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ABSTRAKT (IN DEUTSCH) 1

Abstrakt (in Deutsch)

Die Ziel des vorliegenden Projekts war, vorteilhafte exotische QTL-Allele fiir die Verbesserung der
agronomischen Leistung, der Krankheitsresistenz und der unspezifischen Blattflecken in zwei
BC,DH-Populationnen zu ermitteln, die aus den Kreuzungen der beiden deutschen
Wintergerstesorten Carola und Theresa (Hordeum vulgare ssp. vulgare, im folgenden mit Hv
abgekiirzt) mit der Wildgersten-Akzession ISR101-23 (Hordeum vulgare ssp. spontaneum, im
folgenden mit Hsp abgekiirzt) aus Israel abgeleitet wurden. Die zwei BC,DH-Populationen
(benannt C101 und T101) wurden mit 82 und 78 SSR-Markern genotypisiert. C101 und T101
bestanden aus 282 und 104 BC,DH-Linien. Insgesamt 16 agronomische Merkmale, vier
Krankheitsresistenzen sowie unspezifische Blattflecken wurden an bis zu sechs unterschiedlichen
Umwelten und iiber zwei Jahre ausgewertet. Die QTL-Analyse wurde mit einer 3-faktoriellen
ANOVA durchgefiihrt, mit dem Marker als fixen Effekt, der Linie geschachtelt in
Markergenotyp, der Umwelt und den entsprechenden Interaktionen als zufillige Effekte. In
C101 wurden 35 vorteilhafte exotische QTL-Effekte aus 183 putativen QTLs fiir 10 agronomische
Merkmale, vier Krankheitsresistenzen und unspezifische Blattflecken ermittelt. Unter den
vorteilhaften exotischen QTLs wurden 22 (19,1 %) vorteilhafte QTL-Effekte fiir agronomische
Merkmale, und 13 (19,1 %) fiir Krankheitsresistenzen und unspezifische Blattflecken
identifiziert. Ein crossover QTL-Effekt des Hsp-Alleles auf Ertrag, ermittelt auf Chromosom 6H in
C101, war mit einer Ertragszunahme von 8,2 %, gemittelt liber drei Umwelten, verbunden (Table
17). Allerdings war der Hsp-Effekt in den restlichen zwei Umwelten mit einer Ertragsabnahme von
4,6 % assoziert. Die Symptome fiir Zwergrost, Netzflecken, Mehltau, Rynchosporium und
unspezifische Blattflecken wurden in C101 durch exotische Allele an den QTLs QIrC101-3H,
QnbC101-6Hd, QpmC101-2H, QrhC101-7Ha und QnpbC101-5Ha um 26,2 %, 20,8 %, 17,8 %, 4,9
% beziehungsweise 14,9 % reduziert. In T101 wurden 85 putative QTLs fiir elf agronomische
Merkmale, Krankheitsresistenzen und unspezifische Blattflecken entdeckt. Der exotische
Genotyp verbesserte die Leistung bei 13 (18,6 %) von 70 QTLs, die fiir agronomische Merkmale
ermittelt wurden (Table 19). Insgesamt 39 putative QTLs, die in C101 ermittelt wurden, wurden
durch 40 QTLs in T101 bestétigt. Von 268 putativen QTLs und 48 vorteilhaften exotischen
Effekten, die in beiden Populationen gefunden wurden, konnten 65 (24,3 %) QTLs
beziehungsweise 21 (43,6 %) vorteilhafte exotische Effekte in anderen QTL-Analysen der Gerste
wiedergefunden werden. Ungefdhr 64 % der vorteilhaften exotischen QTL-Allele, die in dieser
Studie identifiziert wurden, konnten nicht in anderen Studien der Gerste ermittelt werden. Diese

vorteilhaften Hsp-Allele konnten daher neue Allele sein.



