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Summary

This thesis embodies the results of an investigation on the genome

zuralysis 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 potymorphic PCR

products which vary in length. This is demonstrated with primers to the g-

amylase gene family. The primers were chosen to hybridise with two

conserved sequences that flank a region containing va¡iable sequences. In

this way several individual o-amylase genes would be targeæd 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 ch¡omosomes (7H).

A second approach is to use semi-random primers to tffget diverse

regions of the genome. For this purpose the consensus sequences at the

intron-exon splice junctions (ISÐ were used. A two-tiered PCR amplifrcation

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 o-amylase, provides a source of exænsive variation in pCR products.

These polymorphisms can be mapped as stand^ard genetic ma¡kers. The major

advantages in using the ISJ sequences to generate primers are that the core of

the junctions are highly conservd the primers matched for the 3 bases at the

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



introns a¡e 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 ttrat 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 prognrms, ma¡kers have to be

polymorphic benveen va¡ieties of a given species. ISI-PCR was therefore

tested on a whole range of barley and wheat varieties. The banding panerns of

the PCR products could be used to deæct polymolphisms berween individual

plants and cultivars. This also offers a simple and efficient tool for va¡ietal

identification. Identification of cereal varieties has been achieved with the

ISJ-PCR based method- Va¡ietal polymolphisms were revealed through the

PCR product profiles with ISJ and/orrandom 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 indicaæ that there is less inærvarietal polymorphism in wheat

compared that of barley. This phenomenon is considered to be associated

with the recent origin of bread wheal Rye varieties showed the highest

intravarietal polymolphism among the cereals tesæd 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 fortrCR reaction. The inhibiting effect from unknown substances

present with seed DNA was overcome by the alteration of templaæ andTaq

polymerase concentrations in the PCR reactions.



The development of techniques for the generation of DNA ma¡kers from

chromosome segments was described. One of the aims was to identify DNA

markers to assist the transferring of CCN resistance from rye to wheaL

Cloning of GPGD (Gphosphogluconate dehydrogenase) gene in cereals was

attempted through PCR with primer derived from DNA and protein sequences

of 6-PCID genes from organisms other than cereals. Another aim was to

obtain clones from a segrnent in chromosome lR of rye. The process of

achieving this goal is to clone the flanking regions of rye-specific repetitive

sequence in lR 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 werc mapped to rye chromosome lR possibly due to the size of

the library and the number of clones tesæd.

Comparison wa.s made between the results obtained from PCR and

RFLP. It indicates that PCR can be used to deæct and map polymorphisms in

cereals. These ma¡kers are cheaper and fasær 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.
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1.1.

I .1.1

Chapter I
LITERATURE REVIEW

Aspects of molecular genetics in cereals

Introduction

Cereal grains arc an important dietary sor¡rce for the world's population,

contributing 70 and 507o of the total calories and protein, respectively @skin,

1990). The main cereals are whea! rrraizÊ, barley, rye, oats and rice, all

members of the Gramineae family. Amongst these cereals, wheal barley

and rye are part of the tribe of Triticeae and presrrmably, these now distinct

genomes were all derived from a single ancestral species with seven pairs of

chromosomes. Thei¡ chromosomes have also retained much of the same gene

content (see review by Harg 1987). This grass tribe also contains many wild

relaæd species which are potential gene donors to cultivars.

L.I.2. \ilheat

Bread or common wheat, Tríticum aestivwn (2n=6x42, genomes

AABBDD), is an allohexaploid containing three genomes designated A, B and

D, each of which consists of seven pain of chromosomes. The A and D

genomes were contribuæd by two wild grasses, T. monococunfn and T.

tawchä (Aegílops squanosa) (for review see Kimber and sears, 1987). The

source of the B genome is still a matter of controversy (Morris and Sears, 1967;
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Kimber and Feldman, 1987). It is likely that the original B-genome donor is

extinct Alternatively, the B-genome donor might have been substantially

modif,red through introgressive hybridization with related uxa (Gill and Chen,

1987). As each genome has seven chromosomes, one from each of the

homoeologous group and each homoeologor¡s goup has three chromosomes,

the absence of a particular pair of chromosomes from one genome can be

compensated by ttre corresponding dose inc¡ease of chromosomes from the other

two genomes, which belong to the same homoeologous group (sears, L952;

1e66).

Although the nuclea¡DNA content of bread wheu differs in va¡ious

reports, according to Bennetr (1972) the bread wheat genome has 18.1 pg of

DNA per haploid nucleus, which is equivalent ûo l7.5xl06 kb (May and

Appels, 1987b). The DNA content in ttre A, B and D genomes were found to

be in the ratio of 1 .21 : 1 .36: 1 .00. It has been shown that 22.4vo of the total

cytosine residues are methylæed in wheat DNA. This methylation may reflect

regulation of gene expression (for review see May and Appels, 1987b). over

7 5vo of wheat DNA is highly or moderately repeated ( Flavell et a1.,19s7).

There a¡e different methods thu 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 ino 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 hybridizæion in solution followed by a

study of deviation in ttre melting temperature (Tm) in the heteroduplex thus

formed. This technique has been utilized to obtain information on the poæntial

donor of B genome in bread wheat (Nath et a1.,1983) and ætraploid wheat

(Thompson and Nath, 1986), and that of the G genome nT. tirnopheevíí (Nath
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et al., 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 reassociæion analysis in the studies of wheat and its relatives, it was shown

that about 8o7o of the DNA is found in the form of repeated sequences; 20zo

consists of low copy numberor unique sequences and only lvo (May and

Appels, 1987b) or even less than 0.5vo (Flavell et a1.,1982) consisrs of actual

coding genes.

In addition to suMividing the genome on the basis of reassociation

analysis, buoyant density fractionatioq in caesium salts has been a valuable

analytical tool. In wheat, 55 rRNA genes, rRNA (28s, l8S) genes and

satellite DNA have been separated from the bulk DNA through the use of

actinomycin-D or Ag2+/cs2so4 or Hg2+/cszso4 density grad.iens (Gerlach

and Bedbrook,1979; Gerlach and Dyer, 1980; Ranj ekar et at., l97B; Appels ef

al., L978; Dennis et a1.,1980). Restriction endonucleases provide another

method of separating and classifying various classes of DNA sequences (Appels

et a1.,1981).

1.1.3. Barley

Cultivated barley (Hordeunvulgare ,2n=2x=14 genome HtÐ 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 sü¡dies of flowering plants. This

may be attributed to its diploid næure, low chromosome number, world-wide

distribution, predominant self-fertiliz¿tion yet ease of artificial hybridization,

relatively large chromosomes which allow detection of several kinds of

ch¡omosome aberrations, ild numerous easily classified hereditary characters
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(Allard, 1988). The barley genus Hordcwnincludes over 30 species which are

spread throughout temperate Eurasia, Americ4 Africa and Australia @othmer,

1991). Barley has one near wild reliative, H. vulgare sp. spontaneun (wttd,

barley) which has generally been regarded as the progenitor of cultivaæd barley

(zohry,1969). Jorgenson (1986) examined isoryme variation among32

species of Hordeum for six enzyne systems representingl2læi. This analysis

divided the genus into three groups, one of which (the "vulgare" group)

contains H.vulgare (both subspecies), H.bulboswnandH. murírunn. The

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

Bennett and Smith (1976) found that four barley cultivars have a lC

DNA value of 5.5 pg, which equals 5.3 x 109 bp for the haploid barley

genome. sequence data for barley arc as yet very limited and provide only a

few comparisons of the sanre gene sequence from different cultiva¡s (Wettstein-

Knowles, 1991). one such comparison is that for the Adhl gene (Trick et al.,

1988) as a partial genomic clone from an EMS-mutant of the mal¡i¡g cultivar

Proctor, with a cDNA clone of the sanrc gene from the naked cultivar Himalaya

(Good et a1.,1989). These data point to substantial nucleotide differences

between barley cultiva¡s in the coding portion of the genonæ. In contast, the

base sequence of a cDNA clone for chloroplast glutamine syntheuse from cv.

Maris Mink @reeman et a1.,1990) is identical with that of a cDNA clone from

cv. Ca¡ina (Baima et a1.,1989).

Molnar et al (L989) investigated andemly repeated DNA sequences

containing stn¡crural genes encodingribosomal RNA (rDNA) :rr.25 species of

Hordeum using the wheat rDNA probe pTA71. Intraspecific variation was

found tn H. parodií, H. spontaneurn andrl. leporintnn, but not in H.

btibosurn- Repeat unit lengttr variation was attribut€d to the inærgenic spacer

region. The repeat unit of É1. bulbosundiffered from all other species by the
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presence of a Hind Itr site. The closer relationship of H bulbosutn to H.

kportnwn, H. rutriruttn andH. glaucunt than to H.vulgare was indicaæd by

their Bam HI restricúon maps.

1.1.4. Rye

Rye, Secale cereale (2n4x=14, genome RR), is the only cultivated

species of the genus Secale. Its agricultural importance is in part based on the

betær resistance to winter climatic conditions and other adverse environmental

factors, which make it diffrcult o cultivaæ other less resistant cereals such as

wheaL Furthermore, rlo is one of the parentals of the triticales, allopolyploids

originated frrom wheæ x rye hybrids. The close genetic relationship between

wheat and rye chromosomes has been well established (see Guptu, l97l for

review).

Rye is a diploid species with 7 pairs of chromosomes, numbered rR to

7R. Extensive studies on DNA content in several genera of the Triticinae by

Bennett and Smittr (1976) have shown that the DNA content of secale genomes,

having the lc DNA content for 9.5pg, is the same or greater than that of

åegilops and the cultivæed wheat The S. cereale genome has about 33Vo ntore

DNA than the largest of the diploid wheat genomes. The relationship between

c-heteroclrromatin and several families of repeated DNA sequences was

exarnined by in siu hybridization. These studies indicaæd a suong correlation

benveen the location of such families and ælomeric C-bands tn Secale qpecies

(Hurchinson et a1.,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. vavílovü may

have a more recent origin (Jones and Flavell, 1982b).
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Chloroplast (ct) DNA va¡iation in five Secale species (5. cereale, S.

africarutn, S. montaruttn, S. silvestre and S. vavilovii), was studied by using

restriction enz)mes (Murai et a1.,1989). The ct DNA of all the species except

S. silvesffe produced identical patterns u/ith fuee restriction enzymes applied,

also suggesting early separation of 
^S. 

sÍ/v¿stre fromthe rest of the species.

1.1.5. Repetitive sequences

In contrast ¡s simple organisms hke Esclterichia coli, eukaryoæ genomes

contain large amounts of sequences present in multipte copies. These repetitive

sequences are an ubiquitous feature of eukaryotic genomes (for a review see

Flavell et al., 197 4) and an understanding of their strucnüe and organization

plays an important role in the analysis of chromosome structure in general.

Repetitive sequences have beæn supposed to have structural meaning, i.e. in the

architecture of the inærphase nucleus, meiotic chromæin anüor the metaphase

ch¡omosomes (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 percenøge (>75Vo) of repeated

sequences; this prcportion is even higher in Secale cereale @avell et a1.,1974).

Different classes of repeuedDNA have been observed" frrom very higtrly

repetitious and palindromic sequences, which can accountfot 5-l0Vo of the

cereal genomes (Appels and Mclntyre, 1985), to moderarely repeaæd elements.

In oats, barley, wheat, and rye, 26Vo of the repetitive DNA sequences of rye

hybridize to all four species, 267o only to barley, wheat, and rye, lBVo only

to wheat and rye, and3oVo only to rye @avell et al., 1977). A relatively

sm¡ll fraction Q-lovo) of the genome consists of long stretches (>10 kb) of
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single copy DNA @impau et al., 1978,1930). It has been argued, however,

that the arrþunt of DNA in the low copy sequence class is consisæntly

overestimated with a proportion representing diverged sequences rather than

coding DNA (Flavell et a1.,1980).

As in other eukaryotic genorrps, repeated sequences in plant genomes are

generally divided into tandem anays and dispened repeats (see Smyth, 1991 for

a review). Unequal crossingover is believed to be responsible for the

generation, mein¡g¡¿¡¡çs, and variæion of the tandemly repeaæd sequences

(Smith, L976). 'Whereas the origin of the dispersed sequences could have been

transposons and retroelements (Smyth, 191). The repeated sequences in the

first group are simple, tandemly repeated sequence arays present in centromeric

and ælomeric heterochromatin. They a¡e normally transcriptionally quiescent

Tandem arays of repeats appear to be the molecula¡ basis of heterochromatin

(John and Miklos,1979; Flavell, 1980). The major tandem arays of repeas in

rye were shown to be associated wittr the ælomeric blocks of heterochromatin

(Bedbrook et a1.,1980; Jones and Flavell,l982a). Tandem ¿urays displayed

frequent va¡iation in the number of repeats benveen individuals in rye (Jones and

Flavell, 1982a, b). The remaining repeated DNA falls into dispersed repeats.

In mamm¿[5, they are furttrer classified as the short and the long interspersed

nucleotide elements (SINEs and LINEs) simply on rhe 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 terninal repeat

ma¡nmalian retroviruses (Flavell et al., 1981). Many of the dispersed repeated

sequences prcsent in wheat" barley and rye a¡e much more closely relaæd wittrin

a species than betrveen species (Flavell et al., L977). It appears that the

dispersed rcpeat families evolve "in concert" (Flavell et a1.,1986).
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A 1.6 kb stem-loop insertion sequence (WISI) was reporæd to lie

upstream of an o-amylase gene in hexaploid wheat (Martienssen and

Baulcombe, 1989). An unusual character of the \ryrsl element is a series of

short tandem rcpeats simil¿¡ to animal minisaællite structues (Jeffreys et al.,

1985). The se4uence of WIS1 shows that it has many of the feanres found in

transposable elements, including target siæ duplication and ærminal inveræd

repeats.

Gerlach and Bedbrook (L979) cloned the wheatrDNA units which were

shown to be tandemly arranged sequences. The rDNA are mainly located on

chromosomes lB and 68 with a minor siæ located on chromosome 5D (Appels

et a1.,1980; Flavell and O'Dell, 1974). The size of the repeat unit in rDNA of

wheat, barley and rye, defined by a Eco R[ site, is 9 to 10 kb in length

(Appels et a1.,1980). 55 rRNA genes have been studied in the tribe of Triticeae

(Gerlach and Dyer, 1980; Scoles et a1.,1988). As in other eukaryotes, they

a¡e located separately and not linked with otherrRNA genes. The repetitive 55

rRNA genes are arranged as tandem arrays clustered at one or two siæs per

haploid genome. In Chinese Spring, there a¡e about 10,000 copies of 55

rRNA coding sequences per nucleus (Gerlach and Dyer, 1980) and the rcpear

unit in both 4x and 6x wheat is small with two size classes arranged in tandem

arrays (Appels et al., 1980). The 5s rRNA genes in Secale sp. are arranged as

tandem arrays of 46G and 480-bp repeating sequences (Peddy and Appels,

1989). The genes assayed in barley were not assigned to particular

chromosomes (Appels et a1.,1980).

Due to the vast number and variation of the repetitive sequences, there is

very little informmion concerning the molecular structue of the region of the

cereal genomes flanking repetitive DNA s€quences. According to Rimpau er ø/.

(1978), in the case of rye specific socluences, 84vo or the flanking sequences
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arc expected to be interspersed with rcpetitive sequences coûrmon to wheat and

ryo, whereas 167o 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 rliminished o an alarming extent within the pure line

varieties of cultivated wheat, breeders are nrning their acention to the

progenitors of wheat and its distant relatives (Sears, 1970). In the genus

Trirtcurn and in other genera (includingAgropyron, Elymtn, Elytrígia,

Hayrnldia, Hordcurn, and Secale) which a¡e mor€ distantly relaæd 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. Fon example, eyespot resistance has been incorporated into

the winær wheat Rendezrrous from the D genome n Aegílops ventricosa Tausch

@ay and Lupton, 1987). As the På locus on wheat chromosome a¡m 5BL

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 58 (nullisomy), utilizing ¿

recessive mutant of the På locus on 58, or suppression of the 58 effect by the

genome of Ae. speltoídes I Ae. multíca. Ionizing radiation has been successfully

used to transfer alien ch¡omosomes deqpiæ the technical difficulties and low

success rates (see reviews of Knott, t987:' Islam and Shepherd, 1991).

