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Abstract

A polymecrase chain rcaction (PCR) protocol was developed
that specifically detects Clavibacter xyli subsp. xvli (Cxx),
the causal agent of ratoon stunting discase of sugarcanc. Two
primers were developed, namely T, and Ty, to amplify the
intergenic spaccr region of 16S-23S ribosomal DNA of
probably all sugarcane bacterial pathogens, including Cuy,
Xanthomonas campestris pv vasculorum, the causal agent of
gumming discasc and X. albilineans, the causal agent ol leal
scald. The advantages ol this approach are that one set of
primers can be used lor the detection of scveral pathogens,
and that the main pathogens present can be identified based
on the length of the amplificd fragment. Alternatively, the
amplified fragment can be reccovered and the precise
sequence can be used for identification. The method can also
be used (o demonstrate mixed infections.

Based on a multiple sequence alignment, two Cxx-specilic
primers (Tg and Ty) were designed. These primed the specif-
ic amplification of a 237 bp DNA product trom genomic
DNA samples of Cxx. The 237 bp product was also ampli-
fied directly Irom cultured Cxx cells and from Cxx-infected
sugarcanc xylem sap. For the amplification of Cxx in infect-
ed sugarcanc xylem sap, 0,8% (w/v) polyvinylpyrrolidone
was added to the sap prior to amplilication. This provides a
quick diagnostic mecthod for the detection of Cux in xylem
sap without prior extraction ol DNA.

Introduction

Sugarcanc is susceptible to a wide range of discases caused
by various fungi, bactcria, viruscs and phytoplasmas, many
of which can causc substantial reductions in yield. Discases
also have a great impact on sugarcanc breeding programmes.
Every year approximatcly 40% ol new genotypes are dis-
carded in the third sclection stage at the South African Sugar
Association Experiment Station (SASEX) because of sus-
ceptibility to discases, and a further 40% are discarded in the
fourth selection stage. Latent or symptomless infections may
allow the build-up and spread of discascs. The ability o0
diagnose a wide range ol pathogens with sensitive and reli-
able methods, cven in apparently symptomless plants, is
cssential. Diagnostic methods should provide a combination
of sensitivity, specd, reliability and high output to serve as
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usctul diagnostic tests for pathogens.

Ratoon stunting discasc (RSD), leal scald and gumming are
three of the most economically important diseases of sugar-
canc world-wide. RSD is caused by thc bacterium
Clavibacter xyli subsp. xyli (Cxx) (Davis et al., 1984), while
gumming and lecal scald arc caused by Xanthomonas
campestris pv vasculorum (Xev) (Cobb, 1983; Dye, 1978, as
reccorded by Ricaud and Autrey, 1989), and Xanthomonas
albilineans (Xa) (Ashby, 1929; Dowson, 1943, as recorded
by Ricaud and Ryan, 1989). Diagnosis of RSD is difficult
because of the absence of specific symptoms. Phase contrast
microscopy (PCM) and serologically based detection meth-
ods including immunofluorcscence microscopy (IFM) and
the cvaporative binding enzyme immunoassay (EB-EIA)
have so [ar been used for diagnosis at SASEX. These tech-
niques allow a definitec positive diagnosis, but negative
results from relatively small samples of stalks do not guar-
antec the absence of the discase in the field. Until recently,
diagnosis of Ical scald and gumming at SASEX was based
on visual symptoms and culturing, after which the Gram
stain and scveral tests including gelatine liquefaction, starch
hydrolysis, nitrate reduction and carbohydrate tests were
conducted. Although this technique was uscful, it took two to
three weeks to complete the diagnosis.

The polymerase chain reaction (PCR) has become popular
for detecting and identifying pathogens. PCR protocols have
been developed [or other sugarcane pathogens, including Fiji
discasc virus and sugarcanc mosaic virus (Smith et al.,
1994), and X« (Honceycutt et al., 1995). For diagnosis of bac-
terial pathogens the variable regions within the ribosomal
RNA (rRNA) operons have been used for the selection of
PCR oligonucleotide primers for a range of species. Intra-
species 16S RNA gene variation is small for most described
bacterial pathogens but the intergenic spacer region between
the 16S and 23S genes (Figure 1) is sufficiently variable for
species-specific primers to be designed (Barry et al., 1991).
Presently little is known about strain variation in Cxx, Xcv
and X« in South Africa. Information on this can be obtained
by analysis of the 16S-23S spacer region sequences.