ABSTRACT (IN ENGLISH) |

Abstract (in English)

The objective of the present study was to detect favourable exotic QTL alleles for the
improvement of agronomic traits, pathogen resistance and non-parasitic browning in two BC,DH
populations derived from the crosses of two German winter barley varieties, Carola and
Theresa (Hordeum vulgare ssp. vulgare, in the following abbreviated Hv), with the wild barley
accession ISR101-23 (Hordeum vulgare ssp. spontaneum, in the following abbreviated Hsp) from
Israel. The two BC,DH populations (termed C101 and T101) were genotyped with 82 and 78 SSR
markers, respectively. C101 and T101 consisted of 282 and 104 BC,DH lines, respectively. Sixteen
agronomic traits, four pathogen resistances and the non-parasitic browning were evaluated at up to
six different locations and in two consecutive years. QTL analysis was carried out with a three-
factorial ANOVA including the marker as fixed effect and the environment and lines nested in the
marker genotype as well as the respective interactions as random effects. In addition, cold damage
(COD) and neighbouring plots of the seriously cold-damaged plots (N) were used as co-variables
for those traits which were significantly affected by COD and N. In C101, 35 favorable exotic QTL
effects out of 183 putative QTLs were detected for ten agronomic traits, four pathogen resistances
and non-parasitic browning. Among these putative QTLs, 22 (19.1 %) of 115 QTLs detected for
agronomic traits exhibited favorable effects and 13 (19.1 %) of 68 QTLs identified for disease
resistances and non-parasitic browning were associated with improvements. A crossover interaction
QTL effect of the Hsp allele on yield, detected on chromosome 6H in C101, was associated with a
yield increase of 8.2 % averaged across three environments. However, in the remaining two
environments the Hsp effect was associated with a yield reduction of 4.6 %. In addition, favourable
effects of exotic alleles were detected for all pathogen resistances and non-parasitic browning in this
study. For instance, the symptoms of leaf rust, net blotch, powdery mildew, scald and non-
parasitic browning symptoms at QIrC101-3H, QnbC101-6Hd, QpmC101-2H, QrhC101-7Ha and
QnpbC101-5Ha were reduced by 26.2 %, 20.8 %, 17.8 %, 4.9 % and 14.9 % in C101, respectively
(Table 17). In T101, 85 putative QTLs were discovered for eleven agronomic traits, four pathogen
resistances and non-parasitic browning. The exotic genotype improved the performance at 13 (19.4
%) of 67 QTLs detected for agronomic traits and no favorable QTL effect was identified for disease
resistances and non-parasitic browning in T101 (Table 19). Thirty-nine putative QTLs detected in
C101 were confirmed by 40 QTLs detected in T101. Altogether, 65 (24.3 %) QTL effects among
268 putative QTLs localized in both populations and 21 (43.8 %) favorable QTL effects among 48
favorable QTL effects identified in both populations were verified in other barley QTL and linkage
analyses. About 56 % favorable exotic QTL alleles identified in this study were so far not detected
in other barley QTL studies. These favorable Hsp alleles may be new alleles.
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INTRODUCTION 1

1. Introduction

At the beginning of the 20" century, Mendel’s laws (1865) were re-discovered by Correns,
Tschermak and de Vries. Following Mendel’s law, geneticist studied the inheritance of organisms
by differentiating phenotypes of organisms (morphological or physiological characteristics) into
different traits. However, a lot of traits exhibited continuous variation of phenotypes in a population
and could not be distinctly classified (Kappert 1948). These traits are controlled by multiple genes,
each segregating according to Mendel's laws. In addition, these traits can also be affected by the
environment to varying degrees. Geldermann (1975) defined the multiple genes which control the
continuous traits as ‘quantitative trait loci’ (QTL).

Most traits of agronomic importance, including yield, nutritional quality and stress tolerance,
are quantitatively inherited. The ability to manipulate genes responsible for quantitative traits is a
prerequisite for sustained improvement of crop plants (Allard 1960; Hallauer and Miranda 198S;
Tanksley and Nelson 1996). Therefore, it is very important to study QTL for improving the traits of
crop plants.