Geneúc variation ftom ce¡eal rye is a valuable alien source utilized in wheat

breeding. The main objective of wheat breeders in utilizing rye germplasm has
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been to brced forhigh yreld, high quality and disease resistance. Whole

genomes Cfriticales), individual chromosomes (addition or substitution lines),

or ch¡omosome arms (tanslocation lines) have been introduced into wheat (for

review see Sha¡ma and Gill, 1983; Gale and Miller, 1987). Rye chromosome

arm lRS is of particular inærest as it confers resistance to several foliar diseases

(listed in Koebner and Shephend, 1986) along with wide arlaptation and high

yield performance (Rajaram et a1.,1983). The lBL.lRS translocation has been

included in numerous widely grown culúva¡s of wheat (Islam and Shepherd,

1991). lAL. lRS translocation lines in Chinese Spring wheat background

auo^l*t (Singh and Shepherd, 1988), a lBL.lRS tanslocation in Gabo wheat

background (Koebner and Shepherd, 1986) and a lDL.lRS translocation in

Chinese Spring (Shephed 1973) have been isolated- However, the wheats

carrying these translocations generally produce a flour with se¡ious quality

defects in bread making @haliwat et a1.,1987). To bneak the linkage benveen

the desirable and undesirable traits, recombination between lRS and IDS was

induced using Sea¡s' (1977) phlb mutanl o¡ ¡¡llisomic 58 stock, both of

which allow ra¡e recombinæion benveen wheat and rye chromatin (Koebner and

Shepherd, 1986). A number of recombinants have been identified using

protein ma¡kers.

A rye gene forresistance to cereal cyst nematde (CCl.Ð (Heterodcra

avenae Woll) has been ransferred from triticale to wheat through backcrossing

(Asiedu, 1986). The resistance is controlled by a single major gene and Asiedu

et al. (L990) located this gene on the long arm of rye chromosome 6R. Atæmpts

ar€ now being made to trarisfer 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 tanslocations between rye

chromosome arm 6RL and wheatchromosome 6D, using dissociation of GOT,
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GPGD and cr-amylase isozyme markers located on the long arms of these

chromosomes.

L.1.7. RFLP mapping

L.L.7 .I. Two types of maps

There a¡e essentially two t¡pes of maps for a palticular organism. The

first, the genetic linkage map, shows the arrangement of genes and markers

along the chromosomes as calculued 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 re¡ombination nl%o 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 landma¡kers on the

chromosome, ideally measured in nucleotide ba.ses (Stephens et al., 1990).

The physical map in human is a assembly of different techniques. Sequence-

tagged-sites have been proposed to coordinaæ information from different

mapping strategies (Olsen et a1.,1989).

DNA polymorphisms can be defined as DNA sequences that vary

between homologous chromosomes (Weber, 1990). The pnimary application of

DNA polymorphisms is in ttre construction of linkage maps and the mapping of

genes. Polymorphic DNA ma¡kers have become an important tool for linkage

studies, and much attention ha.s been given to producing linkage maps of these

toci. DNA ma¡kers 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, L975). The characterization of large numbers of classic

RELPs and other markers has led to the construction of many genetic linkage

maps, including RFLP linkage maps for different plants such as Arabídopsis

(Meyerowitz et a1.,1990), cabbage (Slocum et a1.,1990), soybean (Keim ¿r

a1.,1990), letn¡ce (Kesseli et a1.,1990), lentil (Havey and Muehlbauer, 1989),

and omato (fanksley and Mutschler 1990). Genome projects, combining the

two rnaps, are under way for rnany organisms with the aim of providing

detailed molecular genetic information about fundamental biotogical processes

(see V/atson and Cook-Deegan, 1991 forreview).

1.L.7 .2. Molecular markers

Molecular ma¡kers have many advantages over morphological ma¡kers:

they are generally silent in their effect on the phenotype, more ma¡kers and a

larger number of alleles can be foun{ and most molecular markers show a

codominant mode of inheritance @eckmann 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.

Unfortunaæly, the numberof genetic ma¡kers revealed by isoryme assay is

insufFrcient for many breeding programs. Botstein et aI. (1980) fint proposed to

use RFLP as genetic ma¡kers after thei¡recognition by Kan and Dozy (1978).

One of the foremost a$ributes of RFLP compared to isorymes is that a virnrally

limitless number of markers can be moniored in a single population.

Spectacular success has been achieved by the discovery of RFLPs linked to a

number of inheriæd disorders in humans (see review by \ü/atkins, 1988). This

technique has allowed the constn¡ction of high-resolution genetic maps for many

complex genomes. These maps can be used to analyzn quantitative trait loci

(QTLs) @aærson et a1.,1988; Keim et a1.,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 ma¡kers 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 ttre poæntial

applications of RFLP technique could be the analysis of genome organization

¿¡d implementation of mapbased cloning of tightly linked genes (Tanlsley er

a1.,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 frrom base changes on other

rearrangements (e.g., translocations and inversions) at the rerognition site of the

restriction enryme or from internal deletiorVinsertion events. The restriction

fragments arc separated according to their size by agarose gel electrophoresis. A

Southern blot analysis is subsequently performed: the DNA fragments are

transferrcd to and immobilized on a nylon membrane or a nitnocellulose filær,

hybridized to a labelled DNA probe, and visuelized,by autoradiog¡aphy

(Southern, 1975). Generally, unique or low copy number DNA sequences are

preferably used as probes and labelled witn 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 frrom segregating populations

such as anF2 or backcross.

At preseng large scale use of RFLP ma¡kers is severely limited by the

significant costs, technical complexity, ând time required for RFLP assays.

Moreover, the multi-sæp procedure of RFLP detection proves to be very

difficult ûo be automated by the use of machines and robots. As new classes of

molecular markers such as oligonucleotide polymo,rphisms (Beckmann, 1988)
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and PCRderived polymorphisms become available, the future prospects of

marker-based æchniques forboth resea¡chers and breeders are more promising.

L.1.7.3. RFLP mapping in cereals

Genetic manipulation of agronomically imponant 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 cultiva¡s (such as disease

resistance, or stress tolerance). The DNA ma¡kers will also $eatly assist in the

introgression of selected genes ino cultiva¡s and in the deveþment of new

cultiva¡s. Additionally, DNA markers will serve cereal bneeders as selection

markers for trais with complex inheritance and low heriøbility (ITMI, 1989).

Maps based on DNA markers will greatly facilitare the comparable mapping in

Triticeae.

Wheat genetics has lagged behind that of maizr,,toÍtzto, 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 en4¡mes is insufficient to constn¡ct linkage maps. The

use of RFLP markers eliminates these barriers and, if combined with

cyûogenetic manipulæion of wheat genonres, it could greatly improve the status

of wheat synteny and linkage maps (fnvll, 1989). However, the development

and use of RFLP ma¡kers in wheat has been slow because of limi¡6¿

polymorphism (Chao et a1.,1989; Kam-Morgan et a1.,1989; Lil,t et al.,l99O)

probably due to its relatively rccent origm (Bell, 1987). An RFLP linkage map
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of homoeologous group 7 ch¡omosomes of wheat has been constructed (Chao er

a1.,1989). This map is based on several inærvarietal crosses and contains 18

RFLP, three isozyme and seven phenotypic ma¡kers. RFLPs were

approximaæly three times more comrnon in the 78 chromosome than in either the

7A or 7D chromosome. Conserved gene order was observed on the 7A,78

and 7D chromosomes.

The polyploid natrue of bnead wheat means that it is able to tolerate

aneuloidy, and this has enabled the assemblage over the last 4O years of

compleæ sets of nullisomc, monosomic, tetrasomic, and the telocentric stocks

of the standa¡d variety Chinese Spring (Sears, lgí). \Vheat can also be

c¡ossed to many of its relatives in the Triticeae, and this has resulæd in the

isolation of sets of alien chromosome addition lines in which single pain of

chromosomes from an alien relative a¡e added to the wheat complement (see

review by Gale and Miller, 19S7). These 
^"ofiri.and 

adrlition line stocks

allow the DNA probes to be assigned to individual chromosomes or their arrns,

and hence to a region of the linkage map before detailed linkage analysis is

ca¡ried our The close relationship between wheat and other Triticeae means

that their chromosomes fall into seven homoeologous groups, each goup

containing chromosomes of the various species with simil¿¡ genetic content

(Gale and Miller, 1987). The aneupoid stocks of wheat and alien addition lines

have been used to locaæ more than 100 genes encoding enzymes and endosperm

storage proteins and a few other molecula¡ ma¡kers in chromosome anns Glart,

1987; Gale and Hart, 1987; Blake et a1.,1989). Sharp et al. (1989) produced a

set of 14 cDNA probes that mark each arm of the basic set of seven

ch¡omosomes of the genera in the Triticeae. In another study, eight cDNA

clones were located on specific arms (6 on the short arm and? on the long arm)

of homoeologous group 2 chromosomes with the help of alien addition lines,

nullisomic-ætrasomics and the diælocentrics ( Sharp and Soltes-Rak, 1988).
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Kam-Morgan et al. (1989) initially proposed that linkage mapping may

be most efFrciently done in T. tauschü, the Dgenome progenitor of wheat

They located five RFLP loci on chromosome 5D of common wheat which were

linked in two blocks tnT. tauschii. In additioru they found extensive

polymorphisms in T. tauschü, whereas RFLPs were scarce among wheat

cultiva¡s. Gdll et al. (l99l) constructed a detailed linkage map of T. tauschü

with the majority of loci mnpped with an F2 population and the rest wirh

aneuploid stocks. DeletiorVinsertions andpoint mutations were found to be

equally important for generating RFLPs. I-angudah et al. (1991) used a simila¡

approach to map the T. tauschii genome with genomic DNA clones plus clones

from other laboratories containing either anonymor¡s sequences or genes coding

for known products.

Genetic mapping in barley was initiæed with conventional genetic

linkage analysis, and the first linkage map with seven linkage grcups was

developed by Robertson (1939). Despiæ the widespread cultivation of barley

and its elaboraæ genetic map, which comprises mostly morphological, isozyme

and disease-resistance markers (Sogaard and von V/eustein-Knowles, 1987;

o'Brien, 1990), lnowledge regarding the application of RFLP ma¡ken in this

species is limited @unce et a1.,1986; Blake, 1987; Blake et a1.,1989). On the

other hand, in vitro techniques such as anther or microspore culn¡re are well

developed in barley. Their combination with ma¡ker-assisæd selection might

accelerate the breeding process considerably. Graner et al. (1990) exa¡nined the

extent of RFLPs among 48 diverse barley varieties wittr 23 genomic single-copy

probes. The mean diversity index (or average chance that any nvo of these

varieties differ for a random probe) was 0.43. The average degree of

polymorphism revealed by a restriction enzyme was positively correlaæd with

average length of fragmens produced by the enzyme. This and the failure of

other enzymes to uncover additional variation, suggest that most of the RFLPs
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werc due to insetiory'deletion differences. Shin ¿r al. (L990) constn¡cted a

partial barley map with isozyme, morphological and RFLP markers.

Recently, Jahoor et ol. (L991) isolated more than 100 genomic DNA probes

ftom barley and assigned them to the individual barþ chromosomes using

whear/ba¡ley addition lines. Heun et al. (L99L) constnrcted a RFLP linkage map

forbarley with 155 RFLPs and nvo known genes (lwlless andMI¿ 12 powdery

mildew resistance). Linkage groups were assigned to chromosomes through

disomic wheat/barley addition lines. They found that tlre number of RFLPs

mapped to each chromosome va¡ied considerably, for example, A57o ta

chromosome 1 compared with5.8Vo to chromosome 6. There was no difference

in t}rc distribution of ma¡kers from either cDNA libraries or genomic libra¡ies.
+tu/ fr't l9

1096 cM,

compared with the crurent tomato maps (1600 cM) and rice maps (2300 cM)

(Heun et a1.,1991).

C-ompared to the number of studies that have been ca¡ried out on rneìze,

wheat and barley, those providing linkage data in rye arc relatively scare (e.g.

I-awrence and Appels, 1986). This may be due to the restricted economical

importance of this crop as well as to the fact thu Secale cereale is an outbreeding

species with a very effective self-incompability system that may complicate

genetic studies. More than 120 morphological and biochemical taits in rye have

been localized onto individual chromosomes (for a review see Schlegel et al.,

1986). Wehling (1985) and V/ehling and Uphoff (1990) presented an isozyme

linkage map of genetically analyzrÅloci 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; Gera and Wricke,

1989). Because of the importance of lR in wheat-rye intnogression, there

have been extensive mapping studies on this rye chromosome th¡ough the use of

conventional and DNA ma¡kers (reviewed by Baum and Appels, 1991). For
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exâmFle, Gustafson et al. (1990) physically mapped Sec-L and Sec-3loci using

in siru biotin-labelled probes. The Sec-l locus was mapped to the satellite

region of the short a¡m of lR, adjacent o the Nor locus. Recently, W ang et al.

(1991) constn¡cted a linkage map of lR by using 16 molecula¡ and biochemical

loci. They found ttrat loci in the lR map clusæred around the cenromere, a

phenomenon similar to that reported in whe¿t homoeologous group 7

chromosomes (Chao et a1.,1989).

1.2. Application of the polymerase chain reaction to genome

analysis

L.2.L lntroduction

The polymerase chain reaction (PCR) involves the enzynatic amplification

of DNA invitro and was orignally developed at the Ceus C-orporation (Seiki ¿¡

a1.,1985: Mullis and Faloona 1987). The reaction is based on the enrymatic

amplification of a DNA fragment that is flanked by nvo 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 denatr¡ration of the template, annealing of the primers ûo their

complementary sequences and the extension of the annealed primers with a DNA

polymerase, result in the amplification of the segment defrned by the 5'ends of

the PCR primers. Since the extension products of each primer can serye as a

template for the other primer, each cycle essentially doubles the DNA fragment

produced in ttre previous cycle. This results in the exponential accumulation of

the specific target fragment, up to several millie¡feld in a few hours.

The Klenow fragmentof Esclrcrichia coli DNA polymerase I was

originally used as the DNA polymera.se but it has since been replaced through the
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use of thermostable Tøq pol¡merase, isolated fromTlermus aquaticus, which

can witlìstand repeated heating up to 94oC (Saiki et a1.,1988). The availability

of Taq polymerase has greuly simFlifred the automation of the reaction.

Currently there a¡e many different commercially available thermocycling

instruments suitable forPCR and a number of published descriptions of home-

made apparatus (Foulkes et a1.,1988). The speciñcity of ttre amplification

reaction is increased by allowing the use of higher temperatures for primer

annealing and extension In addition to these improvements, the deveþment

of automated oligonucleotide synthesis has also promoted wide acceptance and

use of PCR (Caruthers ¿r al., 1987). Taq potymerase has no 3' to 5'

exonuclease activity, but has a 5'to 3'exonuclease activity during

polynerization. The initial estimation of the mis-incorporation rate by Taq

polymerase during PCR was about lü4 nucleotides per cycle (Saiki et al.,

1988). Changes in the PCR conditions have since reduced the mis-

incorporation rate to less than 10-5 nucleotides per cycle (Eckert and Kunkel,

f 989; Gelfand and White, 190). Many of the new thermostable polymerases

have additional useful activities. The thermostable Ventw DNA polymerase,

an enzyme isolated fromTlærmococcus líøralis, has the 3'to 5'exonuclease

activity, and may therefore have a lower mis-incorporation rate (Cariello et al.,

1991). The thermostable DNA polymerase fromThermtu tlærmophíhu (Tth)

can reverse-transcribe RNA efEciently in the presence of MnCl2 at high

temperatue (Myer and Gelfan{ in press). In addition, these new

thermostable polymera.ses rnay be more resistant to inhibiting components in

PCR reaction that hamper the use of Taq polymerase @anaccio and Lew, 1991).

In many circr.nstances, PCR has advantages over conventional

prccedures for cloning and analysis because it is faster, simpler, and more

flexible (Erlich et a1.,1989; Erlich, 1989). one of the virtues of PCR is that it



20

allows minute amounts of the æmplaæ DNA to be detecte{ even down to a

single æmplaæ molecule þiet a1.,1990).

