Chromosome 3A P1 % H% % P2
714 | 05 | 05 | 27,0 | 100
| 47,4 | 00 | 05 | 52,1 | 1000 |
| 66,1 | 0,0 | 42 | 20,7 | 1000 |

Chromosome 4A P1 % H % _ % P2 % Total %

4
% Total %
’
’

| 56,8 |
| 516 |
| 65,6
| 59,9 |
| 46,9 |
| 30.7 |
[ 495 |

49
4
y

| 00 | 78 | 17,7 | 1000 |
| 00 | 17,2 | 26,0 | 1000 |
| 10 | 125 | 151 | 1000 |
| 05 | 10 | 469 | 1000 |
| 05 | 42 | 29,7 | 1000 |
| 05 | 83 | 313 | 1000 |
| 00 | 1,5 | 41,7 | 1000 |
| 00 | 73 | 620 | 1000 |
| 00 | 94 | 411 | 1000 |
|05 | 21 | 24,5 | 1000 ]

7
5

Chromosome 4B P1 % H % _ % P2 % Total %

45,8 | 16 | 9.9 | 427 | 1000

359 | 156 | 57 | 568 | 1000

552 | 00 | 63 | 385 | 1000 |

[ 510 | 21 | 99 | 37,0 | 1000

| 48,4 | 21 | 4.2 | 453 | 1000
%

Chromosome 5A P1 % H % P2 % Total %
[ 61,5 | 1,0 | 00 | 375 | 1000 |
| 646 | 05 | 1,6 | 33,3 | 1000
| 52,6 | 0,0 | 1,6 | 458 | 1000 |
Chromosome 5B P1 % H % _ % P2 % Total %
7705 | 05 | 16 | 216 | 100
| 656 | 0,0 | 26 | 31,8 | 1000
(68,0 | 00 | 15 | 297 | 1ano

Chromosome 6A P1 % H % % P2 % Total %

Chromosome 6B
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Table 3.4:Distribution of SSRs markers in the homoeolougusig two for similarity to parents, Hetrozigosityca
non positive result, in percentage.

2A 2B

P1% H% % P2 % P1% H% % P2 %
56.3 0.0 7.8 35.9 67.2 3.1 4.7 25.0
46.9 1.6 17.2 34.4 45.8 0.0 5.2 49.0
70.8 0.0 2.1 27.1 50.5 9.9 9.9 29.7
67.7 1.6 3.1 27.6 51.0 3.6 13.0 32.3
46.4 0.0 6.8 46.9 52.6 1.6 6.3 39.6
49.5 3.6 9.4 37.5 53.6 1.6 5.2 39.6
51.6 1.6 4.2 42.7 47.9 2.6 3.1 46.4
50.5 0.0 1.0 48.4 50.5 1.6 9.4 38.5
37.5 0.0 73 55.2 52.1 0.5 3.6 43.8
55.7 0.5 1.0 42.7 47.9 0.5 1.6 50.0
68.2 1.6 1.0 29.2 69.3 1.0 9.4 20.3
5.2 0.0 2.6 92.2 76.6 2.1 0.0 21.4
46.4 0.0 2.1 51.6 57.8 0.0 15.6 26.6
43.2 1.0 2.1 53.6 63.5 0.0 1.6 34.9
59.9 0.5 8.3 313 71.4 3.1 3.6 21.9
48.4 3.6 15.1 32.8 56.3 0.5 6.3 37.0
51.6 1.0 3.6 43.8 44.3 2.1 9.4 44.3
55.7 0.0 2.1 42.2 75.0 1.6 5.2 18.2
53.6 1.0 11.5 33.9 62.0 1.6 4.7 31.8
46.9 1.0 6.8 45.3 56.3 0.0 4.2 39.6
58.3 0.0 73 34.4 48.4 0.0 4.2 47.4
53.1 1.6 14.6 30.7 56.3 0.0 4.2 39.6
63.0 0.5 2.6 33.9 48.4 0.0 4.2 47.4
6.8 0.0 0.0 93.2

40.6 0.5 5.2 53.6

Figure 3.8: Distribution of SSRs markers in the homoeolougusig two for similarity to parents and Hetroziggsit
== Similar of first parentamSimilar of second parentaism Hetrozigosity.
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Figure 3.9: Different distribution of SSRs marker in Chromosgrilomoeologous, genome and all the two genomes,
===/mmm === Similar to first parentes==/—=—= == Similar to second parental.
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1- 6- Clustering of markers (SSR, SNP)

The genetic markers were distributed non-randonf¢ ((df 114) < 0.0001) along the
chromosomes. Clusters of markers were observed ast of the chromosomes of the A and B
genomes. As said before, thé tést was used to check whether the marker seipagatF2 fitted
the Mendelian model (1:1 for dominant and codomirmaarkers). The SSR markers used in the
current study were selected, according to prevyopsblished maps, to cover all 14 chromosomes,
whereas SNP markers scored in the mapping populatiere not targeted to specific genomic
regions. Therefore, clustering of markers was tes$te the two types of markers separately,
revealing significant clusters of SNP markers orstebromosomes.

In our map most of markers are located on the oprdric regions, while few markers far apart
each other, were located in the telomerich regidih& cluster of markers in the 11 chromosome
from these 14 chromosomes (1A, 1B, 2B, 3A, 4A, B8R, 5B, 6A, 6B and 7A) was increased the
number of markers with the length of the chromosbo@to centromeric regions and then in some
chromosomes begins to increase and in some statectease (Fig 3.10).

In wheat and in many other organisms, recombinasamevenly distributed with “hot-spots” and
“cold-spots” across chromosomes (Dvorak and Ché&#1Gill et al. 1996 a, b; Faris et al. 2000).
Clustering around centromeres is a well known phesren with all types of markers, resulting
from centromeric suppression of recombination (Bék et al. 1992; Korol et al. 1994). Contrary
to other wheat mapping populations (Réder et #8818 Peng et al. 2000).

In the current study, SSRs showed only a modernéeency to cluster around centromeres,
presumably due to the selection of markers baseithan known location. However, a remarkable
clustering of SNP markers was found in telomergiaes (Fig. 3.10)Zhang et al. (2006) reported
for durum wheat that SNP markers showed a strotgetency than SSR markers in particular to
map to gene-rich telomeric regions.

High-density physical maps in wheat revealed thatenthan 85% of wheat genes are present in
gene-rich regions, physically spanning only 5-100the genome (Gill et al. 1996 a, b; Faris et al.
2000). These regions are strongly associated wibmbination rate in wheat (Gill et al. 1996 a, b;
Weng and Lazar 2002) and are predominantly locatéelomeres (Qi et al. 2004).

For example, the clusters of SNP markers in honoggals group 4 (Figs 3.10) are associated with
a reported gene-rich region near chromosome telonmends (Gill et al. 1996a). The high
proportion of clustering SNP markers may, thereftwe indicative of gene-rich regions. If this is
indeed the case, SNP markers may be unique fonfaqging of genes/ QTLs residing in gene-rich

regions, thereby facilitating positional cloning.
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Figure 3.10: Distribution of SSR and SNP loci along chromoso2ws?2B, and 4B of the of the (J.K/C%)(O5d/ O5)
genetic map.
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1- 7- The RILs distribution between parents for allmarkers

The RIL were been divided in the three groups Ingkhe similitude with the parents:

1- 71 RILs (35.9%) include almost half of the cltaeas from our first parent, and almost other half
of the traits come from our second parental, tleeesincluded a range of similarity between 47% to
53% with the first or second parental, were thetroostrasting RILs: 16.40 and 103 (Fig. 3.13, b).
2- Corresponds the first parent, means these Ritlsded a majority of the characters or loci with
the similarity of the first parental, were the mosnhtrasting RILs: 45 and 125 (Fig. 3.13, a).

3- Corresponds the second parental, were the maoststing RILs: 132 and 134 (Fig. 3.13, c).

The distribution of the 192 RILs analysis of thgregation data has shown that throughout the
length of the genome, 192 genotypes (53.6%) wendasito the first parental (J.K/C) and 41.8%
percent to the second parental (O5d/O5). The besdbngs to heterozygote (1.4%), or non-results,
having a light peak (3.2%) (Fig. 3.11 a and b).

After 7 generations of selfing, in F8, two genedl Wwave 98.45% of homozygosityand 1.55% of
heterozygosity trough of the equation [(1-1)2)(Wricke 1986). The calculated heterozygosite and
the heterozygosity detected in present experimentvary similar (1.4 vs 1.55), hence the RIL

population utilized is very stable with an high rhen of homozygous genotypes.

94



Molecular Markers Results & Discussion

Figure 3.11: The distribution of the 192 RILs the percentageilsirity with (a) First Parental J.K/C1, (b) Second
Parental OSd/OSl( ) with high similarity to tharpntal, (4, 5, 27, 62, 147 and 150 RILs numbenataexist).
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Figure 3.12: The dispersion of RILs number in the percentaggraflarity (a) to the first Parental, (b) to thecsad
Parental. And the equation of the line in this disfon of 192 RIL.
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1- 8- Frequency of RILs with parental (non-recombimnt) chromosome

Out of the 2,688, RIlx chromosome combinations, 429 R¥_.chromosomes (15.9%) remained
non-recombinant (parental) and the number remaf2&59 RILx chromosome) belonged to the
recombined chromosomes even after seven cyclesaimbination (Table 3.5). The lowest
frequency of parental chromosomes was observerbimpg? chromosomes (2 and 3 for 2A and 2B,
respectively), while the highest frequency of p&akrthromosomes was observed in group 5
chromosomes (62 and 117 for 5A and 5B, respecdivdlige recovery rate of non-recombinant
chromosomes correlated{R 0.815, P = 0.001; Fig. 3.14) with chromosomeyter(cM) but was
unrelated (R = 0.43, P = 0.31) to the number of markers pepmimsome. The probability of

recovering non-recombinant chromosomes was sitfiwtdvoth parental lines J.K/C1 and €§65.

1- 8- 1- Non-recombinant chromosomes

A relatively higher frequency (15.9%) of non-recanamt chromosomes was observed in this RIL.
The highest frequency of non-recombinant chromosomas found in group 5 chromosomes
(41.1%), which is close to the theoretical promortiexpected for the estimated length of
chromosome 5 (~ 40 cM). While, Singh et al. (206f)orted the highest frequency of RILs with
non-recombinant chromosome ih. boeoticum % T. monococcum RIL population, was in
chromosome 4A. Chromosome 4A is known to be inwblue cyclical interchange with
chromosome 5A (Devos et al. 1995). Also in the ytwidPleng et al. (2008), the highest frequency
of non-recombinant chromosomes was found in groaprdmosomes (34%), but in our case, only

14.3% of the non-recombinant chromosomes were faugdoup 4 chromosomes (Table 3.5).

Table 3.5:Number of durum wheat First Parental (J.K/€@ durum wheat, Second Parental (O5d/O5)
RILs with parental (non-recombinant) chromosomes.

Number of RILs with
non-recombinant chromossme N
Chromosome P1 (J.K/IC1) P2 (05d/05) Total  total percentafje gD PR
1A 4 4 8 188 | Y=1242,3 x 0732
1B 11 21 32 7.52 § g0 Ri=0.815 (P=0.001)
2A 1 1 2 0.47 § :io\
2B 1 2 3 070 |E*r
3A 16 51 67 15.76 £ LY
3B - - - 0 § e Tee
4A 1 5 6 141 | & ol 0N
4B 27 28 55 1294 |* 1 e N 2 2
4A =& s,
5A 14 48 62 14.58 0 30 130 230 330 430 530 630 730 8307
5B 28 85 113 26.58 Chromosome length (cM)
6A 1 2 3 0.70
6B 16 20 36 8.47 Figure 3.14:Occurrence of parental
TA 2 36 38 8.94 chromosomes (non-recombinant chromosome)
7B - - - 0 in the mapping data set as associated with
Total 120 271 433 100% chromosome length (cM).
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The parental genotypes of our cross cannot be deresl as highly divergent in evolutionary terms.
The slightly reduced proportion observed for recorabt chromosomes compared to the
theoretical expectation could explain as a restlthe known general trend of decrease in

recombination in hybrids (Fig. 3.14).
1- 9- Characterization of (CT/GA)n and (GT/CA)n SSK in our map

The most common classes of SSR motifs are. momg-and tri-nucleotide repeats. The relative
frequencies of 14 microsatellite motifs in the aptoid wheat T. durum) genome was estimated as
a basis for efficient development of a microsatelinap. Nine di-nucleotide, four tri-nucleotide,
and two tetra-nucleotide repeat motifs were encl&h The sequences of SSR markers was
computed to identify the amount, and also to idgrlie majority of repeats sequences.

The analyzed 216 SSRs marker, used to screen Peoetained di-nucleotide repeats by 29.4% for
(CA)n, 23.4% for (GA), 15.8% for (CT) and 12.1% (GT,) and tri-nucleotide repeats by 6.8% for
(ATT/TAA),, (Table 3.6). After the screening procedure wadopeed, the 102 polymorphic
markers contained 87.5% of the di-nucleotide (tlst(CT)), 9.5% of the tri-nucleotide and 3.0%
of the tetra-nucleotide. The SSR markers mapped tterhighest repeats sequence of di-nucleotide
(CA/GT), by 30.4% (Fig. 3.15, a).

This information could be useful in subsequentissith mapping to select the markers that contain
some SSR motifs. For example, the distributionhoé tmotifs have indicated that in group one
comprised the majority repeating of (CT) motifsgioup two comprised the majority repeating of
(CA) motifs. In group four comprised the majoritgpeating of (TATC) motifs. In group five
comprised the majority repeating of (GA) motifs.droup six comprised the majority repeating of
(ATT) motifs (Fig. 3.15, b).

Therefore, an estimate for the frequency of (CT/GANd (GT/CA)n SSRs in durum wheat was
assessed by the screening of genomic libraries.

The frequency of this SSR motives, (CT) and (Git)thie study of Saal and Wricke, (1999) was in
contrast to our results, because their obtainedrémgiency of this two sequence 0.15% and 23%
respectively. The loss of about half of the positillones may have been due to unspecific
hybridization or wrong selection. A similar drop tine yield of positive clones was reported by
Bryan et al. (1997), a (CT/GA)r a (GT/CA) SSR theoretically occurs every 268 kbp at most,
Bennett and Smith (1976) have determined the lergjtihaploid cereal genome size (Rye), that
corresponded to 9120 Mbp. Consequently, betweebOQ7and 34,000 (CT/GA)and (GT/CA)
SSRs would exist in the rye genome. Comparing thesdts with other cereal species 23,000 SSR
for (CT/GA), and (GT/CA) would exist in barley (Liu et al. 1996), whereasdurum wheat more
than 60,000 would be commuted, and about 130,0@0eske motifs have been estimated (Roder et
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al. 1995; Ma et al. 1996). Surprisingly, the predwance of the (CT/GA)motif reported for most
plant species was not confirmed in Saal and Wr{¢k&9).

In the work of Roder et al. (1998) microsatelliataining clones were purified from various
genomic phage libraries containing small inserts primer pairsildobe designed for 54% of the
sequenced clones containing (GA) (GT), microsatellites based on hybridization of the pias
clones.

The sequences of microsatellite is non-stable addaing or increased repeat units is cause of great
changes in length, Litt and Luty (1989) and WebE990) have done much research on the
sequence of (CA) Akkaya et al. (1992) on the sequence of (ATATT),. These groups have
verified the results that there is a positive datien between the repeated sequences and the

number of alleles.

Table 3.6: The table indicates the percentage of repeatedsniothe total number of markers, Polymorphic keais
and homoeologous groups.

SSRs mitifs (CT)n | (GT)n | (CA)n | (TA)n | (AC)n | (TC)n | (GA)n | (CG)n | (AT)n | (ATT)n | (TAA)n | (GGC)n | (TTA)n | (TATC)n
Polimorpich | 17.2 | 11.1 | 304 | 09 | 17 | 21 | 236 | 05 | 0.0 7.0 12 14 0.0 3.0
| NAGHOmorpieh | 125 | 13.1 | 284 | 26 | 00 | 15 | 253 | 00 | 03 6.6 33 2.8 2.5 1.0
TotalMarkers | 15.8 | 12.1 | 29.4 | 1.8 | 09 | 1.8 | 234 | 02 | 01 6.8 23 2.1 13 2.0
Group 1 556 | 292 | 6.8 | 1.6 | 68 | 00 | 00 | 00 | 00 0.0 0.0 0.0 0.0 0.0
Group 2 236 | 84 | 318 | 00 | 19 | 05 | 238 | 11 | 0.0 5.3 11 2.6 0.0 0.0
Group 3 00 | 00 [100.0| 00 | 00 [ 00 | 00 | 00 | 00 0.0 0.0 0.0 0.0 0.0
Group 4 00 | 153 [ 300 | 00 | 00 | 94 | 171 | 00 | 0.0 9.3 0.0 17 0.0 16.7
Group 5 91 | 00 | 472 | 74 | 00 | 00 | 364 | 00 | 00 0.0 0.0 0.0 0.0 0.0
Group 6 44 | 82 [ 373 ] 00 | 00 | 28 [ 204 | 00 | 00 | 194 100 0.0 0.0 3.1
Group 7 00 | 00 | 00 | 00 | 00 | 00 | 12000 00 | 0.0 0.0 0.0 0.0 0.0 0.0

Figure 3.15:The repetition (times) of the SSR motifs (a) in tbial and polymorphic markers (b) in differences
homoeologous group.
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1- 10- The distribution of SNP markers

In wheat genome, SNPs were classified into tramsst{C/T and A/G) and transversions (A/C, A/T,
C/G and G/T) according to their substitution typasg the transitions were more common than the
transversions among the sequence changes (Wah@e08). Since, 41% of the substitutions were
found to occur at a CpG site, a dinucleotide kndovnts high mutability (Wang et al. 2005 b).