As we head into the next millennium, the world faces a greater demand on agricultural output
than at any time in history. Despite efforts to curb birthrates, the Earth’s human population is
expected to rise to 8.9 billion by the year 2030, corresponding to a more than 50% increase from the
current population of 5.7 billion (Brown 1994, Tanksley and McCouch 1997). In the past, we have
met the demand for increased agricultural productivity by a combination of genetic improvements,
greater farming inputs (fertilizers, pesticides, and water), and cultivation of more land. With
dwindling freshwater reserves and petroleum resources (on which fertilizers and pesticides are
based) and increased problems caused by agricultural pollution, we can hardly expect to increase or
even maintain our current levels of agricultural inputs. Similarly, much existing farmland is falling
victim to urban expansion, and it is unlikely that new farmland will become available in the near
future. That leaves the genetic improvement of crops as the most viable approach by which food
production can attempt to keep pace with the anticipated growth of the human population (Tanksley
and McCouch 1997).

All crop species were originally domesticated from wild plants by humans — a process that
inherently reduced genetic variation (Simmons 1976, Ladizinsky 1985). Although the exact series
of steps by which plants were domesticated is unknown, it is likely that strong selection pressure
exerted by humans on the genetic diversity found in the wild resulted in rapid and radical changes
in plant species (Vavilov 1940). Certain traits would have been selected by early agriculturists, for
instance, nonshattering of seeds, compact growth habit, or loss of germination inhibition, and so on

(Harlan 1975). Selective propagation of lines containing these favourable mutations would have
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resulted in a progressive narrowing of the genetic base of subsequent populations (Tanksley and
McCouch 1997).

Following domestication, the genetic variation in crop plants has continued to be reduced by
another force—modern plant breeding. Over the past century, the development and successful
application of plant breeding methodologies has produced the high-yielding crop varieties on which
modern agriculture is based. Yet, ironically, it is the plant-breeding process itself that threatens the
genetic base on which breeding depends. Because new varieties are usually derived from crosses
among genetically related modern varieties, genetically more variable but less productive primitive
ancestors are excluded (Duvick 1977; Harlan 1987; Tanksley and McCouch 1997).

Intensive breeding of crop varieties by modern science has further narrowed the gene pool in
many crops. This problem is especially acute in self-pollinated crops where the level of genetic
variation in cultivated varieties is often a small fraction of that available in nature (Miller and
Tanksley 1990; Tanksley and Nelson 1996). Soybeans and wheat are good examples of crops with
very narrow genetic bases. Virtually all modern U.S. soybean varieties can be traced back to a
dozen strains from a small area in north-eastern China, and the majority of hard red winter wheat
varieties in the United States originated from just two lines imported from Poland and Russia
(Duvick 1977; Harlan 1987).

The limited genetic diversity of crops renders them more vulnerable to disease and insect
epidemics and jeopardizes the potential for sustained genetic improvement over the long term
(Harlan 1975). The narrowed gene pool led to the outbreak of Southern corn leaf blight in 1970.
This disease drastically reduced corn yields in the United States and was attributed to an extensive
use of a single genetic male sterility factor that, unfortunately, was genetically linked to disease
susceptibility (Tanksley and McCouch 1997). Reduced genetic variation is likely to have another
subtle effect: a slower rate of crop improvement by plant breeders. The lower the genetic variation
in breeding populations, the less likely breeders are to identify new and useful combinations of
genes (Tanksley and Nelson 1996).