The purpose of this project was to develop a set of primers
to permit the sensitive and accurate identification of bacteri-
al pathogens in sugarcanc. It was hypothesised that if a set of
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Figure 1. Generalised illustration of the ribosomal genes situated on the rRNA operon.

primers could be developed that would allow the amplifica-
tion of any sugarcane bacterial pathogen, specific primers
could be designed for the identification of different species.
A set of primers targeting the highly variable spacer region
between the 16S and 23S ribosomal RNA operon of bacteria
was developed for this purpose. After aligning 16S-23S
intergenic spacer rcgion scquences, a set of highly specific
primers was developed for the detection of Cxx.

Materials and Methods

Bacterial strains and culture conditions

Cxx isolates were maintained on a sugarcane medium
(MSCm) (Davis et al., 1980), moditied by Brumbley (per-
sonal communication'). The cultures were incubated for 3-4
weeks at 24°C. Plants expressing gumming symptoms werc
collected trom two areas where the disease is common,
Eston in th¢ KwaZulu-Natal Midlands and Pongola in north-
ern KwaZulu-Natal. Plants showing leaf scald symptoms
were also collected Itom Pongola. The cultures were main-
tained on Wilbrink’s agar (Ricaud and Autrey, 1989) at 30°C.
Growth occurred within three days and cells were subcul-
tured every week for a maximum of 3 weceks.

Genomic DNA extraction

Genomic DNA was extracted from bacterial cultures as
described by van Antwerpen (1999). Bacterial cultures of
Cxx, Xa and Xcv were also uscd directly in PCR. The
colonics were scraped from the agar surface and suspended
in autoclaved filter-purificd watcr, and 0,5 ul was used as
template in PCR reactions depending on the concentration of
the bacterial cells (Hiraishi, 1992).

Primer design, DNA amplification and sequencing of the
spacer region between the 168 and 23S rRNA genes

Primer pair T, forward (5’TAGGACTAAGTCGTAA-
CAAGG3’) and T, reverse (5’CIHITGCCAAGGCATC-
CACC?3’) was used to amplify the intergenic spacer region
between the 16S and 23S rRNA genes of all the bacterial

'SM Brumbley. BSES, 50 Mcirers Road, Indooroopilly. Queensland.
Australia, 4068.
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species used in this study and was designed by aligning
known bacterial sequences obtained from the Genbank data-
basc. DNA fragments obtained with primer pair T, and T,
were amplificd and the cycling parameters used were as
described by van Antwerpen (1999). The PCR products were
resolved in a 2% (w/v) agarose gel and visualised under UV
light. PCR products were purificd from the agarosc gel using
a Qiagen QIAquick Gel Extraction Kit after electrophoresis.
The purified DNA served as template for sequencing reac-
tions.

Sequencing of 165/23S amplified fragments

PCR-based scquencing reactions were carried out in a ther-
mal cycler (Touchdown temperature cycler; HYBAID,
Teddington, England) with ABI PRISM TM dye terminator
cycle sequencing using the Perkin Elmer Ready Reaction kit
with AmpliTag R DNA Polymerasc. DNA was amplified and
the cycling parameters were used as described by van
Antwerpen (1999). The extension products were precipitat-
cd, denatured and transferred to an autosampler tube. The
samples were loaded in the ABI Prism Genetic Analyser {or
analysis.

Alignment of sequences and development of Cxx-specific
primers

Sequences obtained were compared with sequences in the
Genbank sequence databank for identification. Scquences
for cach bacterial species werc comparcd to determinc
whether different strains of the species exist and a consensus
sequence for cach species was determined. The consensus
scquences of all species were aligned and compared with
each other by using the DNASIS compuler program version
2.1 (Hitachi Software Engineering Co Ltd, 1994), A pair of
Cxx-specitic primers, namcly Tg forward (5’TTGTCC
AGGCGCCGGATCTGAGACAGTACT3’) and T, reversc
(5 TGCTCGCGTCCACT3’) were designed.

Specific amplification of Cxx

Amplification reactions were performed in a 15 pl rcaction
volume for primer pair Ty and Ty as described by van
Antwerpen (1999). A reaction mixture with sterile filter-
purified water served as the negative control. Cycling
parameters were used as described by van Antwerpen
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(1999). The specificity of primer pair Ty and Ty was tested
using genomic DNA from 41 bacterial isolates from sugar-
cane, including Xc¢v and Xa. A range of DNA concentrations
containing 5, 50, 100 and 200 ng of bacterial genomic DNA
were used as template in PCR. These primers were also test-
cd on xylem sap extracted directly from stalks infected with
Cxx, Xa and Xcv. Ten-fold serial dilutions were used as tem-
plate in the PCR.

Sensitivity of the Cxx-specific PCR test

The sensitivity of PCR using the Cxx-specific primer pair Ty
and T,y was determined by using a dilution scries of the bac-
terial DNA (50 ng, 5 ng, 0,5 ng, 50 pg, 5 pg and 0,5 pg) and
bacterial cclls diluted in water, using a ten-fold dilution
series from 10 to 10°. Purificd genomic DNA from Cxx was
mixed with an excess of 60 ng sugarcane genomic DNA: 50
ng, 5 ng, 0,5 ng, 50 pg, 5 pg and 0,5 pg of Cxx.

