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Abstract

Fusarium wilt of cotton has emerged as a majorthreatto cotton production, since it was first recorded

in Australia in 1993. Control of ftisarium wilt depends on understanding genetic diversity witlitn the

fungus that causes the disease, Fz, sarinm oiq, ,sport, in f. sp. vasti!feeti4m (Fov). We have analysed

genetic diversity within Fov by DNA amplification fingerprinting (DAF), and restriction fragment

length polymorphism (RFLP) and sequence analysis of the intergentc spacer (IGS) region of the

ribosomal (r) DNA. The Australian isolates of Fov were compared to overseas isolates that

represented races I, 2, 3, 4, 5, 7, 8 and A of the pathogen, and also to other formae speciales of F

o:9, spon, in and species of FMSQri"in. We have identified two distinct genotypes amongst the

Australian isolates of Fov that correspond with vegetative compatibility groups (VCGs) 01/11 and

01/12. We are using the infomiation we have obtained on genetic diversity among Australian isolates

of Fov to develop a polymerase chain reaction (PCR)-based DNA diagnostic system for the rapid

detection ofFov directly from infected plants and seed, and infested soil. This diagnostic test will be an

invaluable tool for the cotton industry, as early detection offiisariurn wilt is critical to the contaiirrnent
and controlofthe disease
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Fusarium wilt

Fusarium wilt of cotton is responsible for serious losses of production in nearly all the major cotton

growing areas of the world. The disease was first recorded in Australia in 1993, and has since been

identified in several cotton growing regions of Queensland and New South Wales. Fusariiirn wilt is

easily spread by the movement of containiriated soil attached to fann machinery and irrigation water

The disease is also transnittted through infected seed, so there is a high risk of establishment in new

areas. Once a farm is infected with fiisarium wilt, there is no cornmercially viable way to eliminate the
disease from the soil

The most effective way to control fiisarium wilt is to select or breed cotton varieties with resistance to

the disease. oner options for management rely on litntting the build-up of the disease trough

agronontic practices like stubble management and crop rotation regimes



Genetic diversity within Foxysporum
Control of fiisarium wilt depends on an understanding of genetic variation within the fungus that
causes the disease, FMSorit, in o:0. ,spon, in f. sp. vQsi, !it;erum (Fov). The species Rosyspon, in includes

many plant pathogensthat cause wilt diseases on a broad range of agricultural and ornamental plants,
as well as saprophytic forms. The pathogenic strains of F o:0. ,spor"in are indistinguishable from

saprophytic forms on a momhological basis. Among the pathogenic fomis of F o:0. ,spor"in, strains
with the same host range are grouped together into a 'forma specialis' (f. sp. ). Within a forma

specialis, strains that are specific for particular cultivars or varieties of the host plant are grouped
together into a 'race'. More than 120 formae speciales and races have been described within F

o:9, spor"in (Armstrong and Armstrong, 1981). These formae speciales and races can only be

distinguished from each other by pathogenicity testing. The forma specialis that is specific to cotton is

F o:0, ,spor"in f. sp. vQsii!feeti, in (Fov)
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We have used several different techniques to estimate genetic variation wit}tin Fov, including

vegetative compatibility group (VCG), DNA fingerprinting of genonxic DNA, and RFLP and DNA

sequence analysis of the ribosomal(r) DNA. We have analysed genetic variation among Australian

isolates ofFov, and also compared them to isolates ofFov from overseas and other fiisaria

DNA fingerprinting

Arbitrary primer technology (APT) methods, such as DNA amplification fingerprinting (DAF), are

popular techniques for generating DNA markers for genetic mapping, molecular taxonomy, and

molecular diagnostics. These techntques generate genome specific DNA banding patterns in a PCR-

based DNA amplification reaction directed by a single ongonucleotide primer of arbitrary sequence

APT methods are useful for quickly and conveniently estimating genonxic variation

We have used the DAF technique to analyse genetic variation among two hundred and tidy

Australian isolates ofF o:4), spor"in f. sp. vast, !feet:, in (Fov). The Australian isolates were compared to

55 overseas isolates ofFov that represented races I, 2, 3, 4, 5, 7, 8 and A and were from various

countries, including Angola, Argentina, Benin, Canforma, China, Egypt, Ivory Coast, Peru,

Philippines, Sudan, Tanzania, and USA. The Australian isolates were also compared to 30 other

fiisaria, which represented other F1 0iq, ,spon, in formae specialOS and other FMS@rinm species