L.2.2. Use of PCR to detect DNA polymorphisms

Skolnic and Wallace (1989) desúrib€d theo¡etically three classes of

amplified sequence polymorphisms (ASPs) by PCR: restriction site

polymorphisms, siequence lengttr polymorphisms, and DNA base pair changes

not associated with restriction siæs. The simplest use of the rcR in analysing

DNA polynorphism 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 (Sæphens et al.,

1990). The usefulness of this approach was also demonstrated in wheat

@'ovidio et al., 1990) with primer s€quences derived from the sequence of a y
gliadin gene, and recently in rice (williams et a1.,1991) with primer for the

ends of mapped genomic clones. An extension of this approach is the

amplification of several DNA regions simultaneously, a socalled mutiplex PCR

as demonstrated by Chamberlainet al. (1988) in analysis of the dysrophin

locus.

To identify new polymorphisms in previously defined genes, Dean et al.,

(1990) have been using primers 2lJ0_ta 1000 bp aparr to amplify gene sequences.

The resulting PCR products are analyzed in two different ways. In one

approach, restriction site and insertiory'deletion polporphisms are identified by

digesting the amplifiedDNA with enzymes that cut frequently, and resolving

the resulting fragment on a polyacrylamide gel The second approach involves

incorporæion 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).

AnotherPCR-based methodology used to detect single base change

polymorphisms involves the combined use of PCR and denau¡¡ing gradient gel

elecrophoresis @GGE) (Myer et ø1.,1986). This procedure involves the

amplification of a targetregion (20G500 bp) and analyzing the PCR products

using DGGE. Single base pair polymorphi$ns may be detected by the

differential migration on this gel system. The use of a GC clamF (a short sting

of GC nucleotides incorporated ino the ends of PCR product), or a

modification of DGGE that involved restriction enzl.yme digestion of the pCR

product before gel electrophoresis, enhances ttre ability to detect single base pair

polymorphisms using DGGE (Sheffield et a1.,1989).

| .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

unl¡nown inærvening sequences. Using evolutionarily consenred portions of a

gene for primer construction will allow the ampliñcation of highly variable

sequences that lie benveen the conserved æmplaæs for these primers (Kocher er

a1.,1989). Simil¿¡¡t, frrom information on amino acid sequences that are

conserved among different viruses, a degeneraæ 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 sninsþ,

1988).

One straægy to overcorne the limi¡¿¡ien of sequence rcquirement is to çra;g¡tþ

a primer binding site by adding DNA of a known sequence. This was illustrated
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initially by the amplification of unknown cDNA sequences cloned into 1, gtl1

with primers for the vector sequences ttru flank the insertion siæ (Saiki et al.,

1988). In general, flanking sequences forpriming are added by ligation

(Kinder and Vogelsteiq 1989) u homopolymer tailing with ærminal transferase

(Loh et al., L989).

Another approach for the characærization of fragments adjacent to known

sequences is PCR following ligation-mediaæd circularization (inverse PCR)

(Triglia et a1.,1988; Ochman et a1.,1988; Silver and Keerikatæ, 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 prreviously known sequence on a

contiguous circular molecule with the unknown sequence. Primers are

synthesized from the known sequence in an orientation thæ enables amplification

a¡ound the circle and includes the unknown sequence.

1.2.4. PCR for genome mapping

The versatility and powerprovided by PCR methodology has encouraged

its involvement in almost every a.spect of genome Fojects. The application of

PCR has been central in formulæing bottr the conceptual and practical appnoaches

on which the human genome project is based (Rose, 1991). Much of the

cturent emphasis on PCR in genome mapping and sequencing is a direct result of

the sequenceøgged sites (STS) proposal introduced by Olsen et al. (1989). The

STS conceptrequires thc use of PCR to generate the 20G.to 50Gbp siæs unique

to a given genomic fragment, thus identifying the common element necessary to

integrate va¡ious genetic and physical maFs.
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It now appears that the eukaryoæ genome is densely inærspersed with

simFle tandemly-repeated motifs, ærmed "mic¡osatellites" that exhibit site-

specific variation @eckmann and Soller, 1990). Poly (G) and poly (A) a¡e the

simplest of the microsaællites, while poly (rG) is the most frequent in the

mammalian genome Gtamøa et a1.,1982). Microsaællites are recognizd, as

the preferred siæs for performing DNA-based linkage studies because they are

nvice as informative and can be qrped at twice the rate ttran that of RFLP (Weber,

1990). Analysis of microsaællite polymorphisms involves ,mplification by

PCR of a small fragment of DNA containing a block of repeus followed by

electrophoresis of the ,mplified DNA on denatr¡ring polyacrylamide gel.

PCR has been used to amplify human Alurcpeatunits in isolating human

DNA fragments present in the hybrid cell lines or from microdissected or flow-

sorted chromosomal regions (Nelson et al., 1989). The applicarions of Alu

PCR now reach well beyond the initial aims of detecting human-specific

sequences in somæic cell hybrids and the method has now been employed for

cloning, mapping and walking srrategies (weber, 1990). An added bonus of

the Alu PCR is that the ends of the Aluelements often exhibit polymorphisms

benveen different individuals and can serye as useful genetic ma¡kers

@conomou 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

gâmetes, referred to as sperm mapping (û et 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 deærmination of recombination

frequency between genetic markers that are physically very close.

In a way simila. to the RFLP approach, pCR has been used with

arbinarily chosen primers for generating genetic ma¡kers, genome mapping and
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DNA fingerprinting (Williams et a1.,199q V/elsh andMcClellan{ 1991a, b;

Bassam et a1.,1991). The approach of V/illiams et al. (L990) and Bassam eral.

(1991) relies on the amplificuion of genomic sequences with a short

oligonucleotide, typically 8-10 nucleotides in length. The amplified producrs

(RAPDs) segregate in a Mendelian fashion. Whereas Welsh and McClelland's

(1991a" b) method involved two cycles of low stringency emplification followed

by PCR at high stringency and the amplifred products were separated on

sequencing gels and visualized by auoradiography. welsh and McClelland

(1991c) also demonsmted that oligonucleotide primen can be used alone orin

pairs to generate different PCR producs, thus revealing morc polymorphisms

for DNA fingerprinting and genome mapping. Recently, Maftin et al. (lg9l)

identified DNA markers linkd ø aPseudomarøs resistance gene in tomato by

using the RAPD method and isogentic lines. one of the drawbacls of these

markers is that they are scored as dominant ma¡kers and heærorygotes cannot be

distinguished (Welsh et a1.,1991), while RFLP ma¡kers are generally

codominant and consequently able to identify heterozygoæs @urr et a1.,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 sufEcient DNA for

sequence analysis because DNA fragments of a lengttr 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 @gelke et a1.,1988; Innis et a1.,1988). pCR

can be used to generate single-stranded DNA products to serve as sequencing

templaæs by minor modifications of the amplification protocol (see review by

Gyllensæn, 1989). Sirnilarly, conventionat PCR has been perfonned with one
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of the primers chemically modified with biotin. The resulting PCR producs

have one of the two strands specifically end-labelled with biotin that can be

immobilized on an avidin+oated solid matrix for sta¡rd separation (Mirchell and

Merril" 1989). Enzymatic sequencing reactions can be thennally cycled with a

thermostable DNA pollmerase simila¡ to PCR amplification This approach

utilizes the dideoxy-terminatümethodof Sanger OnT and a sequencingprimer

either specific to the fragment under study, or the universal sequencing primer

utilizing primer binding siæs intnoduced by cloning or PCR (Gyllensæn and

Erlich, 1988; Innis ¿r aI., 1988). As for PCR products, there are three most

common ways to sequence them: subcloning, asymmetric PCR, and di¡ect

sequencing.

A contig is a set of partially overlapping cloned DNA fragments that cover

a stretch of the genome without inæruption. 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

a¡e ordered and the gaps between the contigs are determine{ the appropriaæ

primer pairs can be used to generate the physical DNA necessary ûo fill in ttre 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 et al.,l99L). The

fluorescent sequencing is well established in the Applied Biosystems Inc. (ABD

machine ttrat allows for all four DNA sequencing reactions o be electrophoresed

together in a single gel lane (Connell et a1.,1987). Based on the same

principal, ABI also developed a fluorescent DNA fragment analyznr which can

accommodate fou¡DNA samples in a single gel lane by the use of fourdifferent

colour fl uorescent dyes.
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1.2.6. Contamination and its prevention

The extreme sensitivity of FCR makes the procedure very vulnerable to

çq¡trmina¡ion due to minute amounts of maærial which could beproducts of a

previous FCR reaction (carry over), exogenous DNA, or other biological

maærial. One approach to inactivate the conta.minæing æmplaæ involves short-

wavelength ultraviolet irradiation of the reaction mixnue prior to emplification

(Sarkar and Sommer, 1990). An alternative inactivuing method involves the

photochemical modification of the amplifiedDNA, thereby blocking theTaq

polymerase frrom further extension after it encounters a modified base in the

template strarid (Isaacs et a1.,1991).
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1.3. Aims and scope of this thesis

Molecula¡ markers, especially RFLPs, have become important tools for

genetic research and practical brceding in the last decade. A large number of

molecular markers are needed for genetic mapping and other analyses. As

cereals are the most importarit 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 ma¡ker in [¡rmans, is also the main technique employed in

cereal mapping programs. However, the high-cost and technical complexity

associ¿ted with RFLP analysis have hampered its application For the same

feasons, plant bneeders have been reluctant to accept and apply this æchnique.

It is not surprising that there was little information available for RFLP analysis in

cereals when the present study was initiaæd-

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

serye a similar rcle but had not been utilized for mapping in plants before the

commencement of this study. To realize is 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:

The primary goal was to adaptPCR 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. rcR is a powerful technique for amplifying

specific sequences from extremely small ¿meunts of DNA. But the

ideal technique for genetic mapping should be able to provide a near

I
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2

infrnite number of markers which m4p to all pans of the genome. Two

t¡pes of primers have been chosen for the ta¡get region of PCR to

generate genetic markers, those that target specific, known sequences

and those that target intronrxon splice junctions.

The application of PCR for the investigation of intravarietal and

interva¡ietal polymorphisms in cereals. Another aim was o deveþ a

cheap, fast and sensitive method for cultivar identification with the basic

criteria of distinguishable variation, reproducibility, minimal

intrava¡ietal polymorphism, and envi¡onmental stability.

The deveþment of techniques for the generation of DNA ma¡kers frrom

chromosome segments. One of the eims was to identify DNA markers,

e.g. GPGD gene, ûo assist the transferring of CCN resistance from rye

to wheal Cloning of GPGD (Gphosphogluconare dehydrogenase)

gene in cereals was aüempted through rcR with primer derived from

DNA and proæin sequences of GPGD genes from organisms other than

cereals. Another aim was to obtain clones from a segment in

chromosome lR of rye. The process of achieving this goal is to clone

the flanking regions of rye-specific repetitive sequence in lR with the

combination of PCR and Southern analysis.

rmproving the methods of PCR analysis. Automation of the detection of

PCR products offers the prospects of improved sensitivity and speed.

The Applied Biosysæm'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 nonnal

Southerns. It seems th¿t there a¡e certain substances in the seeds also

hampering the PCR amFlification The deveþment of a method for the

amplificæion of seed DNA was included in the present study. This

3

4

5
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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 a¡e indicued in the section describing their use.

2.L.2 Genetic materials

Bulk se€ds of hexaploid wheat (Trirtcumacstivurn) w. Chinese Spring,

the other wheat varieties and breeding lines, rye (Secale cereale) sy. Imperial

and cv. South Australia the seven wheat-rye addition lines (1R-7R), barley

(Hordeutnvulgue) w. Betzes, and the six wheat-barley addition lines

described by Islam et al. (r98r) were obtained from Dr. IC v/. Shepherd (waite

Institute). The triple translocation line CmL) of wheat w. chinese spring (c.s.

18tr + lALlRS +IBL-IRS + IDLIRS), in which the short a¡m of

ch¡omosome 14, 1B, and 1D are all substin¡ted by the short amr of

chromosome lR from rye cv. rmperial, was also provided by Dr. K. W.

Shepherd- The barley lH* addition line (Islam and Shepherd, unpublished)

was very generously provided by Dr A.K.R.lv[. 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 ch¡omosomes

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

monosomic addition containing one copy each of lH and 6tt

2.1.3. Sources and description of the probes

RW229/pMNl was kindly supplied by Professor R Wolf, Depr Biol.

Science, Univ. Maryland Baltimore County, USA. GPGD-I was a generous

gift from Professor HC Towles, DepL Biochem.,Univ. Minnesotq USA.

2.1.4. PCR machrnes

The PCR machines used in ttris study were DNA Thermal Cycler (Perkin

Elmer Cetus); InælligentHeating Bloch Thermal Reactor, C-ombi Thermal

Reactor TR2ftIybaid); FTS- 1 Fast Thermal Sequencer (Corbea Research);

DNA Amplifier GM-10 (Barælt Instnrment); Programmable Therrnal C-ontroller

(MJ Resea¡ch).

2.2. Laboratory Methods

2.2.L. Transformation of E.coli by plasmid DNA

Transformation of the E. coli strain JM109 was based on the method of

Hanahan (1985). 50oml of JM109 cells at log phase (46004.45-0.55) were

collected by centrifugation æ 2500xg for 15 min at 4oC. 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. 14O ul of DMSO was added to

the suspension and 315 ul of lM DTr added 5 min laær. After 10 min, 150 ul

DMSO was added to the suspension was kept on ice for further 5 min. 10 ng

DNA was mixed with 200 ul cell suspension and incubaæd on ice for 30
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minutes. The cell suspension was'heat shocked' at42o0 for 2 min. 800 ul of

SOC was then added to the suspension and the cells were incubated in a 37oC

shaker for 45 min. The cells were plated onto LB-agar plates with appropriate

antibiotic, IPTG and X-gaL The plaæs were incubated ovemight to establish

colonies.

2.2.2. Minipreparation of the plasmid probs

A single E. coli colony containing arecombinantplasmid was used to

inoculaæ 2ml of LB containing 5ul of antibiotics (10u9/ml). Cells were grown

ovemight at37oc with vigorous shaking. The culture was transferred to an

Eppendorf tube and spun for one min in a m_icrofuge. The pellet was- SOmM gtucose, 75mtñ ¡ris:ttct OorJs) ¿ tamM ÉDTA
resuspended in buffer lfr, to which 10ul lysosyme (40ugml) was adde{ and

incubated on ice for ?-0 min. Then 200u1 of buffer 2 (0.2M NaOH, 0.17o SDS)

was added, the tube was gently inverted twice and left on ice fø 5 min. 150u1

of buffer 3 (3M NaOH pH 4.8) was adde{ gently mixed and the solurion was

left to stand on ice. After 10 min tlre mixuue was centrifuged for 5min; around

400ul supernatant was taken into a new ûlbe and extracted with equal volu'nes

of phenoVchloroform. After centrifugation for 2 min, an equal volume of

isopropanol was added to the sq)ernatanr The tube was inverted a few times

and stood on ice for 15 min. The precipitaæ was collected by centrifugation for

5 min and the pellet was washed twice with757o ethanol and dried under

vacuunr. The pellet was resuspended in 50ul TE containing RNase (final

concentration lOug/ml). If necessary, the solution was extracted once more

with phenoVchloroform- The supernatant was precipitated by adding acid salt

and isopropanol, freezing, spinning and washingnTl%o ethanol as described

above.
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2.2.3.I-arge-scale DNA extraction from plant tissue

I:rge-scale DNA isolations were made from approximaæly 5 g fresh

leaves. The leaves were ground to a fine powder under liquid nitogen and then

suspended in 100 ml extraction buffer (4% sarkosyl" O.t M Tris-HCl, 10 mM

EDTA, pH 8.0). An equal volume of phenoVchloroform/lsoamylalcohol

(?S:V|:L) was added and the slurry mixed for 90 minutes at 4oC. After

separæion of the phases by centifugation, the upper aqueous phase was poured

off and filæred through fine nylon mesh. The solution was mixed with l0 ml

sodium acetate (3 M, pH 4.8) and250 ml ice cold ethanol. The DNA was

scooped out with a spatula" washed nvice with707o ethanol and dissolvednT

ml TE (5 mM Tris-HCl, 0.2 mM EDTA, pH 7.5). The DNA was further

purified via CsCl equilibrium centrifugation (Maniæis et al. 1982).