Detection of Cxx in sugarcane xylem sap

Cxx cells were diluted in healthy xylem sap using a ten-fold
dilution series from 10" to 10°. The xylem sap was used as
template for the PCR test using the Cxx-specific primers
under the conditions described above. However, to increasc
the sensitivity of the test, samples of xylem sap containing
0,8% (w/v) polyvinylpyrrolidone (PVP) were tested against
xylem sap samples without PVP.

The efficacy of the PCR protocol to detect Cxx in sugarcane
xylem sap was compared with IF, PCM and EB-EIA. Nine
hundred and sixty-eight sugarcane stalkswere collected from
fields in different areas of the South African sugar industry.
Xylem sap was extracted from stalk pieces using positive
pressure and the sap from five stalks was pooled in one tube.
A 0,5 ul aliquot from each tube was then used as template in
the DNA amplification reactions.

Results

Fragments obtained with primer pair T /T

The total number of base pairs for the sequenced product
from Cxx was 611 bp, of which 143 wcre adenosine, 149
cytosine, 169 guanosine and 150 thymine, with a GC content
of 51,96%. When amplifying DNA from Xcv, different sized
fragments ranging trom 586 bp to 623 bp were amplitied
from different isolates. Three typcs of sequences were
obtained for Xcv. These sequences wcrc compared with
known sequences on the Genbank database and it was con-
firmed that they belonged to the X. campestris group of
pathogens. Two types of sequences were obtained for Xa.

Selection of Cxx-specific primers

Sequences obtained from fragments amplified from Cxx
genomic DNA using primer pair T, and T, were aligned and
compared with each other in order to design a primer pair
(Ty/Ty) specifically for Cxx.

Specificity of primer pair Ty and Ty
Primers Tg and Ty primed the amplification of a 237 bp DNA
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product from genomic DNA samples of all the different Cax
isolates used. No amplification products werc observed in 41
other bacterial isolates, including Xanthomonas and
Pseudomonas species from sugarcane. The specificity of
primer pair Ty and Ty was also tested using genomic DNA
from C. xyli subsp. cynodontis (Cxc¢), C. michiganense
subsp. michiganense (Cmm), C. michiganense. subsp.
insidiosum (Cmi), and C. michiganense subsp. nebraskense
(Cmn). DNA from Cxc was amplified and rcsulted in a 237
bp fragment. No amplification products were obtained from
the other Clavibacter species used. The Ty and T, primers
could therefore distinguish between all the Clavibacter
species in this study, except Cxc.

Detection limits of the primer pair Ty /To in the PCR diag-
nostic test

Cxx cells from a pure broth culture were centrifuged and
diluted in a ten-fold dilution series in water and used in PCR
to determine the sensilivity of the primers. In this test, the
primers could detect the bacteria in dilutions of up to one
million-fold when 10 pl was used as template in the PCR.
Dilutions of the genomic DNA of Cxx were also used to
determine the sensitivity of the primers in the PCR. The Cxx-
specific primers could amplify the DNA from a concentra-
tion as low as 50 pg, and when Cxx DNA was mixed with 60
ng of healthy plant DNA, the primers detected the Cxx DNA
al a concentration as low as 0,5 ng.

Detection of Cxx in sugarcane xylem sap

As mentioned above, primer pair Tg and T, primed the
amplification of the 237 bp DNA product directly from cul-
tured cells and also from xylem sap from Cxx-infected
stalks. To increase the sensitivity of the test, 0,8% (w/v)
polyvinylpyrrolidone (PVP) was added to the xylem sap
(Pan et al., 1998).

Comparison between PCR and other diagnostic tests

The cfficacy of the PCR protocol to detect Cxx in sugarcane
xylem sap was comparcd with other diagnostic tests used at
SASEX. In a first test, EB-EIA, IFM and PCM were com-
pared with PCR. From a total of 91 samples, PCR detected
12 positive samples, IFM detected 15 positive samples and
PCM 10 positive samples. Only four samples tested positive
by all four methods. PCR did not detect Cxx in nine samples
that werc found to be positive using the other detection
methods. EB-EIA did not detect seven positive samples;
IFM did not detect one positive sample and PCM did not
detect 10 of the samples that had been identified as positive
by the other methods. From these results it was apparent that
PCR was not highly scnsitive.

In a second comparison, attcmpts were made to increase the
sensitivity of PCR by freezing and thawing, varying the vol-
ume of template and varying the addition of PVP to the tem-
plate. In this second test PCR was compared with EB-EIA.

