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Summary

This thesis embodies the results of an investigation on the genome
analysis of cereals which include wheat, rye and barley. The major objective
of the present investigation is to evaluate the feasibility of using the

polymerase chain reaction (PCR) to study the cereal genomes.

Firstly, PCR has been adapted to genome mapping in cereals. Known
gene sequences can be used to design primers and detect polymorphic PCR
products which vary in length. This is demonstrated with primers to the -
amylase gene family. The primers were chosen to hybridise with two
conserved sequences that flank a region containing variable sequences. In
this way several individual a-amylase genes would be targeted simultaneously
and length polymorphisms between the sequences complementary to the
primers, could be identified. Polymorphisms were detected between wheat,
barley and rye. Using barley addition lines, barley specific bands were
mapped to individual barley chromosomes (7H).

A second approach is to use semi-random primers to target diverse
regions of the genome. For this purpose the consensus sequences at the
intron-exon splice junctions (ISJ) were used. A two-tiered PCR amplification
was designed for the ISJ-PCR reaction. The targeting of the intron-exon
splice junctions in conjunction with primers of random and defined sequences,
such as a-amylase, provides a source of extensive variation in PCR products.
These polymorphisms can be mapped as standard genetic markers. The major
advantages in using the ISJ sequences to generate primers are that the core of
the junctions are highly conserved, the primers matched for the 3 bases at the

3' end was within the highly conserved core of the consensus sequence; that



introns are present in most plant genes and one can, therefore, target an
cxtremely diverse range of genes; that the ISJ approach avoids targeting
heterochromatic regions and is likely to get a good chromosomal distribution
of polymorphisms; and that the cost of PCR is reduced through the use of the
ISJ primers since only one addition primer is required for each reaction and

the ISJ primer can be produced in large scale synthesis.

To be useful in linkage mapping programs, markers have to be
polymorphic between varieties of a given species. ISJ-PCR was therefore
tested on a whole range of barley and wheat varieties. The banding patterns of
the PCR products could be used to detect polymorphisms between individual
plants and cultivars. This also offers a simple and efficient tool for varietal
identification. Identification of cereal varieties has been achieved with the
ISJ-PCR based method. Varietal polymorphisms were revealed through the
PCR product profiles with ISJ and/or random primers. A maximum of only
three primers allows the irrevocable identification of every single one of 30
barley cultivars, which includes all major commercially grown barley varieties
in Australia. Nearly all of the individual plants within one barley variety
displayed an essentially identical PCR banding pattern.

The results indicate that there is less intervarietal polymorphism in wheat
compared that of barley. This phenomenon is considered to be associated
with the recent origin of bread wheat. Rye varieties showed the highest
intravarietal polymorphism among the cereals tested which is in agreement
with the fact that rye is an outbreeder, whereas wheat and barley are

inbreeders.

Genomic DNAs isolated from barley seeds were used successfully as
templates for PCR reaction. The inhibiting effect from unknown substances
present with seed DNA was overcome by the alteration of template and Tag

polymerase concentrations in the PCR reactions.



The development of techniques for the generation of DNA markers from
chromosome segments was described. One of the aims was to identify DNA
markers to assist the transferring of CCN resistance from rye to wheat.
Cloning of 6-PGD (6-phosphogluconate dehydrogenase) gene in cereals was
attempted through PCR with primer derived from DNA and protein sequences
of 6-PGD genes from organisms other than cereals. Another aim was to
obtain clones from a segment in chromosome 1R of rye. The process of
achieving this goal is to clone the flanking regions of rye-specific repetitive
sequence in 1R with the combination of PCR and Southern analysis. A
number of clones resulted from this approach were used as RFLP probes and
mapped to individual rye or barley chromosomes. However, none of the -
clones tested were mapped to rye chromosome 1R possibly due to the size of

the library and the number of clones tested.

Comparison was made between the results obtained from PCR and
RFLP. It indicates that PCR can be used to detect and map polymorphisms in
cereals. These markers are cheaper and faster to assay than RFLP's. They
are technically less demanding to use than RFLP's and, as with standard
PCR, do not require radioactivity to detect. The prospect for future work on
the analysis of cereal genomes and the application of different techniques,

especially PCR, is also discussed.



Chapter 1
LITERATURE REVIEW

1.1. Aspects of molecular genetics in cereals

1.1.1. Introduction

Cereal grains are an important dietary source for the world's population,
contributing 70 and 50% of the total calories and protein, respectively (Eskin,
1990). The main cereals are wheat, maize, barley, rye, oats and rice, all
members of the Gramineae family. Amongst these cereals, wheat, barley
and rye are part of the tribe of Triticeac and, presumably, these now distinct
genomes were all derived from a single ancestral species with seven pairs of
chromosomes. Their chromosomes have also retained much of the same gene
content (see review by Hart, 1987).  This grass tribe also contains many wild

related species which are potential gene donors to cultivars.

1.1.2. Wheat

Bread or common wheat, Triticum aestivum (2n=6x=42, genomes
AABBDD), is an allohexaploid containing three genomes designated A, B and
D, each of which consists of seven pairs of chromosomes. The A and D
genomes were contributed by two wild grasses, T. monococuum and T.
tauschii (Aegilops squarrosa) (for review see Kimber and Sears, 1987). The

source of the B genome is still a matter of controversy (Morris and Sears, 1967;



Kimber and Feldman, 1987). It is likely that the original B-genome donor is
extinct. Alternatively, the B-genome donor might have been substantially
modified through introgressive hybridization with related taxa (Gill and Chen,
1987). As each genome has seven chromosomes, one from each of the
homoeologous group and each homoeologous group has three chromosomes,
the absence of a particular pair of chromosomes from one genome can be
compensated by the corresponding dose increase of chromosomes from the other
two genomes, which belong to the same homoeologous group (Sears, 1952;

1966).

Although the nuclear DNA content of bread wheat differs in various
reports, according to Bennett (1972) the bread wheat genome has 18.1 pg of
DNA per haploid nucleus, which is equivalent to 17.5x100 kb (May and
Appels, 1987b). The DNA content in the A, B and D genomes were found to
be in the ratio of 1.21:1.36:1.00. It has been shown that 22.4% of the total
cytosine residues are methylated in wheat DNA. This methylation may reflect
regulation of gene expression (for review see May and Appels, 1987b). Over
75% of wheat DNA is highly or moderately repeated ( Flavell ez al., 1987).

There are different methods that have been used for studies of wheat
and its close relatives at the DNA level. Harlan et al. (1973) examined the
evolution and species relationship on the basis of gene pools as this method
provides a good insight into genome organization. It seems that in most cereals
evolution has taken place almost entirely within the primary gene pools. One of
the widely used techniques is DNA-DNA hybridization in solution followed by a
study of deviation in the melting temperature (Tm) in the heteroduplex thus
formed. This technique has been utilized to obtain information on the potential
donor of B genome in bread wheat (Nath ez al., 1983) and tetraploid wheat
(Thompson and Nath, 1986), and that of the G genome in T. timopheevii (Nath



etal., 1985). It has also been used to study the relationship of four cereals,
wheat, rye, barley and oats (Smith and Flavell, 1974). By using the technique
of reassociation analysis in the studies of wheat and its relatives, it was shown
that about 80% of the DNA is found in the form of repeated sequences; 20%
consists of low copy number or unique sequences and only 1% (May and
Appels, 1987b) or even less than 0.5% (Flavell et al., 1987) consists of actual

coding genes.

In addition to subdividing the genome on the basis of reassociation
analysis, buoyant density fractionation in caesium salts has been a valuable
analytical tool. In wheat, 5S IRNA genes, TRNA (288, 18S) genes and
satellite DNA have been separated from the bulk DNA through the use of
actinomycin-D or Ag2*/CsySO4 or Hg2+/CsySO4 density gradients (Gerlach
and Bedbrook, 1979; Gerlach and Dyer, 1980; Ranjekar et al., 1978; Appels et
al., 1978; Dennis et al., 1980). Restriction endonucleases provide another
method of separating and classifying various classes of DNA sequences (Appels

etal., 1981).

1.1.3. Barley

Cultivated barley (Hordeum vulgare , 2n=2x=14, genome HH) is the
fourth most-widely grown cereal on a global scale (FAO, 1982); in many
temperate climates it is the most important crop. Barley is also one of the
leading experimental organisms in genetic studies of flowering plants. This
may be attributed to its diploid nature, low chromosome number, world-wide
distribution, ~predominant self-fertilization yet ease of artificial hybridization,
relatively large chromosomes which allow detection of several kinds of

chromosome aberrations, and numerous easily classified hereditary characters



(Allard, 1988). The barley genus Hordeum includes over 30 species which are
spread throughout temperate Eurasia, America, Africa and Australia (Bothmer,
1991). Barley has one near wild relative, H. vulgare sp. spontaneum (wild
barley) which has generally been regarded as the progenitor of cultivated barley
(Zohary, 1969). Jorgenson (1986) examined isozyme variation among 32
species of Hordeum for six enzyme systems representing 12 loci.  This analysis
divided the genus into three groups, one of which (the "vulgare" group)
contains H. vulgare (both subspecies), H. bulbosum and H. murinum. The

remaining 29 species showed only a distant relationship to cultivated barley.

Bennett and Smith (1976) found that four barley cultivars have a 1C
DNA value of 5.5 pg, which equals 5.3 x 10° bp for the haploid barley
genome. Sequence data for barley are as yet very limited and provide only a
few comparisons of the same gene sequence from different cultivars (Wettstein-
Knowles, 1991). One such comparison is that for the Adh1 gene (Trick et al.,
1988) as a partial genomic clone from an EMS-mutant of the malting cultivar
Proctor, with a cDNA clone of the same gene from the naked cultivar Himalaya
(Good et al., 1989). These data point to substantial nucleotide differences
between barley cultivars in the coding portion of the genome. In contrast, the
base sequence of a cDNA clone for chloroplast glutamine synthetase from cv.
Maris Mink (Freeman et al., 1990) is identical with that of a cDNA clone from
cv. Carina (Baima ez al., 1989).

Molnar et al (1989) investigated tandemly repeated DNA sequences
containing structural genes encoding ribosomal RNA (rDNA) in 25 species of
Hordeum using the wheat rDNA probe pTA71. Intraspecific variation was
found in H. parodii, H. spontaneum and H. leporinum, but not in H.
bulbosum. Repeat unit length variation was attributed to the intergenic spacer

region. The repeat unit of H. bulbosum differed from all other species by the



presence of a Hind III site. The closer relationship of H bulbosum to H.
leporinum, H.murinum and H. glaucum than to H. vulgare was indicated by

their Bam HI restriction maps.

1.1.4. Rye

Rye, Secale cereale (2n=2x=14, genome RR), is the only cultivated
species of the genus Secale. Its agricultural importance is in part based on the
better resistance to winter climatic conditions and other adverse environmental
factors, which make it difficult to cultivate other less resistant cereals such as
wheat. Furthermore, rye is one of the parentals of the triticales, allopolyploids
originated from wheat x rye hybrids. The close genetic relationship between
wheat and rye chromosomes has been well established (see Gupta, 1971 for

review).

Rye is a diploid species with 7 pairs of chromosomes, numbered 1R to
7R. Extensive studies on DNA content in several genera of the Triticinae by
Bennett and Smith (1976) have shown that the DNA content of Secale genomes,
having the 1C DNA content for 9.5pg, is the same or greater than that of
Aegilops and the cultivated wheat. The S. cereale genome has about 33% more
DNA than the largest of the diploid wheat genomes. The relationship between
C-heterochromatin and several families of repeated DNA sequences was
examined by in situ hybridization. These studies indicated a strong correlation
between the location of such families and telomeric C-bands in Secale species
(Hutchinson et al., 1981). The occurrence and distribution of tandem arrayed
DNA in different Secale species suggest that S. silvestre and its progenitor may
be of ancient origin, whereas S. cereale, S. montanum, and S. vavilovii may

have a more recent origin (Jones and Flavell, 1982b).



Chloroplast (ct) DNA variation in five Secale species (S. cereale, S.
africanum, S. montanum, S. silvestre and S. vavilovii), was studied by using
restriction enzymes (Murai et al., 1989). The ct DNA of all the species except
S. silvestre produced identical patterns with three restriction enzymes applied,

also suggesting early separation of S. silvestre from the rest of the species.

1.1.5. Repetitive sequences

In contrast to simple organisms like Escherichia coli, eukaryote genomes
contain large amounts of sequences present in multiple copies. These repetitive
sequences are an ubiquitous feature of eukaryotic genomes (for a review see
Flavell et al., 1974) and an understanding of their structure and organization
plays an important role in the analysis of chromosome structure in general.
Repetitive sequences have been supposed to have structural meaning, i.e. in the
architecture of the interphase nucleus, meiotic chromatin and/or the metaphase
chromosomes (Studer and Epplen, 1990). Changes in repeated sequences are
responsible for most of the changes in chromosome size and structure during the

evolution and divergence of species (Flavell, 1983).

Cereal genomes contain a very high percentage (>75%) of repeated
sequences; this proportion is even higher in Secale cereale (Flavell et al., 1974).
Different classes of repeated DNA have been observed, from very highly
repetitious and palindromic sequences, which can account for 5-10% of the
cereal genomes (Appels and Mclntyre, 1985), to moderately repeated elements.
In oats, barley, wheat, and rye, 26% of the repetitive DNA sequences of rye
hybridize to all four species, 26% only to barley, wheat, and rye, 18% only
to wheat and rye, and 30% only to rye (Flavell er al., 1977). A relatively
small fraction (2-10%) of the genome consists of long stretches (>10 kb) of



single copy DNA (Rimpau et al., 1978, 1980). It has been argued, however,
that the amount of DNA in the low copy sequence class is consistently
overestimated with a proportion representing diverged sequences rather than

coding DNA (Flavell et al., 1980).

As in other eukaryotic genomes, repeated sequences in plant genomes are
generally divided into tandem arrays and dispersed repeats (see Smyth, 1991 for
areview). Unequal crossing-over is believed to be responsible for the
generation, maintenance, and variation of the tandemly repeated sequences
(Smith, 1976). Whereas the origin of the dispersed sequences could have been
transposons and retroelements (Smyth, 1991). The repeated sequences in the
first group are simple, tandemly repeated sequence arrays present in centromeric
and telomeric heterochromatin. They are normally transcriptionally quiescent.
Tandem arrays of repeats appear to be the molecular basis of heterochromatin
(John and Miklos, 1979; Flavell, 1980). The major tandem arrays of repeats in
rye were shown to be associated with the telomeric blocks of heterochromatin
(Bedbrook et al., 1980; Jones and Flavell, 1982a). Tandem arrays displayed
frequent variation in the number of repeats between individuals in rye (Jones and
Flavell, 1982a, b). The remaining repeated DNA falls into dispersed repeats.

In mammals, they are further classified as the short and the long interspersed
nucleotide elements (SINEs and LINEs) simply on the basis of their physical
lengths (Studer and Epplen, 1990). One dispersed repeat in wheat was found to
have a terminal sequence that is identical to the conserved inverted terminal repeat
mammalian retroviruses (Flavell et al., 1981). Many of the dispersed repeated
sequences present in wheat, barley and rye are much more closely related within
a species than between species (Flavell et al., 1977). It appears that the
dispersed repeat families evolve "in concert”" (Flavell et al., 1986).



A 1.6 kb stem-loop insertion sequence (WIS1) was reported to lie
upstream of an o-amylase gene in hexaploid wheat (Martienssen and
Baulcombe, 1989). An unusual character of the WIS1 element is a series of
short tandem repeats similar to animal minisatellite structures (Jeffreys et al.,
1985). The sequence of WIS1 shows that it has many of the features found in
transposable elements, including target site duplication and terminal inverted

repeats.

Gerlach and Bedbrook (1979) cloned the wheat rDNA units which were
shown to be tandemly arranged sequences. The rDNA are mainly located on
chromosomes 1B and 6B with a minor site located on chromosome 5D (Appels
et al., 1980; Flavell and O'Dell, 1974). The size of the repeat unit in rDNA of
wheat, barley and rye, defined by a Eco Rl site, is 9 to 10 kb in length
(Appels et al., 1980). S5S rRNA genes have been studied in the tribe of Triticeae
(Gerlach and Dyer, 1980; Scoles ez al., 1988). As in other eukaryotes, they
are located separately and not linked with other rRNA genes. The repetitive 5S
TRNA genes are arranged as tandem arrays clustered at one or two sites per
haploid genome. In Chinese Spring, there are about 10,000 copies of 58
rRNA coding sequences per nucleus (Gerlach and Dyer, 1980) and the repeat
unit in both 4x and 6x wheat is small with two size classes arranged in tandem
arrays (Appels et al., 1980). The 5s TRNA genes in Secale sp. are arranged as
tandem arrays of 460- and 480-bp repeating sequences (Peddy and Appels,
1989). The genes assayed in barley were not assigned to particular

chromosomes (Appels et al., 1980).

Due to the vast number and variation of the repetitive sequences, there is
very little information concerning the molecular structure of the region of the
cereal genomes flanking repetitive DNA sequences. According to Rimpau et al.
(1978), in the case of rye specific sequences, 84% of the flanking sequences



are expected to be interspersed with repetitive sequences common to wheat and

rye, whereas 16% should be single or low copy DNA.

1.1.6. Alien genes in wheat improvement

Because wheat is one of the most important crops in the world and the
genetic variations have been diminished to an alarming extent within the pure line
varieties of cultivated wheat, breeders are turning their attention to the
progenitors of wheat and its distant relatives (Sears, 1970). In the genus
Triticum and in other genera (including Agropyron, Elymus, Elytrigia,
| Haynaldia, Hordeum, and Secale) which are more distantly related to wheat,
there is a broad range of species that could be used as a supplementary source of
useful genes for wheat breeding ( see review by Islam and Shepherd, 1991).

Gene transfers from species having at least one genome in common with
hexaploid wheat can be achieved by homologous chromosome pairing and
recombination. For example, eyespot resistance has been incorporated into
the winter wheat Rendezvous from the D genome in Aegilops ventricosa Tausch
(Day and Lupton, 1987). As the Ph locus on wheat chromosome arm SBL
restricts free pairing between wheat and alien chromosomes (Sears and
Okamoto, 1958; Riley and Chapman, 1958), wheat breeders have been
achieving homoeologous pairing through removal of 5B (nullisomy), utilizing a
recessive mutant of the Pk locus on 5B, or suppression of the 5B effect by the
genome of Ae. speltoides | Ae. multica. lonizing radiation has been successfully
used to transfer alien chromosomes despite the technical difficulties and low

success rates (see reviews of Knott, 1987; Islam and Shepherd, 1991).

Genetic variation from cereal rye is a valuable alien source utilized in wheat

breeding. The main objective of wheat breeders in utilizing rye germplasm has



been to breed for high yield, high quality and disease resistance. Whole
genomes (Triticales), individual chromosomes (addition or substitution lines),
or chromosome arms (translocation lines) have been introduced into wheat (for
review see Sharma and Gill, 1983; Gale and Miller, 1987). Rye chromosome
arm 1RS is of particular interest as it confers resistance to several foliar diseases
(listed in Koebner and Shepherd, 1986) along with wide adaptation and high
yield performance (Rajaram et al., 1983). The 1BL.1RS translocation has been
included in numerous widely grown cultivars of wheat (Islam and Shepherd,
1991). 1AL. 1RS translocation lines in Chinese Spring wheat background
invo,%/ing (Singh and Shepherd, 1988), a 1BL.1RS translocation in Gabo wheat
background (Koebner and Shepherd, 1986) and a 1DL.1RS translocation in
Chinese Spring (Shepherd, 1973) have been isolated. However, the wheats
carrying these translocations generally produce a flour with serious quality
defects in bread making (Dhaliwal et al., 1987). To break the linkage between
the desirable and undesirable traits, recombination between 1RS and 1DS was
induced using Sears' (1977) phlb mutant or nullisomic 5B stock, both of
which allow rare recombination between wheat and rye chromatin (Koebner and
Shepherd, 1986). A number of recombinants have been identified using

protein markers.

A rye gene for resistance to cereal cyst nematode (CCN) (Heterodera
avenae Woll) has been transferred from triticale to wheat through backcrossing
(Asiedu, 1986). The resistance is controlled by a single major gene and Asiedu
et al. (1990) located this gene on the long arm of rye chromosome 6R. Attempts
are now being made to transfer this gene to wheat through induced
recombination using Sears' phlb mutant, so that this gene may be utilized in the
wheat crop. Dundas et al (1988) reported several translocations between rye

chromosome arm 6RL and wheat chromosome 6D, using dissociation of GOT,
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6-PGD and a-amylase isozyme markers located on the long arms of these

chromosomes.