It was verified in the first class (Refer to matdsi and methods 1-5-) of our SNP, the SNPs
transitions were higher than SNPs transversionsgbi@ agreement with study of (Wang et al.
2005; Batley et al. 2003). The high frequency ahsitions detected has been observed in previous
SNP discovery programs (Garg et al. 1999; Picoelivberg et al. 1999; Deutsch et al. 2001) and
reflects the high frequency of the C to T mutatadter methylation (Coulondre et al. 1978), The
relative abundance of the C/A and its reverse cempht, T/G transversions compared with C/G
and A/T transversions, was unexpected and remaibs explained (Fig. 3.16).

In the online SNP database (http://probes.pw.usga8080/snpworld/Search), 2114 putative SNPs
had been found in 274 EST sequences.

A total of 38 candidate SNPs from 32 loci were daled using direct sequencing of PCR products,
The SNPs were chosen based on a range of redundadcgosegregation scores and predicted
expression of multiple genes (Fig. 3.17, a). Tentdy the polymorphism of SNP markers we used
High Resolution Melting (HRM) that is a novel, hogemeous, to analyze genetic variations (SNPs,
mutations, methylations) in PCR amplicons. It gbegond the power of classical melting curve
analysis by allowing to study the thermal denatarabf a double-stranded DNAdentification of
polymorphism is verified through the movement opeaks in the graphics that determined the
melting temperature of SNP markers.

Our samples (38 markers) are discriminated on #msbof GC content and, according to their
sequence, length or strand complementarily. Eveglesibase changes such as SNPs can be readily
identified. Mutations in PCR products are detedaby High Resolution Melting because they
change the shape of DNA melting curves. A combamatf new-generation DNA dyes, high-end
instrumentation and sophisticated analysis softvedievs to detect these changes and to derive
information about the underlying sequence congietia

Out of the 38 candidate SNPs, after sequencing ®(26%) were shown to be true polymorphic
(Table 2.5), and 28 were shown to be false.

There were also some fragments that containedP43NPs in the same sequence.

The distribution of the 10 SNP markers similaritgtweeen parents in all 192 genotypes, have
shown that 44.27% were similar to the first parkrtad 40.52% to the second, while the remaining
15.22% were heterozigote. From these 10 SNP madkadys6 markers (2 markers from first class
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and 4 markers from second class) are mapped im@some 4B, and the remaining 4 markers,
have not been mapped. Chromosome 4B has showrha/ai@bility between the two parents of

our population through the verification of SNP nmeask(Fig. 3.17).

Figure 3.16 :Distribution of SNPs by
the type of nucleotide
substitutio transitions
(CIT; A/IG) and transverso
(CIA; CIG; TIA; TIG).
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Figure 3.17: (a) The percentage of : ; _ : = (05.4/05)
polymorphism and monomorphism in the :
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distribution of SNP markers for the
similarity to the two parental and the centr
part which shows the percentage of
heterozygosity.
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In the second class of our SNPs the identificattdnmultiple cosegregating SNPs within an
alignment of EST sequences allows the accuratagbia@d of sequence haplotypes. Comparison of
predicted haplotypes with known wheat lines fromiclihthe sequences were derived allows the

identification of predicted orthologous genes.
Figure 3.18: Charts to (a) Identify Polymorphic SNPs, (b) IdgnBNPs.
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SNPs are becoming the marker to be chosen for wlalegenetic analysis, even if with other
molecular markers, their discovery and charactedmais both expensive and laborious. The
methods of the mining sequence data sets applidd¢overy of SNPs, should provide the cheapest
source of abundant SNPs (Gu et al. 1998; Tailloheket al. 1998; Buetow et al. 1999; Picoult-
Newberg et al. 1999). Although every effort is maderoduce and submit sequence of only the
highest quality, the high-throughput nature of Segjuencing programs inevitably leads to the
submission of inaccuracies. The electronic filtgrof these data to identify potentially biologigall
relevant polymorphisms is thereby hampered by aéitmefcalling of these bases. Previous methods
used to identify SNPs in aligned sequence datadi@sl on the comparison of sequence trace files
to filter out polymorphisms, where the base callithin one or more of the traces is of dubious
quality and, therefore, likely to be due to seqeewcror rather than representative of a true
polymorphism (Kwok et al. 1994; Garg et al. 1999arth et al. 1999). This method, although
suitable for comparing genomic sequence, is limitgdhe requirement of sequence trace file data
and does not distinguish errors incorporated duttegreverse transcription of mRNA, For highly
redundant data sets compiled from a variety of siwith a limited availability of sequence trace
files, this means of filtering sequence errors friooe polymorphisms is not feasible. However, the
redundant nature of these EST data sets does p#rengelection of polymorphisms that occur
multiple times within a set of aligned sequences.

The frequency of occurrence of a polymorphism gbasticular locus provides a measure of
confidence in the SNP representing a true polymermptand is referred to as the SNP redundancy
score. By examining SNPs that have a redundanag sifawo or greater, i.e. two or more of the
aligned sequences represent the polymorphism,astervajority of sequencing errors are removed.
Although some true genetic variation is also igdotkie to its presence only once within an
alignment, the high degree of redundancy withindh&a permits the rapid identification of large

numbers of SNPs from data collated from a vari¢goaoirces.
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2- MAP CONSTRUCTION

2- 1- Genetic map

Genetic map is an essential prerequisite to deta@gjénetic studies in any organism. Furthermore
dense and saturated genetic maps provide sciemtigisessential tool for genetic studies like
positional gene cloning, quantitative trait mappiagd marker-assisted selection. Genetic map with
complete coverage of the genome and the confidenémcus is required for detection, mapping,
and estimation of gene effects on phenotypic trdite present map, based on a cross between two
durum wheat, probably covers most of the genomeewéploid wheat. In addition, this map is
probably one of map based on a wider populatio@ @R.s).

Population size has a great effect on the estimatidQTL number and genetic effects (Sourdille et
al. 1996; Beavis 1998; Mackay 2001; Schon et &d42Wales et al. 2005; Zou et al. 2005; Buckler
et al. 2009).

This is the first genetic map of a cross involvimgp different previous RIL came from durum
wheat, therefore, could serve as a new sourceeottifging new markers (clones) that have not
been mapped previously. This map provides a vatueddource for wheat genetic research and
genetic resource of which we have additional SNikera with chromosomal location, which will
increase the pool of markers available for whesgaech.

The skeleton map accounted for a total length @03 cM, with an average density of one marker
per 31.7 cM (Table 3.7). The length of individudir@amosomes ranged between 789 cM for
chromosome 2B and 32 cM for chromosome 3A (Taldg 3.

Few chromosome arms 2AL, 2BL, 4AS and 6BL werdlpa&overed and two arm 3AL and 5BS
was not covered (Table 3.7). Lack of complete gemaoverage of homoeologous group 7 was
observed in a few other wheat mapping populatidgd@dér et al. 1998 b; Paillard et al. 2003;
Elouafi and Nachit 2004).

A total of 216 markers were tested for genome s$ipdgi by PCR amplification ofT. turgidum
Nullisomic-Tetrasomic (N-T) lines. The results ded from these markers showed that 124 loci
were mapped in the A genome, and 92 in the B genome

This map could be used for further QTL detectiar gxample: drought response, grain minerals
concentration, resistance to diseases, increasemnale, increase wheat yield and powdery mildew
resistance) and as a tool for marker-assisted ts@leand map-based breeding for resistance to
biotic and abiotic stresses.

After elimination of fifteen unlinked SSRs loci,gmemaining 100 SSR and SNP loci resulted in 14
linkage groups ranging from 2 loci on chromosomet@A&5 loci on chromosome 2A (Table 3.7).
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Table 3.7 Chromosome assignment, distribution of markensgth of linkage groups, and marker density in tene
map constructed with the J.K/&1O5d/O5 recombinant inbreed line population.

1A 3 8 --- 8 7 214.969 30.70 69.22
1B 4 4 === 4 4 123.075 30.76 47.22
2A 21 25 --- 25 19 696.251 36.65 58.7p
2B 15 21 2 23 21 788.877 37.57 53.02
3A 6 2 --- 2 2 32.130 16.07 ---
3B 3 1 === 1 === === === ===

4A 18 11 --- 11 10 258.258 25.82 30.78
4B 8 5 8 13 13 140.395 10.79 106.35
5A 2 3 --- 3 2 46.326 23.17 ---
5B 2 3 === 3 3 37.250 12.41 25.09
6A 7 12 - 12 10 506.821 50.68 85.4p
6B 16 5 === 5 4 233.440 58.36 32.00
7A 3 3 --- 3 3 45.201 15.06 33.16
7B 3 2 === 2 2 47.300 23.65 ===
Group 1 7 12 - 12 11 338.044 30.73 62.70
Group 2 36 46 2 46 40 1485.125 37.13 55.00
Group 3 8 3 --- 3 2 32.130 16.07 ---
Group 4 26 16 8 26 23 398.653 17.33 81.65
Group 5 4 6 --- 6 5 83.576 16.72 58.61
Group 6 23 17 === 17 14 740.261 52.88 70.48
Group 7 6 2 --- 5 5 92.501 18.50 49.34
A genome 60 64 === 62 53 1799.956 33.96 69.20

B genome 51 41 10 50 47 1370.337 29.15 77.775

2- 2- Chromosomes and genomes

The map covered 3170.3 cM, and contains linkags.glipere were several large linkage distances,
notably on the B genome (Fig. 3.19). Included anrttap are several ESTs mapped via a PCR that
interrogates a single nucleotide polymorphism (Shi&jveen two mapping parents. The ESTs are
indicated by Genebank accession number-nucleotidéign of the SNP (Somers et al. 2003 b).
Genes for disease resistance, storage proteinsplamd height are indicated since these loci
segregated as Mendelian factors.

There are characteristic clusters of microsatsllitear the centromere of each chromosome. A
shaded zone on each chromosome indicates the amtexposition of the centromere based on
comparative mapping to both physical and genetipamaf microsatellite markers available at
GrainGenes (http://wheat.pw.usda.gov).

In a separate study, approximately 250 WMC and GWiidrosatellites from the consensus map

were physically mapped into chromosome bins, ugieglisomic deletion stocks of Chinese Spring
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CS (Endo and Gill 1996). This facilitated an impedvordering of markers around the centromere
and helped with correct positioning of the centroen&ig. 3.19).

The density of markers on the map ranged fromithe homoeologous group 3, up to much of the
homoeologous group 2. The seven homologous grdughe detraploid wheat genome varied in the
number of markers, map length, and marker dengitgre were 12, 46, 3, 16, 6, 17, and 2 markers
mapping in the group 1 through 7 chromosomes, otisiedy. There were some markers mapping
to at least two non-homoeologous (paralogous) ipositin the genome.

Total marker number and density was highest in hentogous group 2 (total 46 loci, 40 skeleton
loci with 37.13 cM per marker), whereas total mapgth was the highest (1485.1 cM) in group 2.
Homoeologous group 7 had the lowest marker numhdr density (total 10 loci, 9 loci were
monomorpich and 1 loci was polymorphic for our tR@rental). Group of 6 after group of 2 had the
longest map length (740.3 cM).

The average distance between marker pairs is 34, fanging from 10.8 cM for chromosome 4B
to 58.4 cM for 6B (Fig. 3.19)with some gaps wider than 93 cM and 99 cM on akdge groups,
except for 6B and 6A (Fig. 3.19).

Differences were also found between the two sulpges, with 45 (52.6 %) markers mapped to
the A genome (average 8 markers per chromosomej@iui7.4 %) to the B genome (average of 7
markers per chromosome). The A-genome skeleton wap denser, with 53 markers that
accounted for 1800.0 cM of genetic distance (340per marker). The B genome skeleton map
spanned 1370.3 cM with 47 markers (29.2 cM per erark

The number of polymorphic markers was greater ti@number of loci on our skeleton map.
After analyzing all polymorphic markers with the ptaaker program, some markers were not
present in our map, the reason to be absent waittladed a long distance from other markers.
Eleven polymorphic markers (1, 6, 1 and 3 in graidpl, 2, 5 and 6 respectively) were not
associated with the other markers, therefore rk@nta@n our map. Eleven microsatellites showed a
significant skewness from the expected heritabilidg§io (or distribution) and therefore were
eliminated from the map.

Chromosomes 1A, 2A, 2B and 6A showed marker clugjearound the centromeric region. Marker
clusters are usually associated with reduced regwtibn in the proximal region of chromosome
arms. However, in this mapping population the madistribution was relatively adequate and few
clusters of tightly linked loci were revealed, assthof the SSRs and SNPs marker locations in our
map were known and the markers were selected td alasely linked multiple loci.
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Figure 3.19: Indication Genetic map of tetraploid whedatificum durum).

Genome A
Chromosome 1A 2A 3A 4A 5A 6A 7A
Data File J.Kcmdmitar | J.Kcmdmitar] J.Kcmdmitar J.Kcmdmitar chidmitar | J.Kcmdmitar| J.Kcmdmitaf
Map Scale 10.0cMper | 10.0cMper | 10.0cMper | 10.0cMper | 10.0cMper| 10.0cMper | 10.0 cM per
cm cm cm cm cm cm cm
Kosambi Kosambi Kosambi Kosambi Kosambi Kosambi Kosambi Kosambi
Mapping Mapping Mapping Mapping Mapping Mapping Mapping Mapping
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Interval length obviously varied within and amongra@mosomes with a coefficient of variation
(CV) ranging from 25% to 106% in the entire genoifiee weighted mean CV of B genome was
larger than that of A genome (Table 3.7).

The coefficient of variation, in present work shamtbat the markers are located more precise in
the chromosomes 4A by CV: 30.78 and 6B by CV: 32Ttk coefficient of variation was also
calculated between the two genomes, which hasteesuh the A genome by CV: 68.63 was
localized more correctly than B genome by CV: 771%s accuracy of A genome may reflect, to
some extent, marker clustering observed on mo#tethromosomes for A and B genomes (Fig.
3.19). The significance of clustering (on the levef A, B, and the entire genome for our maps)
was tested by comparison of the observed distohutif intervals with different marker numbers
with Poisson distribution (Korol et al. 1994). Ttlestering phenomenon for the B genome and the
entire genome proved to be highly significant, bat for A genome even though marker clusters
were observed on a few B chromosomes (Table 3.§)amexample, the distribution pattern of
various marker intervals on A, B, and the entiraayee for our map is shown in Table 3.7. The
observed distribution on A genome basically fits éxpected Poisson model.

On B and the entire genome, the observed distabypiattern greatly deviated from the Poisson
model due to a significant excess of highly pomdaand/or empty or sparsely populated intervals

and a deficit of moderately populated intervals.

2- 3- Difference between “A” and “B” genomes

In present project there are 57 SSR polymorphicltmated on A genome (57%), and 37 SSR+ 6
SNP polymorphic loci on the B genome (43%). Lengftthe A genome and B genome has been
calculated 1799.956 and 1370.337, respectively. démwsity of markers on the A genome was
33.96 cM/marker that ranged from 16.07 cM/markeBArto 50.60 cM/marker on 6A. The lengths
of our first parental (C1/J.K) and second pare(@&d/O5) for A genome were 895.9 cM and 1615
cM respectively, but those for B genome were shghonger, 1341.5 cM and 1982.8 cM
respectively.

In the mapping work of first parental (Jennah K&tiChaml) was used 140 molecular marker
(46%) for A genome and 166 marker (54%) for B geadrom a total 306 molecular marker that
included 138 RFLPs, 26 SSRs, 134 AFLPs, 3 Gen&3SBs. (Nachit et al. 2001; Elouafi and
Nachit 2004).