For the genetic approach to succeed, we must harness the wealth of genetic variation
provided by nature and currently warehoused in our seed repositories. Until now we have been only
modestly successful in utilizing these resources for plant improvement. New findings from genome
research indicate that there is a tremendous genetic potential locked up in seed banks that can be
released only by shifting the paradigm from searching for phenotypes to searching for superior

genes with the aid of molecular linkage maps (Tanksley and McCouch 1997).
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1.1 Taxonomy and origin of barley

Cultivated barley (Hordeum vulgare ssp vulgare, in the following termed H. vulgare or
abbreviated Hv) belongs to the tribe Triticeae in the grass family, Poaceae. The Triticeae is a
temperate plant group and is distributed over most areas of the world but with a main centre in
Central and South-western Asia (Bothmer 1992). The Poaceae is the largest family of
monocotyledonous plants. The taxon Hordeum comprises about 30 species. The genetic
circumscription of Hordeum has been rather stable over the years and most scientists agree on the
species content of the genus. However, there has been a suggestion to separate the cultivated barley,
H. vulgare together with H. bulbosum into a genus of its own (Hordeum in a narrow sense), but this
view has not been widely accepted because this view does not reflect the actual relationship
(Bothmer 1992). The progenitor of barley is considered to be a subspecies of cultivated barley: H.
vulgare ssp. spontaneum (C. Koch) Tell (in the following termed H. spontaneum or abbreviated
Hsp). Both cultivated and wild barley have winter and summer annual forms. According to spike
morphology, barley can be divided into two-rowed and six-rowed types; however, intermediate
types do exist. In two-rowed barley the lateral spikelets are female sterile, while in six-rowed
barley all spikelets are fertile (Briggs 1978).

About the origin of barley, there are two hypothesises. The most widely accepted hypothesis
on the origin of cultivated barley defines the Fertile Crescent as its centre of origin (Harlan 1976).
Remains of barley (H. vulgare) grains found at archacological sites in the Fertile Crescent indicate
that about 10,000 years ago the crop was domesticated there from its wild relative H. spontaneum
(Badr et al. 2000). A hypothesis of multicentric origin of barley has also been proposed (Molina-
Cano et al. 1999). The results from cDNA analysis suggests that barley has been taken into
cultivation more than once, but that only very few domestication events have occurred
(Zohary 1969, Neale et al. 1988). ALFP fingerprint analysis indicated that the Israel-Jordan area is
the region in which barley was brought into culture, and the Himalayas can be considered a region
of domesticated barley diversification (Badr et al. 2000).

Barley is a self-pollinating diploid with 2n = 2x = 14 chromosomes (Bothmer 1992).
Consequently, its variation is structured in true breeding lines. In contrast to wild barley, all
cultivars have non-brittle ears, and the spike stays intact after ripening and is harvested and threshed
by humans. However, the wild barley forms always have brittle ears. Non-brittleness in cultivated
barley is governed by a mutation in either one of two tightly linked ‘brittle’ genes (Btl, Bt2). The
brittle wild-type allele of each locus is dominant, whereas, the non-brittle alleles are recessive.
Many cultivars are homozygous for both recessive mutations. Others carry only one mutation

(Takahashi 1972). The Non-brittle mutation survived only under domestication.
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The wild ancestor of the cultivated barley is well known. The crop shows close affinities to a
group of wild and weedy barley forms which are traditionally grouped in H. spontaneum C. Koch,
but which are, in fact, the wild race or subspecies of the cultivated crop. The correct name for this
wild form is therefore H. vulgare L. ssp. spontaneum (C. Koch); Tell (Zohary and Hopf 1993).
These are annual, brittle, two- rowed, diploid (2n = 14), predominantly self-pollinated barley forms
and the only wild Hordeum stock that is cross compatible and fully interceptive with the cultivated
barley. H. vulgare x H. spontaneum hybrids show normal chromosome pairing and segregation
during meiosis (Nevo 1992). Morphologically, the differences between wild H. spontaneum and
cultivated two-rowed barley are rather minor. They differ mainly in their modes of seed dispersal.
The cultivated forms have a tough rachis that does not break even on threshing, while the wild
forms have a brittle rachis that disarticulates at maturity into individual units each containing one
seed and two sterile lateral spikelets. These are highly specialized devices, which ensure the
survival of the plant under wild conditions. Under cultivation this specialization broke down and
non-brittle mutants were automatically selected for in the man-made system of sowing, reaping and
threshing (Harlan and Zohary 1966; Zohary 1969).