2.2.4. Small-scale DNA extraction from plant tissue

small-scale DNA isolæions used 5G200 mg of young leaves. These were

ground to a powder in 2 ml Eppendorf ûrbes under liquid nitrogen. The

powder was then mixed with 1 ml extracúon buffer and, subsequently, with

0.75 ml phenoVchlorofonn/isoamylalcohol. The whole mixture was shaken for

20 to 30 seconds and the aqueous phase recovered after centrifugation. The

phenoVchloroform/isoamylalcohol extraction was repeated and the DNA

precipiøted by ethanol precipitation.

2.2.5.Isolation of bacteriophage l, DNA from plate lysates

Phage DNA was isolated by the standard method described by Maniatis er

at. (1982).
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2.2.6. Restriction digests, fragment isolation and ligation

Resuiction enzJmes were purchased frrom either Boehringer Mannheino,

Pharmacia or New England Biol¿bs. The enzyme buffers were obtained from

the manufacturer or made up at æn times the final concentration as recommended

by them. DNA fragments were isolated with a GENE CI-EAN (BIo 101) kit

following suppliet's instn¡ctions. Dephosphorylation of fragment ends was

achieved by incubation of DNA with 1 unit of calf-inæstinal alkaline

phosphatase @oehringer-Mannheim) for 30 minutes at3To0in 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 n}.B-l.SVo

agarose gels with TAE buffer. After electrrophoresis, the gel was immersed for

15 min in the buffer containing I mgllethidi"m bromide and phoographed by

Pola¡oid camera fitted with a red filter under LIV light QÍarm).

After electnophoresis, the gel was immersed for 15 min in the buffer

containing L mg/l ethidium bromide and photographed by Pola¡oid camera fitted

with a red fi.lter under UV light (ã4nm).

Some of the PCR products were fractionated by lo%o polyacrylamide gels

Polyacrylamide gels were prepared according to Maniatis et al. (1982) in verticat

electrophoresis tanls made at the lVaiæ Instiute. The gel was prepared from

33 ml of acrylamide-bisacrylamide (30:1, dw), 10 ml of IOxTBE buffer, 2.1

ml of 3Vo amtno¡¡um persulphaæ, 30 ul of TEMED (NN,N',N'-
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tetramethylethylene diamine), and 55 ml of H2O. The gel was allowed to

polymerize for 2 hou then pre-nrn at 35 mA for 15 min. I-a¡res were washed

with buffer before loading the samples. The running buffer was also TBE and

the cu¡rent 35 mA The gel was stained with ethidium bromide andvisualized

as described above.

2.2.8. Southern transfer of DNA fragment

Approximaæly 5 pg of total plant DNA was digested to completion with

restriction endonucleases as tecorlrnended by the manufacturer, sepa¡ated on

O.8-L.5Vo agarose gels in TAE buffer (0.04 Tris-aßetate, 0.001 M EDTA).

Following eletnophoresis, 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 neutraliz¿tion (1.5 M NaCl, 0.5 M Tris-HCl, pH 7.5 for 30 min) and

then transfered (ovemight) with l0x SSC (1.5 M sodium chloride-O.15M

sodium citate) frrom the gel to the surface of Hybond N* membrane

(Amenham) by the method described by the manufacturer, which was a

modification of that originaly described by Southern (195).

2.2.9. Dot blot

DNA transfer was perfømed in a dot bloring apparatus made by Schleicher

&Schuell following the manufacture/s recommendation. The DNA to be blotted

was diluted to a final volume of l00ul with TE and denatur€d by adding 900u1 of

0.4M NaOH and incubating at room temperatr¡re for 5 min. A piece of nylon

membrane Qlybond N+, Amersham) and a piece of filærpaper (whaunan No.l)

were cut to requircd size and soaked for 5 min in 0.4M Naorl The filær paper

was placed on the bouom section of the dot blot manifold and overlaid with the



36

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 membnane

via the wells in tlre top of the dot blot appamtus and washed nvice with 500ul of

0.4M NaOtL The membrane was removed f¡om the apparatus and rinsed trvice

in 1OxSSC. The subsequent hybridization was ca¡ried out as described in section

2.2.11 (nlybridi zation and washing of membranes).

2.2.L0. Labelling of DNA with 32P

(A) Pnobes were radioactively labetled with [cr-32p1dCTP accord.ing to the

oligolabelling procedure of Feinberg and Vogelstein (1983). Relevant DNA

fragmens were either isol¿t€d from preparative agarcse gels and labelled with

the "Oligo Priming labelling Kit" from Amenham or they were cloned into

pUC 19 and specifically labelled by using the forward and reverse sequencing

primers instead of the mix of random primem in the labetting reaction. The

labelled products were separated from unincorporated nucleotides on G75

(Pharmacia) minicolumns prepared in Pasæur pipettes.

(B) Cereat genomic DNAs were labelled with [cr-32p1dCTP by a "Nick-

tra¡rslation" kit from Bresatec (Rigby et a1.,1977). The labelled products were

separaæd on the minicolumns described above.

2.2.L1. Hybriduation and washing of membranes

Hybridizations wer€ carried out overnight at 65oC in 0.6 M NaCl, 20 mM

PIPES, 5 mM EDTA, 17o SDS, 0.2Vo gelaÊn,O.ZVo ftcoll,0.2Vo

polyvinylp¡moidone, 0.57o tetrasoditrm p¡nophosphate, 500 ug/ml of carrier

DNA, pH 6.8. The membranes were washed 20 min at room temperature in 2x

SSC, 0.17o SDS, 20 min at 65oC in 0.5x SSC, 0.17o SDS; and 20 min at
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65oC in 0.2x SSC,0.17o SDS. The membranes were then dried on blotting

paper (Whaman No.l) and wrapped in Glad V/rap for autoradiography.

2.2.12. Autoradiography

The mounted membranes were placed with a sheet of X-ray filncs (Fuji,

NF) in a casseue fiued wittr intensifying screen. The cassette was kept at

-70oC for l-7 days and the film was subsequently deveþed manually or in a

Agfa Curix 60 film processor.

2.2.L3. Programs for PCR machines

The standardreaction consisted of 45 cycles each of 1.5 min æ 95oC,2

min at 55oC and2 min at 72oC. V/ith the intron splice junction primers and/or

random primers the first 6 cycles were at 94oC for 1 min, @C 1.8 min, 72oC

2 min. This was followed by a further 28 cycles of 94oC 1 min, 58oC 1.5 min

andT2oC 2 min. Alteration to these conditions a¡e described in the æxt

2.2.14. PCR reaction conditions

The polymerase chain reactions were ca¡ried out in a25 or 100p1volume

containing 0.2 - 0.5lrg of genomic DNA template,0.2 FM of each primer,200

pM each of dATP, dCTP, dGTP and dTTP, 50 mM KCl, 10 mM Tris-HCl (pH

8.3), 1.5 mM MgCl2,O.ÙlVo gelatin and0.2 - 0.5 units of Taq polymerase

(Perkin Elmer Cetus or Promega). The PCR was performed in one of the PCR

machines described n2.I.7. If not specifie{ Pnogrammable Thermal

Controller (from MI Resea¡ch) was used for the PCR amplifrcation.
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2.2.L5. Method of inverse-PcR

This mettrod is based on the inverse-PCR procedure by Ochman er

ø/.(1988). Restriction digess were ca¡ried out using 5 ug of rrl- genomic DNA

treated with 10 units of Hind Itr (section 2.2.6). The digested DNA was

extracted nvice with phenoVchloroform/isoamylalcohol" and the DNA

procipitated by ethanol precipitation

For circula¡ization, 0.1 ug of the Hind m restiction 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 I unit/ul and the reaction was allowed to proceed for 16 hr at

l2oc. The Iigated sample was then treated with

phenoVchloroform/isoamylalcohol and precipitated as describ€d 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 (MI Research) with 35 cycles each of 1.5 min at 95oC, 3 min u
55oC and2 min at 72rc. 1¡s amFlified products were extracted twice with

phenoVchloroform/isoamylalcohol, and the DNA precipitated as before, and

then digesæd with Pst I and ligated into pUC 19 cle¿ved with pst I.

2.2.L6. Nucleotide sequence analysis

The sequencing reactions were performed on double stranded plasmid

DNA using dye labelled primers and following the cycle sequencing protocol

(ABD. The procedures used ate as follows:
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Reaget

The following reagent were aliquoted into four 0.5 microcentrifuge tubes:

c TGA
d/ddNtPMIx

Dyeprimer

5x Buffer

DNA ærylate

Taq (1

lul
lul
1ul

lul
1ul

1ul

1ul

lul
lul
lul

2ul

2ll
2rrl

2ul
2uI

2vl
2ul

^l2al

zvl
Toal Volume 1Or¡l 1Oul

Each of the u¡bes werc overlayed wirh 20 ul mineral oil and placed in a

PCR machine.

A DNA Thermal Clcler (Perkin Elmer C-eus) was used for the sequencing

¡eaction \Ãdth 15 cycles each of 0.5 min at 95rc, 0.5 min ar 55oc and 1 min at

70oC, and another 15 cycles each of 0.5 min at 95oC and 1 min at Z0oC.

Afær sequencing reaction, the four separate reactions were pooled,

ethanol precipitated and dried in a vacuum. The pellet was then resuspended in

6 ul of deionlzîÅ,formamide/S0mlvl EDTA CIHS.O) Sll (vtv). The sample was

heated at 90oC for 2 min and loaded onto a preelectrophoresed acrylamide gel in

a373ADNA Sequencing System (ABD.

Fluorescence analyses and base calling were performed with the ABI

softwa¡e version 1.30.

2.3. Statistical Methods

Parsimony analysis of the PCR data was ca¡ried out using the comFuter

progaûrs of PAUP developed by Dr.D. L. Swofford @linois Natu¡al History

Survey) and Phytip developed by Felsensæin (1982).

5ul5ul
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Chapter 3

Identification and mapping of polymorphisms through the

polymerase chain reaction.

3.1. Introduction

Genetic ma¡kers are of great value in practical breeding programs and

genetic resea¡ch. Traditionally, markers based on morphological differences

between individuals have been used. The subsequent deveþment of isoryme

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 rnaps and the mapping of agronomically and

physiologically important characærs. The major strength of DNA probes, so fa¡

mainly RFLPS, is that they have the poæntial to reveal an almost unlimited

number of polymorphisms (Kan and Dozy,1978; Botstein et a1.,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 tornato, potato and maize

(reviewed by Tanksley et a1.,1989). However, they are expensive and time

consuming and technically difficult to use in some species with large and complex

genomes, particularly wheal This complexity of ttre wheat and related genomes
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has delayed the deveþment of such maps for these plants even though recent

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

An alærnative method, with the poæntial to overcome some of the curcnt

limitations in cereal genome mapping, is based on PCR (Saiki et a1.,1985;

Mtillis and Faloona, 1987). In this case, polymorphisms are sought in ttre

distance benveen 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. Ca¡eful selection of the primers will allow many

polymorphisms to be deteaed and mapped as standard genetic ma¡kers. D'Ovidio

et al. (1990) reported that PCR can be used to deæct 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 olerated (Sommer and Tautz, 1989). This gives the option

of using sequences with only paftiat homology o the target sequence to prime the

PCR. An extension of this principle has been developed by Williams et al.

(1990) who have used entirely random primen to generate polymorphic PCR

bands.

PCR has provided an alærnative approach to many procedures in molecula¡

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

extemely sensitive method for the detection of qpecific RNA and DNA sequences.

This has led to the use of PCR ûo reveal variability of simple sequences in

eukaryotic genomes (Litt andluty, 1989; Tauø, 1989; lVeber and May, 1989).

PCR methods based on families of repeated sequences, such as A/¿-direcæd PCR
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in human genome analysis, provides the prospeø of a rapid genome mapping

technique (Nelson et a1.,1989).

This chapterdescribes the use of PCR to reveal and map polymorphisms in

cereals. Two types of primers have been tesæd: those that target specific,

known sequences (cr-amylase) and those that target intron-exon splice junctions.

Both types offervaluable new sources of variabitty that can be more rapidly and

cheaply exploited than RFLP markers.

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

amylase)

cr-amylases (F:C3.2.1.1) is an important enzyme in biology and industry

because of its central role in the hydrolysis of sta¡ch (for a review, see Robyt and

Whelan, 1968). The a-amylase genes comprise multigene families in wheat and

barley. As many as l2-L4 a-atnylasel and 10-11 a-arnylase2 genes were found

in wheat by hybridization to ø-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 6FI and 7H in

barley (Lazarus et a1.,1985; Muthulrishnan et al., t984; Baulcombe et a1.,1987).

There a¡e various degtees of homology between these gene sequences @aulcombe

et al., 1987:' Chandler et al., 1984; Huttly et o1.,1988; Knox et al ., L987; Lazarus

et al., 1985).
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3.2.I. Comparisons of cr-amylase gene sequences and the designing

of primers for PCR

The published nucleotide sequences of three wheat and ¡vo barley a-

amylases were compared by a sofrwa¡e package: "DNA Inspector IIe" (fextco).

The names of the cr-arnylase clones where the sequences a¡e from and their

chromosomal locations are listed in Table 3.1.

Table).1 cr,-arnylase clones and their chromosomal location

cr-amylase clones soruces chromosomal location

barley

barley

wheat

wheat

wheat

6H

7H

group 5

TD

7A

* Knox et al. (1987).

** Baulcombe et al. (1987).

{'** Huttly et al. (1988).
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The comparisons between barley cr-amylase p141 and other c-amylases

were displayed in Fig. 3.1. The results of the comparisons are generally in

agreementwith those available in the orignal publications @aulcombe et al.,

1987; Chandler et o1.,1984; Huttly et a1.,1988; Knox et a1.,1987) although one

should be awa¡e that different computerprogiuns were used. The mapping of

the PCRproducts was atþgf€d using wheat-ba¡ley addition lines as this approach

is simpler than using wheat arre.foia stocls. The primers were chosen to

hybridize with nvo conserved sequences that flank a region containing va¡iable

sequences. In this way several individual o-amylase genes would be targeted

simultaneously and length polymorphisms between the sequences complementary

to the primers, could be identifred (Frg. 3.2). A Nae I restriction site was

incorporated into each of the primers to allow restriction digestion and cloning of

the amplifiedDNA if required. Both of the 3'ends of the A1 andA2 primers

were perfectly marched to the ta¡get sequences.

3.2.2. Optimisation of reaction conditions for PCR

Fig. 3.3 shows the arrrplification products generated when the ¡vo primers,

A1 and 42, 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 c-amylase (a-Amy 1) is 163 bp. A band of approximate|y 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 and440 bp in barþ. Two polymorphic bands

could also be detected betrveen wheat and rye genomes (compare lanes 1 and2,

Fig. 3.3).



Fig. 3.1. Comparison of cr-amylase sequences.

The a-amylase sequences were compared by a software package: "DNA

Inspector IIe" (fextco). Individual dots on the diagram indicate homology

between short stretches of nucleotide sequence (streæhes of 12 nucleotides

in this study). Regions which are highly conserved between sequences

appeaf as many dots in close proximity, thus forming lines. The sources

of the sequences a¡e indicated in Table 3.1.

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

B. Comparison of barley a-amylase sequencepl{l and wheat cr-amylase

sequence Al'tTY3ß3.

C. Comparison of barley ø-amylase sequence p141 and wheat cr-amylase

sequence ANÍY2ß4.

D. Comparison of barley cr-arnylase sequence pl4l and wheat cr-amylase

sequence ANfY2l54.
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Fig. 3.2. Schematic representation of the location of the A1 and A2

primers.

The data were from Fig. 3.1. A1 and A2 are the nvo primers derived

from conserved sequences of ø-amylases.

A1 : 5'GCACGCCGGCGGGTGGTAC3'.

A2: S'GCCGGCTTGCCGTACTTGG 3'.

The shaded box indicates the sequences homologous to A1 and 42, 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 6¡-amylase primen A1 and

42.

The template DNA was from wheat (Chinese Spring) in Lane I, rrye

(Imperial) in Lane 2 andbarley (Betzes) in Lanes 3, respectively.

Amplifrcation was performed as described in Section 2.2.12 and2.2.13.

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 ø-amylase sequences with 32 cycles of PCR

and using 55oC as the annealing temperature @ig. 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 æmplates

were added. The 163 bp band was notproduced 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 templaæ DNA ¡s¡ nmFlification with o-

amylase, using the 163 bp band as an indicator @ig. 3.4).