In the studying of Elouafi and Nachit (2004) mapment second parental, i.e. OmrabiBticum
dicoccoides 600545// Omrabi 5. In this genetic mapping was used 2&8kers (124 SSRs, 149
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AFLPs, 6 Genes), in these markers 102 (37%) betbimé genome, and 171 (63%) to B genome.
The common thing in this work with ours, was thahaority of markers mapped were SSRs.

In the study of Peng et al. (2011) among the 549 RB1 (42%) were located on A genome and
318 (57.8%) on B genome. The total lengthsTotlicoccoides domesticated descendant (&h)d
wild emmer domesticated descendant (L) maps forefAoge were 1589 cM and 1607 cM
respectively, and those for B genome were sligltiprter, 1580 cM (H) and 1573 cM (L),
respectively. The difference of map length betwAemd B genome was not significant.

2- 4- Changes in location of markers

As mentioned above there were some markers withe fami, in this case there were also some
markers that, in the analysis of Nulli-Tetrasomine$s have demonstrated a position different from
brought on mapping that been calculated with magmakhe reason for this difference in position
among different maps could be explained by the tfaat some markers have two or more loci, but
sometimes one locus remains monomorphic, and ther dbcus polymorphic differently in the
different RILs. For example Wmc310 marker in thellNTetrasomic lines showed that been
localized on the chromosome 4A, but in present misggdocalized on the 4B.

The changes of chromosomal location are dividetivim groups: 1- segregation of markers from
homologous chromosomes, or 2- segregation of mafkem nonhomologous chromosomes.

In the first class the changes of the map locabbrXgwm304, mapped in the long arms of
chromosome 4B, instead of be located in the shonsaf chromosome 4B; or Xgwm328 that
located in the long arm of chromosome 2A insteatbeotocated in the long arm of chromosome
2B. Also in the second class: the markers wmcl@4 267 were located on the chromosomes
1AS and 4BS respectively instead of 2AS and 2Alg(Bi20).

Moreover, a chromosome segment inversion coulddze @ossible, but for this we should assume
that the inversion is present in bathdicoccoides and T. durum. Joppa et al. (1995) found that a
high proportion (70%) of. dicoccoides genotypes had translocations.

Nonhomoeologous translocations have been repeateglyrted in hexaploid wheat (Liu et al.
1992; Devos et al. 1993) and tetraploid wheat (Bbaget al. 1998). Translocation may be one of the
forces maintaining the high genetic diversity ofrdu wheat under the diverse natural
environments (Joppa et al. 1995; Kawahara and N&@6). Translocation frequencies (TF) of
various populations were correlated with environtaewariables, primarily with water availability
and humidity, and possibly also with soil type.general, TF was higher in peripheral populations
in ecologically heterogeneous frontiers of spedisfibution than in the central populations locate

in the catchment area of the upper Jordan valleypd et al. 1995).
110



Map Construction Results & Discussion

Flgure 3.20: Location of some markers in our map that changmrtlpns
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2- 5- Negative crossover interference

The maximum likelihood (ML) estimates the coeffiti®f coincidence (c) indicating that negative
crossover interference (i.e., ¢ > 1) is charadiersf our T. durum x T. durum hybrid. In fact, it is
manifested in some regions of all chromosomes th genomes A and B (Table 3.8). Deviations
from the ‘no interference’ Haldane recombinatiohesne were highly significant. The maximum
(per chromosome) values of ¥df = 1) ranged, correspondingly, from 55.79 (with 4.48) for one

of the islands of chromosome 2B. Clearly, the demis from Kosambi interference in such cases
should be even more significant. Each chromosomeaifesied a few islands of negative
interference, from 1 to 2,3. As a rule, these danvere located in proximal regions, either
spanning the centromere (chromosomes 1A, 3B, 4A, @8 7B), or excluding it. In the latter
cases, the location of the islands could be to(oheomosomes 1B, 2A, 3A, 4B) or both (5A, 5B)
sides of the centromere. When two or more islaneieviound per chromosomal arm, the location
of extra islands was either median (1B) or terniisabterminal (5A, 5B).

The revealed trends were confirmed for the foregjoagions by using larger intervals from one or

both sides of the central point of any considergerval pair and by variation of the position oé th
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central point. Correspondence between the restilthi® Map, was employed as an additional
important test for existence of a tract of negainterference (Table 3.8). As in our previous resul
with chromosome 1B, a tendency for a higher levelagative crossover interference was found in
regions proximal to or spanning the centromereewilse, alternation of negative interference by
segments with strong positive interference foundiezain chromosome 1B (Peng et al. 1999 a)
appears to be a general phenomenon. In partidatamany such regions with positive interference,
the estimated value of C (Coefficient of coincidenwas significantly smaller than predicted by
Kosambi mapping function (Peng et al. 2011) (T&b8).

Table 3.8:1slands of Negative Interference along the Chramues

Island 1
Chromosome 2 %’3
1A WMC278
7.74 13,820k 1. The central marker for two adjacent intervalthwi
1B MST101 maximum X is presented for each island of negative
>20 23,65+ i
oA WMC177 interference.
6.24 1121wk 2. (c) Coefficient of coincidence.
2B GWM120 3. (****) Significance at the level of 0.001, resgtively.
4.48 55, 7Q+k
3A GWM218
2.44 35,31 %k
3B
aA BARCT78
4.63 22.34xkxx
4B WMC125
453 18.53 *ri
5A GWM234
2.86 15.23%+xx
5B GWM499
421 32.02%
6A CFA2114
3.68 14.32%%k
6B WMC397
5.93 12,430k
7A GWM2821

3.24 1437+
7B

2- 6- Isogenic line and some trait

It is usually difficult to precisely determine tledfects of specific genes on the plant performance,
because these effects are usually limited and aftBnenced by the environment in which the

plants are grown. However, these effects can berméted accurately using isogenic lines, which
are not usually available in tetraploid wheat anthkes time to develop them. It is necessary to
create the primary genetic collection and to stimdheritance of individual traits for development of

near-isogenic lines. In comparison with hexaploieat species, aneuploid analysis was not
applied in tetraploid wheat until Joppa. Willian988) who made Langdon durum substitution

lines. The establishment of a genetic collectiontatraploid wheat was restricted because the
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knowledge of inheritance of specific characters \gaarce. Hence, the utilization of genetic
collections of hexaploid wheat may be beneficiab. develop near-isogenic lines in tetraploid
wheat, the genes to be introduced were locatedspeeific chromosome using aneuploid stocks of
LD222 (Nishikawa, unpublished) and Langdon (Jopp@3), Landgdon D-genome chromosome
substitution lines (Joppa and Williams 1988). Thkdge maps of these genes were developed

using microsatellite markers (Roder et al. 1998dmg et al. 2005; Torada et al. 2006).

2- 6- 1- Gene transfer intra specie

Normally Thinopyrum intermedium and Th. ponticum do not exchange DNA because bread wheat
contains a gene (called PHacated on group of 7) that prevents DNA fronfafiént sources from
pairing and exchanging DNA.

For example the scientists allow@&Hd. intermedium andTh. ponticum DNA to recombine and then
screened for new arrangements that bring togetteerdéesirable resistance genes while losing a
deleterious gene that causes an extreme yellow @olfiour. The upshot now is that we have
beautiful new combinations of these valuable diseasistance genes (Larkin 1960). This
recombination between two species also the exiBairents with species of other work (Nachit et
al. 2001; Peleg et al. 2011).
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3- HOMEOLOGOUS GROUP

The 14 chromosomes are covered by 105 SSRs andliR® @arkers, shared with various degrees
in different groups. Some groups have higher polyhic, while other are mainly monomorphic.
That depended on the similarity between the pakeAtaange of 1 to 46 microsatellites per

chromosome were located on genetic maps (Fig. 3.21)

Figure 3.21: (a) The number of total monomorphic and polyrhar[5SR markers.
(b) The percentage of pudyphic markers (SSR) in different homoelogus gr(i+3).
(c) The percentage of mongrhar and polymorphic markers (SNP), and the polyhir markers
devising in two class [Group of 4 or other group413, 5, 6, and 7)].

(a) (b)

Percentage of Polymorphich; SSRmarker

® Group 1
¥ Group 2
® Group 3
Group 4
H Group 5
Group 6

¥ Group 7

Group of 4 m Other groups
[ Polymorphic

= Monomorphic

3- 1- Homoeologous group one (1A, 1B)

In group of homoeologous 1, were polymorphic th&&Gtd 34% markers for chromosome 1A and
1B respectively. SNP markers were absent on tluspgeas well as for homoeolog groups 3, 5 and
7. The centromere is located between the markefa2X63 (in short arm) and Xbarc213 (in long
arm) of chromosome 1A. This chromosome has theesiglevel of polymorphismyhich allowed
locating, 12% of all mapped markers, this is ineagnent with previously published data (Van
Deynze et al. 1995 a, b).

It was observed a uniform distribution of markenschromosome 1A, while in the chromosome 1B
was detected clustering of markers near the cemti®m@and around the Gli1-Glu3 loci, encoded for
storage proteins, in agreement with the data offiteess molecular studies on wheat (Snape et al.
1985; Dvorak and Appels 1986; Curtis and LukaszewSR1; Devos et al. 1992; Werner et al.
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1992). The saturation of the homoeologous groupgharticular important for the presence of genes
coding for storage proteins, for the transfer ahtelogical and nutritional quality, as well as of
several genes for resistance to biotic stressddesecryptogams as rust and powdery mildew and
some insects).

The Cham 1 and Jennah Khetifa relatives of out fiessental, were different for the strength of the
gluten and resistance to rust and powdery mildaerefore they are presented on genetic analysis
for these characters. Markers on these chromosanags be useful for assisted selection in

breeding programs of several important traits.

Figure 3.22: Total number of markers used and division betweenamorphic and polymorphic in homoeologous
group one compared to other homoeologous groups.

Manomarphic

3- 2- Homoeologous group two (2A, 2B)

The highest density of markers is represented anoeologous group 2. where 45% of the total
SSR and SNP markers are distributed on the map.

The majority of SSR and SNP markers for chromosoPdeand 2B showed significanP (< 0.05)
segregation distortion. Nevertheless, chromosome shAwed highly diversity marker order
between the two parents (54% polymorphic). The gresnap was adjusted comparing this
chromosome with to other work (Francki et al. 200®)the study of Francki et al. (2009)
chromosome 2A showed highly similar marker in tgemetic maps derived from tree different
cross (P92201D5-2-2/P91193D1-10, Ajana/WAWHT207#HnBo/Millewa). Markers order was
also well conserved across the genetic map of csome 2B with 21 markers. A large number of
markers are concentrated in the centromeric regibich probably represents an extreme case of
the suppression of recombination in the vicinity tbé centromere that is apparent from the
clustering of markers in the centromeric regionsalbfT. durum linkage maps (Dubcovsky et al.
1996).

Also the long arm (2AL) and the markers relativesipbon was in agreement with previously
published work (Nelson et al. 1995 a; Blanco etl8P8; Roder et al. 1998; Korzun et al. 1999).

The centromere has been located between WMC17 7ensaighort arm) and BARC309 (long arm).
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The centromere in chromosome 2B has been locatedebe WMS191 markers (long arm) and
WMS319 (short arm).

The map of chromosome 2A and 2B is the longest,36Bl and 788.9 cM (Figure 3.19), among
the other 14 chromosome. The difference of ourystwidh the other was the high number of
polymorphic markers on chromosome 2A of our mapngared to the work of Francki et al.
(2009), Peleg et al. (2008). Five markers were han ghort arm and seven on the long arm of
chromosome 2A.

Most linkage groups were aligned on the long anmdicating a good coverage across the wheat
cytogenetic map. However, the order of some mar&ernkage groups for chromosome 2B did
not coincide with the order determined by otherdgtunapping. The chromosomes 2 are
determinants for wheat adaptation, containing Idbat control important physiological

characteristics such as: responses to photopemodalization and the size of the pla(itlelson et

al. 1995 a) and times of flowerin¢scarth and Law 1984). This group is also impdrtem

resistance to certain diseases in fact, severasgéor rust, powdery mildew, arffagonospora
nodorum, Septoria nodorum blotch, and bunt resistance, are located on chromes2A and 2B
(Anderson et al. 1993). De Felice (2002) have ietitthat the parents of first parental Jennah
Khetifa and Cham1 show different needs for photiogerdifferent height, earliness, and resistance
to different diseases.

A saturated map of these chromosomes, together phigimotypic data of major complex traits,
could be used to determine the positions of locilie control quantitative characters (Quantitative

Trait Loci, QTL) in this group of chromosomes.

Figure 3.23 : Total number of markers used and those monomophiolymorphic in homoeologous group two
compared to other homoeologous groups.

3- 3- Homoeologous group three (3A, 3B)

The map of chromosome 3A is the shorter, 32.130 (Eigure 3.19), among the other 14
chromosome. Most of the markers located on chromes8B were monomorphic, then the map of
choromosome 3B was absent. Although 8 SSR markers lbin mapped to chromosome 3A. 35%

of these 8 markers were polymorphic, but the derwitthis chromosome was low. Between the
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various works Francki et al. (2009) showed a highsity of markers on chromosome 3A. Francki
et al. (2009) showed interesting features acrosgémetic maps, with 75 SSR and DArTs ordered
in the Ajana/WAWHT2074 map of which 34 were redumiglahe most of any chromosome group
across the four maps. In some map in particuldrey drder of markers gwm493, gwm389 and
gwmb33 was different (Peleg et al. 2008) (Fig 3.24)

A study by Adhikari et al. (2004) identified incasiencies in order of SSRs gwm389, gwm533 and
gwm493 on chromosome 3BS comparing four geneticsmajmilar observations of the same
markers for chromosome 3B (see Francki et al. 2009)

The microsatellites have an association with ftus of Fusarium head blight (FHB) resistance
(Matus-Céadiz et al. 2006), that were polymorphicdther study and unfortunately monomorphic
in the screening of our parentals. Francki et 2000) showing significant (P < 0.05) segregation
distortion for chromosome 3A in the P92201D5-2-2/P38D1-10 genetic map as in this study, that
have significant (P < 0.05) segregation distortion.

The group 3 chromosome contains genes for resestencusts Septoria nodorum blotch, decay,
mildew and nematodes, and genes for the red coltreokernels are located on the short arms of
this group (RA1 and RB1). The parental genotypat@®RIL were used for the contrasting color of
the kernels: Jennah Khetifa kernels have red, daiCl white.

Figure 3.24: Total number of markers used and those monomoghiolymorphic in homoeologous group three
compared to other homoeologous groups.

3- 4- Homoeologous group four (4A, 4B)
Homoeologous group 4 was one of the groups thatave focused, even if did not include a high
number of markers. This group contained markereca®d with some important traits (Drought
tolerance). Chromosome 4A and 4B was covered bwamnenseven SSR markers, also zero and six
SNP markers, respectively.
Interestingly, in the work of Francki et al. (20@Bg linkage groups 4A and 4B were aligned to this
region for all three maps (Blanco/Millewa, P922012p91193D1-10, and Cadou/Reeves), and
few markers were identified on the this two chroomoe (4A, 4B) for either the genetic maps.
Comparing the same SSRs markers of our map igthigp, with these three maps.
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The order of markers on chromosome 4A is differentome instances, SSR markers did not align
with the expected regions of the cytogenetic map duplicated marker loci or segregation
distortion may have contributed to inaccurate obigmous ordering of markers in the genetic map.
Chromosomes reside had a two genes for dwarfismhadda chromosomal region associated with
the resistance of the kernel to remain on the Aaddrson et al. 1993). Dwarfism in tetraploid
wheat is associated effects on yield. The genetgtemn consists of two loci, Gai/Rhtl on
chromosome 4A (Gale and Marshall 1981).

The centromere of chromosome 4A was placed betB&dC78 (short arm) and WMC262 (long
arm). Chromosome group 4 carries several genebeoshtort arms for resistance to leaf and stem
rust and for reduced plant height. Chromosome 4illinear with 4B, also carries resistance to
several abiotic stresses. On the chromosomes apgtare present several genes for resistance to

leaf rust and stem, and to reduce the size of ln&t.pSome of the markers on the 4A or 4B were

previously mapped to 4D in the synthetic populatit®h x Opata (Nelson et al. 1995 a; Roder et al.
1998).

Figure 3.25 : Total number of markers used and those monomoghiolymorphic in homoeologous group four
compared to other homoeologous groups.

3- 5- Homoeologous group five (5A, 5B)

The homoeologous group 5 had the lowest represemtat SSR markers. Even if it was reported
(Sourdille et al. 2004) that groups 2 and 5 hast lbesered (126 and 125 microsatellites,
respectively). In our case chromosomes 5A and $Biinduded a total of 6 markers.

For chromosome 5B, only 1 marker, Xgwm234, wastkd@n the short arm with LOD 3, whereas
one other marker is on the long arm (Nachit e2@D1). The gene Lox11-1 fer-lipoxygenase
mapped in the same position as Lpx-B2.