1.1.7. RFLP mapping
1.1.7.1. Two types of maps

There are essentially two types of maps for a particular organism. The
first, the genetic linkage map, shows the arrangement of genes and markers
along the chromosomes as calculated by the frequency with which they are co-
inherited. A map unit of linkage maps is a centimorgan (cM) which corresponds
to an observation of recombination in 1% of the gametes in the samples (Ott,
1985). The second, termed a physical map, is an actual representation of the
chromosomes, providing the physical distance between landmarkers on the
chromosome, ideally measured in nucleotide bases (Stephens et al., 1990).
The physical map in human is a assembly of different techniques. Sequence-
tagged-sites have been proposed to coordinate information from different
mapping strategies (Olsen ez al., 1989).

DNA polymorphisms can be defined as DNA sequences that vary
between homologous chromosomes (Weber, 1990). The primary application of
DNA polymorphisms is in the construction of linkage maps and the mapping of
genes. Polymorphic DNA markers have become an important tool for linkage
studies, and much attention has been given to producing linkage maps of these
loci. DNA markers also serve as a bridge between physical and genetic maps.
A wide variety of techniques have been developed for the analysis of DNA
polymorphisms. The most widely used method, restriction fragment length
polymorphism (RFLP) approach, combines restriction endonuclease digestion,

agarose gel electrophoresis, blotting to a membrane and hybridization to a DNA
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probe (Southern, 1975). The characterization of large numbers of classic
RFLPs and other markers has led to the construction of many genetic linkage
maps, including RFLP linkage maps for different plants such as Arabidopsis
(Meyerowitz et al., 1990), cabbage (Slocum et al., 1990), soybean (Keim et
al., 1990), lettuce (Kesseli et al., 1990), lentil (Havey and Muehlbauer, 1989),
and tomato (Tanksley and Mutschler 1990). Genome projects, combining the
two maps, are under way for many organisms with the aim of providing
detailed molecular genetic information about fundamental biological processes
(see Watson and Cook-Deegan, 1991 for review).

1.1.7.2. Molecular markers

Molecular markers have many advantages over morphological markers:
they are generally silent in their effect on the phenotype, more markers and a
larger number of alleles can be found, and most molecular markers show a
codominant mode of inheritance (Beckmann and Soller, 1986). During the last
two decades, isozymes have been used successfully in many aspects of plant
breeding and genetics. This technique is both simple and cost-effective.
Unfortunately, the number of genetic markers revealed by isozyme assay is
insufficient for many breeding programs. Botstein et al. (1980) first proposed to
use RFLP as genetic markers after their recognition by Kan and Dozy (1978).
One of the foremost attributes of RFLP compared to isozymes is that a virtually
limitless number of markers can be monitored in a single population.
Spectacular success has been achieved by the discovery of RFLPs linked to a
number of inherited disorders in humans (see review by Watkins, 1988). This
technique has allowed the construction of high-resolution genetic maps for many
complex genomes. These maps can be used to analyze quantitative trait loci

(QTLs) (Paterson et al., 1988; Keim et al., 1990) and can increase the selection
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efficiency for these traits (Stuber 1989; Lander and Thompson, 1990). It was
reported that RFLP markers facilitated the transfer of qualitatively expressed
genes, such as those conferring pest and disease resistance, from wild species
into a cultivated background (Young and Tanksley, 1989). One of the potential
applications of RFLP technique could be the analysis of genome organization
and implementation of map-based cloning of tightly linked genes (Tanksley et
al., 1989).

RFLPs detect differences in homologous DNA sequences that alter the
length of restriction fragments obtained by digestion with type II restriction
endonucleases. These differences result from base changes or other
rearrangements (é. g., translocations and inversions) at the recognition site of the
restriction enzyme or from internal deletion/insertion events. The restriction
fragments are separated according to their size by agarose gel electrophoresis. A
Southern blot analysis is subsequently performed: the DNA fragments are
transferred to and immobilized on a nylon membrane or a nitrocellulose filter,
hybridized to a labelled DNA probe, and visualized by autoradiography
(Southern, 1975). Generally, unique or low copy number DNA sequences are
preferably used as probes and labelled with 32p, The sources of probes can be
cloned DNA of specific genes, cDNA, and genomic DNA. Mapping with
RFLPs involves the Southern technique and uses probes to follow the
segregation of homologous regions in individuals from segregating populations

such as an F2 or backcross.

At present, large scale use of RFLP markers is severely limited by the
significant costs, technical complexity, and time required for RFLP assays.
Moreover, the multi-step procedure of RFLP detection proves to be very
difficult to be automated by the use of machines and robots. As new classes of

molecular markers such as oligonucleotide polymorphisms (Beckmann, 1988)



and PCR-derived polymorphisms become available, the future prospects of

marker-based techniques for both researchers and breeders are more promising.

1.1.7.3. RFLP mapping in cereals

Genetic manipulation of agronomically important traits in cereals will be
greatly enhanced by the development of comparative genetic maps utilizing DNA
markers. Such maps will make it possible to evaluate the contribution made to a
trait of the same chromosome region in different species and thus to select the
best source for gene introgression into cereal cultivars (such as disease
resistance, or stress tolerance). The DNA markers will also greatly assist in the
introgression of selected genes into cultivars and in the development of new
cultivars. Additionally, DNA markers will serve cereal breeders as selection
markers for traits with complex inheritance and low heritability (ITMI, 1989).
Maps based on DNA markers will greatly facilitate the comparable mapping in

Triticeae.

Wheat genetics has lagged behind that of maize, tomato, and barley
because the triplication of gene loci greatly complicates isolation of
morphological mutants and their genetic analysis. Additionally, the number of
polymorphisms for most enzymes is insufficient to construct linkage maps. The
use of RFLP markers eliminates these barriers and, if combined with
cytogenetic manipulation of wheat genomes, it could greatly improve the status
of wheat synteny and linkage maps (ITMI, 1989). However, the development
and use of RFLP markers in wheat has been slow because of limited
polymorphism (Chao et al., 1989; Kam-Morgan et al., 1989; Liu ez al., 1990)
probably due to its relatively recent origin (Bell, 1987). An RFLP linkage map
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of homoeologous group 7 chromosomes of wheat has been constructed (Chao et
al., 1989). This map is based on several intervarietal crosses and contains 18
RFLP, three isozyme and seven phenotypic markers. RFLPs were
approximately three times more common in the 7B chromosome than in either the
7A or 7D chromosome. Conserved gene order was observed on the 7A, 7B

and 7D chromosomes.

The polyploid nature of bread wheat means that it is able to tolerate
aneuloidy, and this has enabled the assemblage over the last 40 years of
complete sets of nullisomc, monosomic, tetrasomic, and the telocentric stocks
of the standard variety Chinese Spring (Sears, 1954). Wheat can also be
crossed to many of its relatives in the Triticeae, and this has resulted in the
isolation of sets of alien chromosome addition lines in which single pairs of
chromosomes from an alien relative are added to the wheat complement (see
review by Gale and Miller, 1987). These aneu;foid and addition line stocks
allow the DNA probes to be assigned to individual chromosomes or their arms,
and hence to a region of the linkage map before detailed linkage analysis is
carried out. The close relationship between wheat and other Triticeae means
that their chromosomes fall into seven homoeologous groups, each group
containing chromosomes of the various species with similar genetic content
(Gale and Miller, 1987). The aneupoid stocks of wheat and alien addition lines
have been used to locate more than 100 genes encoding enzymes and endosperm
storage proteins and a few other molecular markers in chromosome arms (Hart,
1987; Gale and Hart, 1987; Blake et al., 1989). Sharp et al. (1989) produced a
set of 14 cDNA probes that mark each arm of the basic set of seven
chromosomes of the genera in the Triticeae. In another study, eight cDNA
clones were located on specific arms (6 on the short arm and 2 on the long arm)
of homoeologous group 2 chromosomes with the help of alien addition lines,

nullisomic-tetrasomics and the ditelocentrics ( Sharp and Soltes-Rak, 1988).
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Kam-Morgan et al. (1989) initially proposed that linkage mapping may
be most efficiently done in T. tauschii, the D-genome progenitor of wheat.
They located five RFLP loci on chromosome 5D of common wheat which were
linked in two blocks in T. tauschii. In addition, they found extensive
polymorphisms in T. tauschii, whereas RFLPs were scarce among wheat
cultivars. Gill et al. (1991) constructed a detailed linkage map of T. tauschii
with the majority of loci mapped with an F2 population and the rest with
aneuploid stocks. Deletion/insertions and point mutations were found to be
equally important for generating RFLPs. Langudah et al. (1991) used a similar
approach to map the T. tauschii genome with genomic DNA clones plus clones
from other laboratories containing either anonymous sequences or genes coding

for known products.

Genetic mapping in barley was initiated with conventional genetic
linkage analysis, and the first linkage map with seven linkage groups was
developed by Robertson (1939). Despite the widespread cultivation of barley
and its elaborate genetic map, which comprises mostly morphological, isozyme
and disease-resistance markers (Sogaard and von Wettstein-Knowles, 1987;
O'Brien, 1990), knowledge regarding the application of RFLP markers in this
species is limited (Bunce et al., 1986; Blake, 1987; Blake et al., 1989). On the
other hand, in vitro techniques such as anther or microspore culture are well
developed in barley. Their combination with marker-assisted selection might
accelerate the breeding process considerably. Graner et al. (1990) examined the
extent of RFLPs among 48 diverse barley varieties with 23 genomic single-copy
probes. The mean diversity index (or average chance that any two of these
varieties differ for a random probe) was 0.43. The average degree of
polymorphism revealed by a restriction enzyme was positively correlated with
average length of fragments produced by the enzyme. This and the failure of

other enzymes to uncover additional variation, suggest that most of the RFLPs



were due to insertion/deletion differences. Shin er al. (1990) constructed a
partial barley map with isozyme, morphological and RFLP markers.

Recently, Jahoor et al. (1991) isolated more than 100 genomic DNA probes
from barley and assigned them to the individual barley chromosomes using
wheat/barley addition lines. Heun et al. (1991) constructed a RFLP linkage map
for barley with 155 RFLPs and two known genes (hulless and Mla 12 powdery
mildew resistance). Linkage groups were assigned to chromosomes through
disomic wheat/barley addition lines. They found that the number of RFLPs
mapped to each chromosome varied considerably, for example, 24.5% to
chromosome 1 compared with 5.8% to chromosome 6. There was no difference

in the distribution of markers from either cDNA libraries or genomic libraries.
tatal genetic map i's
e faverase-cenetic-distance-between-the-m is 1096 cM,

compared with the current tomato maps (1600 cM) and rice maps (2300 cM)
(Heun et al., 1991).

Compared to the number of studies that have been carried out on maize,
wheat and barley, those providing linkage data in rye are relatively scare (e.g.
Lawrence and Appels, 1986). This may be due to the restricted economical
importance of this crop as well as to the fact that Secale cereale is an outbreeding
species with a very effective self-incompability system that may complicate
genetic studies. More than 120 morphological and biochemical traits in rye have
been localized onto individual chromosomes (for a review see Schlegel et al.,
1986). Wehling (1985) and Wehling and Uphoff (1990) presented an isozyme
linkage map of genetically analyzed loci which includes all of the seven rye
chromosomes and which enabled the marking and chromosomal assignment of
the two self-incompatibility loci (Wricke and Wehling, 1985; Gertz and Wricke,
1989). Because of the importance of 1R in wheat-rye introgression, there
have been extensive mapping studies on this rye chromosome through the use of

conventional and DNA markers (reviewed by Baum and Appels, 1991). For



example, Gustafson et al. (1990) physically mapped Sec-I and Sec-3 loci using
in situ biotin-labelled probes. The Sec-I locus was mapped to the satellite
region of the short arm of 1R, adjacent to the Nor locus. Recently, Wang et al.
(1991) constructed a linkage map of 1R by using 16 molecular and biochemical
loci. They found that loci in the 1R map clustered around the centromere, a
phenomenon similar to that reported in wheat homoeologous group 7

chromosomes (Chao et al., 1989).

1.2. Application of the polymerase chain reaction to genome

analysis
1.2.1. Introduction

The polymerase chain reaction (PCR) involves the enzymatic amplification
of DNA in vitro and was originally developed at the Cetus Corporation (Saiki er
al., 1985; Mullis and Faloona, 1987). The reaction is based on the enzymatic
amplification of a DNA fragment that is flanked by two oligonucleotide primers
that hybridize to opposite strands of the target sequence. The primers are
oriented with their 3' ends pointing towards each other. Repeated cycles of
heat denaturation of the template, annealing of the primers to their
complementary sequences and the extension of the annealed primers with a DNA
polymerase, result in the amplification of the segment defined by the 5' ends of
the PCR primers. Since the extension products of each primer can serve as a
template for the other primer, each cycle essentially doubles the DNA fragment
produced in the previous cycle. This results in the exponential accumulation of

the specific target fragment, up to several millionfold in a few hours.

The Klenow fragment of Escherichia coli DNA polymerase I was
originally used as the DNA polymerase but it has since been replaced through the
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use of thermostable Taq polymerase, isolated from Thermus aquaticus, which
can withstand repeated heating up to 94°C (Saiki ez al., 1988). The availability
of Taq polymerase has greatly simplified the automation of the reaction.
Currently there are many different commercially available thermocycling
instruments suitable for PCR and a number of published descriptions of home-
made apparatus (Foulkes ez al., 1988). The specificity of the amplification
reaction is increased by allowing the use of higher temperatures for primer
annealing and extension. In addition to these improvements, the development
of automated oligonucleotide synthesis has also promoted wide acceptance and
use of PCR (Caruthers et al., 1987). Taq polymerase has no 3' to 5'
exonuclease activity, but has a 5' to 3' exonuclease activity during
polymerization. The initial estimation of the mis-incorporation rate by Tag
polymerase during PCR was about 104 nucleotides per cycle (Saiki et al.,
1988). Changes in the PCR conditions have since reduced the mis-
incorporation rate to less than 10-3 nucleotides per cycle (Eckert and Kunkel,
1989; Gelfand and White, 1990). Many of the new thermostable polymerases
have additional useful activities. The thermostable Vent™ DNA polymerase,
an enzyme isolated from Thermococcus litoralis, has the 3' to 5' exonuclease
activity, and may therefore have a lower mis-incorporation rate (Cariello et al.,
1991). The thermostable DNA polymerase from Thermus thermophilus (Tth)
can reverse-transcribe RNA efficiently in the presence of MnCl2 at high
temperature (Myer and Gelfand, in press). In addition, these new
thermostable polymerases may be more resistant to inhibiting components in

PCR reaction that hamper the use of Taq polymerase (Panaccio and Lew, 1991).

In many circumstances, PCR has advantages over conventional
procedures for cloning and analysis because it is faster, simpler, and more

flexible (Erlich et al., 1989; Erlich, 1989). One of the virtues of PCR is that it
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allows minute amounts of the template DNA to be detected, even down to a

single template molecule (Li et al., 1990).

1.2.2. Use of PCR to detect DNA polymorphisms

Skolnic and Wallace (1989) described theoretically three classes of
amplified sequence polymorphisms (ASPs) by PCR: restriction site
polymorphisms, sequence length polymorphisms, and DNA base pair changes
not associated with restriction sites. The simplest use of the PCR in analysing
DNA polymorphism is in ascertaining its presence or absence. In human
genome analysis, there have been numerous reports of using PCR to replace
RFLP analysis when enough sequence information is available (Stephens e al.,
1990). The usefulness of this approach was also demonstrated in wheat
(D'Ovidio et al., 1990) with primer sequences derived from the sequence of a y-
gliadin gene, and recently in rice (Williams ez al., 1991) with primer for the
ends of mapped genomic clones. An extension of this approach is the
amplification of several DNA regions simultaneously, a so-called mutiplex PCR
as demonstrated by Chamberlain et al. (1988) in analysis of the dystrophin

locus.

To identify new polymorphisms in previously defined genes, Dean et al.,
(1990) have been using primers 200 to 1000 bp apart to amplify gene sequences.
The resulting PCR products are analyzed in two different ways. In one
approach, restriction site and insertion/deletion polymorphisms are identified by
digesting the amplified DNA with enzymes that cut frequently, and resolving
the resulting fragment on a polyacrylamide gel. The second approach involves
incorporation of radioactivity into amplified PCR products, followed by
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denaturation and separation on polyacrylamide gels to detect single stranded

conformation polymorphisms (SSCPs).

Another PCR-based methodology used to detect single base change
polymorphisms involves the combined use of PCR and denaturing gradient gel
electrophoresis (DGGE) (Myer et al., 1986). This procedure involves the
amplification of a target region (200-500 bp) and analyzing the PCR products
using DGGE.  Single base pair polymorphisms may be detected by the
differential migration on this gel system. The use of a GC clamp (a short string
of GC nucleotides incorporated into the ends of PCR product), ora
modification of DGGE that involved restriction enzyme digestion of the PCR
product before gel electrophoresis, enhances the ability to detect single base pair

polymorphisms using DGGE (Sheffield et al., 1989).

1.2.3. Amplifying unknown sequences

Although it is normally necessary to know enough sequence information to
design the primers for PCR, this method can be used to amplify and analyse
unknown intervening sequences. Using evolutionarily conserved portions of a
gene for primer construction will allow the amplification of highly variable
sequences that lie between the conserved templates for these primers (Kocher ez
al., 1989). Similarly, from information on amino acid sequences that are
conserved among different viruses, a degenerate primer mixture can be
constructed that can be used to search for novel viruses that retain significant
similarity at the amino acid but not the nucleotide level (Mack and Sninsky,

1988).

One strategy to overcome the limitation of sequence requirement is to create

a primer binding site by adding DNA of a known sequence. This was illustrated



initially by the amplification of unknown cDNA sequences cloned into A gt11
with primers for the vector sequences that flank the insertion site (Saiki et al.,
1988). In general, flanking sequences for priming are added by ligation
(Kinzler and Vogelstein, 1989) or homopolymer tailing with terminal transferase
(Loh ez al., 1989).

Another approach for the characterization of fragments adjacent to known
sequences is PCR following ligation-mediated circularization (inverse PCR)
(Triglia et al., 1988; Ochman et al., 1988; Silver and Keerikatte, 1988). This
technique involves the digestion of a DNA fragment by a restriction enzyme and
its subsequent ligation at a very low concentration in order to promote the
formation of circular products. Judicious choice of restriction enzymes leads to
the generation of a circle that contains the previously known sequence on a
contiguous circular molecule with the unknown sequence. Primers are
synthesized from the known sequence in an orientation that enables amplification

around the circle and includes the unknown sequence.

1.2.4. PCR for genome mapping

The versatility and power provided by PCR methodology has encouraged
its involvement in almost every aspect of genome projects. The application of
PCR has been central in formulating both the conceptual and practical approaches
on which the human genome project is based (Rose, 1991). Much of the
current emphasis on PCR in genome mapping and sequencing is a direct result of
the sequence tagged sites (STS) proposal introduced by Olsen ez al. (1989). The
STS concept requires the use of PCR to generate the 200- to S00-bp sites unique
to a given genomic fragment, thus identifying the common element necessary to

integrate various genetic and physical maps.
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It now appears that the eukaryote genome is densely interspersed with
simple tandemly-repeated motifs, termed "microsatellites” that exhibit site-
specific variation (Beckmann and Soller, 1990). Poly (G) and poly (A) are the
simplest of the microsatellites, while poly (TG) is the most frequent in the
mammalian genome (Hamada et al., 1982). Microsatellites are recognized as
the preferred sites for performing DNA-based linkage studies because they are
twice as informative and can be typed at twice the rate than that of RFLP (Weber,
1990). Analysis of microsatellite polymorphisms involves amplification by
PCR of a small fragment of DNA containing a block of repeats followed by
electrophoresis of the amplified DNA on denaturing polyacrylamide gel.