As the optimal Mg+ concentration varies wittr different æmplates (Safü,

1989), a range of PCR buffers with different Mg++ concentration was æsted

with a-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 st¡ongest 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 (lane2,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

amplifrcation.

3.2.3. Mapping of polymorphisms

Fig. 3.6 shows ¡þs nmplification prducts generated when the two primers,

A1 and A2, were used with DNA from wheat (cv. Chinese Spring), barley (cv.

Beøes) and the wheat-ba¡ley 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 barþ (cv. Betzes) could be mapped to



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

DNA.

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

performed as described in Fig. 3.3 except that DNA concentration was

varied from 5pg to 5ug per reaction (as indicated at the top of each lane).

DNA size markers a¡e shown in lane MW with the sizes of the ma¡ker

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

DNA

The template DNA was from barley (Beøes). Amplifrcations were

performed as described in Fig. 3.3 except that MgCl2 was va¡ied from

1.5 to 5 mM: lane 1 (1.5 mM), lane2 (2mM), lane 3 (3mM) and lane 4

(5 mM). DNA size ma¡kers 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 prducts with cereal DNA using cl-alnylase

primers A1 and 42.

The template DNA was from wheat (Chinese Spring) in Lane 1, barley

(Betzes) in Lane 2 and the wheat-barley addition lines lH to 7H, in

Lanes 3 to 9, fespectively. DNA size markers a¡e shown in Lane M.

The barley specific band at 400 bp in Lanes 2 and 9 is indicated by an

arow. 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 37o

agarose gel.
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barley chromosome 7H (compare lanes 2 and 9, Fig. 3.6) on a37o 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 a-amylase primen (section 3.1) demonstrated

the value of the FCR æchnique in revealing and mapping polymorphisms in

cereals. However, for this type of reaction it is necessary to have adequaæ

inforrnation about the target sequence to allow synthesis of the primers that a¡e

likely to target regions of variable lengths. The need for this information would

greatly limit ttre applicability of PCR as a mapping tool. An alærnative strategy

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

(rsÐ.

Introns have been identifred in most plant genes sndied (Hawkins, 1988)

and the junctions ûo 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 va¡iable in sequence and length. These properties

would appear to make the ISIs ideal targets for the identification of

polymorphisms in PCR products.

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

(rsJ)

The sequences of the ISJ primers, Rl, R2, E3 andE4 (Fig. 3.7), are

based on the consensus sequences of the junctions reported for plants @rown er

al., L986; 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



Fig. 3.7 . Schematic representation of the location of plant intron splice

junction ISJ primers.

The sequences of Rl, 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 arows.
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(E3 and E4) or 18 (Rl and R2) bases in length. The consensus sequence for the

splice junctions is 9 bases at the 5' site andT 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 B[ primers an Eco RI

site was added to facilitate cloning of the PCR products if required- The results

of Sommer and Tauø (1989) suggest that only the tt¡ree bases at the 3' end of the

primer are critical for effrcient FCR. 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 generaæ 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 ttre first 6 cycles \ilas at 40oC. This was then raised

to 58oC for the final28 cycles. A low annealing t€mperature was used forthe

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 primen can be used in conjunction with specific primers based on the

sequence information from defined cereal genes. Fig. 3.8 shows the results of
q

arrrplification of cereal genomic DNA with the and R1 (5'splice

siæ) primers. A clea¡polymorphic bandcan be seen between the wheat and

barley patterns atzl0 bp (lanes 1 and 2, Fig.3.8). This band can be localised to

barley chromosome 5H (at lane 7).



Fig. 3.8. Amplifrcation of cereal DNA using the ø-amylase

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 lH to 7H, respectively. The positions of DNA size

markers is indicated on the right in base pairs. The barley specific band

at2LO bp in lane 2 and] is indicated by an arrow on the left. The PCR

products were fractionated on lÙVo polyacrylamide gels.

q
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The amplification products obtained from cereal DNA \ilith ISJ and random

primers a¡e shown in Fig. 3.10a and 3.10b. \Vhen ISJ primer Rl (5' splice site,

exon targeting) was used with random primer B1, a faint smea¡ of bands was

obtained (Fig. 3.9). The PCR products werc too complex to allow resolution of

single bands and could not be used directly for the identification of

polymorphisms. However, if the æmplate DNA was digested with the restriction

endonuclease Eco RV prior o the PCR reaction, clear banding patterns were

generated- A distinctive pattern of polymorphic bands was observed between

wheat and barley (compare lanes 1 arnld2 in Fig. 3.10a). A barley specifrc band

of 110bp could be mapped onto lH* and 6tI (Lanes 3 and 8 at 110bp). As 1H*

is acnrally a double monosomic line of the ba¡ley chromosomes lH and 6H (Islam

and Shepherd, unpublished), the barley specific band is probably locaæd on 6H

alone rather than on both lH and 6FI.

The R2 primer (3' splice site, exon targeting, Fig. 3.7) coupled with random

primerl-l (Ll is aprimercomplementary to the inm434portion of 2r,gt10

template, Huynh et al.1985) also revealed extensive polymorphisms between

wheat and barley (compare lanes 8 and 9, Fig. 3.10b). A 450bp arrplified

fragment specific to barley was mapped to barley chromosome 3H using the

addition lines (Lanes 5 and 8, Fig. 3.10b). Noæ also a band at 280bp present in

wheat, barley and the addition lines (Fig. 3.10b). The intensity of this band is

st¡onger 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.



Fig. 3.9. Amplification of cereal DNA using ISI primer R1 coupled with

random primer 81.

ISJ primer Rl and random primer 81. were used to amplify cereal DNA.

Lane 1 shows the products obtained with wheat DNA (Chinese Spring),

lane2barley DNA (Betzes). The reaction conditions were described in

section 3.3.2. The size of the marker bands in base pairs is g¡en at the

left. The PCR products \ilere fractionated on a3%o agarose gel.
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Fig. 3.10. Amplif,rcation 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 lOTo polyacrylamide gel.

r. ISJ primer Rl and random primer B,1 were used to amplify cereal

DNA. The DNAs were pre-digested with Eco RV prior to amplifrcation.

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 lH to 7H, respectively. The barley specif,rc band in lane2,

3 and 8 at 110bp is indicated by arrows on the left

b. ISJ primer R2 and random primer Ll 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 lH, respectively. The

barley specific bands in lanes 2,5 and 8 are indicated by an alrow on the

left.
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3.4. Discussion

In this study, the polymorphisms identified by the PCR a¡e in the length of

region arnplified- 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 t¡pes of pollmorphisms are abundant

(Litt and Lrty, 1989; Tautz,1989; V/eber and May, 1989). A major limitation for

the PCR approach is the need fø extensive sequence information in order to

synthesize the appropriaæ 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 ttris way specific, known sequences can be amFlified out of the

genomic DNA; for a simple targeq such as an individual gene, one band may be

generaæd. More complex patterns can be obtained if multi-gene farnilies are

targeted using primen that show homology to several members of the family.

This type of marker is exemplified by the cr-amylase gene family. The primers

A1 and A2were selected to allow the deæction of multiple genes and to flank an

area that was thought to be variable @aulcombe et al.,1987; Huttly et al., 1988;

Knox et a1.,1987). One of the major bands generated, at163 bp, was as

predicted. The remaining bands could not be unequivocally correlaæd to the

published o-amylase sequences. However, the localisation of polymorphic bands

to barley chromosome 7H is in agreement with the known location of a set of c¡-

amylase genes on this chromosome (Knox et a1.,1987).

Although many plant sequences have been publishd there a¡e fa¡ 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

deæcted through the PCR. This can be achieved by the use of random sequences

to prime the reaction (Williams et a1.,1990; Welsh and McClellan{ 1Ðla) 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

scquences occurra¡ely, if at all, in heærochromatic regions since these a¡eas are

unlikely to contain genes of agronomic importance to which linkage would

subsequently be soughr The criæria outlined a¡e best met by the conserrted

regions of genes. Several options exisq for exarrple, the translation start signals,

the poly A addition sites, promoær and enhancerregions and the intron-exon

splice junctions. Here the consensus sequence information for plant intron splice

junctions (ISÐ (Brown 1986) was used.

There are four major advantages in using the ISJ sequences to generate

primers. Fint 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 sqtruence only a sub-set of splice

junctions will actually be targeted- Mismarches in the ¡emainder of the primer-

target pairing increase the number of targets and the complexity of the

arnplification prducts. 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 andis likely to get a good

chromosomal distribution of polymorphisms. These aspects are of particular

imponance in cereal mapping since repeat sequence regions a¡e abundant" rangtng

from about 847o nbarley to over 90Vo of therye genome @avell et a1.,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, orpurely random. The randomprimers used here

a¡e of about 20 bases in length. These primen were substantially longer than the
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9 or 10 base primers described by Williams et al. (190) and it is, therefore, not

possible to make a dire¡t comparison between the nvo types of PCR. If bottt

primers a¡e random, the probability of finding ttre target se4uence 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 @rlich, 1989) . Forrandomprimen longerthan 9-10 bases the likelihood

of success in the PCR is increased through the use of the ISJ primers in

conjunction with eitherrandom or defined primers. The examples presented here

demonstraæ that the ISJ primers can be used singly or in conjunction with either

def,rnedorrandomprimers if the conditions forPCR amplification are optimized.

Pre-digestion of the templaæ DNA with a resriction endonuclease is

required in some cases when the ISJ primers a¡e used alone or in conjunction with

other primers (e.g. Fig. 3.9). The major effect of predigestion 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 alttrough

some variation has been seen (data not shown). There are two possible

explanations for this effect. First, the digestion rnay prevent the amplification of

certain regions by cleaving berween ttre target sequences. This would lead to a

reduction in band complexity and occasional va¡iation between the patterns

generated by templates digested with different endonucleases. Second, the pre-

digestion may allow improved denatuation and replication of some of the template

DNA fragments as a result of the reduced length and betær access for theTaq

polymerase to the DNA.

Two tlpes of FCR can be used to detect andmap 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 specifrc primers will be a valuable æchnique for screening
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with one or few markers in a breeding program. For exartple, if an RFLP

marker were identified that is closely linked to a gene of interest, the RFLP probe

could be sequenced and PCR primen synthesized. The locus could then be

monitored through the PCR rather than the more diffrcult RFLP. This procedure

would be justified if large numbers of plants were to be screened.

A second type of PCR uses the ISJprimers. 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 standa¡d PCR, do not require

radioactivity to detecL
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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 va¡iation. Comparisons of sha¡ed

and polymorphic restriction fragment lengths, RFLPs, have been utilised to

infer phylogenetic relationships in different species Qlavey and Muehlbauer,

1989; Saghai-Maroof et a1.,1984). Song ef ¿/. (1988 a" b; 1990) used RFLPs to

estimaæ genome relationships within Br¿ssíca, as well as between Brassica and

wild relatives. In the last few years, mini- and micresaællite sequences have

been found to detect DNA fingerprinting in many organisms (Jeffreys et al.,

1985; Nakamura et aI., 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 Faloonu 1987) has been used with arbitrarily chosen primers

for generating genetic ma¡kers and forDNA fingerprinting (Williams et al., L990;

Welsh and McClelland, 1990, Welsh et a1.,191; Caetano-Anolles ¿r al.,l99L).

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 va¡iation in landraces sampled directly from fields in han were at a
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level between the low values of European cultivars and the high values of nanral

populations of wild barley in Israel. Landraces were also less va¡iable than wild

barley for cpDNA types (Clegg et a1.,1984). However, Jana and Pietrazak

(1988) compared allozyme diversity in m¿rched pairs of samples of wild and

cultivated barley from the same site in fourcounries. They found that on average

the diversity in cultivated landraces equalled or exceeded that in nearby wild

populations. These disparate conclusions were considered to a¡ise from the

difference in ttre specific isozyme loci and in the ecology of the wild populations

used in these studies (Brown, 1991). According to Graner et al. (L990), the

total diversity in barley was 0.43 (mean divenity 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, grcwers and the whole agricultural industry in general,

cultiva¡ identification is important both in theoretical and practical temrs,

especially after the int¡oduction of plant variety rights (Simmonds, 1987).

Conventional va¡ietal 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 rapi{ cheap and unaffected by the

environmenl A plethora of methods is availaþls for the identification of wheat

and barley va¡ieties (for a review see Cooke, 1988). The main drawback of

these æchniques is the limited degree of polymorphisms to distinguish closely

related va¡ieties and the fact thu it often requires a combinations of several

techniques (Ainsworth and Sharp, 1989). There has been increasing inærest in

the use of DNA-based procedures for va¡ietal identification although RFLPs a¡e

costly and labour intensive (Ainsworth and Sharp, 1989). Bunce et al. (L986)

demonstrated that RFLPs have the poæntial for identiSing and fingerprinting
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barley cultivars. RFLPs have also been used to distinguish wheat va¡ieties with

ribosomal RNA probes and a heterologous þamylase cDNA clone (May and

Appels, 1987,1988; Shatp et a1.,1988). As shown in Chapters I and 3, PCR

has emerged as the preferred method for generating genetic ma¡kers because it is

faster, simpler and cheaper than RFI-Ps.

As shown in Chapter 3, the ISlprimers andrandom primen are valuable

in detecting and mapping polymorphisms between wheat and barley. However,

for these polymorphisms to be useful in ttre deveþment of genetic maps and

applyng such maps, it is important ttrat ttrey also detect polymorphisms between

va¡ieties or, even better, isogenic lines.

This Chapærdescribes the identification of polymorphisms, through the

use of PCR, between or within populations of some wheat varieties and breeding

lines, ba¡ley varieties and breeding lines, and rye va¡ieties. A collection ofjust

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 cultiva¡s listed here (Table 4.1) include varieties and breeding

lines developed at the V/aite Institute and elsewhere in Australia" va¡ieties from

Japan (e.g. Sumire Mochi), and breeding lines from America (e.g. CIMMYT

42n0Ð. Most of them are varieties commercially available in Australia. rcR

amplification was performed under the same conditions as described in section

3.2.3. Only the reproducible bands in multiple nms were considered in this

study. Fig. 4.1 shows the banding profiles produced by the Rl primer from 42

commercial varieties and breeding lines of barley. Nine polymorphic bands can



Cliooerll l'
Galleon(11

Schoonerll ì
skiff

wl 2692
wl 2736

wt 2737fi1
O'Connor

Stirlinq(1)
Onslow

Moonndvne
Forrest
Windich
Yaoan

Malebo
Ulandra

Grimmett
Franklin

Weeah(1)
Waranqa

ctMMYT 42002
ctMMYT 42026
ctMMYT 42107

ctMMYT 42119
ctMMYT 42120

unknown variety
cM.72

Galleon(2)'
Hulless Betzes Wl-2768

M737
Nirisaki Niio NlJO.9

Sahara 3771
sB 8s216 Wl-2776

lnqrid
Schooner(21

skiff(2)
Stirlinol2ì

Sumire Mochi

T.ANT.17
wl 26s2
wt 2723

wl 2737 el
wA 1087t1
wA 1957t2
wA 2645t2
wA 2650/1
wA 2870t1
wA 735t276
wA 2646t2

Weeah(2)
Haruna Niio 11l

Haruna Niio (2)

Betzes

Table 4.1. Ba¡ley cultivars used in this study

CultivarNo. Cultivar Sources

Waite
F2
F3 Waite
F4

Waite
F6

F7 Waite
F8 WA Austral
F9 WA

F10
F11

F12
F13
F',t4
F1s
F16 NSIA/

F'17
TAS asmanl

F19
vtc

CIMMYT
C¡MMYT
CIM[/fYT

CIMTíYT
unknown

USA

B8 Waile
B9

810 Denmark

B',t2 A ena
813
814 Sweden

Waite
816 Waite

B',t7 Waite
818
819 Denmark

Waite
B2',l Waite

82 Waite
B'23
B.24

826

B.28

B,29 WA

830
831 J

B,32
834

*: (l) and (2) indicar two different accessions of the same cultivar stued in the Waite Instituæ Collection.

**: CIMMYT is located in Mexico.

WA
WA

WA

B1

82
B3

F20

B4

B6

WA
WA
WA
WA
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be seen in this example. 1!¡s amplifiedproducts with the primers E2 (random

primer) and B1 (ISJ primer, Fig. 3.1), respectively, from the barley va¡ieties

and breeding lines are displayed in Fig. 4.2 andFig. 4.3. 'when the Rl primer

was coupled with random primer sl, a different banding pattern of the pCR

products was obtained (Frg.4.4) compared with the primer Rl alone (Frg. 4.1).