DNA fingerprinting analysis identified two different genotypes amongst the Australian isolates ofFov

that corresponded to VCGs 01/11 and 01/12 (Davis at a!., 1996). The two Australian genotypes were

distinctftom all overseas strains ofFov and the other fiisaria exarnined. The relationships amongst the

overseas isolates of Fov that we dateiiiir, led by DNA fingerprinting analysis, supported previous

molecular characterisation of VCGs and races ofFov based on RFLP and RAPD analysis (Bridge et

a1. , 1993; Assigbetse et o1. , 1994; Feinandez at a1. , 1994). We have set up a DNA fingerprint



reference database containing the DNA fingerprints of all of the Australian and overseas isolates of

Fov that we have characterised, along with information on the host and geographical origin of each
isolate. This database allows us to quickly identify isolates of Fov when new outbreaks occur, to
deternulle which genotype of Fov is present. The DNA fingerprint database will also enable us to
recognise new strains offiisarium wilt, ifthey arise or are introduced into Australia

rDNA analysis

Useful phylogenetic sequence information is obtained from genes that have the same function in all
taxa, evolve at approximately the same rate, and are present only once in the genome or behave like a
single copy region. The rDNA genes from the nuclear and Tintochondrial genomes fillfilthese criteria
The systematic versatility of the rDNA arises from the numerous rates of evolution among the
different regions of the rDNA (both within and among genes), the presence of many copies of most
rDNA sequences, and the pattern of concerted evolution among repeated copies (Hillis and Dixon,
1991). The nuclear rDNA repeat includes both highly conserved genes and more variable spacer
regions, allowing distinction at different taxonontic levels. The non-codriig rDNA spacer regions,
which include both the internal transcribed spacers (ITS) and the intergemc spacer (IGS), evolve more
rapidly, have been used in evolutionary and taxonomic studies in fungi. The IGS region between
rDNA repeat units, appears to be the most rapidly evolving region (Hillis and Dixon, 1991), and is
therefore a good indicator of intraspecific variation that can be used to infer phylogeny among closely
related taxa
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The ITS region of the rDNA has been used to differentiate between FMSorit4m species, and stralns of
F1 0xyspon, in form a distinct group based on ITS sequence (Guadet at Q1. , 1989; Peterson, 1991;
O'Dolmen, 1992; Dorialdson at Q!. 1995; Bateman at o1. , 1996; Edel at o1. , 1996; Waalwijk at Ql. ,
1996). However, intraspecific variation has been found within the IGS region of the rDNA (Appel and
Gordon, 1995, 1996; Edel at Q/., 1995; Woudt, 1995; Kistler, 1997)

We have analysed genetic variation among Australian and overseas isolates ofFov by both RFLP and
sequence analysis of the IGS region of the rDNA. The aims of our work were to (i) confirm the

relationships amongst Australian and overseas isolates ofFov deternulled by DNA fingerprinting, and
(ii) deterthine the relationship between Fov and other formae speciales of F o:0, ,spon, in. The IGS
region (approximately 2.6 kbp) was amplified by the polymerase chain reaction, and digested with the
restriction enzymes AmI, BStUl, Dpnll, RSQl, and SorFl. RFLP analysis of the IGS region revealed
that each of the Australian genotypes of Fov (identified by DNA fingerprinting) also represented a
unique IGS haplotype. The relationships between isolates of Fov and other fom^e speciales of
Foxyspon, in were also datennined (S. Bentley, unpublished data)



By combiiitng total genonxic DNA fingerprinting methods such as DAF with other PCR-based methods

such as RFLP and sequence analysis of the IGS region of the rDNA, we have it10rouglily analysed
genetic diversity within Fov, from the genus to the strain-specific taxon levels. Such a thorough
analysis of genetic diversity provides a solid basis for the development of a detection and diagnostic
system for ftisarium wilt in cotton

DNA diagnostics
We are currently developing a DNA diagnostic system for the detection and identification of the two

Australian genotypes ofFov. This DNA diagnostic system uses the PCR to specifically detect DNA
from each of the Australian genotypes of Fov in infected plants and seed, and infested soil. The

advantages of using DNA-based methods are that DNA markers are generally more stable than
phenotypic characteristics, they provide a more precise derivation of genetic relationships, and are they
highly amenable to statistical and computer-based pattern analyses and data management protocols
(Louws at o1. , 1999). Furthermore, DNA-based methods that are also PCR-based are able to detect

only small amounts of DNA and are generally more specific, sensitive and rapid
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Several other DNA diagnostic tests are available for different formae speciales of Foxyspor"in. PCR

assays have been developed for the specific detection of Rosyspor"in f. sp. etceris (Keny at a1. , 1998)
and Fox;), spor"in f. sp. gladioli (de Ham at o1. , 2000) based on sequence characterised amplified

regions (SCARS); detection of Foxyspon, in f. sp. o16edi'ni's (Feinandez at o1. , 1998) and FOJq. ,spor"in
f. sp. didnthi(Chiocchetti at o1. , 1999) was based on transposable elements; and a genoimc DNA
probe has been identified for Rosysport, in f. sp. conQri'e?1sts (Plyler et a1. , 1999)