PCR has been used to amplify human Alu repeat units in isolating human
DNA fragments present in the hybrid cell lines or from microdissected or flow-
sorted chromosomal regions (Nelson ez al., 1989). The applications of Alu
PCR now reach well beyond the initial aims of detecting human-specific
sequences in somatic cell hybrids and the method has now been employed for
cloning, mapping and walking strategies (Weber, 1990). An added bonus of
the Alu PCR is that the ends of the Alu elements often exhibit polymorphisms
between different individuals and can serve as useful genetic markers

(Economou et al., 1990).

One of the most powerful contribution of PCR to genetic mapping has
been its use for analysis of DNA sequence polymorphisms in individual
gametes, referred to as sperm mapping (Li ez al., 1988). This approach offers
a significant advantage in that a large number of meiotic products can be rapidly
examined from a single individual, allowing determination of recombination

frequency between genetic markers that are physically very close.

In a way similar to the RFLP approach, PCR has been used with

arbitrarily chosen primers for generating genetic markers, genome mapping and



24

DNA fingerprinting (Williams er al., 1990; Welsh and McClelland, 19914, b;
Bassam et al., 1991). The approach of Williams er al. (1990) and Bassam et al.
(1991) relies on the amplification of genomic sequences with a short
oligonucleotide, typically 8-10 nucleotides in length. The amplified products
(RAPDs) segregate in a Mendelian fashion. Whereas Welsh and McClelland's
(1991a, b) method involved two cycles of low stringency amplification followed
by PCR at high stringency and the amplified products were separated on
sequencing gels and visualized by autoradiography. Welsh and McClelland
(1991c) also demonstrated that oligonucleotide primers can be used alone or in
pairs to generate different PCR products, thus revealing more polymorphisms
for DNA fingerprinting and genome mapping. Recently, Martin et al. (1991)
identified DNA markers linked to a Pseudomonas resistance gene in tomato by
using the RAPD method and isogentic lines. One of the drawbacks of these
markers is that they are scored as dominant markers and heterozygotes cannot be
distinguished (Welsh et al., 1991), while RFLP markers are generally

codominant and consequently able to identify heterozygotes (Burr et al., 1983).

1.2.5. PCR-based sequencing

PCR can obviate the need for many of the laborious subcloning and
preparative scale procedures currently required to obtain sufficient DNA for
sequence analysis because DNA fragments of a length suitable for sequencing
can be readily obtained by amplification from genomic or large insert cloned
DNA. Several procedures have been developed for the direct sequencing of
double-stranded PCR products (Egelke et al., 1988; Innis ez al., 1988). PCR
can be used to generate single-stranded DNA products to serve as sequencing
templates by minor modifications of the amplification protocol (see review by

Gyllensten, 1989). Similarly, conventional PCR has been performed with one



of the primers chemically modified with biotin. The resulting PCR products
have one of the two strands specifically end-labelled with biotin that can be
immobilized on an avidin-coated solid matrix for strand separation (Mitchell and
Merril, 1989). Enzymatic sequencing reactions can be thermally cycled with a
thermostable DNA polymerase similar to PCR amplification. This approach
utilizes the dideoxy-terminator method of Sanger (1977) and a sequencing primer
either specific to the fragment under study, or the universal sequencing primer
utilizing primer binding sites introduced by cloning or PCR (Gyllensten and
Erlich, 1988; Innis et al., 1988). As for PCR products, there are three most
common ways to sequence them: subcloning, asymmetric PCR, and direct

sequencing.

A contig is a set of partially overlapping cloned DNA fragments that cover
a stretch of the genome without interuption.  Sequence contigs can be ordered
by performing the PCR reaction with all or a subset of the pairwise combinations
of primers generated from the end sequences of the contigs. Once the contigs
are ordered and the gaps between the contigs are determined, the appropriate
primer pairs can be used to generate the physical DNA necessary to fill in the gap
sequences (Hunkapiller et al., 1991).

In attempts to increase both the throughput and consistency of sequencing
efforts, as well as decrease the overall cost, several automated DNA
sequencers have been developed (for review see Hunkapiller er al., 1991). The
fluorescent sequencing is well established in the Applied Biosystems Inc. (ABI)
machine that allows for all four DNA sequencing reactions to be electrophoresed
together in a single gel lane (Connell er al., 1987). Based on the same
principal, ABI also developed a fluorescent DNA fragment analyzer which can
accommodate four DNA samples in a single gel lane by the use of four different

colour fluorescent dyes.

25



26

1.2.6. Contamination and its prevention

The extreme sensitivity of PCR makes the procedure very vulnerable to
contamination due to minute amounts of material which could be products of a
previous PCR reaction (carry over), exogenous DNA, or other biological
material. One approach to inactivate the contaminating template involves short-
wavelength ultraviolet irradiation of the reaction mixture prior to amplification
(Sarkar and Sommer, 1990). An alternative inactivating method involves the
photochemical modification of the amplified DNA, thereby blocking the Tag
polymerase from further extension after it encounters a modified base in the

template strand (Isaacs et al., 1991).



1.3. Aims and scope of this thesis

Molecular markers, especially RFLPs, have become important tools for
genetic research and practical breeding in the last decade. A large number of
molecular markers are needed for genetic mapping and other analyses. As
cereals are the most important food crops in terms of production and trade,
research groups around the world have been generating and mapping DNA
probes and other biochemical markers to the cereal genomes. RFLP, the most
widely used DNA marker in humans, is also the main technique employed in
cereal mapping programs. However, the high-cost and technical complexity
associated with RFLP analysis have hampered its application. For the same
reasons, plant breeders have been reluctant to accept and apply this technique.
It is not surprising that there was little information available for RFLP analysis in

cereals when the present study was initiated.

In the last few years, PCR has emerged as a promising technique in
human genetic studies. In the area of plant molecular biology, PCR could
serve a similar role but had not been utilized for mapping in plants before the
commencement of this study. To realize its full potential in the genomic analysis
of cereal genomes, a comprehensive study was needed for the evaluation of the
usefulness of this technique. The objectives set out for this study are as

follows:

1. The primary goal was to adapt PCR for genetic mapping in cereals. The
new method should offer improved sensitivity and speed over RFLP.
This technique is also expected to be less complex and does not require
the use of radioactivity. PCR is a powerful technique for amplifying
specific sequences from extremely small amounts of DNA. But the
ideal technique for genetic mapping should be able to provide a near
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5.

infinite number of markers which map to all parts of the genome. Two
types of primers have been chosen for the target region of PCR to
generate genetic markers, those that target specific, known sequences

and those that target intron-exon splice junctions.

The application of PCR for the investigation of intravarietal and
intervarietal polymorphisms in cereals. Another aim was to develop a
cheap, fast and sensitive method for cultivar identification with the basic
criteria of distinguishable variation, reproducibility, minimal

intravarietal polymorphism, and environmental stability.

The development of techniques for the generation of DNA markers from
chromosome segments. One of the aims was to identify DNA markers,
e.g. 6-PGD gene, to assist the transferring of CCN resistance from rye
to wheat.  Cloning of 6-PGD (6-phosphogluconate dehydrogenase)
gene in cereals was attempted through PCR with primer derived from
DNA and protein sequences of 6-PGD genes from organisms other than
cereals. Another aim was to obtain clones from a segment in
chromosome IR of rye. The process of achieving this goal is to clone
the flanking regions of rye-specific repetitive sequence in 1R with the

combination of PCR and Southern analysis.

Improving the methods of PCR analysis. Automation of the detection of
PCR products offers the prospects of improved sensitivity and speed.
The Applied Biosystem's DNA sequencer and fluorescent dyes were
chosen for the demonstration of this technique.

DNA isolated from a single or half seed is not suitable for normal
Southerns. It seems that there are certain substances in the seeds also
hampering the PCR amplification. The development of a method for the
amplification of seed DNA was included in the present study. This
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method would be particularily suitable for cereal breeders.
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Chapter 2
MATERIALS AND METHODS

2.1. Materials
2.1.1. Chemicals

All the chemicals were of the highest purity available. The suppliers of

special chemicals are indicated in the section describing their use.

2.1.2 Genetic materials

Bulk seeds of hexaploid wheat (Triticum aestivurm ) cv. Chinese Spring,
the other wheat varieties and breeding lines, rye (Secale cereale) cv. Imperial
and cv. South Australia, the seven wheat-rye addition lines (1R-7R), barley
(Hordeum vulgare) cv. Betzes, and the six wheat-barley addition lines
described by Islam et al. (1981) were obtained from Dr. K. W. Shepherd (Waite
Institute). The triple translocation line (TTL) of wheat cv. Chinese Spring (C.S.
18I + 1AL-1RS +1BL-1RS + 1DL-1RS), in which the short arm of
chromosome 1A, 1B, and 1D are all substituted by the short arm of
chromosome 1R from rye cv. Imperial, was also provided by Dr. K. W.
Shepherd. The barley 1H* addition line (Islam and Shepherd, unpublished)
was very generously provided by Dr A.K.R.M. Islam (Waite Institute). The
barley varieties and breeding lines were provided by Dr. D. Sparrow (Waite
Institute). The nomenclature for the barley chromosomes is based upon the
equivalent wheat homoeologous group (traditional barley chromosomes

numbers are given in parentheses): 1H* (5), 2H (2), 3H (3), 4H (4), 5H (7),
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6H (6), and 7H (1). It should be noted that the 1H* addition line is a double

monosomic addition containing one copy each of 1H and 6H.

2.1.3. Sources and description of the probes

RW229/pMN1 was kindly supplied by Professor R Wolf, Dept. Biol.
Science, Univ. Maryland Baltimore County, USA. 6-PGD-1 was a generous
gift from Professor HC Towles, Dept. Biochem.,Univ. Minnesota, USA.

2.1.4. PCR machines

The PCR machines used in this study were DNA Thermal Cycler (Perkin
Elmer Cetus); Intelligent Heating Block, Thermal Reactor, Combi Thermal
Reactor TR2(Hybaid); FTS-1 Fast Thermal Sequencer (Corbett Research);
DNA Amplifier GM-10 (Bartelt Instrument); Programmable Thermal Controller
(MJ Research).

2.2. Laboratory Methods
2.2.1. Transformation of E.coli by plasmid DNA

Transformation of the E. coli strain JM109 was based on the method of
Hanahan (1985). 500ml of JM109 cells at log phase (A600=0.45-0.55) were
collected by centrifugation at 2500xg for 15 min at 4°C. The cells were
resuspended in 17 ml of TFB buffer and kept on ice for 10 min. The cells were
recentrifuged and resuspended in 4 ml of TFB. 140 ul of DMSO was added to
the suspension and 315 ul of IM DTT added 5 min later. After 10 min, 150 ul
DMSQ was added to the suspension was kept on ice for further 5 min. 10 ng
DNA was mixed with 200 ul cell suspension and incubated on ice for 30
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minutes. The cell suspension was 'heat shocked' at 420C for 2 min. 800 ul of
SOC was then added to the suspension and the cells were incubated in a 37°C
shaker for 45 min. The cells were plated onto LB-agar plates with appropriate
antibiotic, IPTG and X-gal. The plates were incubated overnight to establish

colonies.

2.2.2. Minipreparation of the plasmid probes

A single E. coli colony containing a recombinant plasmid was used to
inoculate 2ml of LB containing Sul of antibiotics (10ug/ml). Cells were grown
ovemight at 37°C with vigorous shaking. The culture was transferred to an
Eppendorf tube and spun for one min in a microfuge. The pellet was

850 mM glucase, S mM Tris-HL (PHB), IOmM
resuspended in buffer 1 R, to which 10ul lysosyme (40ug/ml) was added, and
incubated on ice for 20 min. Then 200ul of buffer 2 (0.2M NaOH, 0.1% SDS)
was added, the tube was gently inverted twice and left on ice for 5 min. 150ul
of buffer 3 (3M NaOH pH 4.8) was added, gently mixed and the solution was
left to stand on ice. After 10 min the mixture was centrifuged for Smin; around
400ul supernatant was taken into a new tube and extracted with equal volumes
of phenol/chloroform. After centrifugation for 2 min, an equal volume of
isopropanol was added to the supernatant. The tube was inverted a few times
and stood on ice for 15 min. The precipitate was collected by centrifugation for
5 min and the pellet was washed twice with 75% ethanol and dried under
vacuum. The pellet was resuspended in 50ul TE containing RNase (final
concentration 10ug/ml). If necessary, the solution was extracted once more
with phenol/chloroform. The supernatant was precipitated by adding acid salt
and isopropanol, freezing, spinning and washing in 75% ethanol as described

above.
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2.2.3. Large-scale DNA extraction from plant tissue

Large-scale DNA isolations were made from approximately 5 g fresh
leaves. The leaves were ground to a fine powder under liquid nitrogen and then
suspended in 100 ml extraction buffer (4% sarkosyl, 0.1 M Tris-HCI, 10 mM
EDTA, pH 8.0). An equal volume of phenol/chloroform/isoamylalcohol
(25:24:1) was added and the slurry mixed for 90 minutes at 40C. After
separation of the phases by centrifugation, the upper aqueous phase was poured
off and filtered through fine nylon mesh. The solution was mixed with 10 ml
sodium acetate (3 M, pH 4.8) and 250 ml ice cold ethanol. The DNA was
scooped out with a spatula, washed twice with 70% ethanol and dissolved in 7
ml TE (5 mM Tris-HCI, 0.2 mM EDTA, pH 7.5). The DNA was further
purified via CsCl equilibrium centrifugation (Maniatis et al. 1982).

2.2.4. Small-scale DNA extraction from plant tissue

Small-scale DNA isolations used 50-200 mg of young leaves. These were
ground to a powder in 2 ml Eppendorf tubes under liquid nitrogen. The
powder was then mixed with 1 ml extraction buffer and, subsequently, with
0.75 ml phenol/chloroform/isoamylalcohol . The whole mixture was shaken for
20 to 30 seconds and the aqueous phase recovered after centrifugation. The
phenol/chloroform/isoamylalcohol extraction was repeated and the DNA

precipitated by ethanol precipitation.

2.2.5. Isolation of bacteriophage A DNA from plate lysates

Phage DNA was isolated by the standard method described by Maniatis et
al. (1982).



2.2.6. Restriction digests, fragment isolation and ligation

Restriction enzymes were purchased from either Boehringer Mannheim,
Pharmacia or New England Biolabs. The enzyme buffers were obtained from
the manufacturer or made up at ten times the final concentration as recommended
by them. DNA fragments were isolated with a GENE CLEAN (BIO 101) kit
following supplier’s instructions. Dephosphorylation of fragment ends was
achieved by incubation of DNA with 1 unit of calf-intestinal alkaline
phosphatase (Boehringer-Mannheim) for 30 minutes at 379C in buffer as
recommended by supplier. DNA ligations were carried out using T4 DNA
ligase (New England Biolab) in the recommended buffer.

2.2.7. Gel electrophoresis

Electrophoresis separation of DNA fragment was usually in 0.8-1.5%
agarose gels with TAE buffer. After electrophoresis, the gel was immersed for
15 min in the buffer containing 1 mg/l ethidium bromide and photographed by
Polaroid camera fitted with a red filter under UV light (254nm).

After electrophoresis, the gel was immersed for 15 min in the buffer
containing 1 mg/] ethidium bromide and photographed by Polaroid camera fitted
with a red filter under UV light (254nm).

Some of the PCR products were fractionated by 10% polyacrylamide gels
Polyacrylamide gels were prepared according to Maniatis et al. (1982) in vertical
electrophoresis tanks made at the Waite Institute. The gel was prepared from
33 ml of acrylamide-bisacrylamide (30:1, w/w), 10 ml of 10xTBE buffer, 2.1
ml of 3% ammonium persulphate, 30 ul of TEMED (N,N,N',N'-
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tetramethylethylene diamine), and 55 ml of HyO. The gel was allowed to
polymerize for 2 hour then pre-run at 35 mA for 15 min. Lanes were washed
with buffer before loading the samples. The running buffer was also TBE and
the current 35 mA. The gel was stained with ethidium bromide and visualized

as described above.

2.2.8. Southern transfer of DNA fragment

Approximately 5 pg of total plant DNA was digested to completion with
restriction endonucleases as recommended by the manufacturer, separated on
0.8-1.5% agarose gels in TAE buffer (0.04 Tris-acetate, 0.001 M EDTA).
Following eletrophoresis, the DNA was partially hydrolyzed by soaking in
0.25M HCI for 20 min prior to alkali denaturation (0.4 N NaOH for 30 min) and
high-salt neutralization (1.5 M NaCl, 0.5 M Tris-HCl, pH 7.5 for 30 min) and
then transferred (overnight) with 10x SSC (1.5 M sodium chloride-0.15M
sodium citrate) from the gel to the surface of Hybond Nt membrane
(Amersham) by the method described by the manufacturer, which was a
modification of that originally described by Southern (1975).

2.2.9. Dot blot

DNA transfer was performed in a dot blotting apparatus made by Schleicher
&Schuell following the manufacturer's recommendation. The DNA to be blotted
was diluted to a final volume of 100ul with TE and denatured by adding 900ul of
0.4M NaOH and incubating at room temperature for 5 min, A piece of nylon
membrane (Hybond N+, Amersham) and a piece of filter paper (Whatman No.1)
were cut to required size and soaked for 5 min in 0.4M NaOH. The filter paper

was placed on the bottom section of the dot blot manifold and overlaid with the
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nylon membrane. The top of the manifold was clamped into place and the device
connected to a vacuum line. The denatured DNA was applied to the membrane
via the wells in the top of the dot blot apparatus and washed twice with 500ul of
0.4M NaOH. The membrane was removed from the apparatus and rinsed twice
in 10xSSC. The subsequent hybridization was carried out as described in section
2.2.11 (Hybridization and washing of membranes).

2.2.10. Labelling of DNA with 32P

(A) Probes were radioactively labelled with [o-32P]dCTP according to the
oligolabelling procedure of Feinberg and Vogelstein (1983). Relevant DNA
fragments were either isolated from preparative agarose gels and labelled with
the "Oligo Priming Labelling Kit" from Amersham or they were cloned into
pUC 19 and specifically labelled by using the forward and reverse sequencing
primers instead of the mix of random primers in the labelling reaction. The
labelled products were separated from unincorporated nucleotides on G75

(Pharmacia) minicolumns prepared in Pasteur pipettes.

(B) Cereal genomic DNAs were labelled with [o-32P]dCTP by a "Nick-
translation" kit from Bresatec (Rigby ef al., 1977). The labelled products were

separated on the minicolumns described above.

2.2.11. Hybridization and washing of membranes

Hybridizations were carried out overnight at 65°C in 0.6 M NaCl, 20 mM
PIPES, 5 mM EDTA, 1% SDS, 0.2% gelatin, 0.2% ficoll, 0.2%
polyvinylpyrroidone, 0.5% tetrasodium pyrophosphate, 500 ug/ml of carrier
DNA, pH 6.8. The membranes were washed 20 min at room temperature in 2x

SSC, 0.1% SDS, 20 min at 65°C in 0.5x SSC, 0.1% SDS; and 20 min at
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65°C in 0.2x SSC, 0.1% SDS. The membranes were then dried on blotting
paper (Whatman No.1) and wrapped in Glad Wrap for autoradiography.

2.2.12. Autoradiography

The mounted membranes were placed with a sheet of X-ray films (Fuji,
NIF) in a cassette fitted with intensifying screen. The cassette was kept at
-70°C for 1-7 days and the film was subsequently developed manually or in a
Agfa Curix 60 film processor.

2.2.13. Programs for PCR machines

The standard reaction consisted of 45 cycles each of 1.5 min at 95°C, 2
min at 55°C and 2 min at 729C. With the intron splice junction primers and/or
random primers the first 6 cycles were at 94°C for 1 min, 40°C 1.8 min, 72°C
2 min. This was followed by a further 28 cycles of 94°C 1 min, 58°C 1.5 min

and 720C 2 min. Alteration to these conditions are described in the text.

2.2.14. PCR reaction conditions

The polymerase chain reactions were carried out in a 25 or 1001 volume
containing 0.2 - 0.5 pug of genomic DNA template, 0.2 uM of each primer, 200
UM each of dATP, dCTP, dGTP and dTTP, 50 mM KCl, 10 mM Tris-HCI (pH
8.3), 1.5 mM MgCly, 0.01% gelatin and 0.2 - 0.5 units of Taq polymerase
(Perkin Elmer Cetus or Promega). The PCR was performed in one of the PCR
machines described in 2.1.7. 1If not specified, Programmable Thermal
Controller (from MJ Research) was used for the PCR amplification.
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2.2.15. Method of inverse-PCR

This method is based on the inverse-PCR procedure by Ochman et
al.(1988). Restriction digests were carried out using 5 ug of TTL genomic DNA
treated with 10 units of Hind III (section 2.2.6). The digested DNA was
extracted twice with phenol/chloroform/isoamylalcohol, and the DNA

precipitated by ethanol precipitation.