Extensive polymorphism arrxrng barley cultiva¡s was revealed by each of the

primers and primer combination. Some nþnomorphic bands could also be seen

in all the primers æsted The most reliable bands a¡e those seen in the size range

below lkb. 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

arnplify long DNA fragmens (Erlich et a1.,1989; Erlich, 1989).

For any given nvo barley cultivars, there a¡e at least two monomorphic

bands shared between them. These mononrorphic bands are a good indication

that the cultiva¡s should belong to the same grcup: barley. wheat cv. Chinese

spring was included in the experiment as a conr¡ol (lane 23 nEig.4.lb). None

of the monomorphic bands were shared benveen wheat and barley (e.g. compare

lanes 23 andvl in Fig. 4.1b). Although some of the pCR bands may happen to

have the same molecular weighg barley has a compleæly different pCR banding

pattem to ttrat of wheat.

4.3. Barley cultivar identification by polymorphic markers

The banding patrerns produced by Rl (Fig. a.l) show at least nine

polymorphisms benrreen va¡ieties, whereas seven and eight polymorphisms for

E2 andF4 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 cultiva¡s was incorrectly labelled during DNA preparæion 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 Rl.

The arrplifications were perfomted as desqib€d in Section 3.3.2. DNA

was amplified from a series of commercial barley va¡ieties and some

breeding lines (Iable 4.1) using ISJ primer Rl. The names of the barley

cultivars are shown at the top of the lanes. The PCR products were

fractionated on3Vo agarose gels.

A. Mini-prep genomic DNAs of 20 barley cultiva¡s were amplified.

DNA size ma¡ker (Lane M) is shown on left with the sizes of the bands

given in base pain.

B. Mini-prep genomic DNAs of another 23 barley cultivars were

amplifred. Wheat cv. Chinese Spring is included for reference (lanes

23). DNA size ma¡ker (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 cultiva¡s 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 oî3Vo 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 amplif,red from a series of commercial ba¡ley varieties and

some breeding lines (Table 4.1) using an ISJ primer E4. The

emplifications were perfomred as described in Section 3.3.2. The names

of the barley cultivars are shown at the top of the lanes. The PCR

prducts were fractionated on3Vo agarose gels. DNA size ma¡ker (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 cultiva¡s using an ISJ primer Rl

coupled with a random primer 52.

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 52. The amplifications were performed as described in

Section 3.3.2, The names of the barley cultivars a¡e shown at the top of

the lanes. The PCR products were fractionated on î 3Vo agarose gel.

DNA size marker (Lane M) is shown on left with the sizes of the bands

given in base paim.

52 sequence: 5' AATTTCTAGAGGTACCA 3'.
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same PCR products as Clipper but not any other cultivar tested (ane 15 in Fig.

4.la).

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, Rl, E2 andE4 respectively,

allow the unequivocal identification of all the 49 va¡ieties and breeding lines

except between WI2736 and WI 2737 (e.g.lanes 7 and 8 in Fig. 4.la), which

are two sister lines (Dr D. Sparrow, personal communication). For example,

Windich and Schooner shared the same PCR banding paüern with primer Rl

(Iane2 and4 in Fig. 4.la). Two different banding profiles were obtained

benveen TVindich and Schooner when primerE2 was used (compare lanes 3 and

L3 in ftg. 4.2).

Some of the PCRS with the same varieties are duplicated with different

accessions chosen randomly from the V/aiæ Instituæ Collection. These

accessions of the same va¡ieties are different with each other by the year of

han¡est or site collecæd. No polymorphisms were observed between accessions

of a variety (e.g. lanes 2l and22 nFig. 4.2 for cultivar Ha¡una Nijo). The

barley cultivars studied in this Section include all of the major va¡ieties currently

grown commercially in Australia

4.4. Identification of polymorphisms between wheat varieties and

breeding lines

The wheat cultiva¡s investigated in this study are lisæd nTable 4.2. A

simila¡ approach to that described in section 4.2was used to study the variability

betrveen wheat varieties. Fig. 4.5a shows the amplification products obtained

with the R1 primer from 21 commercial va¡ieties and breeding lines of wheal



Table 4.2.Wheat cultivars used in this study

Cultivar No. Cultivar

Tatiara
Oxley

Warigal
Schomburgk
Bindawarr¿
Festiguay
Yallaroi

1

2
3
4
5
6
7
8
9
10
11
T2
t3
l4
15
16
17
18
19
20

Schomburk
Spear

YR 10 Schomburk
Molineux
Ilalberd

Greek 6450
KenyaFarmer
tvl'MMC 1/10

Aus.4784
(MX'Sch#3)A8Il2l8

Aroona
Smooth Sheet

Guillemot



Fig. 4.5. Identificaúon of wheat cultivars using an ISJ primer Rl and a

random primer E2.

The amplifications were perfonned as described in Section3.3.2. DNA

size marker (Lane M) is shown on left with the sizes of the bands given

in base pairs. The PCR products were fractionated on37o agarose gels.

A. DNA was amplifred from a series of commercial wheat varieties and

some breeding lines (Table 4.2) using ISJ primer R1. The na¡nes of the

wheat cultiva¡s afe shown at the top of the lanes. Badey cv. Beøes and

rye cv. Imperial are included for references (lanes 2 and3).

B. DNA was amplified from a series of commer,cial wheat va¡ieties 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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The¡e are fourreproducible polymorphic PCR bands between the wheat cultiva¡s.

Wheat w. Chinese Spring and Barley cv. Betzes were also included as

references. The banding patterns of the PCR products friom the three cultiva¡s are

completely different from each other; essentially there is no common band shared

benveen them- The PCRproducts with E4 are displayed in Fig.4.5b. Three

polynorphisms could be detected among the cultivars tested (Noæ thæ not all of

the cultivars werc tested with boú of the Rl and Bf primers). It appeared that

there is less variability in the length of ¡mplified DNA fragments between wheat

populations compared with that berween 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. a.5b ).

4.5. Identification of polymorphisms within populations

4.5.L Barley

The ISJ primers Rl and H were used to study the variation within a

population of barley. Mini-prep DNA (as described in se¡tion 2.2.4.) was made

from 50 individual seedlings of barley cv. Clipper for PCR amplification with

Rl. The PCR results, presenred in Fig. 4.6b (only 30 displayed), show thar

there is a consistent banding pattern benveen the 50 individual plants of barley cv.

Clipper with one exception (indicated by an arrow). The considerable va¡iation

in the concentration and quality of the mini-prep DNA between individuals @g.

4.6a) seemed to have no effect on the consistency of the PCR producs amplified

from them @ig. a.6b). when the same plantDNAs were amplifîed with the E4,

a uniform banding pattern simìlar to that with Rl was observed (Flg. 4.7, only

16 displayed). The individual however, which showed polymorphic pcR

products with Rl, did not reveal any variation with Bf (indicated by an a:row in



Fig. 4.6. Identification of intra-population polymorphism in barley cv.

Clipper using an ISJ primer Rl.

A. Mini-prep genomic DNA was isolated from individual Clipper plant

(Section 2.2.4) andfractionatedon al%o agúose gel.

B. DNA was amplified from individuat Clipper plants (Section 3.3.2).

The polymorphic individual is ma¡ked with an alrow at the top of the

lane. The PCR products were fractionated on a37o agarose gel.



A

B.
+

a- 
- - 

arta-- 
- 

-a a-- 
- - - - - - 

!t.- -- Ò-----

¡)

r¡t
t-
l-
¡b

a

-
Hl

-G...-É-..-

Ò }\r-¡

-

I

-
hial ¡tIII, r{

--¡ñr. -

¡-
-t

-

¡'r FFa¡



Fig. 4.7. Identihcation of intra-population polymorphism in barley cv.

Clipper using an ISJ primer E4.

DNA was amplifred from individual Clipper plants (Section 3.3.2). The

polymorphic individual appeared in Fig. 4.6b is marked with an afrow at

the of the lane. DNA size ma¡ker is shown on left with the sizes of the

bands given in base pairs. The PCR prducts were fractionated on a37o

agarose gel.



+

l7l3 -
t3l0 -

890 -

534
462

272 -



Fig. 4.8. Identification of intra-population polymorphism in barley
Vorlg¡.1
vrd€Èë Haruna Nija using an ISJ primer E4.

DNA was amplifled from individual Ha¡una Nija plants using ISJ primer

E4 (Section3.3.2). DNA size ma¡ker is shown on left with the sizes of

the bands given in base pairs. The PCR products were fractionated on a

37o a,gdtose $el.
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Fig. a.6b). The probability of contamination during the PCR process can be

ruled out because separate PCR experiments frrom the same DNAs ¡esulted in the

same PCR products (data not shown). Based on the monomorphic bands sha¡ed

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 rnatch 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 l7o cross pollination t¡pically found in barley (Dr. D

Sparrow, personal communication).

Besides Clipp"r, some other barley va¡ieties were also examined for

va¡iations betrveen 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 f¡om 7 individual plants

of Haruna Nija. All of the PCR bands appeared to be the same beween these

individuals of this fapanese variety.

4.5.2. Rye

The same set of primers, ISf primers Rl and E4, was used to analyse the

inrapopulation 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 avariety grcwn on W'aite Campus for

resea¡ch purposes. The primer Rl did not prduce any polymorphic band among

the individuals of Imperial Rye (Fig. 4.9a), whereas at least three polymorphic

bands can be seen in SA Rye @g. a.9b). When E4 was used, numerous

polymorphic bands v/erc seen among the individuals from either Imperial or SA

Rye @ig. 4.10). The levels of intrapopulation polymorphisms appeared very



Fig. 4.9. Identification of intra-population polymorphism in rye varieties

using an ISJ primer Rl.

DNA size marker is shown on right with the sizes of the bands given in

base pain. The PCR products were fractionated on 37o agarose gels.

A. DNA was amplifred from individual Imperial Rye plants using ISJ

primer Rl (Section 3.3.2).

B. DNA was amplifred from individual South Australia Rye plants using

ISJ primer Rl (Section 3.3.2).
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Fig. 4.10. Identification of intra-population polymorphism in rye

varieties using an ISJ primer Bt.

DNA was ampliflred from individual rmFerial 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

prducts were fractionated on a3%o agarrose gel.
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similar betrveen these two rye populations. The intrapopulation variability

among rye cultivars seemed to be higher ttran that of the barley cultivars.

4.6. Amplification of seed DNA by PCR

The application of molecular teæhniques on seeds would be very useful to

resea¡chers and especially, plant breeders. Unfornrnately, a single seed does

not contain enough good quality DNA for RFLP analysis (Ainsworth and Sharp,

1989). PCR has recently bocore the preferred tool in many areas of plant

molecular biology. Generally, the templaæs forPCR are genomic DNAs

isolated either ftom leaf or root tissues @erttromieu and Meyer, 1991). The

pQf, emplification of genomic DNA from seeds is hamperd presumably, by

unhrown substances pr€sent in ttre DNA extraction.

Random primer E2 was tested to find the optimal condiúons 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 secúon 2.2.4. PCR emFlifications were ca¡ried out

as described in section 3.2. The PCR products from leaf and seed DNAs were

compared in Fig. 4.11. The resuls show that no PCR products could be

detecæd in seed DNA amplification, whereas normal PCR products were

obtained from leaf DNA (compare lane L and2in Fig.4.11a). It seemed that

certain substances present in seedDNA 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 pol¡merase may increase the chance of proper

amplification. Based on these assumptions, the DNA from half seed was



Fig. 4.11. Amplifrcation of seed DNA.

Mini-prep genomic DNA was isolated as described in section 2.2.4. The

PCR products were fractionated on37o agarose gels.

A. DNA was amplifred from half seed or leaf of ba¡ley cv. Clipper as

described in Section 3.3.2.

B. DNA was arrrplified from half seed or leaf of barley cv. Clipper as

described in Section 4.6.

C. DNA was arnplified from three hatf seeds of barley cv. ClipperDNA

as described in Section 4.6. DNA size marker is shown on right with the

sizes of the bands given in base pairs.



1 
le

af
 D

N
A

2 
se

ed
 D

N
A

 1

3 
se

ed
 D

N
A

 2

f 
le

af
 D

N
A

2 
se

ed
 D

l{A

1 
se

ed
 D

N
A

 I
2 

se
ed

 D
N

A
 2

3 
se

ed
 D

N
A

 3

4 
[,î

¡V

tú o

I -J (,

I æ \o
I L,

I (, Þ

I ¡'.
J -¡ l.J

I I I

¡ I I I
II



61

funher diluted and more Taqplymerare, was added to each PCR reaction. The

mini-prep DNA from a half seed was dissolved in 150u1 insæad of 50ul as the

originaf volume (section 2.2.4). 1 ul of the seedDNA extraction was used as

templaæs for each rcR. The concentration of Taq polymerase was increased

ftom about 0.3 unitÉeaction to 3 units,/heaction. These modification of the PCR

reaction had the desired effecr Fig. 4b showed that successful emFlification

could be achieved- Clearly all of the major bands with leaf DNA were also

present with seed DNA (compare lane I and2,Fig. 4.11b). To check the

efEciency and reliability of this metho( several samples from individuat half

seeds were used for amplification. Consistent results were achieved wittr each of

the half-seed samples (Fig. 4.1lc ). However, ttre PCR bands wittr seed

genomic DNA seemed to be slightly fainter compared ro that from leaf DNA

(compare lanes I and2 in Fig. 4.11b). Apparently, this lower efficiency of

arrrplification can be also utributed to the effect of the postulated inhibiton.

4.7. Discussion

Intra- and inærpopulæion variability is fundamentally important not only to

the phylogenetic studies, but also to any method foridentifying and

fingerprinting crop cultiva¡s. The high cost and technical complexity of RFLP

has restricæd its wide application: many RFLP analyses on plant phylogeny

(Kochert et al.,l99L; Miller and Tanksley, 1990) could only afford ro use one or

a small number of individuals from each populæion insæad of using populations

of a reasonable size as in the case of isozymes @rown, 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 lowquality DNA

templates such as crude mini-prep DNAs. Anotherimportant feanue 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 panicularly handy tool as the

cereal breeden 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 chapær is the ready

identification of any of the barley va¡ieties currently grown commercially in

Australia. Besides the Australian cultiva¡s, ttre studies in this section also

included a number of barley varieties and breeding lines from Asia, Europe and

South America. Each of them, except nvo Australian sister lines, can be readily

identified with the ma¡rimum of 3 primen. \Ye can expect that it should be

relatively easy to adapt this method to identiff any barley cultivars from all over

the world.

DNA polymorphisms deæcæd by FCR within populations of the out

crossing species rye (Secale cereale ) cv. South Australia are higher than that of

the selfing species wheat (Triticurn aestivutn ) and barley (Hordewnvulgare).

For the primer Rl, cv. 'rmFerial' showed no va¡iation between individuals

which is characteristic for a barley variety. However, with E4, 'rmperial'

displayed a simila¡ level of va¡iability to that of 'South Australia'. So it seemed

that the intrapopulation polymorphism of rye cv.'Imperial is higher than that of

ba¡ley varieties but lower than rye cv. 'South Austalia'. The explanation could

be that rye is capable of selfing and rye w. 'Imperial' used in this study has been

grown in a confined envi¡onment at the tWaiæ Instituæ for generations. As rye

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 fundamenal role in the development of intrapopulation

va¡iations in outcrosser rye. From the data presenæd in ttris 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 a1.,1991).

Howeveç it should be noted that cereal brceden have put a great effort to breed

pue breeding lines and varieties. Imperial rye had been inbred in the breeding

program (Drs KW Shepherd and D. Sparrow, personal communication).

Compared with barþ and rye cultivars, wheat varieties showed markedly

fewer polymorphisms. This phenomenon could be atuibuted ûo the narrow

genetic base of wheat associated with its relatively rccent origin (Bell, 1987).

Previous reports using RFLPs alrcady support this statement (Chao et a1.,1989;

Kam-Morgan et al., 1989; Liu and Tsunewaki, 190).

rcR, for its power and easy handling, will also geatly 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 rcprcsentative 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 inærva¡ietal

polymorphism revealed by PCR will cerøinly benefit the deveþment of such

maps and the linkage studies of divergent characters, as demonstated 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 computerprograms (section 2.3).