Many useful genes present in group 5, were assuociatith molecular markers: resistance to
copper, the absence of hair on the kernels, theepoe of lipoxygenase, abscisic acid accumulation,

reduced size, response to vernalization, Cochlislvesistance, leaf rust and to yellow rust.
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Homeologous Group Results & Discussion

Figure 3.26 : Total number of markers used and those monomorphiolymorphic in homoeologous group five
compared to other homoeologous groups.

3- 6- Homoeologous group six (6A, 6B)

The homoeologous group 6 was the other one thathealdigh representation of SSR markers. The
16% of all polymorphic SSR markers mapped in theeathgenome were assigned to this
chromosome group. Similar to homoeologous groupetmajority of SSRs markers were mapped
to 6A the markers density was highest on the longaf the 6A (Fig. 3.27).

This group, particularly on chromosome 6A, showegreater number of markers grouped in the
centromeric region. About this group chromosom#&nvals included a greater distance than other
groups of homology. Linkage order is still basednmaximum likelihood, in other words, the order
of markers that yields the shortest distance andires the fewest multiple crossovers between
adjacent markers. Likewise, genetic distance batwearkers is measured in centimorgans, which
is based on the frequency of genetic crossing-O¥euang 2000).

With increasing intervals between markers, it alsmweases the percentage of recombination, with
values up to 20 cM approximate linearly, but thecpetage recombination after 20 cM is to
underestimate (Fig. 3.27). Unlike the work of Fianet al. (2009) the majority of SSRs markers
were mapped on 6B with linkage groups from P9220283P91193D1-10 and
Ajana/WAWHT2074 maps having the highest densitynairkers. On group of 6 are located a few
genes for resistance to biotic stresses such asusa stem rust, yellow rust. Homoeologous group
6 also contains important genes, such as thosenfgrmesi-amylase and fou-/B-gliadins. Gliadin

is a glycoprotein present in wheat and several rotlegeals within the grass gentisiticum.
Gliadins are prolamins and are separated on this baslectrophoretic mobility and isoelectric
focusing (typesa-, B-, y-, o- gliadins).

Also in the study of (Castro et al. 2008) in thess(Triticum dicoccoides x Aegilops tauschii) was
discovered genes for resistance to parasites (Bugesand Russian wheat aphid - RWA), associated

with markers located on the long arm of chromoséméXwms1009, Xwms1185, Xwms1291).
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Homeologous Group Results & Discussion

Two of these four markers were the same used imayr and located on chromosome 6A, with the
similarity of 66% with
the first parental.

Figure 3.28: Total number of markers used and those mononmytpolymorphic in homoeologous group
six compared to other homoeologous groups .

3- 7- Homoeologous group seven (7A, 7B)

The homoeologous group 7 had the lowest represemtat SSR markers. Out of 8 SSR markers
present in this group only five was polymorphic.olfably the traits that transport from
chromosomes 7A and 7B, will not have a big diffeeem our RIL.

A marker was located on the short arm and 2 onldhg arm. The centromere was positioned
between Xcfa2049 and Xgwm2821 (Wms2821).

Chromosomes 7A and 7B carry loci that control teeuction of the size, the response to
vernalization, in addition to genes for resistatwaust, powdery mildew, virus BYDV (Barley
Yellow Dwarf Virus), aphids red wheat. The paremahotypes of RIL showed a contrasting level
of resistance to aphids.
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Comparison of present Map, with the Other Maps Results & Discussion

4- 1- Maps comparison

In the most important plant species there are oftatiiple efforts to construct DNA based genome
maps. This has led to have several maps for the species with little or no information about the
relationships among maps (Young 2000). Of course iiakes difficult to relate the reported
location of a gene on one map to its location ootlzar map. It also means that the maps are less
saturated, and therefore less powerful, than tbejdde. Even where there is no proprietary barrier
to relating maps each another, there are oftentipgh@nd theoretical problems, but also some
advantage. The most obvious is that markers polgmoin one mapping population may not show
variation in a second population, so the utilizataf several mapping populations enlarges the
markers which could be mapped. The firsts genetpsnwere based on mapping populations
optimized for DNA polymorphisms, often includingrpats from distinct, but cross-compatible
species. As researchers move to more narrow crgasously excellent genetic markers will be
useless for lack of polymorphism (Young 2000).

Present map, constructed with SSRs and SNPs markersmpared with other maps: 1) maps of
the relatives of our RIL; 2) main maps of ITMI bdudy SSR markers (Consensus map); 3) main
maps already published on the website grain gettye /{lwheat.pw.usda.gov/GG2/index.shtml); and
4) other maps published in the last 7 years.

Comparing of these genetic maps with present genedip, we observed that in the screening of
microsatellite markers, the percentage of polymisrphvaries from 21% to 84%. This percentage
indicates the degree of difference and diversitiwben their parental. Hexaploid bread wheat
shows relatively low levels of polymorphism betweébka two Parental for SSRs loci, most likely as
a result of its narrow genetic base (Chao et aB9)19Usually <10% of all RFLP loci are
polymorphic in an intraspecific cross, bat98 SSRs loci are polymorphic (Roder et al. 1998 b)
However, in the genetically distant cross of hegmpbread wheat, Opata 8W7984, 72% of the
RFLP probes (Mingeot and Jacquemin 1999) and 80%eimicrosatellite primers (Roder et al.
1998 a, b) exhibited polymorphism between the garefhe high percentage of polymorphism
(80%) on the map of Somers et al. (2004) showshkbateen the two parental populations exist e
genetic distance (Table 3.9).

In a distant cross of tetraploid wheat, MessapidG4343, which is similar to our mapping
population, 70.1% RFLP probes (Blanco et al. 198®) 84.4% microsatellites (Korzun et al. 1999)

detected polymorphism between the parents. Therefimr distant crosses of both hexaploid
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tetraploid wheats, about 70% RFLP probes and 80%rosatellite primer sets can detect
polymorphism.

The level of polymorphism of microsatellite primgets in the present mapping population was
even (>45%). Furthermore, and 26% SNPs primer coatioins screened detected polymorphism
between the parents. This clearly shows that isifsggnt in normal level genetic differentiations
occurred between T. durum (J.K/C1) and anotherufum (O5.d/O5) during their evolutionary
divergence caused by domestication, even thougp share the same A and B genomes and
display no genetic or reproductive obstacles. Rebagimg again that this difference depends on the
choice of markers. Therefore, present map is iom@cwith most published maps.

The percentage of polymorphism between parent8.6%4 in present map that showed the high
diversity between parents through the markers tmeithis work. The two parents were also highly
polymorphic in morphological and agronomic traite, plant height, growth duration, leaf shape,
grain characteristic, spike fragility, stripe-russistance, and so on (Peng et al. 2011).

These results confirm the transferability of miaiedlites between two durum wheat. The same
result was reported in durum durum wheat cross (Nachit et al. 200h)ead x durum wheat
(Elouafi et al. 2004) and it. durum x T. dicoccoides cross (Korzun et al. 1999%Vhereas, other
findings suggested that microsatellites may notdier well among species and showed a low level
of transportability across the 3 wheat genomes tandther cereal genomes (Rdder et al. 1995;
Bryan et al. 1997).

Unfortunately on the map of Nachit et al. (20013l &louafi et al. (2004), that were the parents of
our RILs, were only few SSR markers identical withr. However, these few markers were
compared to verify the differences and similarittégheir position in the maps. The mapping of
these microsatellites was almost in agreement prglvious publications. Therefore, 90 percent of
mapped microsatellites mapped as expected in theeosus map (ITMI map), this result was
verified by Somers et al. (2004) results. Whereashe comparison between these two maps, 65%
of SSR markers were identical, that only some (&2090) microsatellites were found to map in
other localization (Table 3.9). Most of these msatellites have been mapped on the same
chromosome, but different homologus as Gwm122 (&ead of 2A), Gwm156 (5A instead of
5B), Gwm415 (5A instead of 5BJhis could be explained by the presence of addititoti in the

wheat genome.
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Table 3.9: Comparing the SSR markers on the maps of tetrapluidhexaploid wheat, with our markers and shown
the similarity between these main maps and our map.

N. of

g‘-sg SSRs N. of other N. of SSR Ldi:lmy Length Majority of Relations
Map of Species S marker markers markers EIWEEN | - o Map identity Refrence hip with
marker Pol hi T o our M ch
(Total) oy?;/o)rp ic (Type) identical map c (Chromosome) our map
0,
Triticum turgidum 280 . )
(Jennah.Khetifa x 45 (5725 % | AFLP 3 80% | 3598 1A, 6A Na?;(')toit) al. | Fist
Chaml) ' RFLP
Triticum turgidum 124 155 QTL, 9 Elouafi et al. Second
(Omrabis x dicoccoidey | *%° | (63.6%) | AFLP . | el s (2004) Parental
Triticum aestivum 1235 0 Somers etal. | Consensus
(Synthetic x Opata) 1543 1 (g0 95 0 47 65% | 2569 2A, 2B (2004) map
Triticum turgidum 230 39 QTL, ® Zhang et al. The
(Kofa x UC1113) 1235 | 1860) | SNP 20 85% | 2140 | 6A.6B (2008) | Graingene
Triticum turgidum 81 215 o Korzun et al. The
(Messapia xdicoccoide} 96 (84.4 %) RFLP ’ 88 % 2A (1999) Graingene
Triticum turgidum 31 433 The
(Jenréir;rlj]“()etlfa X 87 (35.6 %) ARI'::II__E’ 2 94 % 4673 1A Diab (2001) Graingene
Triticum turgidum The
Durum (Desf.) x 914 196 478 Dart 10 73% | 2317 5B, 2B Pelegetal. | jicatio
dicoccoides (21.4 %) (2008) n

Several genetic maps were constructed for tetrdpidieat, either foil. durum x T. dicoccoides
(Peng et al. 2000; Blanco et al. 1998, 2004; Eioaafl Nachit 2004) off. durum x T. durum
(Nachit et al. 2001), revealing map sizes of 2,2873,598 cM. Other maps constructed for
hexaploid wheat populations reported (for genomesnd B) map sizes of 1,791.0 to 2,356 cM
(Roder et al. 1998 a, b; Quarrie et al. 2005; Akbial. 2006).

The 115 markers cover a total of 3170.3 cM, alntikstthe linkage map reported by Nachit et al.
2001 for the cross Jennah Khet¥a&Cham 1, that had calculated 3597.8 cM. This ismaely to

the intra specific cross durumdurum and to the greater number of mapped markers.

Some microsatellite markers (WMS) used have knowroroosomal assignments and were
previously mapped in several mapping populationsiuding the bread wheat population ITMI
(Roder et al. 1995, 1998) and durum populationssddpiax T. dicoccoides MG4343 (Korzun et

al. 1999), Jennah Khetifa Chaml (Nachit et al. 2001), OmrabiTSlicoccoides x Omrabi5
(Elouafi et al. 2004). Therefore, it was decideduse these codominant and very informative
markers as a main framework for our genetic mage ajority of our SSR markers were not
identical to the SSRs in the other maps, these enanlwere positive results, because have been
localized on chromosomes, that aren’t located umavl/ in durum wheat. The SSR markers named
CFD (which are D genome specific markers) and giedian improved marker density on the D
genome in the maps of Roder et al. (1998) and &estst al. (2000 c) (Table 3.10).

In the work of Samers et al. (2004) the compariebright mapping parents are included in a
database that records the allele size, excludiegMi3 tail, for each parent for each mapped

marker.
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A comparison was made among the four populatiotis kspect to the differences in parent allele
size across all the mapped loci. Genetically, veigesses such as SO (‘Synthetic’/'Opata’, 68 RILS)
and RD (‘RL4452’/*AC Domain’, 91 DH lines) with >80 polymorphism had greater differences
in parent allele size compared to genetically naronosses such as SB (‘Superb’/'BW278’, 186
DH lines) and WM (‘Wuhan'/‘Maringa’, 93 DH lines) ithh <40% polymorphism. Over all
populations, SSR named WMC had the greatest palletd size differences (12.2 bp) compared to
BARC ones with the lowest parent allele-size ddfere (4.0 bp) (Table 3.10). Also in our map,
most of the WMC markers includes a level of polyptosm above 40%, then this population
brings a similarity with the populations of SO, RB45% polymorphism) (Samers et al. 2004).
Allele size differences between the SSR markerd useresent map with the map of Samers et al.
(2004), were similar between the parents of pregeptilation with the Synthetic or Opata, even if

they are hexaploid wheat.

Table 3.10:Comparison of allele size differences among mapparents and microsatellite sources. SE Standard
error.
Marker source  PopulatibrAllele pair difference(bp) Marker source (averag§D) Markers< 4bp (%)

SO RD SB WM
WMC 13.9 16.1 10.1 8.7 12.2+3.4 36
BARC 11.8 6.3 8.8 ND 9.0+2.8 34

CFA/CFD 14.2 ND 77. ND 11.5+3.8 40

GDM 11.2 10.6  11.8 10.6 10.0+1.6 27
GWM 14.3 58 11.8 11.8 10.9+3.6 41
Population +13.9 +27.1  +11.2 109 11.242.2 38
(average+SD)

Markers4bp(%) 31 42 46 44 38

4- 2- High conserved order of microsatellite lociad structural changes of
Chromosomes

Most of the markers position was in agreement \ht one published in other seven studies. In
these comparisons, some chromosomes present tsions between the order of the markers, or
between short and long arms. Some markers wereanewnever previously mapped Tn durum
and then those regions of the chromosomes caww adentity with maps of other species studied
(Table 3.9; Fig. 3.30, 3.31). In particularly ther@mosomal locations and map orders for most of
the microsatellite loci in present molecular maproflurum (Table 3.9; Fig. 3.19) are the same as
those inT. aestivum (ROder et al. 1998 a, b; Somers et al. 2004) and durum (Korzun et al.
1999). This result indicates that the macrochrom@doorganization is highly conserved among
various species in the gentisticum. It also further corroborates that wheat micrdfitdenarkers
are mainly genome-specific, and the microsatethtekers developed in hexaploid wheat are easily
transferred to other species in the genus (Rodar #9098 a, b; Peng et al. 2011).

124



Comparison of present Map, with the Other Maps Results & Discussion

However, some changes of chromosomal location aap ander were also observed for a few
microsatellite markers in the present map in comparwith the maps of (Réder et al. 1998 a, b;
Somers et al. 2004; Peng et al. 2011). The inctamsig of map order may be explained by the
presence of additional loci and structural chargfehromosomes in the wheat genome (Peng et al.
2011), and limitations caused by the populatioe §f0 and 150 recombinant inbred lines in Roder
et al. (1998) and Peng et al. (1999 a), respegtivad against 192 F8 individuals in the present
study] (Table 3.11). For example, the microsatellbcus Xwmcl04 was mapped to 1BL by
(Korzun et al. 1999). In contrast, Xwmc104 was neppp 1BS by Roéder et al. (1998) and in the
present study mapped to 1AS. Thus, the Xwmcl04slacuorzun et al. (1999) is different from
that in Rdder et al. (1998) and in the presentys(idy. 3.30, c).

The Xgwm498 was mapped to 1A and 1B by Korzun et(H99) and Réder et al. (1998),
respectively (Fig. 3.30). So there should be twe for this microsatellite and these two loci were
mapped to chromosome 1A and 1B, respectively. ésgmt study the localization of this marker is
in agreement with the work of Rdder et al. (1998).

In wheat, paracentric and pericentric inversiongehiaeen repeatedly observed on chromosome 4A
(Liu et al. 1992; Devos et al. 1995). Peng et201() observed an inversion within a small segment
at the proximal region of. dicoccoides 5B map involving several closely linked markerbus, the
changes of the map order of Xgwm278, Xcfa2153, 8»hHB, and Xwmc278, genetically near the
centromere of chromosome 1A, are possibly dueddrthersion of this chromosome segment, but
for this we should assume that the inversion isqumein bothT. durum, first parental and. durum
second parental.

Joppa et al. (1995) found that a high proportio®%y of T. dicoccoides genotypes had
translocations, as was evident in the study of Kesa and Nevo (1996). Compared with the map
of Somers et al. (2004), the changes of chromosdmoation of Xgwm304, Xgwm328, Xcfd267,
and Xwmcl1l04 may be explained by the translocatminshromosomal segments between 4BS
versus 4BL, 2BL versus 2AL, 2AL versus 4BS, and 2&8&us 1AS, respectively.
Non-homoeologous translocations have been repgatedbrted in hexaploid wheat (Liu et al.
1992; Devos et al. 1993) and tetraploid wheat (Bdegt al. 1998). As before said, this translocation
may be depends of different reasons (Results, pphd- 4-).