For circularization, 0.1 ug of the Hind III restriction fragment was diluted
to a concentration of 0.5 ug/ml in ligation buffer (section 2.2.6). The ligation
reaction was initiated by the addition of T4 DNA ligase (New England Biolab) to
a concentration of 1 unit/ul and the reaction was allowed to proceed for 16 hr at
120C. The ligated sample was then treated with
phenol/chloroform/isoamylalcohol and precipitated as described above.

The PCR was performed in reactions containing 0.1 ug of circularized
DNA (section 2.2.13). The PCR machine used was Programmable Thermal
Controller (MJ Research) with 35 cycles each of 1.5 min at 95°C, 3 min at
550C and 2 min at 72°C. The amplified products were extracted twice with
phenol/chloroform/isoamylalcohol, and the DNA precipitated as before, and
then digested with Pst I and ligated into pUC 19 cleaved with Pst L.

2.2.16. Nucleotide sequence analysis

The sequencing reactions were performed on double stranded plasmid
DNA using dye labelled primers and following the cycle sequencing protocol
(ABI). The procedures used are as follows:



The following reagent were aliquoted into four 0.5 microcentrifuge tubes:

Reaget A C G T
d/ddNP MIx 1ul 1ul 2ul 2ul
Dye primer 1ul 1ul 2ul 2ul
5x Buffer 1ul lul 2ul 2ul
DNA template lul lul 2ul 2ul
Taq (1unit/ul) 1ul 1ul 2ul 2ul
Total Volume ~ 5ul Sul 10ul 10ul

Each of the tubes were overlayed with 20 ul mineral oil and placed in a
PCR machine.

A DNA Thermal Cycler (Perkin Elmer Cetus) was used for the sequencing
reaction with 15 cycles each of 0.5 min at 950C, 0.5 min at 55°C and 1 min at

700C, and another 15 cycles each of 0.5 min at 95°C and 1 min at 70°C.

- After sequencing reaction, the four separate reactions were pooled,
ethanol precipitated and dried in a vacuum. The pellet was then resuspended in
6 ul of deionized formamide/50mM EDTA (pH8.0) 5/1 (v/v). The sample was
heated at 90°C for 2 min and loaded onto a preelectrophoresed acrylamide gel in
a 373A DNA Sequencing System (ABI).

Fluorescence analyses and base calling were performed with the ABI

software version 1.30.

2.3. Statistical Methods

Parsimony analysis of the PCR data was carried out using the computer
programs of PAUP developed by Dr. D. L. Swofford (Illinois Natural History
Survey) and Phylip developed by Felsenstein (1987).
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Chapter 3

Identification and mapping of polymorphisms through the

polymerase chain reaction.

3.1. Introduction

Genetic markers are of great value in practical breeding programs and
genetic research. Traditionally, markers based on morphological differences
between individuals have been used. The subsequent development of isozyme
and other biochemical markers represented a significant improvement since they
offered greater diversity (for review see Tanksley and Orton, 1983). However,
markers based upon DNA probes have introduced a new dimension to the
development of genetic maps and the mapping of agronomically and
physiologically important characters. The major strength of DNA probes, so far
mainly RFLPs, is that they have the potential to reveal an almost unlimited
number of polymorphisms (Kan and Dozy, 1978; Botstein et al., 1980; Wyman
and White, 1980).

RFLPs depend on the use of probes to identify single or low copy
sequences in DNA. They are very powerful and have been used to construct
detailed linkage maps of several crop species including tomato, potato and maize
(reviewed by Tanksley et al., 1989). However, they are expensive and time
consuming and technically difficult to use in some species with large and complex

genomes, particularly wheat. This complexity of the wheat and related genomes



has delayed the development of such maps for these plants even though recent

world-wide efforts are likely soon to remedy this situation (ITMI, 1989).

An alternative method, with the potential to overcome some of the current
limitations in cereal genome mapping, is based on PCR (Saiki ez al., 1985;
Mullis and Faloona, 1987). In this case, polymorphisms are sought in the
distance between two short target sequences rather than the presence or absence of
restriction endonuclease sites as is the case for standard RFLP's (Skolnic and
Wallace, 1989). Oligonucleotides that anneal to the target sequences are used to
prime the polymerase reactions. Careful selection of the primers will allow many
polymorphisms to be detected and mapped as standard genetic markers. D'Ovidio
et al. (1990) reported that PCR can be used to detect genetic polymorphism in

wheat with primer sequences derived from the sequence of a y-gliadin gene.

It is necessary for the bases at the 3' end of each primer to provide a perfect
match to the target, whereas extensive mismatching in the remainder of the
primer/target can be tolerated (Sommer and Tautz, 1989). This gives the option
of using sequences with only partial homology to the target sequence to prime the
PCR. An extension of this principle has been developed by Williams e? al.
(1990) who have used entirely random primers to generate polymorphic PCR
bands.

PCR has provided an alternative approach to many procedures in molecular
biology and is replacing many standard techniques (Erlich, 1989). It can be used
to amplify specific target sequences for subsequent cloning and it provides an
extremely sensitive method for the detection of specific RNA and DNA sequences.
This has led to the use of PCR to reveal variability of simple sequences in
eukaryotic genomes (Litt and Luty, 1989; Tautz, 1989; Weber and May, 1989).
PCR methods based on families of repeated sequences, such as Alu-directed PCR
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in human genome analysis, provides the prospect of a rapid genome mapping

technique (Nelson et al., 1989).

This chapter describes the use of PCR to reveal and map polymorphisms in
cereals. Two types of primers have been tested: those that target specific,
known sequences (0-amylase) and those that target intron-exon splice junctions.
Both types offer valuable new sources of variability that can be more rapidly and

cheaply exploited than RFLP markers.

3.2. PCR with primers derived from defined gene sequences (o:-

amylase)

o-amylases (EC 3.2.1.1) is an important enzyme in biology and industry
because of its central role in the hydrolysis of starch (for a review, see Robyt and
Whelan, 1968). The a-amylase genes comprise multigene families in wheat and
barley. As many as 12-14 a-amylasel and 10-11 o-amylase2 genes were found
in wheat by hybridization to oi-amylase cDNA probes (Martienssen, 1986). In
Southern hybridizations a large number of bands appear and these have been
correlated to genes on group 5, 6 and 7 chromosomes in wheat and 6H and 7H in
barley (Lazarus et al., 1985; Muthukrishnan et al., 1984; Baulcombe et al., 1987).
There are various degrees of homology between these gene sequences (Baulcombe
et al., 1987; Chandler et al., 1984; Huttly et al., 1988; Knox et al ., 1987; Lazarus
etal., 1985).

42



43

3.2.1. Comparisons of ai-amylase gene sequences and the designing

of primers for PCR

The published nucleotide sequences of three wheat and two barley a-

amylases were compared by a software package: "DNA Inspector Ile" (Textco).

The names of the a-amylase clones where the sequences are from and their

chromosomal locations are listed in Table 3.1.

Table 5.1 o-amylase clones and their chromosomal location

o-amylase clones sources chromosomal location
pl41* barley 6H

p155* barley TH

AMY3/33%%* wheat group 5
AMY?2/34%%* wheat D

AMY?2/54%*%* wheat 7A

* Knox et al. (1987).
** Baulcombe et al. (1987).
*** Huttly et al. (1988).



The comparisons between barley a-amylase p141 and other ci-amylases
were displayed in Fig. 3.1. The results of the comparisons are generally in
agreement with those available in the original publications (Baulcombe et al.,
1987; Chandler et al., 1984; Huttly et al., 1988; Knox et al., 1987) although one
should be aware that different computer programs were used. The mapping of
the PCR products was atten;;ed using wheat-barley addition lines as this approach
is simpler than using wheat anel}foid stocks. The primers were chosen to
hybridize with two conserved sequences that flank a region containing variable
sequences. In this way several individual a-amylase genes would be targeted
simultaneously and length polymorphisms between the sequences complementary
to the primers, could be identified (Fig. 3.2). A Nae I restriction site was
incorporated into each of the primers to allow restriction digestion and cloning of
the amplified DNA if required. Both of the 3' ends of the A1 and A2 primers

were perfectly matched to the target sequences.

3.2.2. Optimisation of reaction conditions for PCR

Fig. 3.3 shows the amplification products generated when the two primers,
Al and A2, were used with DNA from wheat (cv. Chinese Spring), barley (cv.
Betzes) and rye (cv. Imperial). The predicted length of the reaction product for
barley a-amylase (o-Amy 1) is 163 bp. A band of approximately 163 bp is the
most prominent band in wheat and rye, and was also present in barley. At least
two polymorphisms were observed between wheat and barley genomes on
agarose gels (compare lanes 1 and 3, Fig. 3.3). The wheat bands at 350 and 450
bp are replaced by bands at 400 and 440 bp in barley. Two polymorphic bands
could also be detected between wheat and rye genomes (compare lanes 1 and 2,

Fig. 3.3).



Fig. 3.1. Comparison of ai-amylase sequences.

The o-amylase sequences were compared by a software package: "DNA
Inspector Ile" (Textco). Individual dots on the diagram indicate homology
between short stretches of nucleotide sequence (stretches of 12 nucleotides
in this study). Regions which are highly conserved between sequences
appear as many dots in close proximity, thus forming lines. The sources
of the sequences are indicated in Table 3.1.

A. Comparison of barley a-amylase sequences p141 and p155.

B. Comparison of barley a-amylase sequence p141 and wheat a-amylase
sequence AMY3/33.

C. Comparison of barley a-amylase sequence p141 and wheat o-amylase
sequence AMY2/34.

D. Comparison of barley o-amylase sequence p141 and wheat ai-amylase

sequence AMY2/54.
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Fig. 3.2. Schematic representation of the location of the Al and A2
primers.

The data were from Fig. 3.1. Al and A2 are the two primers derived
from conserved sequences of a-amylases.

Al: 5GCACGCCGGCGGGTGGTAC3'.

A2: 55GCCGGCTTGCCGTACTTGG 3'.

The shaded box indicates the sequences homologous to A1 and A2, the
open box the unique sequences. The sources of the sequences are

indicated in Table 3.1.
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Fig. 3.3. Amplification of cereal DNA using a-amylase primers Al and
A2,

The template DNA was from wheat (Chinese Spring) in Lane 1, rye
(Imperial) in Lane 2 and barley (Betzes) in Lanes 3, respectively.
Amplification was performed as described in Section 2.2.12 and 2.2.13.
DNA size markers are shown in Lane M with the sizes of the marker

bands given on the left in base pairs.
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The results showed that mini-prep DNA from cereals (section 2.2.4) could
be used to allow amplification of the a-amylase sequences with 32 cycles of PCR
and using 559C as the annealing temperature (Fig. 3.4). Even the presence of 5
ug of mini-prep DNA did not have any diminishing effect on amplification.
Interestingly, the smears above 2 kb were increasing as more DNA templates
were added. The 163 bp band was not produced when only 5 pg DNA present.
Assuming that 1 barley cell contains 5.5 pg nucleic DNA, 50 pg or 9 copies of
barley genomic DNA is the minimum of template DNA for amplification with a-

amylase, using the 163 bp band as an indicator (Fig. 3.4).

As the optimal Mg*+ concentration varies with different templates (Saiki,
1989), arange of PCR buffers with different Mg*+ concentration was tested
with oi-amylase primers. The number of amplification products increased as the
Mg+ concentration in the PCR reaction was changed from 1.5 up to 5.0 mM
(Fig. 3.5). The 163 bp band was strongest with 1.5 mM Mg*+ concentration,
but it was almost invisible with 5.0 mM Mg*+. A 300 bp PCR product has the
optimal Mg*+ concentration at 2mM (lane 2, Fig. 3.5). This 300 bp was only
present when the Mg+ concentration over 2mM. The data indicate that not only
different primers have different magnesium optima (Saiki, 1989), different PCR
products also require different concentration of Mg*+ for successful

amplification.

3.2.3. Mapping of polymorphisms

Fig. 3.6 shows the amplification products generated when the two primers,
Al and A2, were used with DNA from wheat (cv. Chinese Spring), barley (cv.
Betzes) and the wheat-barley addition line series. The addition lines contain a
single pair of barley chromosomes in a wheat background. Using addition lines

of barley, the polymorphic bands in barley (cv. Betzes) could be mapped to



Fig. 3.4. Effect of DNA concentration on the amplification of barley
DNA.

The template DNA was from barley (Betzes). Amplifications were
performed as described in Fig. 3.3 except that DNA concentration was
varied from 5pg to Sug per reaction (as indicated at the top of each lane).
DNA size markers are shown in lane MW with the sizes of the marker

bands given on the right in base pairs.
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Fig. 3.5. Effect of Mg*+ concentration on the amplification of barley
DNA

The template DNA was from barley (Betzes). Amplifications were

performed as described in Fig. 3.3 except that MgCl2 was varied from

1.5 to SmM: lane 1 (1.5 mM), lane 2 2mM), lane 3 (3mM) and lane 4

(5 mM). DNA size markers are shown in Lane M with the sizes of the

marker bands given on the right in base pairs.
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Fig. 3.6. Mapping of PCR products with cereal DNA using o-amylase
primers Al and A2.

The template DNA was from wheat (Chinese Spring) in Lane 1, barley
(Betzes) in Lane 2 and the wheat-barley addition lines 1H to 7H, in
Lanes 3 to 9, respectively. DNA size markers are shown in Lane M.
The barley specific band at 400 bp in Lanes 2 and 9 is indicated by an
arrow. The sizes of the marker bands are given on the left in base pairs.
The PCR products were derived from template DNA isolated by the
small scale method (Section 2.2.4) and were fractionated on a 3%

agarose gel.
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barley chromosome 7H (compare lanes 2 and 9, Fig. 3.6) on a 3% agarose gel. It

appears that there were more than two polymorphic bands mapped to 7H.

3.3. PCR with semi-random and random primers through the

polymerase chain reaction.

The results obtained with the o-amylase primers (section 3.1) demonstrated
the value of the PCR technique in revealing and mapping polymorphisms in
cereals. However, for this type of reaction it is necessary to have adequate
information about the target sequence to allow synthesis of the primers that are
likely to target regions of variable lengths. The need for this information would
greatly limit the applicability of PCR as a mapping tool. An alternative strategy

was developed, based on the consensus sequences for the intron splice junctions

asn.

Introns have been identified in most plant genes studied (Hawkins, 1988)
and the junctions to exons are highly conserved sequences. However, since the
introns are generally subjected to only weak selective pressure by comparison to
exons, they are usually highly variable in sequence and length. These properties
would appear to make the ISJ's ideal targets for the identification of

polymorphisms in PCR products.

3.3.1. The design of primers to target the intron splice junctions
ds)n

The sequences of the ISJ primers, R1, R2, E3 and E4 (Fig. 3.7), are
based on the consensus sequences of the junctions reported for plants (Brown et
al., 1986; Brown, 1986; Goodall and Filipowicz, 1989). The orientation of these

primers at the intron junction is displayed in Fig. 3.7. The primers used were 15
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Fig. 3.7. Schematic representation of the location of plant intron splice
junction ISJ primers.

The sequences of R1, R2, E3 and E4 are based on the consensus
sequences for the exon-intron splice junctions of plants (Brown et al.
1986; Brown 1986; Goodall and Filipowicz 1989). E3 and E4 were
synthesized to contain an Eco RI site as indicated. The bases that match
the consensus sequence are shown in bold type. The orientation of the

primers is indicated by the arrows.
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(E3 and E4) or 18 (R1 and R2) bases in length. The consensus sequence for the
splice junctions is 9 bases at the 5' site and 7 bases at the 3' site. The additional
bases were added at random to extend the length of the primers and provide
potential sites for base pairing to the target. For the E3 and E4 primers an Eco RI
site was added to facilitate cloning of the PCR products if required. The results
of Sommer and Tautz (1989) suggest that only the three bases at the 3' end of the
primer are critical for efficient PCR. The remainder of the primer serves to
stabilise the primer-target duplex as determined by the annealing conditions of the
reaction. Primers were produced to generate products from the exon regions

(primers R1 and R2) or from the intron region (E3 and E4).

3.3.2. Reaction conditions for PCR with ISJ primer and random

primer

Two steps were used in the PCR reactions involving the ISJ primers: the
annealing temperature during the first 6 cycles was at 40CC. This was then raised
to 589C for the final 28 cycles. A low annealing temperature was used for the
initial cycles to permit amplification from targets that may only have poor

homology to the primers.

3.3.3. Identification and mapping of polymorphisms

ISJ primers can be used in conjunction with specific primers based on the
sequence information from defined cereal genes. Fig. 3.8 shows the results of
amplification of cereal genomic DNA with the o-amyla 'and R1 (5' splice
site) primers. A clear polymorphic band can be seen between the wheat and
barley patterns at 210 bp (lanes 1 and 2, Fig.3.8). This band can be localised to

barley chromosome 5H (at lane 7).



Fig. 3.8. Amplification of cereal DNA using the o-amylase primcr,@ Q.
in conjunction with the ISJ primer, R1.

Lane 1 shows the products obtained with wheat DNA (Chinese Spring),
Lane 2 barley DNA (Betzes) and Lanes 3-9 DNA from wheat-barley
addition lines 1H to 7H, respectively. The positions of DNA size
markers is indicated on the right in base pairs. The barley specific band
at 210 bp in lane 2 and 7 is indicated by an arrow on the left. The PCR

products were fractionated on 10% polyacrylamide gels.
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The amplification products obtained from cereal DNA with ISJ and random
primers are shown in Fig. 3.10a and 3.10b. When ISJ primer R1 (5' splice site,
exon targeting) was used with random primer B1, a faint smear of bands was
obtained (Fig. 3.9). The PCR products were too complex to allow resolution of
single bands and could not be used directly for the identification of
polymorphisms. However, if the template DNA was digested with the restriction
endonuclease Eco RV prior to the PCR reaction, clear banding patterns were
generated. A distinctive pattern of polymorphic bands was observed between
wheat and barley (compare lanes 1 and 2 in Fig. 3.10a). A barley specific band
of 110bp could be mapped onto 1H* and 6H (Lanes 3 and 8 at 110bp). As 1H*
is actually a double monosomic line of the barley chromosomes 1H and 6H (Islam
and Shepherd, unpublished), the barley specific band is probably located on 6H
alone rather than on both 1H and 6H.

The R2 primer (3' splice site, exon targeting, Fig. 3.7) coupled with random
primer L1 (L1 is a primer complementary to the imm 434 portion of Agt10
template, Huynh et al. 1985) also revealed extensive polymorphisms between
wheat and barley (compare lanes 8 and 9, Fig. 3.10b). A 450bp amplified
fragment specific to barley was mapped to barley chromosome 3H using the
addition lines (Lanes 5 and 8, Fig. 3.10b). Note also a band at 280bp present in
wheat, barley and the addition lines (Fig. 3.10b). The intensity of this band is
stronger in 1H* and 6H (Lanes 7 and 2, respectively, Fig. 3.10b). The
corresponding locus may be situated on 6H in barley as discussed above for the

110 bp band in Fig. 3.10a.
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Fig. 3.9. Amplification of cereal DNA using ISJ primer R1 coupled with
random primer B1.

ISJ primer R1 and random primer B1 were used to amplify cereal DNA.
Lane 1 shows the products obtained with wheat DNA (Chinese Spring),
lane 2 barley DNA (Betzes). The reaction conditions were described in
section 3.3.2. The size of the marker bands in base pairs is given at the

left. The PCR products were fractionated on a 3% agarose gel.
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Fig. 3.10. Amplification of cereal DNA using ISJ primers coupled with
random primers.