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

banding profiles of the ba¡ley va¡ieties were analysed by the PAUP and Phyþ
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programs, respectively. Fanily trees \ rere produced by these programs. The

trees appeaæd 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 simila¡ type of daø.(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 divene arsenal of æchniques empþed by plant

breeders and systematists to unravel the mysteries surounding the origin and

evolution of plants, identifying and fingerprinting individual crop cultiva¡s, and

facilitating breeding prograrns 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 individuat genes is one of the most important

asp€cts 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 bloring to test the ability of

a DNA probe from one species to hybrridize 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

frrequéntly, 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 L.2.1.2). PCR appears to be a particularly promising

technique for investigating unknown genes in cereals as many genes have been

studied exænsively in otherorganisms and their sequence data are available.

In the present study, PCR has been adopted in an auempt to isolate the

cereal gene for GPGD (Gphosphogluconaæ 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 nematde (Heterodera (nenae V/oll) (CCN). CCN



66

is a serious pest of grain crops in Australia and many other counries (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 characær has been traced to rye chromosome 6R (Asiedu et aJ.,

1990; Dundas et al.,1991).

Atæmpts are being made at tlrc V/aite Instituæ 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 er

al. (1968), Sears (1973) and Joshi and Singh (1979). Pairing between the

rye 6R ch¡omosome and 6D of wheæ has been shown to occur in the presence

of mutant gene phlb. Recombinans have been detected by checking for the

presence or absence of isoryme markers lnown to be located on the same ann

of the rye chromosonre as does the CCN resistance gene. Two of the these

ma¡ker loci in routine use are GOT (glutamaæ oxaloacetate transaminase) and 6-

PGD (6-phosphogluconate dehydrogenase) @undas et a1.,1991). The CCN

resistance locus, designated as CreR, was further mapped on the inærstitial

section of the long arrn of 6R benveen Got-R2 and6-Pgd rlb (Dr I. Dundas,

personal communication).

At present methods of screening for CCN resistance are diffrcult and time

consuming, all being based on bioassay systems. The breeding program ûo

transfer this imFortant gene, will benefit geatly by the isolation of molecula¡

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 ultimaæly allow "chromosome walking" tD CreR.

An attempt to isolate a GPGD gene from wheat is described in this

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

coli and rat

Cross-hybridization of the GPGD probes, RV/229lpMNl from E. colí

(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 concenration of

fonria¡nide in the hybridization buffer. The concentration of formamide va¡ied

frcm2íVo ta 4O7o wtth 5Vo inærvals. The remainderof the hybridization

components were kept constanL No signal of c¡oss hybridization was

observed under any conditions tested (data not shown).

In another attempt, a wheat cDNA library in ÀgtlO was obtained from Mr

LH Ji (Waiæ Institute). This library originated from wheat leaf and contained

about 105 X clones (Ji,lgg2). The GPGD clones from E. coli andrar were

used to screen the l, 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 ?u screening. Five hybridization spots could be deæcæd with

RW229/þMN1 (from E. coli) on the automdiograph when the fomramide

concentration was raised to 30Vo in ttre hybridization buffer. The

corresponding regions on the plates were corrd out and plated again, at a lower

pfu, for second screening. No hybridization signal was detecæd 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.

l, 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 benveen these
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two clones and the GPGD probes. The positive signals from the plate

screening may have been caused by the cross hybridization berween the E. coli

and l, DNAs.

As both Southern hybridization to cereal DNA and the screening of the

cDNA library had failed, a diffenent approach w¿rs 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 ttrat insufEcient sequence

homology exists between the cereal and E. coli andrat GPGD 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

amFlification of variable sequences that lie between the conserrred æmplates for

these primers (see review by Rose, 1991). It has been established that within

the óPGD gene the amino sequences VKIvM{NGIEYGDMQLI and

QAQRDYFGAHTY a¡e identical tn E. coli, Drosophíla and sheep (Dr. M.

Scott" personal communication). These two conserved regions a¡e 800 bp apart

in the E. coli 6-PGD gene, gnd (Nasoff et a1.,1984).

The nvo primers for the cloning of GPGD, Pl (5'

GTGAAGATGGTTCA CAACC'GTATTGAATATGGTGATATG 3') andP2

(5'ACCAAAATAGTCACG 3'), a¡e based on the degenerated DNA

sequences from the above protein sequences. Unfortunately, the E. colí úPGD

gene was the only GPGD gene sequence available when the present study was
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in progress. The relative location of the primer Pl and P2 corresponding to

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

5.3.2. Charactanzation and sequencing of the 6-PGD clone

When Pl 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. Beøes) orrye

(cv. Imperial) (lanes 2 and 3 in Fig. 5.2). Using a GPGD probe from rat,

p6PGD-1, Southern analysis showed that this band had strong homology with

p6PGD-l under standard hybridization conditions @g. 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 Idigested plasmid, pUC19 (section

2.2.6).

One of the recombinant clones wa.s picked After plasmid DNA isolation

and restriction enzyme analysis, it has demonstrated that ttris clone contained

the 810 bp band (Fig. 5.a). 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).



5'
P1

ATGGTTCACAACGGTATTG AATATGGTGATA
P2

CTGATAAAA3', 3', 5

start
stop

599bp 732bp

Fig' 5'1 Schematic representation of the regions homologous to the pl and p2 primers ín E. coli.

62bp
€

YFGAHTYAGDMVKMVHNCIEY

(adapted from Nasoff et al.,l9g4).



Fig. 5.2. Amplification of cerealDNA using GPCiD primers P1 andP2.

Amplification was performed as described in Section 2.2.L2 arrd2.2.13.

The PCR pfducts were fractionated oî a37o agarose gel. DNA size

mafkers ale shown in Lane MW with the sizes of the malker 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 ldvl DNA digested with Hae Itr

(Streeck and Hobom 1975) and ?r, DNA digested with Hind Itr (lane

MWl).
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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 perfomred with a cycle sequencing kit in a automated DNA sequencing

system 373A developed by Applied Biosystems Lrc. (ABI) (section 2.2.L6).

one strand of the 6wP clone was sequenced with universal primer for one

direction and M13 reveñie primer for the other.

The nucleotide sequence obtained is displayed in Fig. 5.6.

Approxirnately ¿oo bases could be deærmined for each sequencing reaction.

28Obp
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TACÀCCCTGG TTCACAÀCGG TÀTNGAATAT GGTGATATGC AGCTGATCGC
primer Pl

AGAAGCTTAT GCTCTGNTGN ÀNGGCGCTCT GNGCCTGAÀC ÀACGAAGAGC

Tc'GcrcrAÀÀc cTTcAcccÀcr ccAÀcAÀccc ccÀGcrcAc cÀccrAccrc

ATCGÀCATCA CCÀGAGATAT GTTCACCAÀG A.AAGACGAÀG AAGGTÀÀÀTA

CCTGGTTGNT GTCCTCNTGG ATGAÀGCAGC AÀACAÄAGGT ACNGGTÀÀÀT

GGGCCAGCCA GÀGCTCACTG GATCTTNGCG AGCCTCTGTC ACTGATGNGC

GAGTCTGTTT TTGCCCGTTA CCTCTCGTCA CTGÀAÀÀCGC ÀGCGCGTTGC

GGCNTCGAÃ.A GTACTNAGCG GTNCÀCAGGN TAÀÀGCTTTC .ACCGGCGNCÀ

AAGCAGÀGAA AÀ.AÀGTATCT NCCACGCTCT GTACCTTGGG NNAAÀ.AÀTCG

TNNTCCNAAC TCTCAGGNCT NCTCCTCÀGA CTTCGTGCCG CGCCAGACTA

GTAÀCAANTG c'cATcrNAÀc TccccrcÀcÀ TccccAAcAT crrAcccccr

ÀGATTGCCAT CATTCGTGCÀ CAÀTTCCTGC AGÀÀ.Aå,TCAC CGATGCÀTÀT

c'cGGA-AÃAcG ccccrATTcc c.A.acccNcrc rcÀccccÀTc ccrcÀAcAÀc

AcrccccAcc AÀATAccAcc Acc'cccTccc rcTccrrcrc cccTAcccrc

TGCATAACAT TATTCCTGTA CCGACCGTCÀ CCGCAGCAGT AGCGTACTAC

GACAGCTÀCC NAGCTGCCGT TCTGCCTGCN AÀCCTGATTN AGGCTCAGCC

TGACTATTTT GAT
primer P2

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

primers used for PCR (section 5.3.1), pl and p2, are underlined.
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6'WP was also used to probe cereal genomic DNAs (wheat, barley and

rye) digested with various restriction endonucleases. Standa¡d hybridization

conditions were applied- Unforn¡nately, 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? C-ompletion 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 6\ñrP was compared to other sequences in the EMBL data

base by FASTA program @earson 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 GPGD gene in E. coli,

gnd (Nasoff et a1.,1984). 84.2Vo identity was found between 6Wp and gnd

over a region of 114 ami¡6 acids @g. 5.7b).

5.4. Discussion

From the Southem hybridization dara with the 6-PGD probes, it is

apparcnt 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 GPGD 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 tailed to produce a PCR producL

A data base search showed that the sequence of the 6wp clone had a very

high homology with published GPGD genes, especially with E. coli (over



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 6u11) to 6-PCID gene

in E. coli,gr¡d (ECONDG, Nasoff ¿t al.,1984). Identities are indicated

by : and conservative substitutions are indicated by'.
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Sovo). on the other hand, no cross-hybridization signal was obtained from

Southern analysis with cerealDNAs

It appears that the 6wP clones could be derived from the contamin¿¡ie¡¡ ef

E. colí in the lab stock of wheat DNA. The slight difference benveen the

sequences of 6WP clone and the E. coli GPGD gene could be auributed to the

high polymorphism amongB. colí GPGD genes from differenr strains (prof.

P.Reeves, personal communication ). Anotherreason could be the quality of

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

since the advent of the PcR, ¡þs çe¡temination of the pcR always poses

a poæntially serious problem for researchers. The carry-over of previously

amFlified sequences into new reactions is considered the most serious. There

have been various methods devised to prevent carry-over (section L.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 destoy or separate off. It is atso difficult

to analyse the data for contaminæing 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 cteanliness 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 s€quences between the prokaryoæ and the eukaryote.

unforhrnately, there is still no nucleotide sequence of GpGD genes available

from any eukaryoæ although partial protein s€quence data frrom rat is available

(Dr. M. Scott, personal communication).

If ttre sequence difference is smell in respect of the size and the 3' end of

the primer, the annealing temperatue could be adjusted lower to toleraæ the

difference in the PCR. However, another danger lies in the possibility ttrat the

primers would anneal to nunerous panially homologous regions and thus

prevent successful PCR arnplifrcation of the specific sequence.

Various degrees of success in gene studies have been achieved wittr 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 ben¡¡een 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 rcR-based amFlification techniques for

studying unknown sequences, greater attention to exogenous DNA

cont¿¡nination and ca¡eful analysis of the PCR results a¡e needed to avoid carry-

over and other types ef çe¡tnmination.
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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; over90Vo of the

rye genome (Appels et a1.,1986), compared to 83Vo of the wheat genome

@avell and Smith, 1976; Smith and Flavell,1977). The repetitive DNA

sequences of the rye genome are usually found interspersed with each other

(Rimpau et a1.,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 a1.,1980), the 350-480 bp family

(Appels and Mclntyre, 1985) and the 5.3H3 family (Appels et a1.,1986). Two

of these families rrerye specific: the 350-480 bp family and the 5.3H5 family

(Appels et a1.,1986). The 350-480 bp family is the most abundant repeated

sequences of the rye genome (about 106 copies: equivalent to 6.l%o of the

genome) and is locaæd mainly near the telomere of each rye chromosome. The

5.3H5 family is dispersed throughout nonheteroch¡omatic regions (Appels et al.,

1986). S. cereale and S. nnntarutrn 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 35G480 bp family is present in three species (5. cereale,

S. montanutn and S. vavílouii), but is not equally abundant in these species.
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The 120 family is equally abundant n all Secale species analysed and is the only

family in.S. si/vesrre (Bedbrook et a1.,1980).

In this chapter, a new rye specific probe, pAV/173, was identified from

the pAW clones originalty isolated by Dr.P. I-angridge. This clone was found

later to belong to arepeatDNA family which we have called R173 (Rogowsþ et

al.,I99La). An attempt was made to isolate chromosomal region-specific RFLP

probes from the flanking regions of the Rl73 family through the use of an

inverse-PCR based method.

6.1.1. Characterization of the pAW clones

The pAV/ clones were kindly provided by Dr. P. I-angridge. This group of

clones was isolated from Secale cereale cv. 'Imperial' and the detailed procedure

of cloning was described in Guidetet 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 @g.

6.1). Another clone from this group, pA'!ñ/ 174, was also found to hybridize to

rye but not to wheat (Fig. 6.2). The hybridization profiles of the pA\¡/ l74to

cereal genomic DNAs, e.g. ladders in the Southerns, Qane Rye in Fig. 6.2), is

similar to that of pAW 161. This finding is in agreement with previous data

which suggesæd that this clone cross hybridized, to pAV/ 161 (Spech 1986).

6.1.2. Species specificity of pA\ü/ 173

pAW 173 did not hybridizÊ to any of the other clones in the same group of

clones (Speck, 1986). In this study, pAV/ 173 was hybridized to Eco RV,

HindIII and Hinfl digesæd DNA from wheat (cv. Chinese Spring), barley (cv.

Beøes) 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



Fig. 6.1. Hybridization pattern of cereal DNA probed with pAW 161.

Cereal DNAs were digested with various restriction endonucleases,

fractionated in a l%o agarose gel (section 2.2.7), and probed with the

insert of pAW161 (section 2.2.1L). 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 and3 were digested with Eco RV; DNAs

in lanes 4, 5 and 6 were digested with Hind III; 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 udth Fæo RI, fractionated in a l7o a$ïrose

gel (section 2.2.7), and probed with the insert of pAW 174 (section

2.2.1I). The position of ma¡ker bands is given on left with the sizes of

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

t73.

Cereal DNAs were digested with various restriction endonucleases,

fractionated in a l7o agafose 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 and3 were digested with Eco RV; DNAs

in lanes 4, 5 and 6 were digested with Hind Itr; 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 pain.
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9, corresponding to wheat or barley DNAs. Therefore, pAW 173 appears to

be a rye specific prob and this sequence is absent from the wheat and barley

genomes within the detection range of the present method.

6.1.3. Distribution of pAV/ 173 sequences in rye genome

To analyse the genomic organization of pAV/ 173 repetitive sequence ir ry",

hybridization of pAW 173 clone was ca¡ried out to 'Imperial' rye genomic DNA

digested with 4-base and Gbase cutters (Fig. 6.a). Several bands or a smear

could be seen for each of the Gbase cutters, e.g. Hindltr 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 Gbase

cutters will randomly occur only once every several thousand base pairs. The

absence of 'ladders' in the genomic blos indicates that pAW 173 is probably a

non-tandem repeat sequence (Sonina et a1.,1989).

The rye addition lines were used to shed light on the chromosomal

distribution of pAV/ 173 nrye. when pAtü/ 173 was used to prob the genomic

DNAs of rye addition lines, there was no difference between the banding profiles

of individual rye chromosomes @g. 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 deæcted, although there might exist some

difference in copy numbers between each rye chromosomes.

6.2. Cloning and characterization of the DNA sequences flanking

Rl73 family by'inverse-PcR'

Rogowsþ et al. (L99la) generated a genomic library from a wheat line with

three copies of the short arm of chromosome 1 of rye, 1RS. Seventy-seven î,



Fig. 6.4. Hybridization pattern of rye DNA probed with pAW 173.