Figure 3.30:(a) The confrontation of our map with the map of&x UC1113 population in chromosome 1A.
(b) The confrontation of auap with the map of J.K x Cham Il population imarnosome 1A.
(c) The confrontation of auap with the map of Messapia x dicoccoides pofmrah chromosome 1A.
d) The confrontation of our map with the map of @b x dicoccoides population in chromosome 1A.
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Figure 3.31:(a) The confrontation of our map with the map pfitBetic x Opata population in chromosome 1A.
(b) The confrontation of auap with the map of Synthetic x Opata populatiooliromosome 2A.
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Figure 3.32:(a) The confrontation of our map with the map of&x UC1113 population in chromosome 2A.
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Comparing each of the 14 chromosomes with othersnggyve us the knowledge to know the
correct and precisely positions of the markers lmromosomes. This comparison in most of the
cases indicates the inversion of chromosome armsakso the position or region of centromere in
different chromosome. This comparing can give mudiermation on the differences in the
positions of the markers between the different igseaf wheat (Van Deynze et al. 1995 a; Peng et
al. 2011). For example, there is an inversion ftbw® long arm and short arm in 1A, and so the
range of this distance will likely be an artifabat generated from the elaboration of the data with
the Map maker program. Finally, could be theoréficablems in relating linkage data order from
one map to another, since each map is based dfeeedt set of segregating individuals. However,
the use of appropriate computer algorithms cannpialéy overcome this problem (Qui et al. 1996;
Stam 1993).

For Chromosome 2A there is high identity betwees tiarkers mapped on our map and those
markers, mapped on the reference maps particutarigensus map (85%) (Fig. 3.31, a and b). In
chromosome 4A there is a change between the markedsthen an inversion position between
microsatellite markers (barc78-wmc262) on the @enéric regions. The distance between these
markers probably represents an extreme case @uiiaression of recombination in the vicinity of
the centromere. An alternative explanation of theeace of recombination in the centromeric
region of chromosome 4A is that barc78 in the shamt and wmc262 in the long arm differ by a
pericentric inversion (Table 3.11; Figure 3.33, rad &). This alternative explanation seems,
however, unlikely because similar genetic distaneesong markers in the vicinity of the
centromere are observed on a map of chromosoma theimapping population Synthek®pata
(distance between of barc78-wmc262 was 19.6cM)mgs et al. 2004) and Kofa UC1113
(distance between of barc78-wmc262 was 18.3cMaiiglet al. 2008).

Figure 3.33:(a) The confrontation of our map with the map wfitBetic x Opata population in chromosome 4A.
(b) The confrontation of auap with the map of Kofa x UC1113 population inathosome 4A.

— “wmc3l3
5% MAAWMS 209

(@) (b)
Our map: J.K/C1 x —
—— e Consensigimae)x Opate H a4 Ha |
i o ( E) Kofs = UC1113 05d/05 a4A
Eaamusin -:—-n xascrDER 4“\ Roc Dzt Marker
Frac oM - Hame
:‘:: Stiw 202 e— 0.0 - ewmlos 43— =5 xaacross
1 s 23 7| |Tewmi92
B5% 282 -
nm:’:.;;‘h 18.3 ILpx-A3 T ST
\ 28.1 wimetl 7 -
L = — 179 %) 49.6
et 44.2 o dupwd, ksm29 i
462 NV barcl70 « T xaaBarcs2
Ea% 3, — 5 4
498 ewm265 7
j il . - 73 W1
57.8 wmc258
% 4—- . e ', LA T ™
e 7} ~ .
224 %) TS5 4+ i oo
L F— s W C2a2
1% 4TS e— 78.7 wmc7 18 -
99.3  barcl 35 - 478
- — 1031 4\ Jrwimc2624" - /
\ _ . 105.4 .\ 7y hu;x-,“—l"t::-,i.__._ _____ -
TN 402 — . 121.4 | /  barc78 g
1= 1226 | .\ [ barc327 s’ (377 %) 49 . 2e—
B - 124.4 N o psr373.1 ,,
b ez 1262 4t w21 9 et
- b+l wmcds? 5 . > B N
on aaae RAANMEDTS e wme219 !:7-“ -"-‘r:gz‘i"““ mc722 —— 55 RAAWMEZ19
. 1286 - - barc52 (245 %) 26.B—




Comparison of present Map, with the Other Maps Results & Discussion

The total length of the maps showed a number almgsal in crosses between the same species.
The length of present map is almost identical eorttap of Nachit et al. published in 2001, because
the both of the map were crossed betw&edurum x T. durum, (3,170.293cM =~ 3,597.8 cM).
This similarity, also exists in the length of theramosomes and genomes between the these two
maps.

Table 3.11: Comparison of map length (cM) of tetraploid whgahome in various linkage maps generated in @iffier
mapping populations, a Mapping populations:ddjum wheat x wild emmer wheat, (2) durum wheat x
durum wheat, (3pread wheat x bread wheat.

i Roder et Peng et Nachitet | Paillard et | Blanco et EI?\:’:;Lﬁnd Quarrie et Liu et Akbari et | Peleg et al. ;?}ggfi)
al(1998) | al(2000) | al.(2001) | al(2003) | al.(2004)| OIS | al(2005) | al(2005) | al(2006) | (2008) c%;epnt
Cross 3 1 2 3 1 1 3 3 3 1 2
Type RIL F2 RIL RIL RIL | BCi1F8 | DH RIL DH RIL RIL
Number 70 150 110 240 65 114 95 118 62 152 192
1A 1558 | 152.0/138.6] 201.2 65 180.9 | 1478 131 | 1669 | 1493 | 1838 | 214.9
1B 151.8 | 200.4/200.2| 4504 | 1800 | 162 | 2086 167 | 1241 | 1194 | 1815 123
2A 1383 | 207.8/250.3| 1388 | 2040 | 318 | 1539 | 1702 | 123 73.9 1888 | 696.2
2B 180 | 256.2/257.9] 3208 | 1780 | 260.7 | 167.3 184 | 1976 | 1434 | 1829 | 7888
3A 1603 | 267.4/261.7| 3002 | 1030 | 1702 | 1374 | 1583 | 2173 | 1114 | 1188 | 321
38 2655 | 2505/266.1| 3457 | 1820 | 181 | 2394 | 1901 | 2727 | 1998 | 2172
4A 1016 | 193.3/192.5| 3026 | 1050 | 2366 | 1186 | 1792 | 1672 | 1706 | 1215 | 2582
48 66.0 | 82.9/1046| 1339 80.0 | 2008 | 1801 | 1452 | 831 | 916 1120 | 140.395
5A 1751 | 271.6/2749| 1723 | 1980 | 2664 | 90.0 1907 | 1383 | 1907 | 1440 | 463
58 1656 | 310.0/276.7| 2395 450 | 2534 | 2004 | 2222 | 213 | 1477 | 2008 | 372
6A 1341 | 180.2/179.4| 325.3 1920 | 1786 | 1117 1517 | 1962 | 1485 161.2 506.8
6B 98.7 | 237.1/239.2| 251.3 50.0 148.8 | 180.2 1251 | 1419 57.8 175.3 2334
7A 1782 | 317.00309.8| 1746 | 2420 | 2813 | 1365 | 1671 | 131.9 | 1564 | 1380 | 45.201
7B 1914 | 234.0/227.8 232 1410 | 1997 | 1565 | 1738 | 1173 | 1794 183 | 47.300
Agenome | 1,043.4 11”56%%.3;/ 1615 | 1,1090 | 1632 | 8959 | 1,1482 | 1,140.8| 1,000.8 | 1,056.1 | 1799.956
Bgenome | 1,119 1125;%%/ 10828 | 8560 | 1406.4| 13415 | 12074 | 1,149.7| 9391 | 1261 | 1370.337
Total 2,164 33"116;%'.‘;/ 3597.8 | 19650 | 3,038.4| 22374 | 2,3556 | 2,2005| 1,939.9 | 2,317.1 | 3170.293

The present study adds to the repertoire of madeaularkers, so far used for the construction of
molecular maps in durum wheat. These maps werengxtdy used for comparative genomics,

although all classes of mapped markers were notdida be equally useful for this purpose (Devos
and Gale 1997). It is also known that the resotuéivailable in the existing molecular genetic maps
in durum wheat is not satisfactory either for masdxd cloning or for gene tagging that is required
for marker-aided selection. Therefore, there iseadnto add more molecular marker loci to the
available maps. The present study is an effothimdirection. The results of genetic mapping & th

present study were largely in agreement with thoechromosome assignment done using

nullisomic-tetrasomic and ditelocentric lines, altigh this exercise of chromosome assignment
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Comparison of present Map, with the Other Maps Results & Discussion

could not be undertaken for all the microsateltitener pairs used in the present study (only 15
primer pairs could be used for chromosome assigtjmear some of the microsatellite markers,

the mapping results of the present study involvimg ITMI pop were also confirmed either by

using another mapping population (at CIMMYT by Kiadlah, 2008) or in another independent
study using ITMIpop (at Agriculture Canada, in Winnipeg by D. SomeG&08).

Respect of part (4- 2-), In this case, the micelbtt markers maybe prove very useful for

comparative genomics to resolve the conservatiaolfiearity.

4- 3- Transferability of the markers

The several SSR markers used in the present stedy developed from hexaploid wheat (WMS
and SWM), A genome OF. urartu (CFA), and the D genome @&&. Tauschii (CFD, GDM). These
markers helps us to know about our population teeegntage of genomes transfér.urartu
genome, that contributed A genome of hexaploid wkisorak et al. 1988), shows considerable
differences from the A genome ®f monococcum or T. boeoticum (Johnson and Dhaliwal, 1976).
About 65-70% of SSRs markers developed from hexplbeat and diploidd\e. Tauschi, showed
amplification inT. durum from Jennah Ketifa/Chaml arid durum Omrabi5/dicoccoides.

A high level of conservation exists between A andjghomes of tetraploid wheat. As many as
46.3% of the D genome, 32% of the B genome sped@fic of the A genome specific SSR markers
showed amplification in our population. In agreemeith the work of Bai et al. (2004) the SSR
markers isolated from hexaploid wheat are tranbferfor about 67%, iT. monococcum.

Only about 50% of markers is transferable fromAhgenome of hexaploid wheat to tetraploid, A
and B genome. The majority of the markers thatrdiishow transferability in the study of Bai et
al. (2004) did not show transferability in the et study as well, with few exceptions like
GWM136, GWM614 and GWM154 that did show amplificatieither inT. monococcum. On the
other hand, Sourdille et al. (2001) reported traraddility of 93% of the SSR markers derived from
hexaploid wheat on the corresponding ancestral #ogpe of diploid species. However, they used
only 12 A genome specific primers, which is mucésl@a number than used in the present study.
Guyomarc’h et al. (2002 b) reported about 50% tamadferability ofAe. tauschii derived SSR
markers in the A genome of diploid species. Genaeliationship among A, B and D genomes of
hexaploid wheat has been established by studyingnabsome pairing in hexaploids having the
recessive mutant allele ph1lb and nullihaploids ek chromosome 5B (Jauhar et al. 1991).

They found (Jauhar et al. 1991) that A and D gersosh®wed 80% association against only 11.5%
between A and B and 7% between B and D. Thus, Alagdnomes are much more closely related

to each other than either one of the two is toBlgenome. Evolutionary relationships between A,
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B and D genomes of wheat and its progenitor spdw@ee been studied by gene comparisons as
well (Huang et al. 2002; Petersen et al. 2006).(&ig4).

Based on genes sequence homology, it was concthdéthe A and D genomes are more closely
related than is the S genome $fopsis section or the B genome of tetraploid and hexaploi
cultivated and wild wheats. Thus, SSR markers @driirom Aegilops species ofStopsis section
(excluding Ae. speltoides) should also show high transferability to A genowmliploid wheat
(Petersen et al. 2006).

Triticum durum and T. monococcum harbour desirable variability, which may meet soofighe
future requirements for wheat improvement.

Although relatively high-density linkage maps a@wvnavailable in hexaploid wheat (Sourdille et
al. 2003; Somers et al. 2004; Quarrie et al. 20@Fada et al. 2006), gene cloning in tetraploid
wheat is still complex due to the polyploid genoitagge genome size and limited polymorphism.
A and D genome of diploid species could be usedlforing orthologous genes from tetraploid and
hexaploid wheat.

T. monococcum is easily cultivated in the field, alsib durum compared tdAe. tauschii, which is
extremely difficult to handle in the field due thadtering and hard threshing. So those species of
diploid and tetraploid wheat have a potential farcming a modelTriticeae species for
understanding wheat genomics and cloning of gereause of its relatively small genome size in
T. monococcum (Lijavetzky et al. 1999).

Figure 3:3Bhe association between A, B, D genome of wheat

T. urartu (AA) T. turgidum (AABB) T. aestivum(AABBDD)

-
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4- 4- Parallel mapping in related taxa

One of the most powerful aspects of genetic mappiitig DNA markers is the fact that markers
mapped in one genus or species can often be usednstruct parallel maps in related, but
genetically incompatible, taxa. For this reasong& mapping project can often build on previous

mapping work in related organisms. Examples inclad®arley map constructed with wheat
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markers (Roder et al. 1998; Somers et al. 2004tdRe<t al. 2005), a potato map constructed with
tomato markers (Bonierbale et al. 1988; Gebhardt.et991; Tanksley et al. 1993), sorghum maps
constructed with maize markers (Hulbert et al. 13€reira et al. 1994), a turnip map constructed
with markers from cabbage (McGrath and Quiros 198hy a mungbean map constructed with
markers from both soybean and common bean (Mendiaiea et al. 1993).

Not only does a pre-existing map provide a setreVipusly tested DNA markers, it also gives an
indication of linkage groups and marker order. Carmg A genome of our map with the 7
chromosomes of barley map (Rostoks et al. 2003y, five paracentric of inversions involving
complete chromosome arms was detected (Stein 20@T.; Marcel TC et al. 2007) (Fig. 3.35). But
changed also the distances between them, as alsd famong most of the grasses (Bennetzen and
Freeling 1993) and legumes (Boutin et al. 1995).

In cases like the present markers can be addednswamap in an optimum manner, either by
focusing on markers evenly distributed throughat genome, or by targeting specific regions of
interest (Concibido et al. 1996). Even though tiheat and barley maps are nearly homosequential
(synthetic) in marker order, both differ signifi¢gnfrom the linkage map of maize, despite the fact

that some were constructed with the same SSR nsafRence et al. 1993).

Figure 3.35: The comparing of our map with the map of Barlég, differences in some inversion in some
chromosome.

Our map J.K/C1x O5d/O5 Map of Barley (Marcel et al. 2007)
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5- IMPORTANT TRAITS
5- 1- The explanation of the traits and characters
In most cases, genome mapping is directed towaconaprehensive genetic map covering all
chromosomes evenly. This is essential for effecthagker-assisted breeding, QTL mapping, and
chromosome characterization. However, there areiaps&tuations in which specific regions of the
genome hold special interest. One example is tivaapy goal of a research project based on
cloning specific gene. In this case, markers that\ery close to a target gene and suitable as
starting points for chromosome walking are neededhe goal is to generate a high density linkage
map around that gene as quickly as possible (Y @008).
This introgressed region, often highly polymorpaidche DNA sequence level, provides a target for
rapidly identifying clones located near the genentdrest (Muehlbauer et al. 1991).
The rapid advance in molecular marker and linkag@pmg technologies exponentially increases
the number of marker loci assigned to genetic mBpsise genetic maps are a very useful tool in
the identification of molecular markers closelykial to genes or QTLs of interest, isolation of
genes via map based cloning, comparative mappitgganome organization studies (Varshney et
al. 2007 a, b).
The genetic linkage map presented in the curramysis the first published map between two
different RIL from durum wheat population. This gdo map spans over 3170.3 cM, with each
chromosome represented by one linkage group. Thepawental lines were found polymorphic in
various morphophysiological traits, such as Len@&rmplasm color, Grain protein content (Landi
2004).
Breeding new varieties of wheat with improved ersdgeality is a key aim of wheat breeding-
programs. The end-use quality of wheat is dependera large complex of genes that are greatly
influenced by environment conditions. Grain proteontent (GPC), wet gluten content (WGC),
kernel hardness (KH), water absorption (Abs) andgtiostability time (DST) are all important

grain quality traits in durum wheat.

5- 2- Explanation of the traits associated with mékers

5- 2- 1- The explanation of Traits - Grain Sizerd Grain Shape

TGW is highly positively correlated with grain aregidth, and FFD in all populations and years
(r> 0.75, P < 0.001) and moderately correlated withingrlength (r> 0.23, P < 0.001).
Interestingly, the L/W ratio shows no significamtaovery weak correlation, with either of the two

main grain size variables (TGW and grain area)gesting that the relative proportions of the main
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growth axes of the grain, which largely describ&imgishape, is independent of grain size (Gegas et
al. 2010).