DNA size markers are shown in Lanes M with the sizes of the marker
bands given on the right in base pairs. The PCR products were
fractionated on a 10% polyacrylamide gel.

a. ISJ primer R1 and random primer B1 were used to amplify cereal
DNA. The DNAs were pre-digested with Eco RV prior to amplification.
Lane 1 shows the products obtained with wheat DNA (Chinese Spring),
Lane 2 barley DNA (Betzes) and Lanes 3-9 DNA from wheat barley
addition lines 1H to 7H, respectively. The barley specific band in lane 2,
3 and 8 at 110bp is indicated by arrows on the left.

b. ISJ primer R2 and random primer L1 were used to amplify cereal
DNAs without pre-digestion. Lane 9 shows the products obtained with
wheat DNA (Chinese Spring), Lane 8 barley DNA (Betzes) and Lanes
7-1 DNA from wheat barley addition lines 7H to 1H, respectively. The
barley specific bands in lanes 2, 5 and 8 are indicated by an arrow on the

left.
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3.4. Discussion

In this study, the polymorphisms identified by the PCR are in the length of
region amplified. One is looking for variation in the length of sequences
separating the target regions with which the primers will anneal. In mammalian
systems it has been demonstrated that these types of polymorphisms are abundant
(Litt and Luty, 1989; Tautz, 1989; Weber and May, 1989). A major limitation for
the PCR approach is the need for extensive sequence information in order to
synthesize the appropriate primers. With good sequence information, the primers
can be synthesized to sit on each side of regions that are likely to be of variable
length. In this way specific, known sequences can be amplified out of the
genomic DNA; for a simple target, such as an individual gene, one band may be
generated. More complex patterns can be obtained if multi-gene families are
targeted using primers that show homology to several members of the family.
This type of marker is exemplified by the a-amylase gene family. The primers
A1l and A2 were selected to allow the detection of multiple genes and to flank an
area that was thought to be variable (Baulcombe et al., 1987; Huttly et al., 1988;
Knox et al., 1987). One of the major bands generated, at 163 bp, was as
predicted. The remaining bands could not be unequivocally correlated to the
published a-amylase sequences. However, the localisation of polymorphic bands
to barley chromosome 7H is in agreement with the known location of a set of o-
amylase genes on this chromosome (Knox et al., 1987).

Although many plant sequences have been published, there are far too
few available to allow the generation of extensive genetic maps. Alternative
procedures must be sought to extend the number of polymorphisms that can be
detected through the PCR. This can be achieved by the use of random sequences
to prime the reaction (Williams et al., 1990; Welsh and McClelland, 1991a) or by
developing primers that target a range of sequences. For the second system to

function one must identify sequences that occur frequently throughout the genome
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but are likely to be evenly dispersed. It is a further advantage if the target
sequences occur rarely, if at all, in heterochromatic regions since these areas are
unlikely to contain genes of agronomic importance to which linkage would
subsequently be sought. The criteria outlined are best met by the conserved
regions of genes. Several options exist; for example, the translation start signals,
the poly A addition sites, promoter and enhancer regions and the intron-exon
splice junctions. Here the consensus sequence information for plant intron splice
junctions (ISJ) (Brown 1986) was used.

There are four major advantages in using the ISJ sequences to generate
primers. First the core of the junctions are highly conserved. In these
experiments the primers were synthesized to match the 3 bases at the 3' end; this is
within the highly conserved core of the consensus sequence (see Fig. 3.8). Since
there is a degree of degeneracy in the consensus sequence only a sub-set of splice
junctions will actually be targeted. Mismatches in the remainder of the primer-
target pairing increase the number of targets and the complexity of the
amplification products. The second advantage of the ISJ primers is that introns
are present in most plant genes and one can, therefore, target an extremely diverse
range of genes. The third and major advantage is that through the ISJ primers
one avoids targeting heterochromatic regions and is likely to get a good
chromosomal distribution of polymorphisms. These aspects are of particular
importance in cereal mapping since repeat sequence regions are abundant, ranging
from about 84% in barley to over 90% of the rye genome (Flavell ez al., 1974).
The fourth advantage is that the cost of PCR is reduced through the use of the ISJ
primers since only one addition primer is required for each reaction and the ISJ
primer can be produced in large scale synthesis.

The PCR can be based on primers derived from sequences that are defined,
semi-random, such as the ISJ, or purely random. The random primers used here

are of about 20 bases in length. These primers were substantially longer than the
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9 or 10 base primers described by Williams ez al. (1990) and it is, therefore, not
possible to make a direct comparison between the two types of PCR. If both
primers are random, the probability of finding the target sequence for both
primers in close vicinity to each other, is low.

It has been repoted that the optimal length for PCR primers is around 20
bases (Erlich, 1989) . For random primers longer than 9-10 bases the likelihood
of success in the PCR is increased through the use of the ISJ primers in
conjunction with either random or defined primers. The examples presented here
demonstrate that the ISJ primers can be used singly or in conjunction with either

defined or random primers if the conditions for PCR amplification are optimized.

Pre-digestion of the template DNA with a restriction endonuclease is
required in some cases when the ISJ primers are used alone or in conjunction with
other primers (e.g. Fig. 3.9). The major effect of pre-digestion is the reduction in
complexity of bands to a point where individual bands can be resolved. The type
of enzyme used appears to have little effect on the actual banding pattern although
some variation has been seen (data not shown). There are two possible
explanations for this effect. First, the digestion may prevent the amplification of
certain regions by cleaving between the target sequences. This would lead to a
reduction in band complexity and occasional variation between the patterns
generated by templates digested with different endonucleases. Second, the pre-
digestion may allow improved denaturation and replication of some of the template
DNA fragments as a result of the reduced length and better access for the Tag
polymerase to the DNA.

Two types of PCR can be used to detect and map polymorphisms in wheat
and barley. The first uses specific primers that can target known genes or gene
families. This method is rapid, cheap and does not require pre-digestion of the
template with restriction endonucleases. However, sequence information is

needed. PCR based on specific primers will be a valuable technique for screening
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with one or few markers in a breeding program. For example, if an RFLP
marker were identified that is closely linked to a gene of interest, the RFLP probe
could be sequenced and PCR primers synthesized. The locus could then be
monitored through the PCR rather than the more difficult RFLP. This procedure
would be justified if large numbers of plants were to be screened.

A second type of PCR uses the ISJ primers. These allow the generation of
a great diversity of markers without any additional sequence information. The ISJ
based markers can be used for generating maps of the cereal genomes. Although
pre-digestion of the template may be required in some cases, these markers are
still cheaper and faster to assay than RFLP's. They are technically less
demanding to use than RFLP's and, as with standard PCR, do not require

radioactivity to detect.



Chapter 4

Intravarietal and intervarietal polymorphisms

revealed by PCR

4.1. Introduction

The understanding of the genetics and ecology of natural populations has
been greatly advanced by the application of molecular techniques, especially
through the analysis of isozymes and DNA variation. Comparisons of shared
and polymorphic restriction fragment lengths, RFLPs, have been utilised to
infer phylogenetic relationships in different species (Havey and Muehlbauer,
1989; Saghai-Maroof et al., 1984). Song et al. (1988 a, b; 1990) used RFLPs to
estimate genome relationships within Brassica, as well as between Brassica and
wild relatives. In the last few years, mini- and micro-satellite sequences have
been found to detect DNA fingerprinting in many organisms (Jeffreys et al.,
1985; Nakamura et al., 1987; Wyman and White, 1980). This type of marker has
had a profound impact on forensic and legal medicine. Recently, PCR (Saiki,
1985; Mullis and Faloona, 1987) has been used with arbitrarily chosen primers
for generating genetic markers and for DNA fingerprinting (Williams et al., 1990;
Welsh and McClelland, 1990, Welsh et al., 1991; Caetano-Anolles et al., 1991).

Neale et al. (1986) showed that the chloroplast DNA (cpDNA) of cultivated
barley is less variable than its wild ancestor. Brown and Munday (1982) reported

that levels of variation in landraces sampled directly from fields in Iran were at a
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level between the low values of European cultivars and the high values of natural
populations of wild barley in Israel. Landraces were also less variable than wild
barley for cpDNA types (Clegg et al., 1984). However, Jana and Pietrazak
(1988) compared allozyme diversity in matched pairs of samples of wild and
cultivated barley from the same site in four countries. They found that on average
the diversity in cultivated landraces equalled or exceeded that in nearby wild
populations. These disparate conclusions were considered to arise from the
difference in the specific isozyme loci and in the ecology of the wild populations
used in these studies (Brown, 1991). According to Graner et al. (1990), the
total diversity in barley was 0.43 (mean diversity index or average chance that any
two varieties differ for a random probe). Subgroups of spring and winter barley

and of two- and six- row types showed less diversity.

For plant breeders, growers and the whole agricultural industry in general,
cultivar identification is important both in theoretical and practical terms,
especially after the introduction of plant variety rights (Simmonds, 1987).
Conventional varietal identification is based on morphological descriptions
(Stegemann, 1984). However, these assessments can be labour intensive,
time-consuming and vulnerable to environmental factors. Biochemical markers
such as isozymes and storage proteins provide significant advantages over
morphological methods as they are usually rapid, cheap and unaffected by the
environment. A plethora of methods is available for the identification of wheat
and barley varieties (for a review see Cooke, 1988). The main drawback of
these techniques is the limited degree of polymorphisms to distinguish closely
related varieties and the fact that it often requires a combinations of several
techniques (Ainsworth and Sharp, 1989). There has been increasing interest in
the use of DNA-based procedures for varietal identification although RFLPs are
costly and labour intensive (Ainsworth and Sharp, 1989). Bunce et al. (1986)
demonstrated that RFLPs have the potential for identifying and fingerprinting



barley cultivars. RFLPs have also been used to distinguish wheat varieties with
ribosomal RNA probes and a heterologous B-amylase cDNA clone (May and

Appels, 1987, 1988; Sharp et al., 1988). As shown in Chapters 1 and 3, PCR
has emerged as the preferred method for generating genetic markers because it is

faster, simpler and cheaper than RFLPs.

As shown in Chapter 3, the ISJ primers and random primers are valuable
in detecting and mapping polymorphisms between wheat and barley. However,
for these polymorphisms to be useful in the development of genetic maps and
applying such maps, it is important that they also detect polymorphisms between

varieties or, even better, isogenic lines.

This Chapter describes the identification of polymorphisms, through the
use of PCR, between or within populations of some wheat varieties and breeding
lines, barley varieties and breeding lines, and rye varieties. A collection of just
three primers allows the identification of any of the barley varieties currently

grown commercially in Australia.

4.2. Identification of polymorphisms between barley varieties and

breeding lines

The barley cultivars listed here (Table 4.1) include varieties and breeding
lines developed at the Waite Institute and elsewhere in Australia, varieties from
Japan (e.g. Sumire Mochi), and breeding lines from America (e.g. CIMMYT
42002). Most of them are varieties commercially available in Australia. PCR
amplification was performed under the same conditions as described in section
3.2.3. Only the reproducible bands in multiple runs were considered in this
study. Fig. 4.1 shows the banding profiles produced by the R1 primer from 42

commercial varieties and breeding lines of barley. Nine polymorphic bands can
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Table 4.1. Barley cultivars used in this study

Cultivar No. Cultivar Sources
F1 Clipper(1)* Waite
F2 Galleon(1) Waite
F3 Schooner(1) Waite
F4 Skiff Waite
F5 WI 2692 Waite
F6 WI 2736 Waite
F7 Wi 2737(1) Waite
F8 O'Connor WA (Western Australia)
F9 Stirling(1) WA
F10 Onslow WA
F11 Moonndyne WA
F12 Forrest WA
F13 Windich WA
F14 Yagan WA
F15 Malebo NSW (New South Wales)
F16 Ulandra NSW
F17 Grimmett QLD (Queensland)
Fi8 Franklin TAS (Tasmania)
Ft9 Weeah(1) VIC (Victoria)
F20 Waranga VIC
B1 CIMMYT 42002 CIMMYT**
B2 CIMMYT 42026 CIMMYT
B3 CIMMYT 42107 CIMMYT
B4 CIMMYT 42119 CIMMYT
B5 CIMMYT 42120 CIMMYT
B6 unknown variety unknown
B7 CM.72 USA
B8 Galleon(2)* Waite
B9 Hulless Betzes WI-2768 USA
B10 M737 Denmark
B11 Nirisaki Nijo NIJO.9 Japan
B12 Sahara 3771 Algeria
B13 SB 85216 WI-2776 Canada
Bi14 Ingrid Sweden
B15 Schooner(2) Waite
B16 Skiff(2) Waite
B17 Stirling(2) Waite
B18 Sumire Mochi Japan
B19 T.ANT-17 Denmark
B20 WI 2692 Waite
B21 WI 2723 Waite
B22 WI 2737 (2) Waite
B23 WA 1087/1 WA
B24 WA 1957/2 WA
B25 WA 2649/2 WA
B26 WA 2650/1 WA
B27 WA 2870/1 WA
B28 WA 735/276 WA
B29 WA 2646/2 WA
B30 Weeah(2) VIC
B31 Haruna Nijo (1) Japan
B32 Haruna Nijo (2) Japan
B34 Betzes Europe

*: (1) and (2) indicate two different accessions of the same cultivar stored in the Waite Institute Collection.
**. CIMMYT is located in Mexico.
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be seen in this example. The amplified products with the primers E2 (random
primer) and E4 (ISJ primer, Fig. 3.1), respectively, from the barley varieties
and breeding lines are displayed in Fig. 4.2 and Fig. 4.3. When the R1 primer
was coupled with random primer S1, a different banding pattern of the PCR
products was obtained (Fig. 4.4) compared with the primer R1 alone (Fig. 4.1).
Extensive polymorphism among barley cultivars was revealed by each of the
primers and primer combination. Some monomorphic bands could also be seen
in all the primers tested. The most reliable bands are those seen in the size range
below 1kb. The larger size region also shows extensive polymorphisms but
these tend to be less reproducible. This may be due to the inefficiency of PCR to
amplify long DNA fragments (Erlich er al., 1989; Erlich, 1989).

For any given two barley cultivars, there are at least two monomorphic
bands shared between them. These monomorphic bands are a good indication
that the cultivars should belong to the same group: barley. Wheat cv. Chinese
Spring was included in the experiment as a control (lane 23 in Fig. 4.1b). None
of the monomorphic bands were shared between wheat and barley (e.g. compare
lanes 23 and 24 in Fig. 4.1b). Although some of the PCR bands may happen to
have the same molecular weight, barley has a completely different PCR banding

pattern to that of wheat.

4.3. Barley cultivar identification by polymorphic markers

The banding patterns produced by R1 (Fig. 4.1) show at least nine
polymorphisms between varieties, whereas seven and eight polymorphisms for
E2 and E4 can be seen in Fig 4.2 and 4.3, respectively. Different banding
profiles can be derived from the combinations of these polymorphic bands. One
of cultivars was incorrectly labelled during DNA preparation and it was tagged as

‘'unknown' consequentely (Table 4.1). This cultivar was shown to have the



Fig. 4.1. Identification of barley cultivars using an ISJ primer R1.

The amplifications were performed as described in Section 3.3.2. DNA
was amplified from a series of commercial barley varieties and some
breeding lines (Table 4.1) using ISJ primer R1. The names of the barley
cultivars are shown at the top of the lanes. The PCR products were
fractionated on 3% agarose gels.

A. Mini-prep genomic DNAs of 20 barley cultivars were amplified.
DNA size marker (Lane M) is shown on left with the sizes of the bands
given in base pairs.

B. Mini-prep genomic DNAs of another 23 barley cultivars were
amplified. Wheat cv. Chinese Spring is included for reference (lanes
23). DNA size marker (Lane MW) is shown on right with the sizes of

the bands given in base pairs.
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Fig. 4.2. Identification of barley cultivars using a random primer E2.

DNA was amplified from a series of commercial barley varieties and
some breeding lines (Table 4.1) using a random primer E2. The
amplifications were performed as described in Section 3.3.2. The names
of the barley cultivars are shown at the top of the lanes. The PCR
products were fractionated on 3% agarose gels. DNA size marker (Lane

M) is shown on left with the sizes of the bands given in base pairs.
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Fig. 4.3. Identification of barley cultivars using an ISJ primer E4.

DNA was amplified from a series of commercial barley varieties and
some breeding lines (Table 4.1) using an ISJ primer E4. The
amplifications were performed as described in Section 3.3.2. The names
of the barley cultivars are shown at the top of the lanes. The PCR
products were fractionated on 3% agarose gels. DNA size marker (Lane

M) is shown on left with the sizes of the bands given in base pairs.
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Fig. 4.4. Identification of barley cultivars using an ISJ primer R1
coupled with a random primer S2.

DNA was amplified from a series of commercial barley varieties and
some breeding lines (Table 4.1) using an ISJ primer R1 coupled with a
random primer S2. The amplifications were performed as described in
Section 3.3.2. The names of the barley cultivars are shown at the top of
the lanes. The PCR products were fractionated on a 3% agarose gel.
DNA size marker (Lane M) is shown on left with the sizes of the bands
given in base pairs.

S2 sequence: 5' AATTTCTAGAGGTACCA 3.
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same PCR products as Clipper but not any other cultivar tested (lane 15 in Fig.
4.1a).

Most of the barley cultivars could be distinguished by specific banding
patterns resulting from one primer amplification. The banding profiles of the
PCR amplification products with three primers, R1, E2 and E4 respectively,
allow the unequivocal identification of all the 49 varieties and breeding lines
except between WI 2736 and WI 2737 (e.g. lanes 7 and 8 in Fig. 4.1a), which
are two sister lines (Dr D. Sparrow, personal communication). For example,
Windich and Schooner shared the same PCR banding pattern with primer R1
(lane 2 and 4 in Fig. 4.1a). Two different banding profiles were obtained
between Windich and Schooner when primer E2 was used (compare lanes 3 and

13 in fig. 4.2).

Some of the PCRs with the same varieties are duplicated with different
accessions chosen randomly from the Waite Institute Collection. These
accessions of the same varieties are different with each other by the year of
harvest or site collected. No polymorphisms were observed between accessions
of a variety (e.g. lanes 21 and 22 in Fig. 4.2 for cultivar Haruna Nijo). The
barley cultivars studied in this Section include all of the major varieties currently

grown commercially in Australia.

4.4. Identification of polymorphisms between wheat varieties and

breeding lines

The wheat cultivars investigated in this study are listed in Table 4.2. A
similar approach to that described in section 4.2 was used to study the variability
between wheat varieties. Fig. 4.5a shows the amplification products obtained

with the R1 primer from 21 commercial varieties and breeding lines of wheat.
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Table 4.2. Wheat cultivars used in this study

Cultivar No.

OCOoONANLEWN =

Cultivar

Tatiara
Oxley
Warigal
Schomburgk
Bindawarra
Festiguay
Yallaroi
Schomburk
Spear
YR 10 Schomburk
Molineux
Halberd
Greek 6450
Kenya Farmer
WI1'MMC 1/10
Aus. 4784
(MX'Schi#3)A8/112/8
Aroona
Smooth Sheet
Guillemot



Fig. 4.5. Identification of wheat cultivars using an ISJ primer R1 and a
random primer E2.

The amplifications were performed as described in Section 3.3.2. DNA
size marker (Lane M) is shown on left with the sizes of the bands given
in base pairs. The PCR products were fractionated on 3% agarose gels.
A. DNA was amplified from a series of commercial wheat varieties and
some breeding lines (Table 4.2) using ISJ primer R1. The names of the
wheat cultivars are shown at the top of the lanes. Barley cv. Betzes and
rye cv. Imperial are included for references (lanes 2 and 3).

B. DNA was amplified from a series of commercial wheat varieties and
some breeding lines (Table 4.1) using random E2. The names of the

wheat cultivars are shown at the top of the lanes.
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There are four reproducible polymorphic PCR bands between the wheat cultivars.
Wheat cv. Chinese Spring and Barley cv. Betzes were also included as
references. The banding patterns of the PCR products from the three cultivars are
completely different from each other; essentially there is no common band shared
between them. The PCR products with E4 are displayed in Fig. 4.5b. Three
polymorphisms could be detected among the cultivars tested (Note that not all of
the cultivars were tested with both of the R1 and E4 primers). It appeared that
there is less variability in the length of amplified DNA fragments between wheat
populations compared with that between barley populations (section 4.2). With
primer E4, there were more minor PCR bands in wheat than barley (compare
Fig. 4.5b and Fig. 4.3). Sometimes these minor bands appeared as a slight
smear (Fig. 4.5b ).