The genetic affinity between the cultivated barley and wild H. spontaneum is also indicated
by spontaneous hybridizations that occur sporadically when wild and cultivated forms grow side by
side. Some of such hybridization products, combining brittle ears and fertile lateral spikelets, were
in the past erroneously regarded as genuinely wild types and even given a specific rank (i.e. H.
agriocrithon Aberg). Extensive isozyme, seed storage proteins, and DNA tests have already been
carried out in barley (Nevo 1992). The results confirm the close relationships between the wild and
cultivated entities grouped in the H. vulgare complex. They also clearly show that genetic
diversity in H. spontaneum is much wider than that present in the cultivated gene pool. H.
spontaneum is spread over the East-Mediterranean basin and West Asia, penetrating as far as
Turkmenia, Afghanistan, Ladakh, and Tibet. Wild barley occupies primary habitats and man-made
habitats. Its centre of origin lies in the ‘fertile crescent’, starting from Israel and Jordan in the
Southwest, stretching North towards South Turkey and bending Southeast Iraq and Southwest Iran.
In this area, wild H. spontaneum is continuously and massively distributed. It constitutes an
important annual component of open herbaceous formations, and it is particularly common in the
summer-dry deciduous oak park-forest, East, North, and West of the Syrian Desert and the
Euphrates basin, and on the slopes facing the Jordan Rift Valley. From here, H. spontaneum spills
over the drier steppes and semi-deserts. In the Near Eastern countries, wild barley also occupies a
whole array of secondary habitats, i.e. opened-up Mediterranean marquis, abandoned fields, and

roadsides. It also infests cereal cultivation and fruit tree plantations (Harlan and Zohary 1966;
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Manninen 2000). Further west, in the Aegean region, the Mediterranean shore of Egypt and
Cyrenaica and further East in Northeast Iran, Central Asia and Afghanistan, wild H. spontaneum is
much more sporadic in its distribution; it rarely builds large stands and seems to be completely
restricted to segetal habitats, ruins, or to sites which have been drastically churned by human
activity. In general, wild barley does not tolerate extreme cold and it is only occasionally found
above 1500 m. It is almost completely absent from the elevated continental plateaus of Turkey and
Iran. On the other hand, it is somewhat more drought tolerant than the wild wheat and penetrates

relatively deep into the warm steppes and deserts (Zohary and Hopf 1993).

1.2 The barley genome

Bennett and Smith (1976) estimated that barley contains around 5.5 picograms of DNA per
haploid genome, equivalent to approximately 5.3 x 10° bp. In barley, as in other cereals, the genome
consists of a complex mixture of unique and repeated nucleotide sequences (Flavell 1980). The
interspersed copia-like retrotransposon BARE-1 comprises almost 7 % of the barley genome
(Manninen and Schulman 1993). Rimpau et al. (1980) reported that approximately 10-20 % of the
barley genome is of tandemly arranged repeated sequences while 50-60 % is of repeated sequences
interspersed among one another or among unique nucleotide sequences. According to the estimates
from Miklos and Rubin (1996), the gene number in higher plants varies between 25,000 and 43,000.
Grass genomes seem to contain regions that are highly enriched with genes with very little or no
repetitive DNA (Feuillet and Keller 1999, Barakat et al. 1997). In barley, a gene density of one gene
per 123-212 kb can be expected if genes are distributed equidistantly (Panstruga et al. 1998).
However, Panstruga et al. (1998) found three genes on a 60 kb stretch of DNA around the powdery
mildew resistance locus, mlo. Feuillet and Keller (1999) found five genes on a 23 kb stretch of

around the receptor-like kinase gene Lrk10 in wheat.