In the work of Gegas et al. (2010) a principal comgnt analysis (PCA) was performed to identify
the major sources of variation in the morphomelata sets of the length traits in DH population.
PCA does that by identifying orthogonal directiongmely principal components (PCs), along
which the trait variance is maximal (Jolliffe 200Zhe substantive importance of a given variable
for a given factor can be gauged by the relativegeof the component loadings (Field 2005). In
study of (Gegas et al. 2010), only variables withding values of > 0.4 were consider important
and therefore used for interpretation following thnigeria proposed by Stevens (2009) that take into
account both the sample size and the percentaghanéd variance between the variable and the
component (Stevens 2009). In the work of Steverad. 2009 two significant PCs, PC1 and PC2,
were extracted for each DH population that exp@im9% of the variation apparent in these
populations. Both PCs showed analogous organizatiail populations used in their work (six),
with PC1 (55.6 to 67.1%) and PC2 (23.8 to 30.1%laring primarily variation in grain size and
grain shape, respectively. Furthermore, PCA onpulation-identified two PCs, comparable to the
ones identified for the individual DH and RIL poptibns, each of which explained 68.7 and 23.3%
of the variation, respectively.

Therefore, PC1 describes grain size differencesrevta proportional increase along both the
longitudinal (length) and proximodistal (width) @xpositively associates with an increase in grain
area and subsequently grain weight. On the othed,hBC2 captures primarily grain shape
differences with L/W ratio and grain length beirige tmain explanatory factors. The phenotypic
model for the grain size and shape parameters stgytfeat these two traits are probably under the
control of distinct genetic components.

Quantitative Trait Loci (QTL) analysis was perforinen the DH population (Gegas et al. 2010).
The strong positive correlations between the gsae variables (i.e., TGW, area, width, and FFD)
and between the grain shape variables (i.e., L/'i#lamgth) can be attributed to cosegregating QTL
with the same allelic effect. Indeed, in the study(Gegas et al. 2010) QTL for the grain size
variables cosegregated consistently in all poputatiand years. The same holds true for the QTL
for grain length and L/W.

Gegas et al. (2010) used high-throughput morphamatralysis to quantify grain size and shape
variation and determine its underlying genetic asian extensive collection that included DH
mapping populations, ancestral wheat species, aminercial varieties.

Quantitative analyses of the morphometric data alexe that grain size and shape are largely

independent traits. This is unlikely to be the hestiartificial selection during breeding sinceesi
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and shape are also independent variables in pvanittheat. At the developmental level, this
phenomenon may reflect differential modulation iavgth (or growth arrest) along the main axes of
the grain at different developmental stages. InatmnSolanum lycopersicum), for example, loci
that affect fruit shape have been identified, bot for the fruit size and vice versa (Frary et al.
2000; Tanksley 2004). Specifically, the fw2 ger®attprobability will present in our map, for
associated with some markers, was shown to be arrdajerminant for fruit size but not shape
variation (Frary et al. 2000), whereas the ovata ét al. 2002).

The notion that certain developmental constrainising fruit or grain growth could lead to
morphological changes is further corroborated logmne studies on grain size/shape genes in wheat
(Fan et al. 2006; Song et al. 2007; Shomura 04I8; Takano-Kai et al. 2009).

The GS3 locus was found to have major effects amdength and weight and smaller effects on
grain width (Fan et al. 2006), and the longer ggaian be attributed to relaxed constraints during
grain elongation (Takano-Kai et al. 2009).

The GW2 gene was shown to alter grain width andyiateand to lesser extend grain length owing
to changes in the width of the spikelet hull (Sehgl. 2007).

Several QTL for grain weight and length (Thomsoralet2003; Li et al. 2004) were reported on
durum wheat chromosome 3 and correspond to QTLnaatters for related traits identified in this
study. Specifically, wheat QTL for grain weight sespond to TGW and grain width QTL on the
synthetic regions of wheat chromosomes 5A and 6le GS3 genes effect on grain size is
attributed primarily to alterations in grain lengihd less so in width (Fan et al. 2006). Is been
verified with one QTL located on the chromosome 8B.the chromosome 4B is chromosome that
is referring to this character.

A total of 25 QTL for PC1 and PC2 were identifiedthe mapping populations (Gegas et al. 2010)
with LOD scores ranging between 2.9 and 10.6. Thnty of the QTL identified are located on
five chromosomes, 1A, 3A, 4B, 5A, and 6A.

The three QTLs for PC2 were detected on chromosbimeach of which explained 29.2, 11.3, and
18.5% of the variation in grain shape.

Meta-analysis identified two QTLs at close proxynib each other, MQTL1 between markers
psp3027 and wPt5374 and MQTL2 between Wmc24 and 2¥&on the consensus map for 1A.

In present map, were used some markers in comnadrcainry effects on QTL1 and QTL2 for PC2
located in same chromosome, as psp3027, Wmc27%/amtR4.Unfortunately the psp3027 marker
in our two relatives was monomorphic, but the otiagr polymorphic.
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Other QTLs for PC2 were detected on chromosome @pulations around markers barc19 and
wmc264. Always being in common with the markersduse the same chromosome in present map
(Fig. 3.36).

While the QTLs for PC1 was identified around of keargwm2, and revealed one other meta-QTL
that spanned the interval s635ACAG-barc19.

Two QTLs for PC1 were detected in DH populationsobmomosome 4B (Gegas et al. 2010),
around markers s14/m15.6 and wmc349. Another mé&la-@as identified between the markers
Gwm149 and Wmc47 on the wheat map of Gegas e2@10). And also the markers Wmc47, and
Gwm149 Gwm?2 are present in our map (Fig. 3.36).

The QTL for grain size and shape on chromosomed#@itified in this analysis are of particular
interest since their mapping intervals coincidehwiite approximate position of tisghaerococcum
locus (Salina et al. 2000). Thsphaerococcoid mutation reduces grain length, thus significantly
altering grain shape and size. The three geneS&l1and S3 of thgphaerococcoid mutation were
mapped on chromosomes 3D, 3B, and 3A, respecti{&djina et al. 2000). The S3 locus was
shown to be located between the centromeric magp@ra2 and gwm720 on 3A (Salina et al.
2000). This position corresponds to the mappingrial (highest LOD scores) of QTL for grain
length and L/W and grain width in the populatioe thork of (Gegas et al. 2010).

The distribution of these markers has shown a ntgjaf percentage (56%-62%) to the first
parental the only exception of the marker Wms2H8 with 48% was to the second parental. These
dates bring the results that in present study itise farental contained the traits of grain sizd an
grain shape, most probably the first parental cdudduseful in plant breeding for these both
characters (Figs. 3.8, 3.10).

3A 1B 1A 3A
Figure 3.36: Loogant, o llans +psp3ozy B-QTL1 o o g QLI
The association of some wPt5374 & Wms218-H—
markers with PPO activity QL2 QL1 I\
trait in several chromosomes [s635AcA6 H— /M5 F= |
(+ present in our map). ens +wmezrs =471 2
+ Gwm2 -.—Q IL 3 +gwmids + WMe24 et I\'

+ Wmcd7 ==

©
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5- 2- 2- The explanation of Trait - PPO (Poly PherldOxidases) Pigment Color
Poly phenol oxidases catalyze the oxidation of gedous phenolic acids, and produce short-chain
polymers that decrease the whiteness of noodleg finach flours of many bread wheat and durum

wheat varieties. This darkening process in noodéesassociated with PPO activity and its
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corresponding substrates (Miskelly 1984; Krugernletl992; Baik et al. 1995). A major genetic
effect on PPO activity has been reported to betéocan chromosomes 2A and 2D in hexaploid
wheat (Zeven 1972; Wrigley and Mcintosh 1975; Scetzal. 1998; Jimenez and Dubcovsky 1999;
Raman et al. 2005; Sun et al. 2005).

A major locus responsible for high PPO activity waapped on the long arm of chromosome 2A,
by using a set of RI lines derived from a crossveen the cultivars Jennah Khetifa and Cham 1.
Wrigley and Mcintosh (1975) found that the genéuiemcing the phenol color reaction of grain was
located on the long arm of chromosome 2A. In tédidpwheat, Jimenez and Dubcovsky (1999)
also found that the gene affecting PPO activity We&sated on the long arm of chromosome 2A.
Nair and Tomar (2001) found that the genes comfgrthe phenol color reaction in grain and in
glumes were not linked, and at least 2 genes detedhthe phenol color reaction of grains in
tetraploid wheat.

Watanabe et al. (2004) mapped the genes @ _Tc2 responsible for the high phenol color
reaction of kernels on the long arms of chromoso2#eand 2B. The map distances were estimated
to be 46.8 cM for Tcl and 40.7 cM for Tc2 from tlentromere in durum wheat.

In present work we have identified the markers Wrdould facilitate selection of genotypes with
lower PPO activity in durum wheat. Reducing PPQvdgtin varieties having other high-quality
attributes is highly desirable to maintain freslalgy.

PPO activity is measured by spectrophotometric dilagwe at 405 nm; it was 0.185 + 0.01 for
Cham 1 and 0.302 + 0.02 for Jennah Khetifa. PP®igcof lines in the RI population ranged from
0.15 to 0.4. The mean value of the population wa8®= 0.005.

In the work of Watanabe et al. (2006) the chromasosegment exceeded LOD = 3 for
chromosome 2A. The stepwise multiple regressionlyaisa revealed that these loci were
responsible for 49.1% of the variation in PPO aitimmong RI lines. The loci for PPO activity
were significantly associated with the SSR markgwk312 (wms312), which has been mapped
on the long arm of chromosome 2A (Nachit et al.1J0@ indicated that the loci for PPO activity
linked with Xgwm312 can be treated as a major géfeny researchers have found that genes for
PPO activity were located in homeologous groupa® pl major role in PPO activity in wheat.

Sun et al. (2005) developed co-dominant STS markarsPPO activity associated with SSR
markers, Xgwm312 (wms312), Xgwm?294 (wms294) anda®6B6 (cfa2086) in durum and bread
wheat. These molecular markers could be used faster and easier selection of plants during
breeding for low PPO activity.

Substitution lines of chromosome 2A of the hexaplarieties Cheyenne, Thatcher and Timstein in

Chinese Spring showed significantly higher PPOvégtthan all other substitution lines. Moreover,
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substitution lines of chromosome 2ATfiticum turgidum var. dicoccoides and of chromosome 2D
of Chinese Spring in the durum wheat variety Lamgdbowed a significant increase in PPO
activity (Jimenez and Dubcovsky 1999; Watanabel.e2@04). Jimenez and Dubcovsky (1999)
found that the gene(s) responsible for high PP@igcin chromosome 2D from Chinese Spring on
the long arm was within a deletion that repres@ngs of the distal part of the arm.

However, also Li et al. (1999) found loci for PP€&idty on chromosomes 5B and 7D and on
chromosomes of homeologous group 6 by using nuatlisdgetrasomic lines of. durum, Chinese
Spring and a PPO maize probe.

The identification of a molecular marker (Xgwm31i2ked to high PPO activity has the potential
to accelerate selection for reduced pasta darkérggarrying out negative selection for this trait
durum wheat breeding for the WANA region in Syisanjeone et al. 2002; Sun et al. 2005).

In present work wms312 marker is located on chrames2A, the major locus responsible for high
PPO activity was mapped on the long arm of chrommas@A. Also the one other marker that
included the PPO activity, Xcfa2086 that was lodatgth a distance of 28.2 cM to wms312 (Fig.
3.37; Table 3.12).

The distribution of Wms312 and Cfa2086 markergegpnt in our map for this character) has
shown a majority of percentage (49% and 68%) to fitst parental (J.KCI/ O5dxO5), that
indicates the first parental contained the traftgrain size and grain shape, most probably will be
useful the first parental in plant breeding forséoth character (Figs. 3.8, 3.10).

Figure 3.37: The association of some markers with PPO activéty (+ present in our map).
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5- 2- 2- 2- Quality of Pasta derivatives from durunwheat
The qualitative factors of Pasta can be briefly suamzed in 5 points: (1) the type of place of arigi

of the durum wheat from which the flour is producé?) the characteristics of the flour; (3) the
manufacturing processes of kneading, drawing ayiegirand (4) possible added ingredients.
Countries of pasta makers, as ltaly, are verytsafiout its production procedure and follows

stringent methods. The law of 1967 clearly stabes &nd use of common wheat flour in place of
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durum wheat flour in pasta is a fraudulent act.rfBanufacturing of pasta, especially dry pasta, with
common wheat is considered to be against law. Tdrelard measure for pasta mixture is flour with
30% water. To maintain the protein structure agtittiess of the dough, the flour must contain
particles of uniform dimensions.

When raw, good quality dry pasta must have theWalg characteristics:

1- It must have a uniformly smooth appearance axtlte.

2- No spots or dark shades must be visible whdm §ibines through it.

3- It must have a clear and unmistakable ambeowedblor.

4- It must be odorless.

5- it must taste slightly sweet.

6- when broken it must make a dry sound and thetura must appear smooth and glassy with no
air bubbles.

After the balanced proportion of water and flodwert the two major components of pasta, starch
and gluten comes. They play a big role in maintejnthe proportion and consistency of the
mixture.

Starch and gluten comes to play during cookinghaspasta takes a particular shape and texture
depending on them. Starch defines the componenarohydrate found at 60-70% in the wheat
grain. In raw pasta, starch is found in the graswuf@n the other hand, the gluten is a viscous
substance resembling the Latin gluten = glue. Thesaot really wheat-based components but it is
formed through the interaction of two proteinsadin and glutelin when these are hydrated.

These appear in dough of pasta when water is attdéite flour and kneaded thoroughly. This
gluten blends with granules of starch and form aststent and regular arrangement. While
cooking, these two ingredients play completelyetdéht roles. The starch granule absorbs water
and rapidly swells up until it breaks and freescibgtent in the water. The two gluten proteins on
the other hand coagulate forming a very compatitéathose envelopes the starch granules and try
to hold them as much as it can.

In poorly prepared pasta, the starch out balarfeegrtotein element and the pasta turn out to be a
rigid piece of wheat with whitish water. Pasta tisgbrepared with well balance of the elements is a
soft and spongy one as the gluten has managedpalst starch from absorbing water. Thus the
internal balance, nutritional value and taste acitpare preserved.

Since durum wheat is mainly used for pasta, theetr@s that meet the requirements of high-quality
pasta products receive premium prices in the globatket. These requirements include bright
yellow color, high protein content and pasta firgsieand small cooking loss (for a review see

Troccoli et al. 2000). Pasta color is determined grgin carotenoid content and carotenoid
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degradation by lipoxygenases during pasta proogg3iroccoli et al. 2000). The main carotenoid
pigment in the durum grain is lutein, which conttés to both pasta quality and nutritional value
(Hentschel et al. 2002).

Yellow pigment is mainly controlled by additive geaffects and has high heritability (Clarke et al.
2006; Clarke et al. 2000; Elouafi et al. 2001). &tyuimportant parameters for pasta quality are
pasta firmness and cooking loss, which are assatiaith grain protein content (GPC) and gluten
strength (Sissons et al. 2005).

5- 2- 3- The explanation of Trait - LOX

The bright yellow color is an important parameteralved in the definition of pasta quality and is,
therefore, a targeted for durum wheat breedingnarag. This character depends on i) carotenoid
accumulation in the endosperm, due to carotenoxdybithesis during caryopsis development,
mainly regulated by the rate-limiting Phytoene &ase (PSY) reaction, ii) carotenoid loss during
pasta processing, due to pigment oxidation catdliye.ipoxygenase (LOX). genetic variability of
LOX activity and Lpx genes. As far as carotenoiduaiulation in the endosperm, modern cultivars
showed significantly higher values of YPC compat@ald cultivars and wild sspmlicoccum and

ssp. dicoccoides accessions (Trono et al. 2010). Total carotenorttentration varied between 1.18
and 4.42 mg/g with an average of 2.46 mg/g. Luteas the main component of carotenoids,
followed by zeaxanthin and beta-carotene, wherdfascarotene and beta-cryptoxanthin were
minor components.

In the study of Trono et al. (2010) the construnkdge map and used 150 SSR markers for
subsequent QTL analysis. Five QTLs were identibedchromosomes 2A, 3B, 5A and 7A in the
Latino x Primadur population, accounting for a large prtiparof the phenotypic variation for
YPC and Yellow Index (YI). The locus encoding Psyds co-segregating with the QTL on 7AL,
thus confirming that allelic differences at Psy& associated with differences in YPC.

As far as carotenoid degradation during pasta geieg, LOX activity showed a large variability in
our collection (from 0.02 and to 7.91 EU/g dw) lreir work (Trono et al. 2010) with old cultivars
showing significantly higher activity values comgdrto modern ones. The expression analysis
carried out on four genotypes contrasting for Lty showed that the Lpx genes, namely Lpx-
1, Lpx-2 and Lpx-3, were differently expressed dgrseed maturation with the Lpx-1 transcripts
being the most abundant in mature grains (Yoneyatah 2003).