A PCR-based assay for detection of overseas isolates ofFov based on small nucleotide differences in

the ITS region of the rDNA has been described by Moricca at a1. (1998). We are doubtful of the

suitability of tins assay for the specific detection of Australian genotypes ofFov because there is little
to no variation within the ITS region of different formae specialOS of F o. 1;I. ,sport, in (Guadet et Ql. ,
1989; Peterson, 1991; 0'Dolmen, 1992; Dorialdson at at. 1995; Bateman at a!., 1996; Edel at o1. ,

1996; Edel at o1. , 2000; Waalwijk at o1. 1996), and therefore we consider it unlikely that the test will

specific for Fov. Moricca at a1. (1998) evaluated the specificity of their PCR assay on a litnited

number of isolates, including only one isolate from one other forma specialis of EQ, q. ,spor"in, three

isolates from other species of FMS@ri'"in and three isolates from other genera. Furthermore, we have

foundthatthe primersequences of Moricca et Q1. (1998) match DNA sequences in many other fonnae
speciales off:o:9, spon, in (based on BLAST searches of sequence information published in Genbank)

The lack of intraspecific vanability witltin the ITS region of the rDNA, combined with the high degree

of genetic diversity within Rosyspor"in, requires a much more thorougli evaluation of primer

specificity to ensure the specificity of the assay



We have targeted the IGS region of the rDNA as the basis for our diagnostic test because (i) it is a
stable marker, (ii) it is present in multiple copies (allowing more sensitive detection), and (in) the
presence of both conserved and variable regions allows discrirriniation at different (taxonorntc) levels
of specificity. We have identified DNA sequence infonnation that is urnque to the two Australian
genotypes of Fov and designed PCR primers that specifically amplify DNA only from Australian
VCGs 01/11 and 01/12 of Fov. Database searches of DNA sequence information published in
Genbank have indicated that there are no matches for these primers with any other organism, but we
are currently completing the laboratory screening of the specificity of these primers. We will then
adapt our laboratory PCR conditions for amplification ofFov DNA from infected plants and seed, and
infested soil. There are several practical considerations for PCR amplification from such materials,
including: (i) false positive reactions that can result from cross-amplification of non-target DNA,
exogenous DNA from cultures or aerosols, or from contoininating DNA originating from carryover of
previous experiments, (ii) false negative reactions that can arise for many reasons, including the
presence of compounds derived from extracted substrates that inhibit Taq polymerase, degradation of
the DNA target sequence, or reagent problems, (iii) PCR reaction inhibitors e. g. plant derived
compounds that inhibit the PCR, (iv) sampling i. e. the large initial sample size needs to be
consolidated to a 50 PI endpoint, and (v) amplification of non-viable cells (DNA from dead cells)

After these issues are addressed the diagnostic test will require validation and field-testing, and then it
will be made available to industry
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Conclusion

Thorougli analysis of genetic diversity wit}tin a plant pathogen provides the groundwork for the
development of DNA-based detection systems, which allow more accurate plant disease diagnosis and
better disease management. We have thoroughly analysed genetic diversity among Australian and
overseas isolates ofFov, from the genus to the strain-specific taxon levels. From this inforrnation, we

are developing a PCR-based DNA diagnostic system specific for the Australian genotypes of Fov

This DNA diagnostic test is urgently required for the rapid identification ofFov from infected plants
and seed or infested soil, as early detection of fiisarium wilt is critical for contaiiunent and control of

the disease. This test will also be a useful tool to monitor the distribution and spread of the disease
thoughout the cotton production areas of Australia, and to evaluate the effectiveness of different

agronontic practices (e. g. crop rotation) on the survival ofFov in affected fields

References:

Appel, DJ. , and T. R. GOTdon. 1995. Intraspecific variation within populations of F1, sari"in
ok;), spor"in based on RFLP analysis of the intergentc spacerregion of the rDNA. Experimental
Mycology 19: 120-128

Appel, DJ. , and T. R. Gordon. 1996. Relationships among pathogenic and nonpathogenic isolates of
F o:9, ,spon, in based on the partial sequence of the intergemc spacerregion of the ribosomal
DNA. Molecular Plant-Microbe interaction 9: 125-138