4.5. Identification of polymorphisms within populations
4.5.1. Barley

The ISJ primers R1 and E4 were used to study the variation within a
population of barley. Mini-prep DNA (as described in section 2.2.4.) was made
from 50 individual seedlings of barley cv. Clipper for PCR amplification with
R1. The PCR results, presented in Fig. 4.6b (only 30 displayed), show that
there is a consistent banding pattern between the 50 individual plants of barley cv.
Clipper with one exception (indicated by an arrow). The considerable variation
in the concentration and quality of the mini-prep DNA between individuals (Fig.
4.6a) seemed to have no effect on the consistency of the PCR products amplified
from them (Fig. 4.6b). When the same plant DNAs were amplified with the E4,
a uniform banding pattern similar to that with R1 was observed (Fig. 4.7, only
16 displayed). The individual however, which showed polymorphic PCR

products with R1, did not reveal any variation with E4 (indicated by an arrow in



Fig. 4.6. Identification of intra-population polymorphism in barley cv.
Clipper using an ISJ primer R1.

A. Mini-prep genomic DNA was isolated from individual Clipper plant
(Section 2.2.4) and fractionated on a 1% agarose gel.

B. DNA was amplified from individual Clipper plants (Section 3.3.2).
The polymorphic individual is marked with an arrow at the top of the

lane. The PCR products were fractionated on a 3% agarose gel.
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Fig. 4.7. Identification of intra-population polymorphism in barley cv.
Clipper using an ISJ primer E4.

DNA was amplified from individual Clipper plants (Section 3.3.2). The
polymorphic individual appeared in Fig. 4.6b is marked with an arrow at
the of the lane. DNA size marker is shown on left with the sizes of the
bands given in base pairs. The PCR products were fractionated on a 3%

agarose gel.






Fig. 4.8. Identification of intra-population polymorphism in barley
m Haruna Nija using an ISJ primer E4.

DNA was amplified from individual Haruna Nija plants using ISJ primer
E4 (Section 3.3.2). DNA size marker is shown on left with the sizes of
the bands given in base pairs. The PCR products were fractionated on a

3% agarose gel.
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Fig. 4.6b). The probability of contamination during the PCR process can be
ruled out because separate PCR experiments from the same DNAs resulted in the
same PCR products (data not shown). Based on the monomorphic bands shared
between this individual and other barley cutivars, Clipper is clearly the only one
to which it should belong. As this polymorphic pattern in Clipper (indicated by
an arrow in Fig. 4.6b) does not match that of any other barley, wheat or rye
cultivar, it could be a true polymorphism or crosspollination. This result is
consistent with a rate of 1% cross pollination typically found in barley (Dr. D

Sparrow, personal communication).

Besides Clipper, some other barley varieties were also examined for
variations between individuals albeit on a smaller scale. No polymorphism was
observed among the individual plants of any of these varieties. An example is
shown in Fig. 4.8 which displays the amplified products from 7 individual plants
of Haruna Nija. All of the PCR bands appeared to be the same between these

individuals of this Japanese variety.

4.5.2. Rye

The same set of primers, ISJ primers R1 and E4, was used to analyse the
intrapopulation polymorphisms in rye. The rye cultivars used in this study are
South Australian Rye (SA Rye) and Imperial Rye. SA Rye is a commercial
variety in South Australia and Imperial Rye a variety grown on Waite Campus for
research purposes. The primer R1 did not produce any polymorphic band among
the individuals of Imperial Rye (Fig. 4.9a), whereas at least three polymorphic
bands can be seen in SA Rye (Fig. 4.9b). When E4 was used, numerous
polymorphic bands were seen among the individuals from either Imperial or SA
Rye (Fig. 4.10). The levels of intrapopulation polymorphisms appeared very



Fig. 4.9. Identification of intra-population polymorphism in rye varieties
using an ISJ primer R1.

DNA size marker is shown on right with the sizes of the bands given in
base pairs. The PCR products were fractionated on 3% agarose gels.

A. DNA was amplified from individual Imperial Rye plants using ISJ
primer R1 (Section 3.3.2).

B. DNA was amplified from individual South Australia Rye plants using
ISJ primer R1 (Section 3.3.2).
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Fig. 4.10. Identification of intra-population polymorphism in rye
varieties using an ISJ primer E4.

DNA was amplified from individual Imperial Rye or South Australia
Rye plants using ISJ primer E4 (Section 3.3.2). DNA size marker is
shown on left with the sizes of the bands given in base pairs. The PCR

products were fractionated on a 3% agarose gel.
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similar between these two rye populations. The intrapopulation variability
among rye cultivars seemed to be higher than that of the barley cultivars.

4.6. Amplification of seed DNA by PCR

The application of molecular techniques on seeds would be very useful to
researchers and especially, plant breeders. Unfortunately, a single seed does
not contain enough good quality DNA for RFLP analysis (Ainsworth and Sharp,
1989). PCR has recently become the preferred tool in many areas of plant
molecular biology. Generally, the templates for PCR are genomic DNAs
isolated either from leaf or root tissues (Berthomieu and Meyer, 1991). The
PCR amplification of genomic DNA from seeds is hampered, presumably, by

unknown substances present in the DNA extraction.

Random primer E2 was tested to find the optimal conditions for seed DNA
amplification. Genomic DNAs were isolated from single leaves and half seeds,
respectively, of barley cv. Clipper. The genomic DNA from half seed was
purified as from leaf DNA in section 2.2.4. PCR amplifications were carried out
as described in section 3.2. The PCR products from leaf and seed DNAs were
compared in Fig. 4.11. The results show that no PCR products could be
detected in seed DNA amplification, whereas normal PCR products were
obtained from leaf DNA (compare lane 1 and 2 in Fig. 4.11a). It seemed that
certain substances present in seed DNA but not in leaf DNA and these inhibited

the PCR reaction.

If the seed PCR was hampered by inhibitors, further dilution of the
genomic DNA could reduce their concentration in the PCR reaction buffer.
Higher concentration of Taq polymerase may increase the chance of proper

amplification. Based on these assumptions, the DNA from half seed was
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Fig. 4.11. Amplification of seed DNA.
Mini-prep genomic DNA was isolated as described in section 2.2.4. The
PCR products were fractionated on 3% agarose gels.
A. DNA was amplified from half seed or leaf of barley cv. Clipper as
described in Section 3.3.2.

B. DNA was amplified from half seed or leaf of barley cv. Clipper as
described in Section 4.6.

C. DNA was amplified from three half seeds of barley cv. Clipper DNA
as described in Section 4.6. DNA size marker is shown on right with the

sizes of the bands given in base pairs.
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further diluted and more Tag polymerase was added to each PCR reaction. The
mini-prep DNA from a half seed was dissolved in 150ul instead of 50ul as the
original volume (section 2.2.4). 1 ul of the seed DNA extraction was used as
templates for each PCR. The concentration of Taq polymerase was increased
from about 0.3 unit/reaction to 3 units/reaction. These modification of the PCR
reaction had the desired effect. Fig. 4b showed that successful amplification
could be achieved. Clearly all of the major bands with leaf DNA were also
present with seed DNA (compare lane 1 and 2, Fig. 4.11b). To check the
efficiency and reliability of this method, several samples from individual half
seeds were used for amplification. Consistent results were achieved with each of
the half-seed samples (Fig. 4.11c ). However, the PCR bands with seed
genomic DNA seemed to be slightly fainter compared to that from leaf DNA
(compare lanes 1 and 2 in Fig. 4.11b). Apparently, this lower efficiency of
amplification can be also attributed to the effect of the postulated inhibitors.

4.7. Discussion

Intra- and interpopulation variability is fundamentally important not only to
the phylogenetic studies, but also to any method for identifying and
fingerprinting crop cultivars. The high cost and technical complexity of RFLP
has restricted its wide application: many RFLP analyses on plant phylogeny
(Kochert et al., 1991; Miller and Tanksley, 1990) could only afford to use one or
a small number of individuals from each population instead of using populations
of a reasonable size as in the case of isozymes (Brown, 1990). The procedure of
PCR is as simple as conventional isozyme assays. Moreover, PCR needs only a
fraction of the amount of DNA for RFLPs and it can tolerate low-quality DNA

templates such as crude mini-prep DNAs. Another important feature of PCR is
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that normally no radioactive material is involved. One of the drawbacks of RFLP
is that a single or half seed can not provide enough good quality DNA for the
analysis. The application of PCR, under the conditions described in section
4.6, solved this problem. This method provides a particularly handy tool as the
cereal breeders can use half of the seed for PCR analysis while the other half with

the embryo is still available for germination.

One of the outcomes from the studies in this chapter is the ready
identification of any of the barley varieties currently grown commercially in
Australia. Besides the Australian cultivars, the studies in this section also
included a number of barley varieties and breeding lines from Asia, Europe and
South America. Each of them, except two Australian sister lines, can be readily
identified with the maximum of 3 primers. We can expect that it should be
relatively easy to adapt this method to identify any barley cultivars from all over

the world.

DNA polymorphisms detected by PCR within populations of the out
crossing species rye (Secale cereale ) cv. South Australia are higher than that of
the selfing species wheat (Triticum aestivum ) and barley (Hordeum vulgare).
For the primer R1, cv. 'Imperial' showed no variation between individuals
which is characteristic for a barley variety. However, with E4, 'Tmperial'
displayed a similar level of variability to that of 'South Australia’. So it seemed
that the intrapopulation polymorphism of rye cv. 'Imperial' is higher than that of
barley varieties but lower than rye cv. 'South Australia’. The explanation could
be that rye is capable of selfing and rye cv. 'ITmperial’ used in this study has been
grown in a confined environment at the Waite Institute for generations. Asrye
cv. 'South Australia’ was obtained from a commercially grown field, it is not
surprising that it showed higher polymorphisms than rye cv. Imperial'. Even
from this as yet limited study, the results indicate that the geographic isolation
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may have played a fundamental role in the development of intrapopulation
variations in outcrosser rye. From the data presented in this section, it appears
that the intrapopulation polymorphisms is higher in outcrosser than in selfer.
This observation is consistent with data from isozymes and/or RFLPs for cereals
and other plants (e.g. Asins and Carbonell, 1986; Baatout et al., 1991).
However, it should be noted that cereal breeders have put a great effort to breed
pure breeding lines and varieties. Imperial rye had been inbred in the breeding
program (Drs KW Shepherd and D. Sparrow, personal communication).

Compared with barley and rye cultivars, wheat varieties showed markedly
fewer polymorphisms. This phenomenon could be attributed to the narrow
genetic base of wheat associated with its relatively recent origin (Bell, 1987).
Previous reports using RFLPs already support this statement (Chao et al., 1989;
Kam-Morgan et al., 1989; Liu and Tsunewaki, 1990).

PCR, for its power and easy handling, will also greatly facilitate the
conservation of germplasms, especially the so called "core collection” (Brown,
1989, 1991). The identification of intrapopulation polymorphism by PCR will
help to provide a manageable and representative sample of the accession and to
improve the evaluation and use of existing collections. The significance of the
construction of genetic maps is fully discussed in section 1.1.7. The intervarietal
polymorphism revealed by PCR will certainly benefit the development of such
maps and the linkage studies of divergent characters, as demonstrated in Chapter

3.

To provide a quantitative assessment of relatedness of the varieties, the
fingerprinting profiles revealed by PCR in this study were analysed by parsimony
analysis using the PAUP and Phylip computer programs (section 2.3).

However, neither of them provide consistent results. For example, the PCR

banding profiles of the barley varieties were analysed by the PAUP and Phylip
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programs, respectively. Family trees were produced by these programs. The
trees appeared completely different if the data were keyed into the computer in a
different sequence (data not shown). Similar problems were also encountered in
other species with similar type of data.(Dr. J. Manner, personal communication).
Further discussion on the application of PCR to phylogenetic studies will be

given in Chapter 7.

The results in this Chapter demonstrate that PCR has the potential to
become an invaluable tool in a diverse arsenal of techniques employed by plant
breeders and systematists to unravel the mysteries surrounding the origin and
evolution of plants, identifying and fingerprinting individual crop cultivars, and

facilitating breeding programs and the conservation of germplasms.



65

Chapter 5

Attempted cloning of 6-PGD gene through the

polymerase chain reaction.

5.1. Introduction

The molecular studies of individual genes is one of the most important
aspects of modem molecular biology. Compared to human genetic studies,
there are relatively few genes from cereals that have been cloned and sequenced.
One of the traditional approaches is to use Southern blotting to test the ability of
a DNA probe from one species to hybridize with the DNA from the genomes of
other species. PCR has fast become an invaluable tool in this field. In normal
PCR applications, the target fragment has been cloned and sequenced although
frequéntly, the DNA sequence of a region to be analysed is not entirely known.
Several new PCR-based methods have been developed to overcome this
limitation (section 1.2.1.2). PCR appears to be a particularly promising
technique for investigating unknown genes in cereals as many genes have been

studied extensively in other organisms and their sequence data are available.

In the present study, PCR has been adopted in an attempt to isolate the
cereal gene for 6-PGD (6-phosphogluconate dehydrogenase). This gene has
been mapped in rye but its DNA sequences is unknown.

The 6-PGD gene is important since it is linked to a rye gene controlling

resistance to the cereal cyst nematode (Heterodera avenae Woll) (CCN). CCN
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is a serious pest of grain crops in Australia and many other countries (Meagher,
1977). A gene for CCN resistance has been found in a line of triticale T-701
(Fisher, 1982). Studies have indicated that this resistance is far more effective
than any CCN resistance gene presently existing in wheat (Asiedu, 1986). The
location of this character has been traced to rye chromosome 6R (Asiedu et al.,
1990; Dundas et al., 1991).

Attempts are being made at the Waite Institute to transfer this 6R nematode
resistance gene from rye to wheat (Dundas et al., 1992). The principle for gene
transfer was that of homoeologous recombination used successfully by Riley ez
al. (1968), Sears (1973) and Joshi and Singh (1979). Pairing between the
rye 6R chromosome and 6D of wheat has been shown to occur in the presence
of mutant gene phlb. Recombinants have been detected by checking for the
presence or absence of isozyme markers known to be located on the same arm
of the rye chromosome as does the CCN resistance gene. Two of the these
marker loci in routine use are GOT (glutamate oxaloacetate transaminase) and 6-
PGD (6-phosphogluconate dehydrogenase) (Dundas et al., 1991). The CCN
resistance locus, designated as CreR, was further mapped on the interstitial
section of the long arm of 6R between Got-R2 and 6-Pgd r1b (Dr 1. Dundas,

personal communication).

At present methods of screening for CCN resistance are difficult and time
consuming, all being based on bioassay systems. The breeding program to
transfer this important gene, will benefit greatly by the isolation of molecular
markers closely linked to the CCN resistance gene. Therefore, cloning of 6-
PGD could provide not only a useful DNA marker on chromosome 6R but may

also ultimately allow "chromosome walking" to CreR.

An attempt to isolate a 6-PGD gene from wheat is described in this

chapter.



5.2. Southemn analysis cereal DNA with 6-PGD clones from E.

coli and rat

Cross-hybridization of the 6-PGD probes, RW229/pMN1 from E. coli
(Nasoff and Wolf, 1980) and p6PGD-1 from rat (Miksicek and Towles, 1983),
to cereal genomic DNAs was attempted using a gradient of stringency of
Southern hybridization. This was done by altering the concentration of
formamide in the hybridization buffer. The concentration of formamide varied
from 25% to 40% with 5% intervals. The remainder of the hybridization
components were kept constant. No signal of cross hybridization was

observed under any conditions tested (data not shown).

In another attempt, a wheat cDNA library in Agt10 was obtained from Mr
LH Ji (Waite Institute). This library originated from wheat leaf and contained
about 105 A clones (Ji, 1992). The 6-PGD clones from E. coli and rat were
used to screen the A library at a plating density of about 25,000 pfu per plate.
The same gradient of stringency for hybridization buffer as described above was
applied for the A screening. Five hybridization spots could be detected with
RW229/pMN1 (from E. coli) on the autoradiograph when the formamide
concentration was raised to 30% in the hybridization buffer. The
corresponding regions on the plates were cored out and plated again, at a lower
pfu, for second screening. No hybridization signal was detected with the rat
6PGD probe during the first or the second screening. Two of the phages
displayed positive hybridization with the E. coli probe in the second screening.
A DNA was isolated from each of these clones (section 2.2.5). Once again,
RW229/pMN1 and p6PGD-1 were used as probes for the Southern
hybridization. However, neither E. coli or rat 6PGD probe could reveal any

Southern band (data not shown). No homology was observed between these
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two clones and the 6-PGD probes. The positive signals from the plate
screening may have been caused by the cross hybridization between the E. coli

and A DNAs.

As both Southern hybridization to cereal DNA and the screening of the
CDNA library had failed, a different approach was attempted for cloning of the
6-PGD gene.

5.3. Partial cloning and sequencing of the 6-PGD gene
5.3.1. Outline of the cloning procedure

The results in the previous section indicated that insufficient sequence
homology exists between the cereal and E. coli and rat 6-PGD genes for cross
hybridization. However, it has been reported that evolutionarily conserved
portions of a gene can be used to construct primers for PCR that will allow the
amplification of variable sequences that lie between the conserved templates for
these primers (see review by Rose, 1991). It has been established that within
the 6-PGD gene the amino sequences VKMVHNGIEYGDMQLI and
QAQRDYFGAHTY are identical in E. coli, Drosophila and sheep (Dr. M.
Scott, personal communication). These two conserved regions are 800 bp apart

in the E. coli 6-PGD gene, gnd (Nasoff et al., 1984).

The two primers for the cloning of 6-PGD, P1 (5'
GTGAAGATGGTTCA CAACGGTATTGAATATGGTGATATG 3') and P2
(5' ACCAAAATAGTCACG 3'), are based on the degenerated DNA
sequences from the above protein sequences. Unfortunately, the E. coli 6-PGD

gene was the only 6-PGD gene sequence available when the present study was
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in progress. The relative location of the primer P1 and P2 corresponding to

these conserved regions in E. coli is shown schematically in Fig. 5.1.

5.3.2. Characterization and sequencing of the 6-PGD clone

When P1 and P2 primers were used to amplify cereal genomic DNA, a
band of 810 bp could be observed in wheat (cv. Chinese Spring) (lane 1 in Fig.
5.2), whereas no PCR product could be detected in barley (cv. Betzes) or rye
(cv. Imperial) (lanes 2 and 3 in Fig. 5.2). Using a 6-PGD probe from rat,
p6PGD-1, Southern analysis showed that this band had strong homology with
p6PGD-1 under standard hybridization conditions (Fig. 5.3).

The PCR band from wheat (indicated by an arrow in Fig. 5.2) was then
isolated from the agarose gel by the Geneclean method (section 2.2.6). The
ends of the DNA fragment were filled with Klenow fragment of DNA
polymerase I and then ligated into Sma I-digested plasmid, pUC19 (section
2.2.6).

One of the recombinant clones was picked. After plasmid DNA isolation
and restriction enzyme analysis, it has demonstrated that this clone contained
the 810 bp band (Fig. 5.4). This clone was subsequently named 6WP. Based
on the restriction enzyme analysis of 6WP (e.g. Fig. 5.4), a restriction map

was constructed (Fig. 5.5).

69



P1
5' QTGAAGATGGTTCACAACGGTATTG AATATGGTGATATG 3'

P2
3 TGATAA?\ 5
stop

start y
| VKMVHNGIEYGDMQLI QAQRDYFGAHTY|———
I | l l ! |
I I I I I I
| 599bp | | 1SI2Bp | | 1620p |
| <% —> | <+ > I<——>

Fig. 5.1 Schematic representation of the regions homologous to the P1 and P2 primers in E. coli.

(adapted from Nasoff et al., 1984).



Fig. 5.2. Amplification of cereal DNA using 6-PGD primers P1 and P2.
Amplification was performed as described in Section 2.2.12 and 2.2.13.
The PCR products were fractionated on a 3% agarose gel. DNA size
markers are shown in Lane MW with the sizes of the marker bands given

on the right in base pairs.
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Fig. 5.3. Autoradiograph of hybridization of 6-PGD probe p6PGD-1 to
Southern filter made from gel shown in Fig. 5.2.
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Fig. 5.4. Restriction of clone 6WP with different endonucleases.

The size markers used for the gel were Advl DNA digested with Hae III
(Streeck and Hobom 1975) and A DNA digested with Hind III (lane
MW1).
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Fig. 5.5 Restriction map of 6WP

The clone 6WP was further analysed by DNA sequencing with the
dideoxy chain-terminating method of Sanger (1977). The sequencing of 6WP
was performed with a cycle sequencing kit in a automated DNA sequencing
system 373A developed by Applied Biosystems Inc. (ABI) (section 2.2.16).
One strand of the 6WP clone was sequenced with universal primer for one

direction and M 13 reverse primer for the other.