LOX is regulated by three genes, Lox A, Lox B, LOxThe wheat LOX isoanzymes were assigned
to chromosomes 4A (LPX-Al), 4B (LPX-B1), 4D (LPX-DBA (LPX-A2), 5B (LPX-B2), and 5D
(LPX-D2) (Fig. 3.39).
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For these markers located in the group of five,dlstortion should have in been in favourTof
durum, Jennah Ketifa/ Chaml alleles, because in the bél@. durum (first parental), The bright
yellow color in the final product (Pasta) is higheosmpared to thel. durum, Omrabi5/T.

dicoccoides600545// Omrabi5(Second parental). A
B
Group < <
Figure 3.39: The distribution of Lox gene and LPX locus in
(LPX-A1)
the group homoelogous of 4 and 5.
(LPX-B1)

(LPX-D1)

Group 5
(LPX-AZ2)
(LPX-B2)
LPX-D2)

In our study there were associations between WmcA#s251, Wms149 and Wmc349 markers

(SSR markers) and the Lpx-B1 locus, located ondhert and long arm of chromosome 4B.
Between these four microsatellite markers alsotedia proximity of the marker Wms349 with the
BE585760B (SNP marker), this short distance betvikese two markers (0.9 cM) verifies that the
BE585760B marker, will be associated with the L@a{tt(Yoneyama et al. 2003).

This closeness between the two markers was alsemren other chromosomes for example: there
is a short distance between Wms312 and Wmc407c{l)7on the long arm of chromosome 2A,
Wms312 includes an association with the trait @imgrcolor (PPO) and most probably Wmc407
will be associated with the traits of grain col®&PQO). We identified this relationship between
different markers with short distance and the assioa of them with the traits, in our map.

As between the Wms304 and wmc310 markers (1.6 avithe chromosome 4B for trait of
longitudinal (length). Between the Wms371 and Wn7s833 cM) on the chromosome 5BL for
trait of Stripe rust resistance (Feng 2010). Betwie Wms495 and BE442788A (0.7 cM) on the
chromosome 4BS for trait of Pasta color (Lox). Bstw the Wms113 and DREB4B (3.3 cM) on
the chromosome 4BL for trait of Pasta color (Ld¢tween the Wms501 and Barc101 (5.9 cM) on
the chromosome 2BL for trait of grain color (Naa#tital. 2001).

Figure 3.40: The association of markers including a shortaist with the different traits.
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5- 2- 4- The explanation of Traits - GYPC, SC, PC

Yellow pigment (GYPC), Semolina Color (SC), and tRa€olor (PC) are the most important
factors determining the end-use quality of wheatp@sta-making (Jun Li et al. 2011). In the work
of Zhang et al. (2008Yellow pigment (GYPC), semolina color (SC) and pastlor (PC) traits
were highly correlated. All three color parametst®owed a significantR( < 0.001) negative
correlation with TKW (GYPR = -0.28, SCR=-0.22, PCR=-0.17) and TWT (GYP@®R = -0.24,
SCR=-0.28, PCR = -0.25) suggesting that differences in grain sizd shape might have affected
grain pigment concentration in this segregatinguybetmon.

They identified four major overlapping QTL for GYPSC, and PC on chromosomes 1B, 6AL,
7AL and 7BL and a smaller one with a larger eff@ctpasta color on chromosomes 4B. The QTL
peaks for GYPC, SC and PC on chromosome 6A weranajpped between BARC113 and
GWM570. This QTL showed LOD scores above the 2rBstiold. These two markers are located
on chromosome 6A also on present map, with thierdice that in the parental screening,
BARC113 was monomorphic and GWM570 was polymorpinid associated to these three traits.
The overlapping QTL for GYPC, SC and PC on chrommes® 7A and 7B were both located on the
telomeric region of the long arm. In chromosomef@BGYPC between WMC311 and CFA2257,
for SC between WMC276 and GWM146, for PC betweerRBA073 and GWM146. The marker
WMC311 in present map, is polymorphic and localipedthe long arm of chromosome 2A. This
difference in position, to be located in anothemamosome, indicates that the PC trait in our map
will be able to another QTL configuration on thadoarm of chromosome 2A.

A more variable QTL was detected for GYPC and SCchromosome 1B, between markers
WMC626 and BARC302.

Unfortunately both of these markers are monomorphicpresent parental. The QTL on
chromosome arm 4BS showed a significant peak atpkd3l locus for PC but not for YP or SC.
This peak was positioned between WMC125 and BE44@3@&t in our map, WMC125 was
located in on the same chromosome (4BS), also wigmprphic between parental.

The second Parental showed higher GYPC, SC andaR@ssthan first Parentd? € 0.01), in the
study of Zhang et al. (200&pntributed for improved GYPC, SC and PC and idgrthe QTL
located on chromosomes 1B, 6A, and 7B. In presslis the same markers were associated with
these characters and localized in same chromos&n@Al, but instead of 7B there was 4A. These
characteristics of quality pasta for GYPC, SC a@j RPad association with WMS570 , WMC276
and WMCG617, located on chromosome 6AL, 7AL and 4f@Spectively.
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Granule-bound starch synthase, as the waxy protata)yses the synthesis of amylose in wheat
endosperm starch. In durum wheats, the genes enc@IBSS are present at the two fix loci on

chromosome 7A and 4A.

1B 4B 6A 7A 7B SC
Figure 3.41: I | I n
The association of some QT 1 j = o
: o +Wmes17 -2/ 1 wmezre MO W ani _,Gvec
markers with GPGrait in | Wmc626 — sEaesoatl M-+ Barci13 - | QTL1 1 l____.+Wmc311--—.__........
several chromosomes | Bare302 _._l... . N fwmsias - +c"225?”:f ____——»PC
(+ present in our map). tWmsSTeg= ||
e ~l i SC
GYPC  pc U o
N PC

5- 2- 5- The explanation of Trait - GPC

Grain protein content (GPC) is an important faaetermining the end-use quality of wheat for
pasta-making (Li et al. 2011). It is well known tidGC, Abs, DDT and DST are also important
quality traits strongly correlated with GPC (Matseipal. 1982; Autran et al. 1996). Moreover, it
determines nutritional value and quality. The coiaion and the quality of grain protein are the
two major characteristics determining the qualityasta, the major end-product made from durum
wheat. Several studies have demonstrated a stedationship between GPC and pasta cooking
quality, better cooking firmness and tolerance veroooking (Matsuo et al. 1972, 1982; Wasik
1975; Autran et al. 1996; D’Egidio et al. 1990;Ifetiand Dexter 1996).

The amount of wheat protein (GPC) can be divideéd four groups, Hard 1 (minimum protein
13.0%), Hard 2 (minimum protein 11.5%), Premium Wminimum protein 10.5%) and Standard
White (No minimum protein).

Many recent reports (Joppa and Cantrell 1990; Sikeiet al. 1999; Zanetti et al. 1999; Perretant et
al. 2000; Blanco et al. 1996, 2002, 2006) conclutted genetic factors impacting GPC in both
cultivars and wild wheat were distributed overlallwheat chromosomes.

Chee et al. (2001) detected a high grain proteih,(@Gpc.ndsu.6Bb, fronfriticum turgidum L.
var. dicoccoides, and deduced that the high GPC locus was inseasaienvironmental conditions.
The hardness (Ha) locus on chromosome 5D is tha determinant of grain texture in hexaploid
wheat, and this locus also controlled the productibpuroindoline proteins (Morris 2002).
Recently, Chantret et al. (2004, 2005) sequencedHih locus. The recent emphasis on end-use

quality has increased the economic value of thests {Dohlman and Hoffman 2000).
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One approach to increase the GPC is to utilizentgle grain protein alleles from wild relatives of
wheat. Wild emmerT(riticum turgidum ssp.dicoccoides) is a potential source of high GPC alleles
(Avivi 1978). This wild emmer was also, one of diust parents’.

Recombinant substitution lines ©f dicoccoides FA15-3 chromosome 6B in the cultivar ‘Langdon’
(Triticum turgidum var durum, LDN hereafter) showed that a QTL for high GPC wpassent
between SSR marker Xbarc354 and RFLP marker Xpsshléhromosome arm 6BS (Joppa et al.
1997). These markers were mapped also on rice dsame 2 and therefore define a 30 cM
collinear region between the two species (Fig. 3.42

Distelfeld et al. in (2004) used information frohetrice genomic sequence to saturate with markers
the wheat chromosome 6B region of the QTL for lggan protein content.

In their work approximately 40 pairs of EST spexrimers were designed, from 20 PCR products
and used as probes, only eleven of these probegeghpolymorphism between the parental lines
and were further used for mapping. The conservatiogene order (micro-collinearity) between
wheat and rice in the GPC region was well estabtish

The GPC gene was mapped into a 0.9-cM intervahddfby flanking loci Xucw70 and Xucw73.
The wheat region between Xucw70 and Xucw73 cormedpd®o a 100-Kb segment in rice located,
in this identify region, and on the 6B chromosoniembeat also were presented SSR markers
Xgwm219 (WMS219) and Xwmc397 (WMC397) associatethydPC locus (Fig. 3.42).

Also Joppa et al. (1997) on 'Langdon’ durum whieet With a pair of 6B chromosomes from an
accession offriticum turgidum L. var. dicoccoides previously shown to have a gene (s) for high
grain protein content (GPCY.hey identifiedclosely linked markers for use in marker-assisted
breeding fomap the gene(s) for high GPC.

Provided strong evidence that a gene(s) for higiC @&Plocated near the centromere of GBe
most likely location for the gene(s) is in the gkeom between Xabg387-6B and Xwmc397-6B. The
LOD score for this interval is 18.9. Segregationthis segment accounted for 66% of the variation
in GPC. Eleven additional markers have been mappighin seven cM of the midpoint of
Xabg387-6B and Xwmc397-6B. One or more of thesekararshould be useful in marker-assisted
breeding for high GPC in durum wheat.

Due to the strong environmental influence on GP@Glesular markers linked to quantitative trait

loci (QTL) affecting GPC have the potential to l@uable in wheat breeding programs.
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In the work of Gonzalez-Hernandez (2004), studyngppulation of 133 recombinant inbred lines
in replicated trials at three locations in Northkbta, have verified ifriticum turgidum (L.) var.
dicoccoides that there is an interval of QTL for GPC trait ¢ve t5BL chromosome. Their analysis,
performed with MQTL, indicates the presence sigaifit peak affecting GPC (threshold value for
main effect = 16.4). This peak was in the interalcd1030-Xgwm604 (wms604). The closest
locus was Xgwm604 (wms604) (TS = 155.7). This peaklained 32% of the total phenotypic
variance (variance QTL main effect/phenotypic vacm = 32%). the marker wms604 was present
in my map therefore also our RILs they had assiociavith this character; the similarity of this
marker has been distributed to the second parental.

This shows the value of chromosome 5B frorticum turgidum (L.) var. dicoccoides, alone or in
combination with other genes mappedrmticum turgidum (L.) var. dicoccoides or other sources,

to increase GPC in breeding lines.

. . i 6B 5B
Figure 3.42: The association of ani N o
some markers with GPC + Barc354 N bcd1030 e 8,
trait in several chromosomes P A 1o+ Wms604 -._le'-?

i Wms219 N\
(+ present in our map). + Wmeao7B— B
QL3
Ucw70

Ucw73

5- 2- 6- The explanation of Trait - Rust Disease

Stripe (yellow) rust, caused biRuccinia striiformis Westend. f. sp. tritici Eriks. (Pst), is an
important disease of whealr(ticum aestivum L.) globally. Use of host resistance is an important
strategy to manage the disease. The cultivar Flvasr temperature-sensitive resistance to stripe
rust. To map quantitative trait loci (QTLs) for seetemperature-sensitive resistances of Feng, in

2011, confirmed crossed between Flinor and suddeptultivar Ming Xian 169The seedlings of

the parents, and F1, F3 progeny were screened sag@imnese yellow rust race CYR32 in

controlled temperature growth chambers under diffetemperature regimes. Genetic analysis
confirmed two genes for temperature-sensitive stryst resistance.

A linkage map of SSR markers constructed througm@FR2011), that using 130 F3 families derived
from the cross. Two temperature-sensitive resigtaQdLs were detected on chromosome 5B,
designated QYr-tem-5B.dnd_QYr-tem-5B.2respectively, and are separated by a genetiartist

of over 50 cM. In the work of Feng 2011, the loontributed 33.12% and 37.33% of the total

phenotypic variation for infection type, respeclyvend up to 70.45% collectively.
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Favorable alleles of these two QTLs came from Fli@f the 978 SSR primer pairs used to screen
for polymorphism between the parents, 282 weremohphic. A molecular marker linkage map
was constructed using 229 marker loci exhibiting-destorted segregation. That in this group of
polymorphic markers, there are so many of our nrarke common with the work of their (Feng
2011). QYr-tem-5B.1QYr-tem-5B.2They were both located on chromosome 5B.

QYr-tem-5B.1 was flanked by SSR markers Xwms67 and XBarc89, @Ya-tem-5B.2 was
flanked by SSR markers Xwmc235 and Xwms604. QYr-&8rl and QYr-tem- 5B.2 explained up
to 33.12% and 37.33% of the phenotypic variatiomfidction type, respectively (Fig. 3.43).

The Xwms67 was present on our map with the diffeeerto be located on chromosome 3A for
association of this character with this marker um kinkage map, there's probably another QTL on
chromosome 3A. Instead Wms235 the marker was preseour map on chromosome 5B, with the
similarity of 52% from the first parental (J.K/Cljhe association of this character with this marker
shows that this trait comes from our first parental

Fusarium head blight (FHB) is one of the most ingoar fungal wheat diseases worldwide.
Understanding the genetics of FHB resistance ist@dgcilitate the introgression of different FHB
resistance genes into adapted wheat.

In the project of Cuthbert et al. (2007) was stddiee FHB resistance QTL on chromosome 6B,
guantify the phenotypic variation, and qualitativelap the resistance gene has a Mendelian factor.
The FHB resistant parent BW278 was used as thecesoaf the resistance allele. A large
recombinant inbred line (RIL) mapping populationswaeveloped from the cross BW278/AC. The
population segregated for three known FHB resigd)€L located on chromosomes 3BS, 5A, and
6B. Molecular markers on chromosome 6B (WMC104, WBAZ, GWM219), 5A (GWM154,
GWM304, WMCA415), and 3BS (WMC78, GWM566, WMC527)rev@mplified on approximately
1,440 F2:7 RILs (Fig. 3.43).

Disease response was evaluated on 89 RILs andtaldrecks in the greenhouse and field
nurseries. Dual floret injection (DFI) was usedgreenhouse trials to evaluate disease severity
(DS). Macroconidial spray inoculations were usetield nurseries conducted at two locations in
southern Manitoba, to evaluate disease incidents®ease severity, visual rating index, and
Fusarium-damaged kernels (Cuthbert et al. 2007). The phenotypitrithgtion for all five-disease
infection measurements was bimodal, with lines mégimg either the resistant or susceptible
checks or parents. All of the four field traits feiB resistance mapped qualitatively to a coindiden
position on chromosome 6BS, flanked by GWM133 adME®B44, and is named Fhb2. Qualitative

mapping of Fhb2 in wheat provides tightly linkedrkeas that can reduce linkage drag associated
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with marker assisted selection of Fhb2 and aidptiramiding of different resistance loci for wheat
improvement.

Even on our RILs, WMC104, WMC397, GWM219 markers dmomosome 6A, GWM154,
WMC415 markers on chromosome 5A, and WMC78, GWM5&BMC527 markers on
chromosome 3Bs, contain the association Witlsarium head blight tract (FHB), but with some
differences. In our map WMC104 marker is locateccbhromosome 1A, instead of 6A. WMC219
and WMS154 markers were monomorphic in the scregeoinour parental. The two markers
(GWM566, WMC527) taken on the chromosome 3B in iiegp of Cuthberet al. (2007) were
absent in our map.

Figure 3.43: The association 0memarkers with temperature-sensitive resistanceritl traits in several
chromosomes$+ present in our map).
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5- 2- 7- The explanation of Trait - Photoperiod

Variation in photoperiod response plays an impartasie in adapting crops to agricultural
environments. The timing of flowering is an impott@omponent of adaptation that affects cereal
yield and grain quality. In hexaploid wheat, muag conferring photoperiod insensitivity
(flowering after a similar time in short or longyd have been mapped on the Hpd-B1) and 2D
(Ppd-D1) chromosomes. In collinear positions to the Rpt-H1 gene of barley. No A genome
mutation is known. On the D genome, photoperiodnsgivity is likely to be caused by deletion of
a regulatory region that causes miss expressiamoémber of the pseudo-response regulator
(PRR) gene family and activation of the photoperipdthway irrespective of day length.
Photoperiod insensitivity in tetraploid (durum) velhés less characterized.