1.3 Cultivation and use of the barley crop

Barley is one of the founder crops of the old world agriculture (Badr et al. 2000) and a crop of
worldwide importance (Matus et al. 2003). Cultivated barley is a short season, early maturing cereal
with a high yield potential, and may be found on the fringes of agriculture, in widely varying
environments (Harlan 1976). All over the area, barley is a universal companion of wheat, but in
comparison with the latter it is regarded as an inferior staple and the poor people’s bread. But barley
is adapted to drier conditions, poorer soils and extent of some salinity. Because of these qualities, it
has been the principal cereal produced in numerous areas and an important element of the human

diet. Barley is also the main cereal used for beer fermentation in the old world. The preparation of
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this beverage seems to be a very old tradition. The crop was, and still is an important feed
supplement for domestic animals (Samuel 1996; Mohammed 2004).

The barley grain is used to make malt, which in turn is used to make beer, whisky and some
other products. In Western countries most barley grain is used to feed farm animals — cattle, sheep,
goats, pigs, horses and poultry. In Eastern countries large quantities of barley are used in human
food and drink (Briggs 1978).

After maize, rice and wheat, barley ranks as the fourth most important crop in the world. The
annual world production of barley amounts to 141,503,090 million tons (FAO, 2003).

In Germany, the average barley yield progressed from 43 dt/ha to approx. 59 dt/ha in the last
20 years. In 2000, approx. 12 million tons of barley was harvested, with 9 million tons used as a
feed. A tenth of the barley world production, mainly summer barley, is used as malt for beer and
whisky. The smallest portion serves directly for human nutrition in the form of barley grains
(Zacharias 2001).

Winter barley is mainly distributed in North American, Australia and Europe. Winter barley is
one of the most important fodder crops in the world. Likewise, winter barley is an important
material for the brewing industry. Hayes et al. (2002) reported that winter barley offers the U.S.
malt industry a new source of supply and Pacific Northwest growers an alternative crop.
Winter malting barley is an option to the weather- and disease-related risks of spring
barley in the upper Midwest, weather-related risks and variable quality in western dry land
spring barley, and to the cost of western irrigated spring barley (Hébrard 1998). In France,
40 % of the total production of malt belongs to winter barley (Hébrard 1998). According to
Anonym (2001), two-row winter barley is fully accepted by the malting industry in England.
The main reason for using winter barley is the 20-30% higher yield and the lack of
significant differences in malting quality parameters in comparison to spring barley (Spunar
et al. 2002).

1.4 Barley breeding

The strategy of the crop breeder is to build into the cultivar a superior genetic potential for
yield, protection against production hazards, and improved quality. The specific characteristics
desired will, of course, vary with the particular crop species, the climate in which it will be grown,
the cultural practices to be used, the utility of the product, traditional preparation methods, and
many other factors (Harlan 1975).

Breeding new barley varieties is based on creating new allele combinations and subsequent

testing and selection of the desirable phenotypes during the selfing generations. Heritable variation
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is created mainly by controlled crosses between adapted high yielding cultivars and breeding lines
(Manninen 2000). Although variety breeding is based on elite germplasm, specific traits may be
introgressed from wild barley and landraces in backcrossing programs (Nevo 1992). Spontaneous
mutations, as well as mutations induced by radiation or chemical treatments, have also been used
(Briggs 1978). Recently, transgenetics has been added to the tools for creating new variation in
barley (Ritala et al. 1994, Wan and Lemaux 1994).

Following the goal of different breeding projects, the selection for desirable traits is made
both in the field and in the laboratory. In the field, agronomical characters including earliness, plant
height, lodging resistance and disease resistance are evaluated. After harvest, yield, thousand-grain
weight, hectoliter weight and grading are measured as well as the protein content of the grain.
Selection for specific traits is done during the selfing generations starting from the F, generation. In
a breeding program several traits have to be considered simultaneously to reach the desired
agronomical type (Manninen 2000).

