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Introduction

Bacterial blight of cotton is caused by the bacterium Xa"th@monos campestris pv. matv@ce@ruin (Xcm). This
infection attacks leaves and bons and causes early leaf drop and affects bon development and nonnal bon
opening. In Australia the CSRO breeding program has developed varieties that are resistant to Xcm infection.
The use of these resistant cultivars has meant that the importance of this disease has been reduced. The resistance

locus was introduced into the breeding program from the USA in the 1970's; however, the identity of the
resistance gene or genes has notbeen fully clarified. G. bath@dense or Pmia varieties are susceptible to Xcm, and
a breeding program is in place aimed at introgressing Xcm resistance into the Pmne cottons from G. hirs"twin.

Furllier work is needed to characterise the source of the resistance, and possibly to develop molecular markers
linked to the resistance locus in order to assist with breeding efforts. In order to map this resistance locus a
mapping population was set up using backcrosses between the resistant G. hirs"twin variety CSSO and the
susceptible G. barb@dense variety Film S-7.

Molecular markers

Markers can be used for a variety of applications. These include Imppirig of specific genes, cultivar
identification, and studies of biodiversity. Initially, momhological markers and isozymes were used to pertomi
these tasks, but these markers were not fully suited to these applications. There are not sufficient numbers of
momhological markers and isozymes to provide detailed coverage of most genomes. In addition, these markers
can be difficult to characterise, and do not show high levels of polymorphism or variation. Morphological
markers may also be affected by environmental factors, and so are not entirely reliable.

Molecular markers are a more recent development, and possess many advantages which make them superior to
momhological markers. Molecular markers can be used to directly examine the DNA in order to find
polymorphisms in the sequence. This offers the possibility of finding large numbers of polymorphismus, or DNA
sequence variants, which are not subject to environmental influences. There are several different types of
molecular markers in use, and their suitability depends on the type of project being undertaken, and the facilities
available. Eachmolecularmarkertechnique has various advantages and disadvantages. These include the number
of loci exaltimed with each reaction, dominance or co-doniinance and ease of application. Various marker



techniques detect different numbers of independent loci per reaction. The more loci detected er reaction, the
fewer number of reactions that will be required to survey an equivalent amount of a genome. In addition, more
than one allele may be detected at one locus. This is ternied co-dormnance. This means that a marker in a
heterozygous state will be able to be distinguished from a hornozygous locus. Again this itn roves the
informativeness of a particular marker. There are other factors such as the biological system to be studied, the
availability of specific equipment and financial considerations that have to be taken into account when deciding
between marker techniques.

A variety of molecular marker techniques were utilised within this project in order to search for markers linked to
the Xcm resistance locus. These included AFLP's, SSR's and RFLP's. Each particular method has various
advantages and disadvantages. The AFLP technique is useful as it can survey a large number of independentloci
per reaction. However, these markers are dormnant only, which means that at a given locus heterozygous
individuals cannot be distinguished from hornozygous individuals. SSR markers are co-donimant, but prior
sequence knowledge of the genome is required, and so this technique can take a long time to set up, and must be
tailored to each individual species that it is applied to. The RFLP technique is the most established molecular
marker technique, however it is also time-consulning and requires relatively large amounts of DNA. The
advantage of this technique is that there are well-established genetic maps in cotton based on RFLP markers, and
so this simplifies the mapping of particular genes.
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Figure I. An example of an AFLP gel. A - resistantindividuals, B - susceptible individuals, C - CSSO (resistant
parent), D - Pitna S-7 (susceptible parent). I, 2, 3 and 4 are different PCR primer combinations used in the AFLP
reaction. DNA fragments are separated according to size, and each band represents a discrete genomic region.
Marker polymorphisms between CSSO and Pmia S-7 are indicated.
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Molecular markers and Xcm resistance

This project utilised the AFLP and SSR techntques in conjunction with bulked segregant anal sis to search fo
markers linked to the Xcm resistance locus in cotton. Bulked segregant analysis is a method for concentratin th
search for markers to a particular region of the genome. Individuals of a segregating population are laced into
bulks according to their phenotype. filthis case, susceptible individuals would be placed into one bulk and
resistant individuals into another. By comparing these two bulks, any marker differences between the two bulks
should represent markers linked to the gene of interest. The degree of linkage will be determined b the size of
the bulks, with larger bulks detecting only closely linked markers. in addition, previously mapped RFLP markers
were used to establish the identity of the resistance locus present in Australian cotton cultivars.
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Figure 2. Schematic diagram of Bulked Segregant Analysis. By pooling sensitive and resistant individuals the
search for linked markers can be concentrated to a particular region of the genome. If there are four markers (A,
B, C, D) which show variation between two varieties (PI and P2), then markers notlinked to the resistance locus
(A, C, D) willsegregate independently in individual progeny and will appear in both resistant and sensitive bulks.
If a marker is linked to the resistance locus, it will appear as a difference between resistant and sensitive bulks
(B).