Armstrong, G. M. , and I. K. Armstrong. 1981. Forrnae speciales and races of FMSari'"in o:0, ,spor"in
causing wilt diseases. Pp. 391-400 in PENelson, T. A. Tousson, and R. I. Cook, eds. FMS@ri"in
diseases, biology and taxonomy. Permsylvarita State University Press, University Park

Assigbetse, K. B. , Feinandez, D. , Dubois, M. P. , and JP. Geiger. 1994. Differentiation of FMSarit, in
o. :^),, spor"in f. sp. vast"feetz4m races on cotton by random amplified polyinorphic DNA (RAPD)
analysis. Phytopathology 84: 622-626

Bateman, G. L. , Kwasna, H. , and E. Ward. 1996. Relationships among Farsorit, in spp. estimated by
comparing restriction fragment length polymorphisms in polymerase chain reaction-amplified
nuclear rDNA. Canadian Journal of Microbiology 42: 1230-1240

Bridge, P. D. , Ismail, M. A. , and M. A. Rutherford. 1993. All assessment of aesculin hydrolysis,
vegetative compatibility and DNA polymorphism as criteria for characterizing pathogenic races
within FMSQri"in o:0, ,spor"in f. sp. vast?!feeti4m. Plant Pathology 42:264-269

Chiocchetti, A. , Bernardo, I. , Daboussi, M. , Garibaldi, A. , Gullino, M. L. , Langin, T. , and Q. Migheli
1999. Detection of FMS@rinm ok;), spor"in f. sp. dianthi in carnation tissue by PCR amplification
of transposon insertions. Phytopathology 89:1169-1175

Do nani, L. A. M. , Numansen, A. , Roebroeck, E. I. A. , and I. van Doom. 2000. PCR detection of
F"sarinm oxyspon, in f. sp. glad^^11^ace I, causal agent of Glad^^ms yellows disease, from
infected comms. Plant Pathology 49: 89-100

Davis, R. D. , Moore, NY. , and I. K. Kochinan. 1996. Characterisation of a population of FarsQri'"in
o:<), spor"in f. sp. vQsii!feel"in causing wilt of cotton in Australia. Australian Journal of
Agricultural Research 47: 1143-56

Dorialdson, G. C. , Ball, LA. , Axelrood, P. E. , and N. L. Glass. 1995. Primer sets developed to amplify
conserved genes from filamentous ascomycetes are useful in differentiating FMSori'I'm species
associated with conifers. Applied and Environmental Microbiology 61: 1331-1340

Edol, V. , Sternberg, C. , Avelange, I. , Lagiierre, G. , and C. A1abouvette. 1995. Comparison of three
molecular methods for the characterization of FMS@rinm o:<), spon, in strains. Phytopathology 85
579-585

Edel, V. , Stemberg, C. , Gautheron, N. , and C. Nabouvette. 1996. Evaluation of restriction analysis of
polymerase chain reaction (PCR)-amplified ribosomal DNA for the identification of FMSari"in
species. Mycological Research 101, 179-187

Edel, V. , Sternberg, C. , Gaudieron, N. , and C. Nabouvette. 2000. Ribosomal DNA-targeted
ongonucleotide probe and PCR assay specific for FMSari"in o:9, spor"in. Mycological Research
104: 5 18-526

Feinandez, D. , Assigbetse, K. , Dubois, M. P. , and JP. Geiger. 1994. Molecular characterisation of
races and vegetative compatibility groups in F1, sarinm o:0. ^spor"in f. sp. vosi'deemm. Applied
Environmental Microbiology 60: 4039"1046

Feinandez, D. , Ouinten, M. , Tantaoui, A. , Geiger, I. , Daboussi, M. , and T. Langin. 1998. Fot I
insertions in the Ft, sarii, in o:0, ,spon, in f. sp. @16edtni's genome provide diagnostic PCR targets
for detection of the date pairn pathogen. Applied and Environmental Microbiology 64: 633-636

Guadet, I. , Junen, I. , Lafay, IF. , andY. Bryg00. 1989. Phylogeny of some FMSariz, in species, as
doteii, inled by large-subunitrRNA sequence comparison. Molecular Biology and Evolution 63
227-242

Hillis, D. M. , and M. T. Dixon. 1991. Ribosomal DNA: Molecular evolution and phylogenetic
inference. Quarterly Review of Biology 66: 411-453

Keny, A. G. , Barnbridge, B. W. , Heale, I. B. , Perez-Artes, E. , and R. M. limenez-Diaz. 1998. In planta-
polymeruse chain reaction detection of the wilt -inducing pathotype of FMSori'"in o:<), spon, in
f. sp. etceris in chickpea (Ci'cer grinn"in L. ) Physiological and Molecular Plant Pathology 52
397,109

460