The nucleotide sequence obtained is displayed in Fig. 5.6.

Approximately 400 bases could be determined for each sequencing reaction.

70



IACACCCTGG TTCACAACGG TATNGAATAT GGTGATATGC

primer P1

AGAAGCTTAT

TGGCTGAAAC

ATCGACATCA

CCTGGTTGNT

GGGCCAGCCA

GAGTCTGTTT

GGCNTCGAAA

AAGCAGAGAA

TNNTCCNAAC

GTAACAANTG

AGATTGCCAT

GCGGAAAACG

ACTGCCGAGC

TGCATAACAT

GACAGCTACC

GCTCTGNTGN ANGGCGCTCT GNGCCTGAAC

CTTCACCGAGT GGAACAACGG CGAGCTGAG

CCAGAGATAT GTTCACCAAG AAAGACGAAG

GTCCTCNTGG

GAGCTCACTG

TTGCCCGTTA

GTACTNAGCG

AAAAGTATCT

TCTCAGGNCT

GGATCTNAAC

CATTCGTGCA

CGGGTATTGC

AAATACCAGG

TATTCCTGTA

NAGCTGCCGT

IGACTATTTT GAT

primer P2

Fig. 5.6. Nucleotide sequence of 6WP. The regions homologous to

ATGAAGCAGC

GATCTTNGCG

CCTCTCGTCA

GTNCACAGGN

NCCACGCTCT

NCTCCTCAGA

TGCGGTGAGA

CAATTCCTGC

CAACCCNCTG

AGGCGCTGCG

CCGACCGTCA

TCTGCCTGCN

AAACARAGGT

AGCCTCTGTC

CTGAAAACGC

TAAAGCTTTC

GTACCTTGGG

CTTCGTGCCG

TCGCCAAGAT

AGAAARATCAC

TGACGCCATC

TGTCGTTGTG

CCGCAGCAGT

AACCTGATTN

AGCTGATCGC

AACGAAGAGC

CAGCTACCTG

AAGGTAAATA

ACNGGTAAAT

ACTGATGNGC

AGCGCGTTGC

ACCGGCGNCA

NNAAAAATCG

CGCCAGACTA

CTTACCGCCT

CGATGCATAT

CGTCAAGAAG

GCCTACGCTG

AGCGTACTAC

AGGCTCAGCC

primers used for PCR (section 5.3.1), P1 and P2, are underlined.

71



6WP was also used to probe cereal genomic DNAs (wheat, barley and
rye) digested with various restriction endonucleases. Standard hybridization
conditions were applied. Unfortunately, no hybridization bands were detected

with 6WP as a probe in the Southern analysis (data not shown).

A serious question arouses here: why did the 6WP clone not hybridize to
cereal DNAs? Completion of the sequence of 6WP was then put on hold
pending the clarification of the origin of 6WP.

5.3.3. Sequence comparison to database

The sequence of 6WP was compared to other sequences in the EMBL data
base by FASTA program (Pearson and Lipman, 1988). The nucleotide
sequences of 6WP was converted to amino acid sequences (Fig. 5.7a). The
best nucleotide sequence match with 6WP was with a 6-PGD gene in E. coli,
gnd (Nasoff et al., 1984). 84.2% identity was found between 6WP and gnd

over a region of 114 amino acids (Fig. 5.7b).

5.4. Discussion

From the Southern hybridization data with the 6-PGD probes, it is
apparent that the cross species differences are too great for the hybridization to
take place even at low stringency. Nevertheless, using conserved regions of
the E. coli 6-PGD gene to construct PCR primers, it was possible to amplify a
band from wheat in the expected size range. It was, however, surprizing that

barley and rye DNAs failed to produce a PCR product.

A data base search showed that the sequence of the 6WP clone had a very
high homology with published 6-PGD genes, especially with E. coli (over
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Fig. 5.7.

A. Amino acid sequence of 6WP deduced from the nucleotide sequence
in Fig. 5.6.

B. Sequence alignment of 6WP (sequenced clone 6ull) to 6-PGD gene
in E. coli, gnd (ECONDG, Nasoff er al., 1984). Identities are indicated

by : and conservative substitutions are indicated by .
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80%). On the other hand, no cross-hybridization signal was obtained from
Southern analysis with cereal DNAs

It appears that the 6WP clones could be derived from the contamination of
E. coli in the lab stock of wheat DNA. The slight difference between the
sequences of 6WP clone and the E. coli 6-PGD gene could be attributed to the
high polymorphism among E. coli 6-PGD genes from different strains (Prof,
P.Reeves, personal communication ). Another reason could be the quality of

sequence data, as only one strand of 6WP clone was sequenced.

Since the advent of the PCR, the contamination of the PCR always poses
a potentially serious problem for researchers. The carry-over of previously
amplified sequences into new reactions is considered the most serious. There
have been various methods devised to prevent carry-over (section 1.2.6).
However, the presence of contamination in the template has not received

enough attention.

The approach adopted in this study, using an evolutionarily conserved
portion of a gene for primer construction, is particularly vulnerable to
exogenous DNA contamination. Once the contamination is present in the
template solution, it is impossible to destroy or separate off. It is also difficult
to analyse the data for contaminating material as the target products are not
clearly defined. The prevention of this type of contamination is not achievable
with the presently available methods. General lab cleanliness may be the best

and only remedy.

The primers used in this study were derived from a conserved protein
sequence. The DNA sequence from E. coli also contributed to the construction
of the 6-PGD primers. Hence, the primer sequence is biased toward the

homologous region in the E. coli gene. There could be some substantial
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difference with the DNA sequences between the prokaryote and the eukaryote.
Unfortunately, there is still no nucleotide sequence of 6-PGD genes available
from any eukaryote although partial protein sequence data from rat is available

(Dr. M. Scott, personal communication).

If the sequence difference is small in respect of the size and the 3' end of
the primer, the annealing temperature could be adjusted lower to tolerate the
difference in the PCR. However, another danger lies in the possibility that the
primers would anneal to numerous partially homologous regions and thus

prevent successful PCR amplification of the specific sequence.

Various degrees of success in gene studies have been achieved with the
cross hybridization of a probe from one genome to another or, "zoo blot".
However, as shown in this study, the greatest obstacle is the problem of
cross-species differences. Southern hybridization generally requires a high
homology between the probe and the target sequences. The adaptation of PCR
to clone unknown sequences has greatly facilitated the investigation of new
genes. As more people turn to PCR-based amplification techniques for
studying unknown sequences, greater attention to exogenous DNA
contamination and careful analysis of the PCR results are needed to avoid carry-

over and other types of contamination.
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Chapter 6

Generation of DNA markers for specific regions on rye

chromosomes

6.1. Repeat sequences in rye

Rye has a high proportion of of repetitive sequence DNA; over 90% of the
rye genome (Appels et al., 1986), compared to 83% of the wheat genome
(Flavell and Smith, 1976; Smith and Flavell, 1977). The repetitive DNA
sequences of the rye genome are usually found interspersed with each other
(Rimpau et al., 1978). Single or low copy sequences of the rye genome occur

mainly interspersed with repetitive sequences.

Several repetitive sequence families have been described in rye:  the 120,
610, and 630 bp families (Bedbrook et al., 1980), the 350-480 bp family
(Appels and Mclntyre, 1985) and the 5.3H3 family (Appels et al., 1986). Two
of these families are rye specific: the 350-480 bp family and the 5.3H5 family
(Appels et al., 1986). The 350-480 bp family is the most abundant repeated
sequences of the rye genome (about 100 copies: equivalent to 6.1% of the
genome) and is located mainly near the telomere of each rye chromosome. The
5.3H5 family is dispersed throughout nonheterochromatic regions (Appels et al.,
1986). 8. cereale and S. montanum both have the same four families of repeated
sequences, but there is a conspicuous difference in relative proportion of 610 and
630 bp families. The 350-480 bp family is present in three species (S. cereale,

S. montanum and S. vavilouii), but is not equally abundant in these species.



The 120 family is equally abundant in all Secale species analysed and is the only
family in S. silvestre (Bedbrook et al., 1980).

In this chapter, a new rye specific probe, pAW173, was identified from
the pAW clones originally isolated by Dr. P. Langridge. This clone was found
later to belong to a repeat DNA family which we have called R173 (Rogowsky et
al., 1991a). An attempt was made to isolate chromosomal region-specific RFLP
probes from the flanking regions of the R173 family through the use of an
inverse-PCR based method.

6.1.1. Characterization of the pAW clones

The pAW clones were kindly provided by Dr. P. Langridge. This group of
clones was isolated from Secale cereale cv. Tmperial' and the detailed procedure
of cloning was described in Guidet ef al. (1991). One clone of this group, pAW
161, was found to hybridize to rye but not wheat (Speck, 1986). The evidence
presented here demonstrates that pAW 161 does not hybridize to barley (Fig.

6.1). Another clone from this group, pAW 174, was also found to hybridize to
rye but not to wheat (Fig. 6.2). The hybridization profiles of the pAW 174 to
cereal genomic DNAs, e.g. ladders in the Southerns, (lane Rye in Fig. 6.2), is
similar to that of pAW 161. This finding is in agreement with previous data
which suggested that this clone cross hybridized to pAW 161 (Speck, 1986).

6.1.2. Species specificity of pAW 173

pAW 173 did not hybridize to any of the other clones in the same group of
clones (Speck, 1986). In this study, pAW 173 was hybridized to Eco RV,
HindIII and HinfI digested DNA from wheat (cv. Chinese Spring), barley (cv.
Betzes) and rye (cv. Imperial) (Fig. 6.3). Strong signals were obtained for rye

(lanes 2, 5 and 8), whereas no signal could be detected in lanes 1, 3, 4, 6, 7 and
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Fig. 6.1. Hybridization pattern of cereal DNA probed with pAW 161.
Cereal DNAs were digested with various restriction endonucleases,
fractionated in a 1% agarose gel (section 2.2.7), and probed with the
insert of pAW161 (section 2.2.11). Lanes 1, 4 and 7: wheat (Chinese
Spring) DNA; lanes 2, 5 and 8: rye (Imperial); lanes 3, 6 and 9: barley
(Betzes). DNAs in lanes 1, 2 and 3 were digested with Eco RV; DNAs
in lanes 4, 5 and 6 were digested with Hind IIT; DNAs in lanes 7, 8 and 9
were digested with Hinf I. The position of marker bands is given on left

with the sizes of the bands in base pairs.
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Fig. 6.2. Hybridization pattern of wheat, rye and wheat-rye addition
lines DNAs probed with pAW 174.

Cereal DNAs were digested with Eco RI, fractionated in a 1% agarose
gel (section 2.2.7), and probed with the insert of pAW 174 (section
2.2.11). The position of marker bands is given on left with the sizes of

the bands in base pairs.
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Fig. 6.3. Hybridization pattern of different cereals probed with pAW
173.

Cereal DNAs were digested with various restriction endonucleases,
fractionated in a 1% agarose gel (section 2.2.7), and probed with the
insert of pAW173 (section 2.2.11). Lanes 1, 4 and 7: wheat (Chinese
Spring) DNA; lanes 2, 5 and 8: rye (Imperial); lanes 3, 6 and 9: barley
(Betzes). DNAs in lanes 1, 2 and 3 were digested with Eco RV; DNAs
in lanes 4, 5 and 6 were digested with Hind IIT; DNAs in lanes 7, 8 and 9
were digested with Hinf I. The position of marker bands is given on left

with the sizes of the bands in base pairs.
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9, corresponding to wheat or barley DNAs. Therefore, pAW 173 appears to
be a rye specific probe and this sequence is absent from the wheat and barley

genomes within the detection range of the present method.

6.1.3. Distribution of pAW 173 sequences in rye genome

To analyse the genomic organization of pAW 173 repetitive sequence in rye,
hybridization of pAW 173 clone was carried out to 'Imperial' rye genomic DNA
digested with 4-base and 6-base cutters (Fig. 6.4). Several bands or a smear
could be seen for each of the 6-base cutters, e.g. HindIIl revealed three major
Southern bands measuring 1.0, 1.4 and 1.7 kb. The 4-base cutters generally
revealed more bands than the 6-base cutters. These results imply that the full
length of the repeating unit of pAW 173 is longer than 1-2 kb as sites for 6-base
cutters will randomly occur only once every several thousand base pairs. The
absence of 'ladders' in the genomic blots indicates that pAW 173 is probably a

non-tandem repeat sequence (Sonina et al., 1989).

The rye addition lines were used to shed light on the chromosomal
distribution of pAW 173 inrye. When pAW 173 was used to probe the genomic
DNAs of rye addition lines, there was no difference between the banding profiles
of individual rye chromosomes (Fig. 6.5). It seems that the organization of the
PAW 173 repeats is very much conserved on each of the rye chromosomes as no
polymorphic Southern band could be detected, although there might exist some

difference in copy numbers between each rye chromosomes.

6.2. Cloning and characterization of the DNA sequences flanking
R173 family by 'inverse-PCR'

Rogowsky et al. (1991a) generated a genomic library from a wheat line with

three copies of the short arm of chromosome 1 of rye, 1RS. Seventy-seven A
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Fig. 6.4. Hybridization pattern of rye DNA probed with pAW 173.
Rye (Imperial) DNA was digested with various hexanucleotide or
tetranucleotide restriction endonucleases, fractionated in a 1% agarose
gel (section 2.2.7), and probed with the insert of pAW173 (section
2.2.11). Lane 1: Bam HI, lane 2: Bgl IT; lanes 3: Eco RI; lanes 4: Hind
III; lane 5: Alu I; lane 6: Hae IIT; lane 7: Sau 3A and lane 8 Taq I. The
position of marker bands is given on left with the sizes of the bands in

base pairs.
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Fig. 6.5. Hybridization pattern of wheat-rye addition lines probed with
PAW 173.

Wheat-rye addition line DNA was digested with Hind III, fractionated in
a 1% agarose gel (section 2.2.7), and probed with the insert of pAW173
(section 2.2.11). Wheat cv. Chinese Spring and rye cv. Imperial are
included for references. The position of marker bands is given on left

with the sizes of the bands in base pairs.
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clones, representing independent members of the family, were isolated by
hybridization to pAW173. They share a common region of approximately 3.5kb,
which is free of large internal repeats and therefore constitutes the basic unit of the
dispersed R173 family. Three of the A clones were sequenced and the sequence

analysis demonstrated a high degree of homology in conserved domains.

Repetitive sequences have been used successfully in monitoring the
introgression of alien chromatin into wheat (Koebner et al., 1986; Xin and
Appels, 1988; Rogowsky et al., 1991b). Furthermore, Appels et al. (1986)
proposed that RFLP probes could be isolated from the flanking region of
dispersed repeats present as alien material in wheat background. Rogowsky et al.
(1991a) adopted this approach and obtained a RFLP probe, located to the short
arm of rye chromosome 1, by subcloning the flanking regions of the R173
family. However, this approach yielded only two useful RFLP probes from a
total of seventy-seven A clones. Considering the time and effort involved in this

type of analysis, alternative methods were investigated.

To obtain molecular information on the flanking regions of a gene or, in
the case R173 family, one can clone and sequence a number of large clones
which contain the segment of interest. However, large-scale cloning and
sequencing are very costly and time consuming. PCR provides an alternative
approach to many fundamental procedures in molecular biology. One strategy
for the characterization of fragments adjacent to known sequences is "inverse-
PCR" which involves PCR amplification following ligation-mediated
circularization (Triglis ez al., 1988; Ochman et al., 1988; Silver and Keerikatte,
1988).

As shown earlier, a wheat-rye recombinant line, DR-A1, contains about
100 copies of the R173 family (Rogowsky et al., 1991b). The plan of this
experiment is to amplify the flanking regions of the R173 family in DR-A1 by
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inverse-PCR with primers V1 and V2 (Fig. 6.6) and the PCR products are to be
cloned into plasmid. Region-specific (DR-A1, Fig. 6.6a) RFLP probes would be
obtained by screening the inverse-PCR clones through Southern analysis. The
first step is to use the clones from rye as a test system. If successful, the
hybridization analysis would be extended to the clones derived DR-A1. As the
rccombinq:t\ line DR-A1 contains only a small rye segment, the probability of
finding a specific probe homologous to this region is very low. Therefore,
clones from TTL, which contains the whole short arm of chromosome 1R,

would also be analysed and screened for RFLP probe.

6.2.1. Procedure of cloning the flanking region of the R173
family.through inverse-PCR

The sequence data of three R173 A clones was kindly provided by Dr. P.
Rogowsky. A schematic representation of the three clones indicating the location
and extent of the R173 element is shown in Fig. 6.6. Based on the available
sequences, a strategy was devised for cloning the sequences flanking the R173
family. This is shown schematically in Fig. 6.7. The region complementary to
the V1 primer is located on the end of the consensus R173 sequences and the 5'-
3' direction of V1 is towards the outside of R173. The region complementary to
the V2 is on the 5' side of a Hind III site 270 bp away from the end and the
orientation of V2 (5' to 3') is toward the centre of R173 (Fig. 6.7). Pst I sites
were incorporated into both V1 and V2 primers (Table 6.1). Genomic DNAs
were made from DR-A1, rye and TTL, a wheat line with three copies of the
short arm of chromosome 1 of rye. Hind III digestion was then carried out to
completion with these DNAs (section 2.2.15). The DNA fragments were diluted
and ligated under conditions that favour the formation of monomeric circles

(Collins and Weissman, 1984). The resulting circles were then used as



Fig. 6.6. Nucleotide sequence homology of three A clones containing the
R173 element (adapted from Rogowsky et al. 1992, unpublished).
Dotted areas indicate the conserved regions. The dotted line indicates
the Hind III sites. The vertical open bar indicates the regions
homologous to pAW173. The relative location and orientation the V1

and V2 primers are shown in A2.
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Fig. 6.7. Schematic representation of the inverse-PCR approach.

A2D and the dotted lines indicate the location of this region. 'H'
indicates the Hind III sites. Dotted areas indicate the consensus regions
of the A clones (Rogowsky et al. 1992, unpublished). The relative
location and orientation the V1 and V2 primers are also shown here.

The details of the inverse-PCR are described in Section 2.2.15.
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templates for amplification by PCR using the V1 and V2 primers. The primary
products of the amplification should be linear double-stranded molecules
containing segments flanking one side of the R173 elements. The amplified
products were then digested with Pst I and ligated into pUC 19 cleaved with Pst I.

Table 6.1 The sequences of V1 and V2 primers

Primer Sequence features
V1 5S'AACACACCTGCAGGTAGT?' toward end of R173
Pst1
V2 S'AGATTCTGCAGTGTCAAGC3' toward centre of R173
Pstl

6.2.2. Characterization of the inverse-PCR clones
6.2.2.1. Dot-blotting

Mini-prep DNA was made from the individual recombinant plasmids. As
shown in previous section, they are derived from DR-A1, rye and TTL
respectively. Ten rye-derived clones, 20 from DR-A1 and 58 from TTL were
picked out randomly. A total of 88 inverse-PCR clones were screened via dot-
blotting (Fig. 6.8). The location of the clones and controls on the dot blot
membrane are displayed in Fig. 6.8a. The numbers in the each box are the clone
numbers. Clones number 1 to 20 were from DR-A1, 21 to 78 from TTL and 79
to 88 fromrye. The probes used for dot blotting were A2D DNA, total genomic



Fig. 6.8.

A. The position of the clones and the reference DNASs in dot-blotting
(6.2.2.1).

B. Hybridization pattern of the above DNAs probed with genomic DNA
from wheat cv. Chinese Spring (dot-blotting was carried out as described
in Section 2.2.9).