Plant breeders need to predict the potential value of crosses in breeding programmes at the
earliest opportunity to discard inferior combinations (Pickering and Devaux 1992). However, the
early generations following the crosses are highly heterozygous, making reliable selection difficult
until an acceptable level of homozygosity is reached. Doubled haploid lines could avoid those
problems caused by heterozygosity in the early generations in barley. As few as 20 doubled
haploids produced from early generation hybrids were required for this, after assessing yield in hill
plots (Reinbergs et al. 1976). More doubled haploids could then be produced from superior hybrid
combinations. However, Bjornstad and Aastveit (1990) pointed out that lager numbers of doubled
haploids would be needed to obtain this result in cases where there are negative pleiotropic effects
on the mean of a character. Doubled haploid lines can be produced either from immature pollen
grains by anther or microspore culture, or through interspecific crosses between barley and H.
bulbosum with subsequent chromosome elimination. Both methods are used in commercial barley
breeding programs and several doubled haploid varieties have been released (Pickering and Devaux

1992).

1.5 DNA markers in barley breeding
In this chapter, DNA markers, linkage maps and QTL analysis are presented for barley.

1.5.1 DNA markers
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The advantages of DNA markers include their ability to reveal the sites of variation in DNA
segments, their abundance compared to phenotypic markers, and their immunity to genotype by
environment interactions.

Markers differ from each other in many respects: the initial workload and costs for building
up the marker system, running costs and ease of use, level of polymorphisms, dominance, number
of loci analyzed per assay, reproducibility and distribution on the chromosomes. Detection of
polymorphism at the DNA level is usually based either on restriction patterns or differential
amplification of DNA. The choice of the best marker system depends on whether it will be used in

evolutionary or population studies, genetic mapping or fingerprinting (Manninen 2000).

Table 1: Comparison of different DNA-marker systems. Modified from Rafalski and Tingey
(1993), Kalendar et al. (1999), Ridout and Donini (1999) and Manninen (2000).

RFLP RAPD SSR AFLP SNP

Principle Restriction, DNA PCR of simple | Restriction, Detection of
southern amplification sequence ligation of single base
blotting, with random repeats adapters, substitution
hybridization primers selective PCR

Type of Single base Single base Changes in Single base Single base

polymorphisms | changes, changes, number of changes, changes
insertions, insertions, repeats insertions,
deletions deletions deletions

Level of High Medium Very high Medium Low

polymorphisms

Inheritance Codominant Dominant Codominant Dominant Codominant

Number of 1-2 5-10 1 100-150 1-10,000

loci analyzed

per assay

DNA required 2-10 pg 20 ng 50 ng 0.5-1.0 ug 20 ng

per assay

Sequence No No Yes No Yes

information

required

Development High Low High Medium High

costs

Running costs Medium Low Medium Medium Low

per assay

Repeatability Very high Low Very high High Very high

Ease of use Labour Easy Easy Difficult Easy
intensive initially

The use of molecular markers to enhance plant breeding efforts is being widely studied. A
major area of research is the use of molecular markers to identify and manipulate QTLs controlling
quantitative traits (Dudley 1993). With the use of molecular techniques, it is possible to hasten the

transfer of desirable genes among varieties and to introgress novel genes from related wild species.
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Polygenic characters which were previously very difficult to analyse using traditional plant
breeding methods, are now easily tagged using molecular markers (Mohan et al. 1997). Up to now,
many DNA markers, such as random-amplified polymorphic DNAs (RAPDs), restriction fragment
length polymorphisms (RFLPs), simple sequence repeats (SSRs)/microsatellites, sequence-tagged
sites (STS), amplified fragment length polymorphic DNAs (AFLPs) and single nucleotide
polymorphisms (SNP) using F, and back-cross populations, near-isogenic lines, doubled haploids

and recombinant inbred lines, are used for marker-assisted selection (MAS) in plant breeding (Table

1).
1.5.1.1 Restriction fragment length polymorphism (RFLP)

Restriction fragment length polymorphism (RFLP) w