Rye (Imperial) DNA was digested with va¡ious hexanucleotide or

tetranucleotide restriction endonucleases, fractionated tn a l7o agalose

gel (section 2.2.7), and probed with the insert of pAW173 (section

2.2.11). Lane 1: Bam HI, lane2: Bgl tr; lanes 3: Eco RI; lanes 4: Hind

Itr; lane 5: Alu I; lane 6: Hae Itr; lane 7: Sau 3A and lane 8 Taq I. The

position of ma¡ker bands is given on left with ttre 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 LVo agarose gel (section 2.2.7), and probed with the insert of pAW173

(section 2.2.11). lVheat cv. Chinese Spring and rye cv. Imperial ale

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 farnily, were isolated. by

hybridization to pAV/173. They share a common region of approximarely 3.5kb,

which is free of large internal rcpeats and therefore constitutes the basic unit of the

dispersed R173 family. Three of the I clones werc 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 a1.,1986; Xin and

Appels, 1988; Rogowsþ et al., 1991b). Furttrermore, Appels et al. (L986)

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 ¡nobe, locaæd 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 l, clones. Considering the time and effort involved in this

type of analysis, alternative methods were investigated

To obtain molecular infomlation 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. rcR provides an alternative

approach to many fundamental procedures in molecular biology. one strategy

for the characterization of fragments adjacent to known sequences is "inve¡se-

PCR" which involves PCR amplifrcarion following ligation-mediated

circularization (Triglis et a1.,1988; ochman et a1.,1988; Silver and Keerikame,

1e88).

As shown earlier, a wheat-rye recombinant line, DR-AI, 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-41 by
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inverse-PCR with primers Vl and V2 (Fig. 6.6) and ttre PCR products are to be

cloned into plasmid. Region-specific (DR-41, Fig. 6.6a) RFLP probes would be

obtained by screening the inverse-PCR clones through Southern analysis. The

first sæp is to use the clones from rye as a test system. If successful, the

hybridization 4nalysis would be exænded to the clones derived DR-41. As the

n
recombinq¡ line DR-41 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 arrn of chromosome lR,

would also be analysed and screened for RFLP probe.

6.2.L. Procedure of cloning the flanking region of the R173

family.through inverse-PCR

The sequence data of three R173 l, 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 Rl73

family. This is shown schematically in Fig. 6.7. The region complementary to

the Vl primer is locaæd on the end of the consensus Rl73 sequences and the 5'-

3' direction of Vl is towards the outside of R173. The region complementary to

the V2 is on the 5' side of a Hind Itr site 270bp away from the end and the

orientation of Y2 (5' to 3') is toward the centre of R173 (Fig. 6.7). Pst I sites

were incorporaæd into both Vl and V2 primers (Table 6.1). Genomic DNAs

were made from DR-41, rye and TTL, a wheat line with three copies of the

short arm of chromosome L of rye. Hind Itr digestion was then ca¡ried out to

completion with these DNAs (section 2.2.L5). The DNA fragments were diluted

and ligaæd 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 1r, clones containing the

R173 element (adapted from Rogowsky er ø1.1992, unpublished).

Dotted areas indicate the conserved regions. The doced line indicates

ttre Hind III sites. The vertical open bar indicaæs the regions

homologous to pAtùl/173. The relative location and orientation the Vl

and V2 primers a¡e shown iîìr2.
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Fig. 6.7. Schematic representation of the inverse-PCR approach.

L2D andthe dotted lines indicate the location of this region. 'H'

indicates the Hind III sites. Dotted areas indicate the consensus regions

of the l. clones (Rogowslcy et a\.1992, unpublished). The relative

location and orientation the Vl and V2 primen a¡e also shown here.

The details of the inverse-PCR a¡e described in Section2.2.l5.
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templaæs for amplification by PCR using the Vl and V2 primers. The primary

products of the ampliñcation should be linear double-stranded molecules

containing segments flanking one side of the R173 elements. The amplifred

products were then digested with Pst I and ligaæd into pUC 19 cleaved with Pst I.

Table 6.1 The sequences of Vl and V2 primers

kimer Sequence features

V1

Y2

5'AACACACgTGCACCTAGT3'
Pst I

5'AGATTqIGCA,CTGTCAACIC3'
Pst I

toward end of R173

towa¡d centre of R173

6.2.2. Characterization of the inverse-PCR clones

6.2.2.L. Dot-blotting

Mini-prep DNA was made from the individual recombinant plasmids. As

shown in previous section, they are derived from DR-AI, rye and TTL

respectively. Ten ryederived clones, 20 from DR-AI and 58 from TTL were

picked out randomly. A total of 88 inverse-PCR clones were scteened via dot-

blotting (Frg. 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 I to20 were from DR-AI, 2l to78 from TTL and79

to 88 from rye. The probes used for dot bloning were I2D DNA, total genomic



Fig.6.8.

A. The position of the clones and the reference DNAs in dot-blotting

(6.2.2.r).

B. Hybridization pattern of the above DNAs probed with genomic DNA

from wheat cv. Chinese Spring (dot-bloning $tas ca¡ried 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 l¿D.
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DNAs from wheat (cv. Chinese Spring), rye (cv. lnperial) orDR-AI andpAW

173. X2D is the segment which contain ttre flanking region of R173 consensus

sequence (Fig. 6.7). l2D DNA, the above cereal genomic DNAs, and

pUCl9 were also used as control (Fig. 6.8a). The purpose of using l,2D DNA

(the location of this probe on R173 element is shown in Fig. 6.7) is to find out if

any clones a¡e homologous ûo this region. The genomic DNA probes serve ûo

identify the clones with repetitive or organellarDNA sequences and also to

identify species-specific clones. The results of dot blotting a¡e summÉrized in

Tabte 6.2. According to the hybridizing signals to cereal genomic DNAs, 2l

clones (26Vo) were likely to contain repetitive or organellar DNA sequences (e.g.

clone 55, Table 6.2). The results indicaæ that some of the clones might have

homology to the I2D clone (e.g. clone 76 in Fig. 6.8e). As Î,2D conrains

repetitive sequences other than pAW 173 (Dr. P. Rogowsþ, personal

communication), it is not certain whether these clones were derived from the

flanking region of R173 element or from otherpart of the genome. Not

surprisingly, all of the probes displayed süong homology to their own sequences

(e.g. ?,2D in Fig 6.8e).

When rye (cv. Imperial) was used as a probe, the amount of rye chromatin

in the samples could be quantifred in the order: rye >TTL>DR-41>wheat

(Fig.6.8c). There was no significant difference between the signals with

pAW173 or wheaL The reason could be that the wheat genome sha¡es

considerable homology with the rye genome although pArü/173 is a rye specific

probe. The cereal genomic DNA probed with î"2D displayed simila¡ inænsity as

seen when rye DNA was used as probe(Fig.6.8e) indicating that 1,2D is

essentially a rye specific probe. As expectd there is no homology between

pAW173 and À2D detected by dot blotting (Fig.6.8d and Fig.6.8e).
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6.2.2.2. S outhern-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. rmperial), wheat/ba¡ley addition lines and/or wheat/rye addition lines.

Rye{erived inverse FCR clones werc screened fint by this method. One of the

clones (number 88) identified a whealrye polymorphism thæ could be mapped to

2R and 7R (Fig. 6.9). The difference in the intensity of signals benveen rye

additional lines may be caused by uneven loading during the southerns.

Although only ten clones were tesæd, it appeared ttrat ttris approach is feasible for

obøining 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 a¡e summa¡ised in Table 6.2. Most clones, which seemed to

contain single or low copy sequences in dorblotting, were found to contain

repetitive sequences common to bottr 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 L73 (e.g.clone 50, Fig. 6.11). only seven of the clones (l3.4%o)

appearcd to be of single or low-copy nature among the clones tested in Southern

blots (Table 6.2). Two could be mapped to 5H and 6H respectively (clone 26

and 52, Fig. 6.12a,b). Both of these two clones were derived from TTL.

However, otherclones of this tlpe 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 resúiction enzymes were used to digest genomic DNAs for each

clone.



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

Genomic DNA y¿s digested with Hind m, resolved on a L%o 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 digesæd with Hind m, resolved on a l7o 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 wittr clone 50.

Genomic DNA was digesæd with Hind m, resolved on a lflo agarose

gel, Southern blotted and probed with clone 50.
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Fig.6.12. Mapping of clones 26 and 52 to barley chromosomes.

A. Genomic DNA was digested with Hind III, resolved on alflo agarcse

gel, Southern blotted and probed with clone 26.

B. Genomic DNA was digested with Hind m, resolved on a L%o agarose

gel, Southern blotted and probed with clone 52.

The chromosomal locations of barley DNA bands are indicated by

arrolvs.
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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 digesæd with Hind III, resolved on a t%o agarose

gel, Southern blotted and probed with clone 9.
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Table 6.2 Summary of hybridization data

Dot blot data

Copy No

Southern blot data

Probes used for hybridization
D-2

Homology 173 patternClone No
CS lmp 173

Mapping

1

2

3
4

5

6

7

I
I
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

W/R
R

W/R
R

w/R
W/R
w

w/R
W/R/B
w/R
w/R
w

W/R
w/R
w/R
W/R
w

w/B
w/B
w/R
w/R

yes
Low

Repeat
Repeat
Repeat

Low
Repeat

Repeat
Repeat

Low
Repeat

Low

Repeat

Repeat

Repeat
Repeat
Repeat
Repeat
Repeat
Repeat
Repeat
Repeat

Repeat
Repeat

Low

Repeat

Repeat
Repeat

w/R
w/R
w/B

W/R
R

t t

t

,)

t

6H

t

f

t tt

yes



Probes used for hybridization
D-2

Homology 173 patternClone No
CS lmp 173

MappingCopy No

Dot blot data Southern blot data
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

it

a

t

t

t

tt

t

t Repeat
Repeat w/R

Repeat R

Low WiRlB

Repeat
Repeat

wiR
w/R

Repeat
Repeat

Repeat W/R

Repeat W/R

t

a

t

t

t

yes

yes

5H,6H

tt

t

t

R

R

yes
yes

i

t

t

t

Repeat
Repeat
Repeat
Repeat

w/R
w/R
W/R
W/R

tli

ftt Repeat W/R
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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

clea¡. The inverse-PCR primers, Vl and V2, were used directly o amplify

cereal genomic DNAs. Although they were designed facing in opposiæ direction,

many arnplified products could be seen ftom the cereal genomic DNAs @g.

6.14). One rye ¡an¿ tffip) could þ mapped to chromosome lR (lane rye and

lR, 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-

41, Fig. 6.14).

6.3. Discussion

The data presented above indicaæ thæ both pAW L73 and774 arerye

specific DNA sequences. Further characteriza¡on of pAW 161 in this laboraory

(Guidet et a1.,1991) showed that it is a member of the 350-480 bp family

(Bedbrook et a1.,1980; Appels and Mclntyre, 1985). According to Speck

(1986), pAr¡/ 174 also belongs to this farnily.

The pAW 173 sequences have been found to be rye specific in the present

study. T\e 173 repeats element is present on all rye chromosomes and has been

shown by in sítu hybridization to be dispemed over the enti¡e rye genome (Guidet

et a1.,1991).

The dispersed nature of the R173 elements poses an inæresting question:

what is the feature of its flanking regions? The Rl73 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 Vl

and V2.

The templato DNA was from wheat (Chinese Spring), barley (Betzes),

rye (Imperial), the triple translocation line (TTL) and the wheat-rye

addition lines lR to 7R. Amplifrcation was performed as described in

Section 2.2.12 and2.2.L3. The PCR products u'efe fr¿ctionatedon a37o

agarose gel. DNA size markers are shown in lane M\il. The sizes of the

ma¡ker bands are given on the left in base pairs. The chromosomal

locations of rye specific bands a¡e indicated by arrows.
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numerous and evenly disributed as they are associated with R173. On the other

han{ various amount of rye has been inroduced into wheat and pAV/ 173 has

been used successfully in monitoring the introgression of rye into wheat

(Rogowsþ et al.,l991b). The flanking region of R173 in these rye segment

could contain region-specific RFLPprobe,s. One approach was to clone and

analyse the flanking regions anumber of l, clones which contain the pAV/173

segment (Rogowsþ et al.,199lb). The present study used inverse-PCR for the

same purpose.

Although three RFLP probes were mapped to 2R, 7R, 5H and 6tI, no

IRS or lH specific probe was found among the clones generaæd by inverse-

PCR. The reason could be that only 88 colonies were analysed by dot blotting

and52 screened by Southern blotting. Most of the inverse-PcR clones we¡e

found to represent repetitive sequences. This implies that the flanking regions of

Rl73 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 (Rogowsþ

et a1.,1991a). The above observations agree well with the prediction of Rimpau

et al. (L978) that, in the case of rye specific sequences, 84Vo of the flanking

sequences r¡re expected to be inænpersed with repetitive sequences common to

wheat and rye, whereas 167o should be single or low copy DNA. In the prcsent

study, 86.6Vo of the invene-PCR clones represent repetitive sequences, whereas

l3.4%o 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 lR and 2R,

respectively, by direct PCR amplification using the inverse-PCR primers. More

markers are expecæd 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

inærspersed repetitive sequences and used directly for -apping pulposes.

It remains unclear, however, whether these bands were truly derived from

the border region of R173 elements. The Southern analysis showed that the co¡e

sequences of the R173 family, pAV/ 173, is conserved on every rye

chromosome. Nevertheless, the region nea¡ the border of the R173 element

could be more polymorphic. Inversion or otherchanges may have occurred in

these regions. ft¡ç amplification event with Vl and V2 might have been the

¡eflection of these changes. The possibility that two R173 elements are locaæd

closely to each other and one of the elements is inverte( seems remote because

of the dispersed naûrre of the R173 family. It is more likely that inversions,

which took place in the region between vl 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 arnplification products of unrelaæd sequences annealing to

the primers.

Both of data from Rogowsþ et al. (l99la) and this study indicates that the

flanking region of Rl73 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 expecæd 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 conìmencement of this project, RFLPs were in extensive use in human

genetic studies but few useful maps were available for crop plants (tanksley et 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 bartey (for example,

Heun et a1.,1991) and wheat (e.g. Liu and Tsunewaki, 1991). However, genome

analysis of cereals has been diff,rcult 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

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 ttrat cultivated barley was

reported to be less variable than its wild ancestor (Neale et a1.,1936). 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 clifficulty of RFLPs suggested that there may be major

problems with the implementation of this technique into plant breeding progr¿Lms.

Reports in the last few years have confirmed that the genome comptexity 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 a1.,1985) offered a possible solution to some of

these limitations to cereal genome mapping. This new technique offered several

advantages including improved sensitiity, 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, c[-

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

V/ith 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,l8O 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 a¡e 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 GPGD based on

rat and E. coli protein and DNA sequences. The result presented in Chapter 5 is

disappointing as the PCR and cloned product 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 daø 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 consisr

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 Arabídapsrs , 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 repear sequences could be

useful for generating markers for specific chromosome segment .

The use of short random primers ( RAPDs) as molecular ma¡kers was

proposed well after this project commenced (Williams et a1.,1990). RAPDs have

proved to be very useful for genetic map construction and molecular genetic studies

when a specific cross or mapping population is used. However, RAPDs suffer from
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poor reproducibility. In addition, the application of RAPDs to plant breeding is

restricted in ttrat 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 difFrculty 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 ma¡kers

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 occrurence throughout the genome but even dispersal, lack of

association with heterochromatic regions (since such a¡eas 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. Signifrcantly, 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 con4itions for RAPD must be optimised for each species

in respect to primer and template concentration and the temperature ramp in the thermal
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cycle profile (Klein-Lankhont et a1.,1991). The reason for the difference in

reproducibility benveen 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 @rlich, 1989). Moreover, the annealing temperature is raised

at the second stage and this has been shown to increase the repnrducibilty 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 37oC 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 ISJ 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 va¡iation is seen within varieties while extensive and

reliable intervarietal va¡iation was detected. This method could unequivocally

distinguish all of the commercially grown Australian barley va¡ieties 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 intrava¡ietal 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 r_narkedly lower ttran that in barley and rye. These

hndings confirm that common wheat va¡ieties assayed here have a narrow genetic
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base. Wheat frequently showed many minorPCR bands and sometimes slight smears

of bands in contrast to the fewer, sharper bands seen with barley. This phenomenon

may be associaæd with the greater complexity of the wheat genome relative to barley.

In agarose and polyacrylamide gel systerns employed in this study, the slight smear

may obscure the detection of minorpolymorphisms. Single stranded conformation

polymorphism (sscPs) @ean et a1.,1990) and denaturing gradient gel

electrophoresis @GGE) (Myer et a1.,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 wilt be in the success of its

implementation into crop improvementprogams. 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 progam 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 anatysis 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 ma¡kers. In many cases it is

likely that the ISJ primers couldbe used directly to find linkage to the rrait of interest.



92

The emphasis in this work has been on the development of ma¡kers 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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