The Xcm resistance locus

The resistance locus in Australian cotton cultivars segregates as a single locus, with resistance completely
dollfuiant, and the same locus is present in all the resistant Australian cultivars as it was derived from a single
initialsource. There are many different resistance genes, which give varying amounts of resistance, and different
specific reactions to differentraces ofXcm. The most cornmonXcm race in Australia is Race 18, which is also the
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most virulent of the more connnon races, and can overcome most of the blown resistance genes, singly, and in
combination. The reported source of the resistance genes from the USA is the B2BB resistance gene

combination, which was introduced into the breeding program in the 1970's. However, the B2 and B genes have
recently beenn^pped (Wrightet a11998) using RFLP probes, and while they Imp to the same chromosome, they
are at opposite ends of the chromosome and should segregate relatively independently in a cross due to high
levels of chromosome recombination between the two genes. maddition, the B2 and B3 genes reportedIy do not
confer to resistance to Xcm Race 18, either singly or in combination. It is therefore difficult to hagine how all
three of these genes could have been maintained in the Australian cultivars or how they could segregate as a
single locus. This suggests that the resistance present in our cultivars may have been derived from a different
source than specified in their pedigrees. Our existing data, however, suggests that the resistance gene in the
Australian varieties is the Bi2 gene and not the B2B3B7 gene complex. There is only one resistance gene that gives
resistance to Race 18 by itself, and this is the Bj2 gene. This gene was also Innpped by Wright at al. The Innpping
population used to search for AFLP or SSR rumkers linked to the resistance gene was exaiiimed using the RFLP
probes already mapped near to the B2, B3 and Bj2resistance genes respectively. The RFLP probe linked to the Bj2
gene showed an extra band in the susceptible parent, and all 27 sensitive progeny exarntried so far showed the

presence of this extra band. The resistorit individuals in the Innpping population were progeny tested to dete, ,, in, e
the zygosity of the resistance locus. In aimost allcases, the presence of the extra band in resistant individuals was

due to the fact that the individual was heterozygous for the resistance locus. From a total of 60 resistant plants
tested, only 9 did not show segregation of the RFLP band according to the zygosity of the individual. When the

probes linked to the B2 and B3 genes were used on the in^ppirig population, they did riotsegregate according to
resistance or susceptibility in the individual plants. Conversion of these RFLP probes to PCR-based Trunkers will

facilitate the processing of greater numbers of plants, and so inIProving the certainty of these conclusions. This
will also allow for the search for alternative markers such as Single Nucleotide Polymorphisms (SNP's) minore
closely related varieties (i. e. within G. hirs"min), where polyinorphisins have previously been difficult to find.
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Mapping theXcm locus
A total of 216 cornmercially available SSRmarkers were used to search for a Trunkerliiked to theXcm resistance

locus. While aimost all were polyinorphic between the two parental species, only one was polyinorphic between
the resistant and susceptible bulks. Further individuals were exatnined from the Innpping population to dete, ,, irue
the amount of linkage between the resistance locus and the SSR marker. From 31 susceptible plants exaiiimed, 8
showed recombination between the susceptible locus and the SSR marker, and from 21 hornozygous resistant
plants examined, 8 showed recombination between the resistance locus and the SSR Innrker. This equates to a
recombination rate of approxiinately 30%, which indicates that there is a 30% chance of incorrectly scoring a
plant as resistant or susceptible when using this SSR marker because it is not very close to the resistance gene.
This cornmercially available set of SSR markers are too widely spaced to be very useful for fine-scale mapping,
and to achieve modest resolution over 500 SSR markers scattered throughout the cotton genome would be
required.

The AFLP technique has also been used to search for markerslinked to the resistance locus. Approxiinately 3500
locihave been scanned. The rate of polymorphism between the two parental varieties is about 10%. To date no
markers linked to the resistance locus have been found. This could be due to the fact that the AFLP technique is
more sensitive than the SSR technique, and it can detect DNA molecules that fonn only a sinnllproportion of the
total population. This moms that ifin one individual from a bulk recombination has occorred between the gene of
interest and a particular marker, then the bulks will be monomorphic at that locus and will not show a linked



marker. Consequently, a large number of loci must be scanned in order to find a tightly linked marker.
Alternatively, the number of individuals in each bulk can be reduced. 'nie fewer individuals in a bulk, the more
likely a linked marker is to be found, butthe degree of linkage will be reduced.

Conclusion

In the search for markers linked to the Xcm resistance locus found in Australian cotton cultivars, one loosely
linked SSR marker has been found to date. By itself, this marker is not particularly useful as it is so far from the
resistance locus. However, ifanother marker can be found that is on the other side of the locus, then using these
markers in conjunction may render the scoring of plants as resistant or susceptible by use of these markers more
accurate. Alternatively, a more closely linked marker may be found using the AFLP technique. The use of
previously mapped RFLP markers has facilitated the investigation of the identity of the resistance locus, which is
the same in all resistant Australian varieties. The preliminary results of this investigation indicate that the
resistance locus is different to that which is cornmonly believed to be present in Australian cultivars. Funlier
investigation will elucidate these findings, and resolve the identity of the Xcm resistance locus found in
Australian cotton varieties.
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