The Ppd-Bl locus is well defined genetically in &eboid wheat, also was verified on 2B
chromosome (Worland and Snape 2001). But for chemme@ 2A the situation is less clear (Law et
al. 1978; Scarth and Law 1984). A PRfRne homologous to Ppd-H& present on 2A but
sequencing revealed no mutation likely to causetq@esiod insensitivity (Beales et al. 2007).
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Furthermore, analysis of a ‘Mercia’ single chrommoso substitution line thought to carry a
photoperiod insensitive allele on chromosome 2Anfr€591’ in fact carried a Ppd-Bla allele
(Mohler et al. 2004). Photoperiod insensitivity #=iin tetraploid (AB genome) wheat (Motzo and
Giunta 2007) but its genetic basis is poorly unideds compared to the hexaploid.

However, a QTL that is a candidate foPjad locus has recently been mapped on chromosome 2A
of tetraploid wheat by Maccaferri et al. (2008).

For verify if, the_Ppd-Alocus will bemapped in wheat, and to determine if, it coulddmated in

the near-isogenic Lines. Wilhelm (2008) screenedparents of the F2 populations with 24 SSRs
markers for the short arm of chromosome 2A. Inrteaidy (Maccaferri et al. 2008) one marker
(wmcl77) was polymorphic and could be scored irh lmsbsses. Comparison with the phenotype
scores and genotype scores from the deletion aptayesd WMC177, 2 and 2.8 cM from "Ppd-Al"
in the GS-100« GS-101 and GS-10% GS-104 crosses, respectively.

This places "Ppd-Alih the central region of the 2A short arm (Some.e2004)(Fig. 3.44).

As in the preliminary test of the parental line§-@05 plants flowered about five days later than
GS-100 plants in the second experiment. This cbeldiue to a difference between the "Ppd-Al"
alleles or to additional background genetic vaoiati

In Analysis of Kofa and Svevo, the parents of tbeuation described by Maccaferri et al. (2008)
showed that Kofa carries the GS-1tpe allele and Svevo carries the GS-1fjfe allele. No major
flowering time gene segregates in the Kef&vevo cross but a QTL was found with a peak in the
8.6 cM XWMC177-XCFA2201 interval with ‘Svevo’ prading the later flowering allele
(Maccaferri et al. 2008) (Fig. 3.44).

As they said Photoperiod insensitivity exists itraploid (AB genome) wheat (Motzo and Giunta
2007) but its genetic basis is poorly understoaamared to the hexaploid. However, a QTL that is
a candidate for a Ppd locus has recently been rdappehromosome 2A of tetraploid wheat by
(Maccaferri et al. 2008). Clearly any photoperiodensitivity in durum wheat must result from a
mutation different to that on 2D (Ppd-D1la) Wilhe(2008) explored PRR gene variation in five
pairs of near-isogenic tetraploid wheat lines deped by Clarke et al. (1998) that differ in
photoperiod sensitivity. They show that photopeiitgEnsitivity is associated with mutation of the
PRR gene on chromosome 2A, and localized with ghstance from the WMS425 marker.
Previously described Photoperiod loci in barleyd®{1) and wheat (Ppd-B1 and Ppd-D1) have
been mapped to collinear positions on the respegiioup 2 chromosomes (Laurie 1997; Borner et
al. 1998). Ppd-Hivas identified as a member of the pseudo-resp@ugaator (PRR) gene family

by (Turner et al. 2005). Beales et al. (2007) dbsdrthe cloning and sequencing of orthologous
PRR genes from the A, B and D genomes of hexapliidat. The nearby this gene with the
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WMS425 marker, will able to identify the presendettos character on the groups of two in our
map. This marker has been polymorphic between wor parental, and in our RIL had the
similarity of 62% with the first Parental (J.K/CEp this character is recession in the first patent

J.K/CI).

(3.k/Ch) ”
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5- 2- 8- The explanation of Trait - Growth

Watanabe (2008) presented that the assessmentsa@dcteristics near-isogenic lines are being
progressed. The Rht-BHilele reduced plant height and caused deep seethdoy most severely,
whereas Rht-Blallele resulted weak, less number of tillers at ¢lagly stage of growing. The
effects of other alleles were similar to that ot-#1ib.

It should be noted that the gibberellic acid sérey reduced height genes, Rhtl4, Rhirl
Rht18, were induced independently. These genes waisbc to each other, and linked with
XBARC3 on chromosome 6AS. Microsatellite mapping indicdtext they were located at the same
locus on the short arm of chromosome 6A (Fig. 3.43)

The Rht-Blb allele encodes a mutant form of thetgmp a gibberellic acid (GA) signaling
repressor (Peng et al. 1999 b). Rht-B1b allelss®aated with a single base-pair change leading to
a TAG stop codon. Variation among multiple alles#sRht-B1b locus may suggest that there is
nucleotide sequence polymorphism in the semi-dngudenes.

The BARC3 marker also was present among our markersur map this marker with the near
distance by other two markers, which until now rdentified for this character. For this short
distance, the two markers BARC3 and CFA2114 wilfythe same genes, from parents.

These two Markers on our RIL had the similarity56P6 and 58% with the first Parental (J.K/C).

Figure 3.45:The association of 6A
some markers with growth M
trait in several chromosomes QrL1

(+ presentin our map). + Bare3 l\
Rht
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Results & Discussion

Table 3.12:Association of Markers with the characters andt$ra
J.K/C: First parental: Jennah Khetifa/Chaml, Od#®cond parental: Omrabi5//dicoccoides/Omrabi5.

Marker [ Symbol of Traits | Location | Poli/Mono Traits (Characters) Gene Ar\]lilgLe References
WMS570 GYPC 6AL poli Yellow pigment Od/o (Zhang etal. 2008)
WMC276 SC TAL mono semolina color, -—- (Zhang et al. 2008)
WMC617 PC 4BS mono pasta color Lpx-B1 (Zhang «dl. 2008)
Barc11 | CYPC: SCand 6A mono | Yelow pigment,semolinal -\ . o, (zhang et al. 2008)

PC color, pasta color
WMS219 GPC 6BL mono Grain protein content (Zhag et al. 2008)
WMC311 GYPC 2A poli Yellow Pigment J.KIC
WMC177 PHT 2A poli Photoperiod insensitivity Ppd-Al J.KIC (Somers et al. 2004)
CFA2201 2A poli Later Flowering odgio | (Maccaferrietal.
2008)
wwmsa1z | PPO (Polyphenol| poli Pigment Color JKIC | (Nachit et al. 2001)
oxidases)
WMs24g | PPO (Polyphenol f poli Pigment Color 0d/o (Sun et al. 2005)
oxidases)
. longitudinal (length) and
WMC349 PC1 4B poli proximodistal (width) GS3 J.KIC (Gegas et al. 2010)
longitudinal (length) and
WMS149 PC1 4B mono proximodistal (width) (Gegas et al. 2010)
WMC264 PC2 3A poli grain shape GW2 0d/O (Salina eal. 2000)
BARC19 PC2 3A mono grain shape -—- (Gegas et al. 2010)
MWG79 GPC 6B mono Grain protein content GPC locus -—- (Distelfeld et al. 2004)
WMC104 FHB 1A/6A poli FHB resistance (Fusarium 0dio | (Cuthbert et al. 2007)
head blight)
3A/5B . Stripe rust (Diseases of | QYr-tem-
WMS67 poli Rust) 581 0d/o (Feng 2011)
Stripe rust QYr-tem-
Barc89 5B mono (Diseases of Rust) 581 -—- (Feng 2011)
Stripe rust QYr-tem-
WMC235 5B mono (Diseases of Rust) 5B8.2 (Feng 2011)
Stripe rust QYr-tem-
WMS604 5B mono (Diseases of Rust) 582 -—- (Feng 2011)
WMC397 FHB 6B poli Fusarium headblight J.K/IC | (Cuthbert et al. 2007)
GWM219 FHB 6A mono Fusarium headblight (Cuthbert et al. 2007)
GWM154 FHB 5A mono Fusarium headblight (Cuthbert et al. 2007)
WMCA415 FHB 5A poli Fusarium headblight J.KIC | (Cuthbert et al. 2007)
WMC468 Gl 4A mono germination index (GI), (Mares et al. 2004)
(Grain Dormancy)
AT loc1,2
WMC262 Gl 4A poli germination index (GI), JKIC | (Mares etal. 2004)
(Grain Dormancy) JK/C
WMC161 Gl 4A mono germination index (G), (Mares et al. 2004)
(Grain Dormancy)
WMC256 Ash 6A mono

150



| | /CHAPTER IV
SENER AL DISCUSSION &



Conclusiol Conclusiol

CONCLUSION
The current consensus map shows the position afosatellites at a density that makes the map
useful in plant breeding. In smaller populatiort® tccurately position markers is lower than in
larger populations. The disagreements in markeeroodl closely linked markers between genetic
maps and derivation of the most correct marker rood® be facilitated by construction of the
consensus map.
The exact fine marker order may differ slightlyather populations, and users should be prepared
to establish the order for closely linked markergheir mapping and breeding populations. This
population is derived from a cross between genétichverse parents and is therefore ideal for
identifying loci controlling both qualitative andigntitative traits.
The traits associated with high priority for quéative trait loci (QTL) analysis, like the grain
quality traits,linked to the end products (pastayscous, and burghul), such some disease are
extremely useful in plant breeding activities. Ganetic linkage map presented in the current study
is the first published map utilizinig a RIL poputat derived by durum wheat Parents belonging to
two RIL populations and using of SSRs and SNPs erarkThe two parental lines were found
polymorphic in various morphophysiological tragsich as productivity, heading date, plant height,
drought resistance and others.
However, a few chromosome arms (2AS, 4AS, 6AS dBf)6vere partly covered and one arm
(4BS) was not covered. Lack of complete genome remeeof homoeologous group 4 was observed
in a few other wheat mapping populations (Rodeal.e1998 a, b; Paillard et al. 2003; Elouafi and
Nachit 2004).
The primary use of our map is in molecular mappafigraits and plant breeding. The precise
marker order over short chromosome intervals (<4949 may not be that important to make plant
selections. But our map is approached at this mistaand drawing up for chromosome intervals
with 90 cM. The marker order between 90 cM binsglthe chromosome is more important in
order to detect recombination events in gametesvaaick proper plant selections.
This map provided a normal number of markers alibreglength of the chromosome that can be
used to genotype individuals for detecting recorabis, fixing loci, restoring a recurrent genetic
background, or assembling complex genotypes in tmgrosses (Gupta et al. 1999; Huang et al.
2003).
Grain quality traits were found to be affected Inyieonmental fluctuations, this is particularly éru
for protein content, and 1000-kernel weight. Furttiee mapping population Jennah Ketifa/ Chaml
x Omrabig T. dicoccoides600545// Omrabi5showed significant transgressive inheritance évesal
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traits (e.g.: Length of the wheat, PPO activity|ld@ pigment) for had associations of markers
with genes that control these traits.

For basic genetic studies, development of primaenegic linkage maps is of paramount
importance. Furthermore, saturated genetic mapgideayeneticists and breeders with powerful
tools for quantitative trait mapping, positionaihgecloning, and marker-assisted selection. It is of
interest to notice, that due to the large genatitadce between the parents of this populatiorsiFir
(J.K/CI) and second (O5d/O5) Parental), a high ll@fepolymorphism was detected (> 45%),
although the mapped population is a RIL. The (JIKAC(O5d/O5) map was constructed with 100
microsatellites and 10 SNPs as framework markers. l&@ngth of the map was 3170.293 cM, with
an average of marker per 31.70cM. The map showedhasynteny with former published durum
and bread wheat maps.

The SSR markers were evenly mapped across the \gkaleme. The microsatellites proved to be
good as anchor probes and were very useful in amdschromosomes identification. SNPs proved
also to be good markers for map saturation in dnehmmosome 4B. Most of the combinations
were mapped in different genomic regions, which lgirag numerous fragments that were mapped
in 13 different linkage group# agreement with earlier published ddofafi, 2004).

More genetic markers were mapped in the A genonmapacatively to the B genome. In
conclusion, Wms and Wmc from Bread and durum wiheiatosatellites amplified and mapped
perfectly in durum/ durum genetic background.

Indeed, the mapping population showed a fixed gems#tucture, as it was developed using single
seed descent (SSD) method. This makes Jennah /Kéifnl % Omrabi5/ T.
dicoccoides600545//Omrabi5 population ideal for assessing the emwvirental impact on trait
expression. In the future this population will beed for identification of QTLs linked to
agronomic, physiologic, and biotic traits.

For several grain-quality trait3riticum dicoccoides was found to hold novel genes that could be
used in durum improvement. It is important the agtession of these identified desirable genes
from Triticum dicoccoides to improve durum genetic material. This positiventtibution was
noticed for protein content and gluten strengthe @brum cultivar Omrabi5, showed a positive and
significant positive effect on test weight, thouddernel weight, flour yield, and yellow pigment.
The durum cultivar Jennah.Ketifa/Cham I, on theeotiand, showed a positive effect for quality of
Pasta, had a high PPO (Poly phenol oxidases) gctivi

In this study, it was also demonstrated the impaeeof mapping and association of some markers
with some traits, that are of economic and nutmgianterest. The genetic mapping also have strong

implication to comprehend the underlying basic naeitms of different research disciplines. They
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can be used to investigate the interaction betvadiféerent research fields; e.g. grain-quality, fina
product-quality, biotic stress resistance, etc. fdmlts also suggest strongly the use of idedtifie
markers to enhance the efficiency in plant breedexpecially those showing high explanation
rates. In our case the determined QTLs will be ettbjo immediate validation on diverse genetic
backgrounds and use in marker assisted breeding.

The marker density in our map can provide a bettesice of markers for specific breeding
populations to ensure adequate polymorphic markeerage in regions of interest. Further, the
marker density in this map is likely sufficientperform association mapping and possibly linkage
disequilibrium (LD) studies on germplasm collecgoifhere were a sufficient number of markers
distributed over the genome, which amplified sinigle only or low complexity profiles that are
well suited for association mapping and LD studies.

These types of markers would avoid the confusiosceofing alleles amplified from parologous or
homoeologous loci, which is a concern in a polygaspecies such as wheat.

A database of allele sizes is provided at (httféat.pw. usda.gov) so users can consider the
approximate size of DNA fragments in their breediagents and populations and how best to use
the map to develop molecular breeding strategies.

In summary, the microsatellite consensus map btioggther large collections of publicly available
microsatellites onto a single genetic map derivgdjdining this genetic maps. There are still
hundreds of microsatellite markers in the publiondan that could be added to the present
consensus map. Future prospects include adding micresatellite and SNP-based markers to the
consensus map, a thorough alignment to the physiegl of wheat, as well as implementation of
the map in haplotype diversity studies of durum athe

As the molecular marker techniques require smalbwarts of test material, they could also be
applied at very early stage and to large numbepayulations/genotypes. Further, molecular
biology techniques are less time-consuming and rpogeise than conventional techniques. Also,
their research outputs are highly repeatable, bieljaand less subject to mistakes. Moreover, the
attractiveness of these powerful and useful toolhé use of the same protocols, equipments, and
reagents for any given trait. Therefore, similapraaches could be used for screening for different
characters. This uniformity of working will have folgtely positive consequences on research

efficiency and speediness.
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The concluding remarks could be summarized asvstlo

1. The construction of a molecular map using a fadfmun of RILs derived from intraspecific cross
of durum wheat.

2. High level of polymorphism between the two pésemas detected. The genetic linkage map of
Jennah Ketifa/ Chamd Omrabi5/T. dicoccoides600545// Omrabi5 population was constructed.

3. ldentification of loci associated to genomigtgamplicated in productivity for MAS utilization.

4. The identification of the percentage of recombon between different markers in the RIL lines
derived by crossing tetraploid wheat.

5. Study and analyze the similarity and the diifiees between the RIL in various loci, our
genotypes showed a similarity with the high peragatto the first parent.

6. Quantitative and transgressive inheritances wearealed for most grain quality traits.

7. SSRs used as anchor probes to identify chromaisarms and SNPs as markers to saturate the
map of chromosom 4B.

8. More genetic markers mapped to A than to B genom

9.This present study provided insight into the ataon in allele size between mapping parents,
which may be extended to other parents and bregmipglations. as the CFA markers 28.2 bp
have shown the maximum differences dimensional WMC markers 9.3 bp minimum
differences in our population.

10. The Jennah Ketifa/ ChamlOmrabi5/T. dicoccoides600545// Omrabi5 mapping population is
a potential source for grain quality improvemend &or studying QTLs use in durum breeding.

11. Resulted in a comprehensive analysis of mavkigr and distance of DNA markers for use in

molecular breeding.
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