C. Hybridization pattern of the above DNAs probed with genomic DNA
from rye cv. Imperial.

D. Hybridization pattern of the above DNAs probed with pAW173.

E. Hybridization pattern of the above DNAs probed with A2D.
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DNA s from wheat (cv. Chinese Spring), rye (cv. Imperial) or DR-A1 and pAW
173. A2D is the segment which contain the flanking region of R173 consensus
sequence (Fig. 6.7). A2D DNA, the above cereal genomic DNAs, and
pUC19 were also used as control (Fig. 6.8a). The purpose of using A2D DNA
(the location of this probe on R173 element is shown in Fig. 6.7) is to find out if
any clones are homologous to this region. The genomic DNA probes serve to
identify the clones with repetitive or organellar DNA sequences and also to
identify species-specific clones. The results of dot blotting are summ@rized in
Table 6.2. According to the hybridizing signals to cereal genomic DNAs, 21
clones (26%) were likely to contain repetitive or organellar DNA sequences (e.g.
clone 55, Table 6.2). The results indicate that some of the clones might have
homology to the A2D clone (e.g. clone 76 in Fig. 6.8¢). As A2D contains
repetitive sequences other than pAW 173 (Dr. P. Rogowsky, personal
communication), it is not certain whether these clones were derived from the
flanking region of R173 element or from other part of the genome. Not
surprisingly, all of the probes displayed strong homology to their own sequences
(e.g. A2D in Fig 6.8¢).

When rye (cv. Imperial) was used as a probe, the amount of rye chromatin
in the samples could be quantified in the order: rye >TTL>DR-A1>wheat
(Fig.6.8c). There was no significant difference between the signals with
PAW173 or wheat. The reason could be that the wheat genome shares
considerable homology with the rye genome although pAW173 is a rye specific
probe. The cereal genomic DNA probed with A2D displayed similar intensity as
seen when rye DNA was used as probe(Fig.6.8¢) indicating that A2D is
essentially a rye specific probe. As expected, there is no homology between
PAW173 and A2D detected by dot blotting (Fig.6.8d and Fig.6.8e).

81
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6.2.2.2. Southern-blotting

In the next step, the inverse-PCR clones were used as probes on Southern
blots of genomic DNAs from wheat (cv. Chinese Spring), barley (cv. Betzses),
rye (cv. Imperial), wheat /barley addition lines and/or wheat/rye addition lines.
Rye-derived inverse PCR clones were screened first by this method. One of the
clones (number 88) identified a wheat/rye polymorphism that could be mapped to
2R and 7R (Fig. 6.9). The difference in the intensity of signals between rye
additional lines may be caused by uneven loading during the Southerns.

Although only ten clones were tested, it appeared that this approach is feasible for
obtaining useful RFLP probes. However, the efficiency seems to be too low for

routine analysis.

Several other clones were also tested by Southern analysis. The results of
Southern blots are summarised in Table 6.2. Most clones, which seemed to
contain single or low copy sequences in dot-blotting, were found to contain
repetitive sequences common to both wheat and rye in Southern blots (e.g. clone
63, Fig. 6.10). Six clones appeared to be rye specific and displayed a pattern
similar to pAW 173 (e.g.clone 50, Fig. 6.11). Only seven of the clones (13.4%)
appeared to be of single or low-copy nature among the clones tested in Southern
blots (Table 6.2). Two could be mapped to SH and 6H respectively (clone 26
and 52, Fig. 6.12a,b). Both of these two clones were derived from TTL.
However, other clones of this type could not be mapped to any chromosomes
(e.g. clone 9, Fig. 6.13) using barley and rye addition lines, as no
polymorphisms were identified between wheat and rye or wheat and barley.
Generally, four restriction enzymes were used to digest genomic DNAs for each

clone.



Fig. 6.9. Mapping of clone 88 to rye chromosomes.

Genomic DNA was digested with Hind III, resolved on a 1% agarose
gel, Southern blotted and probed with clone 88. The chromosomal
locations of rye DNA bands are indicated by arrows.
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Fig. 6.10. Hybridization pattern of wheat, rye and wheat-rye addition
lines DNAs probed with clone 63.

Genomic DNA was digested with Hind III, resolved on a 1% agarose
gel, Southern blotted and probed with clone 63.
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Fig. 6.11. Hybridization pattern of wheat, rye and wheat-rye addition
lines DNAs probed with clone 50.

Genomic DNA was digested with Hind III, resolved on a 1% agarose
gel, Southen blotted and probed with clone 50.



gésﬁssssﬁ

23130

4361 —

2027—
§.0i.i.

564 —

’



Fig. 6.12. Mapping of clones 26 and 52 to barley chromosomes.

A. Genomic DNA was digested with Hind I, resolved on a 1% agarose
gel, Southemn blotted and probed with clone 26.

B. Genomic DNA was digested with Hind III, resolved on a 1% agarose
gel, Southern blotted and probed with clone 52.

The chromosomal locations of barley DNA bands are indicated by

arrows.
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Fig. 6.13. Hybridization pattern of wheat, rye and wheat-rye addition
lines DNAs probed with clone 9.

Genomic DNA was digested with Hind III, resolved on a 1% agarose
gel, Southern blotted and probed with clone 9.
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Table 6.2 Summary of hybridization data

Clone No| Probes used for hybridization Copy No |Homology| 173 pattern | Mapping
S | Imp [ 173 | D-2
Dot blot data Southern blot data
1 - - - - Low W/R
2 - - . s Repeat R yes
3 - - - - Repeat W/R
4 - - * * Repeat R
5 - - - - Low W/R
6 - - - - Repeat W/R
7 - - - = Repeat w
8 - - - - Repeat W/R
9 - - - - Low W/R/B
10 - - - - Repeat W/R
11 - - - - Low W/R
12 - - - - Repeat w
13 - - - -
14 - - - - Repeat W/R
15 - - - - Repeat W/R
16 - - - - Repeat W/R
17 - - - - Repeat W/R
18 - - - - Repeat w
19 - - - - Repeat W/B
20 - - - - Repeat W/B
21 - - - - Repeat W/R
22 * = & * Repeat W/R
23 ) i . .
24 - - ? - Repeat W/R
25 - - - - Repeat W/R
26 - - - - Low W/B 6H
27 - - - -
28 - - * *
29 - Z - - Repeat
30 - - ¥ -
31 - - * *
32 - : . -
33 - - - E
34 - - - E
35 - - - -
36 - - - -
37 * * e * Repeat W/R
38 * - - h Repeat R yes
39 - * . .
40 . ) - .
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6.2.2.3. PCR analysis using inverse-PCR primers

As shown earlier, R173 represents a group of dispersed repetitive
sequences. The orientation of each unit and the relationship between units is not
clear. The inverse-PCR primers, V1 and V2, were used directly to amplify
cereal genomic DNAs. Although they were designed facing in opposite direction,
many amplified products could be seen from the cereal genomic DNAs (Fig.
6.14). One rye band ('a::)i’bp) could be mapped to chromosome 1R (lane rye and
1R, Fig. 6.14) and another to 2R (lane rye and 2R, Fig. 6.14). There are also
several faint bands present, but they tend to be less reproducible (e.g. lane DR-

Al, Fig. 6.14).

6.3. Discussion

The data presented above indicate that both pAW 173 and 174 are rye
specific DNA sequences. Further characterization of pAW 161 in this laboratory
(Guidet et al., 1991) showed that it is a member of the 350-480 bp family
(Bedbrook et al., 1980; Appels and Mclntyre, 1985). According to Speck
(1986), pAW 174 also belongs to this family.

The pAW 173 sequences have been found to be rye specific in the present
study. The 173 repeats element is present on all rye chromosomes and has been
shown by in situ hybridization to be dispersed over the entire rye genome (Guidet
etal., 1991).

The dispersed nature of the R173 elements poses an interesting question:
what is the feature of its flanking regions? The R173 family could be flanked by
conserved sequences or random ones. The sequences can be single copy or
multicopy. If these regions mainly consist of single copy sequences, they could

become an excellent source for RFLP probes as these markers would be



Fig. 6.14. Mapping of PCR products with cereal DNA using primers V1
and V2.

The template DNA was from wheat (Chinese Spring), barley (Betzes),
rye (Imperial), the triple translocation line (TTL) and the wheat-rye
addition lines 1R to 7R.  Amplification was performed as described in
Section 2.2.12 and 2.2.13. The PCR products were fractionated on a 3%
agarose gel. DNA size markers are shown in lane MW. The sizes of the
marker bands are given on the left in base pairs. The chromosomal

locations of rye specific bands are indicated by arrows.
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numerous and evenly distributed as they are associated with R173. On the other
hand, various amount of rye has been introduced into wheat and pAW 173 has
been used successfully in monitoring the introgression of rye into wheat
(Rogowsky et al., 1991b). The flanking region of R173 in these rye segment
could contain region-specific RFLP probes. One approach was to clone and
analyse the flanking regions a number of A clones which contain the pAW173
segment (Rogowsky et al., 1991b). The present study used inverse-PCR for the

same purpose.

Although three RFLP probes were mapped to 2R, 7R, 5H and 6H, no
1RS or 1H specific probe was found among the clones generated by inverse-
PCR. The reason could be that only 88 colonies were analysed by dot blotting
and 52 screened by Southern blotting. Most of the inverse-PCR clones were
found to represent repetitive sequences. This implies that the flanking regions of
R173 family mainly consist of repetitive sequences, with few single or low copy
sequences. The data from this study confirm the results of Southern analysis of
the R173 family and the analysis of flanking regions in lamda clones (Rogowsky
etal., 1991a). The above observations agree well with the prediction of Rimpau
et al. (1978) that, in the case of rye specific sequences, 84% of the flanking
sequences are expected to be interspersed with repetitive sequences common to
wheat and rye, whereas 16% should be single or low copy DNA. In the i)resent
study, 86.6% of the inverse-PCR clones represent repetitive sequences, whereas
13.4% single or low copy DNA. Therefore, obtaining region-specific RFLP
probes through inverse-PCR via the R173 element may require the screening of a

large number of clones.

On the other hand, two PCR bands was mapped on 1R and 2R,
respectively, by direct PCR amplification using the inverse-PCR primers. More

markers are expected to be found through this approach if more primer and/or
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primer are used. These results demonstrated that primers can be constructed from

interspersed repetitive sequences and used directly for mapping purposes.

It remains unclear, however, whether these bands were truly derived from
the border region of R173 elements. The Southern analysis showed that the core
sequences of the R173 family, pAW 173, is conserved on every rye
chromosome. Nevertheless, the region near the border of the R173 element
could be more polymorphic. Inversion or other changes may have occurred in
these regions. The amplification event with V1 and V2 might have been the
reflection of these changes. The possibility that two R173 elements are located
closely to each other and one of the elements is inverted, seems remote because
of the dispersed nature of the R173 family. It is more likely that inversions,
which took place in the region between V1 and V2 homologous sequences, gave
rise to the 1R and 2R specific bands. Nevertheless, it can not be ruled out that
these bands were the amplification products of unrelated sequences annealing to

the primers.

Both of data from Rogowsky ez al. (1991a) and this study indicates that the
flanking region of R173 is not a particularly good source for RFLP probes. With a
fraction of the time and effort for RFLP, PCR has yielded good markers although
the mechanism is not clear. As more sequence data of repeat sequences from the
cereal genome become available, it is expected that the combination of primers

derived from different repeat sequences will play an important role in genome

mapping.
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Chapter 7

General discussion and future prospects

7.1. Introduction

At the commencement of this project, RFLPs were in extensive use in human
genetic studies but few useful maps were available for crop plants (Tanksley ez al.,
1989). There was almost no report for RFLP mapping in wheat or barley. This
situation has now changed dramatically through joint efforts by research groups
world-wide. Several RFLP maps have been published with barley (for example,
Heun et al., 1991) and wheat (e.g. Liu and Tsunewaki, 1991). However, genome
analysis of cereals has been difficult as these genomes are larger than those of most
other eucaryotes for which maps have been generated, including tomato and maize.

Furthermore, little was known about the likely levels of polymorphism and variability
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between cultivars of cereals. It was perceived that the level of polymorphism might be

low in common wheat because of its narrow genetic base and recent origin (Bell,
1987). The picture for barley was not clear either except that cultivated barley was
reported to be less variable than its wild ancestor (Neale ef al., 1986). The
complexity of the wheat and barley genomes also caused problems for RFLP
detection. The Southern hybridization technique operates close to its resolution limit

when single copy genes are sought in wheat.

The cost and technical difficulty of RFLPs suggested that there may be major
problems with the implementation of this technique into plant breeding programs.

Reports in the last few years have confirmed that the genome complexity and the low
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level of polymorphism are the main reasons why wheat genome mapping has lagged

behind that in plants (for example Kam-Morgan et al., 1989).

The advent of PCR (Saiki et al., 1985) offered a possible solution to some of
these limitations to cereal genome mapping. This new technique offered several
advantages including improved sensitiv;ty, speed and simplicity. However, sequence
information for primer design was much less abundant for cereals than for humans or

other animals.

7.2. Sources of primers for PCR

To adopt PCR in genome mapping, an important consideration is the source of
suitable primers. At present three general types of primers can be used to reveal and
map polymorphisms in cereals: those that target specific, known sequences (eg, o

amylase), those that target intron-exon splice junctions and random primers(RAPDs).

With the rapid progress in molecular biology, especially after the introduction
of PCR, the amount of sequence information has increased dramatically. For
example, only few sequences from wheat and barley were recorded in the EMBL
database in 1988 but in 1992, 180 and 120 sequences were registered for wheat and
barley, respectively . Using gene sequence information from a data bank is an
important approach for primer construction as demonstrated by the PCR for the a—
amylase gene described in the present study. However, there are a number of
limitations to this type of analysis. The level of polymorphism is expected to be low
as the available sequences and, hence the target regions, are mainly from conserved
regions within genes. Furthermore, the number of wheat and barley sequences within
the database is not a true reflection of the number of potential PCR markers as many

of the sequences are for the same or related genes.
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Another approach is to use sequence information from other organisms to
develop PCR primers. This can be done for sequences that show high levels of
conservation. In order to test this concept, primers were tested for 6-PGD based on
rat and E. coli protein and DNA sequences. The result presented in Chapter 5 is
disappointing as the PCR and cloned preduct is probably the result of contamination.
Although the technical steps of PCR cloning and sequencing appeared to work well in
this case, the product was useless. This technique is too risky and time-consuming
for general use. Furthermore, it may be inappropriate to use sequence data from
bacterial genes. However, the approach of using an evolutionarily conserved portion
of a gene for primer construction is quite common in gene cloning and genetic studies
of various organisms. In these cases, the risk of artefacts was taken as PCR offered

the only means for cloning the genes of interest.

Attempts have also be made to use inverse-PCR to generate chromosomal
segment specific RFLP probes. However, the number of clones generated and
analysed was too small to fully evaluate the feasibility of this approach. The present
study indicated that the flanking regions of the R173 sequence family mainly consist
of other classes of repetitive sequences, with few single or low copy sequences. It
appears that the efficiency of this approach to the isolation of probes is not higher than
with a random clone library. The inverse-PCR approach may better suit genomes
with a lower content of repetitive sequences, such as Arabidopsis , as the probability
of single copy sequence flanking the target repeat sequence is higher. Preliminary
results in this study suggested that the primers derived from repeat sequences could be

useful for generating markers for specific chromosome segment .

The use of short random primers ( RAPDs) as molecular markers was
proposed well after this project commenced (Williams ef al., 1990). RAPDs have
proved to be very useful for genetic map construction and molecular genetic studies

when a specific cross or mappirig population is used. However, RAPDs suffer from



poor reproducibility. In addition, the application of RAPDs to plant breeding is
restricted in that the map produced by RAPDs is not transferable from one cross to
another. This means that a marker shown to have close linkage to a character can
rarely be used in tracking that character in new crosses. A further difficulty with

RAPDs is that bands may be suppressed in new background.

The ISJ primers, proposed in this thesis, offer a compromise between primers
that target specific genes and RAPDs. In order to generate large numbers of markers
distributed evenly over the chromosomes of the organism, we need to develop primers
that target a range of sequences. As discussed in Chapter 3, several options exist;

such as the translation start signals, the poly A addition sites, promoter and enhancer
regions and the intron-exon splice junctions. All of these sequences have the
advantages of frequent occurrence throughout the genome but even dispersal, lack of
association with heterochromatic regions (since such areas are unlikely to contain
genes) and the potential to provide hundreds or thousands of sites for the primers to
anneal. A good candidate sequence to test this approach was the consensus sequence
for plant intron splice junctions (ISJ) as the core of the junctions are highly conserved
and the length of the conserved section is very close to the optimal length for PCR

primers (Brown, 1986).

The application of PCR with ISJ primer and other primers proved to be
successful for genome mapping in wheat, rye and barley. Many PCR bands, usually
more than ten, could be generated in one amplification reaction. Significantly, the
PCRs with ISJ primers were reproducible over varying quality and quantity of the
template DNAs. Useful levels of polymorphism both between and within species

were revealed with this approach.

The results presented here imply that PCR using ISJ primers is more robust
than RAPD systems. PCR conditions for RAPD must be optimised for each species

in respect to primer and template concentration and the temperature ramp in the thermal



cycle profile (Klein-Lankhorst et al., 1991). The reason for the difference in
reproducibility between RAPD and ISJ could be due to the length of primers. The
primers used here are around 20 bases which has been reported as the optimal length
for PCR amplification (Erlich, 1989). Moreover, the annealing temperature is raised
at the second stage and this has been shawn to increase the reproducibilty of PCR
(Chapter 4). For the long random primers, the likelihood of success in the PCR is
increased through the use of the ISJ primers in conjunction with either random or
defined primers. By comparison, the RAPD primers are only 9 or 10 bases in length
and annealing temperatures around 37°C must be used. Primer annealing requires
only loose association under these conditions and may cause the problems of

sensitivity to DNA quality and quantity and the reaction conditions.

Armed with the IST PCR technique, the investigation on the intra and
interspecific polymorphism was carried out with varieties and breeding lines of barley,
wheat and rye. This study reveals that there is extensive diversity at the DNA level
among the barley varieties. With the assistance of the barley addition lines, the bands

can be mapped on to individual barley chromosomes.

The investigation of the levels of polymorphism between barley varieties
provides a useful technique for the identification of barley varieties grown
commercially in Australia. Little variation is seen within varieties while extensive and
reliable intervarietal variation was detected. This method could unequivocally
distinguish all of the commercially grown Australian barley varieties available at the
Waite Institute. More care is needed to apply this approach to rye variety identification
as there appears to be a high degree of intravarietal polymorphism. For application to

wheat variety identification, improvements are needed in the detection system.

The results presented in this study show that the variability between pure line
varieties of cultivated wheat is markedly lower than that in barley and rye. These

findings confirm that common wheat varieties assayed here have a narrow genetic
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base. Wheat frequently showed many minor PCR bands and sometimes slight smears
of bands in contrast to the fewer, sharper bands seen with barley. This phenomenon
may be associated with the greater complexity of the wheat genome relative to barley.
In agarose and polyacrylamide gel systems employed in this study, the slight smear
may obscure the detection of minor polymorphisms. Single stranded conformation
polymorphism (SSCPs) (Dean et al., 1990) and denaturing gradient gel
electrophoresis (DGGE) (Myer et al., 1986) may prove to be more powerful and
suitable tools for revealing minor sequence changes, such as base substitution, in

wheat cultivars.

7.3. Implementation of PCR analysis

The ultimate test of a molecular marker system will be in the success of its
implementation into crop improvement programs. The effort here has concentrated
upon the development and testing of the ISJ primer system. This presents a new type
of marker that can be easily and reliably used to detect and map polymorphisms.
However, these primers would never provide the sole source of markers for mapping.
In a mapping program a range of marker systems would be used. RFLP's will have a
key role and are likely to form the basis of maps. With ISJ primers it would be
relatively straight forward to generate an average of two or more markers per
chromosome arm. This would be achieved by using the series of ISJ primers
described here alone or in combination with two or more random primers. The ability
to use seed as a DNA source for the PCR analysis would allow the initial screening to
be done without the need to recover whole plants. At two markers per chromosome
arm, the ISJ primers would provide a crude map for initial analysis of a population,
further analysis would proceed with standard RFLP markers. In many cases it is

likely that the ISJ primers could.be used directly to find linkage to the trait of interest.
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The emphasis in this work has been on the development of markers for
cereals. The ISJ primer technique would, however, have applicability to many
eucaryotes. Indeed preliminary analysis in this laboratory indicate that these primers
are useful for many other organisms, including fungi. This study has not included an
analysis of the applicability of ISJ primers to organisms other than wheat, rye and
barley. The ISJ primers were developed to test the model of the use of conserved
regions as sources of PCR primers. The other types of conserved sequences
described above have not been tested. An extensive array of new molecular markers
would be available to molecular geneticists and cereal breeders should these prove as

successful as ISJ primers in revealing polymorphisms in cereals.
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