Atotal ol |51 samples were tested in the second comparison,
88 of which camc from Swaziland and 63 from Umfolozi.
EB-EIA detected four positives in the Swaziland samples,
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while PCR detected none. Immunofluorescence microscopy
confirmed that the four diagnosed positive by EB-EIA were
positive. The xylem sap of these samples was a brownish
colour, indicating the presence of substances that might have
suppressed the PCR amplification of Cxx. In the 63 samples
from Umfolozi, PCR detected 24 positive samples, whereas
EB-EIA detected 21 positives. The minigel (Southern Cross
Biotechnologies), in which 96 samples can be run simulta-
neously, is shown in Figure 2.

Figure 2. PCR amplification products of Cxx cells in xylem sap
using primer pair T8 and T9 in the 96-well minigel system. Empty
lanes represent negative results.

Discussion

The direct loss in income due to the incidence of diseases in
the South African sugar industry is estimated to be approxi-
mately R120 million per annum (personal communication®).
However, this value does not include indircct losses result-
ing from the rcjection of high yielding varieties due to dis-
ease susceplibility. More than 60% of promising varieties are
discarded from the variety selection programme at SASEX,
some of which might otherwise have high yielding potcntial.

RSD and leaf scald arc often difficult to detect due to a lack
of diagnostic symptoms or latency. There are no methods

* RA Bailey, Head Pathology Dept, SASEX, Private Bag X02, Mt.
Edgecombe, 4300, South Africa
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available for the chemical control of bacterial diseases in
sugarcane, and the production of hcalthy planting material
under sanitary conditions is one of the most important con-
trol measures. Currently, PCM and the EB-EIA test are used
to monitor the RSD situation in the sugar industry and ensure
the health of seedcane stocks. PCR-based detection methods
specific for Cxx and other bacterial pathogens would assist in
the monitoring and prevention of spread of discases. PCR
can also be used to determine whether different strains of
bacterial pathogens exist.

Target site used for PCR amplification in this study

The intergenic spacer region between the 16S and 23S rRNA
genes has been considered an ideal region for developing
specific PCR primers that can differentiate bacteria, because
a high percentage of sequence variation occurs in this region
(Li and De Boer, 1995). This areca of the prokaryotic genome
is also easily accessible because of the conserved nature of
the surrounding 16S and 23S rRNA gencs (Barry et al.,
1991).

Variation between bacterial species and strains

The T, and T, primers that were developed for the amplifi-
cation of sugarcane bacterial pathogens successfully ampli-
fied the 16S-23S spacer regions of Cxx, Xcv and Xa. The
advantages of this approach arc that onc sct of primers can
be used for the identification of bacterial pathogens by
recovering and sequencing of the amplified fragment.

Sequences obtained with primers pair b /Ty

The size of the amplified fragment, when using Cxx genom-
ic DNA and primer pair T,/T,, was 611 bp. This differs
from the size of the fragments obtained by Pan et al. (1998);
566 bp for Cxx and 546 bp for Cxc, using primer pair G1/L1.
This difference might be because the South African isolates
differed from those used by Pan er al. (1998), and also
because of the difference in the length of the amplified
fragments obtained with primer pairs GI/L1 and T,/T,.
Heterologous sequences of the 165/23S spacer regions are
found in the multiple copies ol thc rRNA operon within
other bacterial species (Gurtler and Stanisich, 1996).
However, Cxx contains only one rRNA operon
(Sathyamoorthy ef al., 1991) and the spacer region between
the 16S and 23S genes of Cxx does not contain any tRNA
genes (Fegan ef al., 1998). This is consistent with the spac-
cr regions of other Gram-positlive organisms with high G+C
content (Fegan er al., 1998), excluding the possibility that
an extra tRNA exists in the current Cxx scquence. It can be
concluded that there might be strain differences between
dilferent Cxx isolates, and this requires further investiga-
tion.

The species X. campestris represents a complex group of
plant-pathogenic bacteria that are similar in morphology but
differ in host range. Accurate identification of plant patho-
genic X. campestris species is difficult and time consuming
(Gilbertson et al., 1990). When using primer pair T,/T, for
the amplification of Xve genomic DNA, it was found that
different sized fragments were amplified for differcat iso-
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lates. The sizes of the T,/ T, amplified fragments obtained in
this study ranged between 540 and 626 bp. A possible expla-
nation for the different types of sequences obtained for Xcv
in this study might be that there are different Xcv strains
present in sugarcane plants. The determination of whether
different strains of Xcv exist in sugarcane is a subject for
future study.

A 619 bp product was amplified with primer pair T,/T,
from Xa. In both types of sequences obtained for Xa in this
study, several small deletions and inclusions were found as
well as point mutations, suggesting the existence of different
strains of this species. Honeycutt et al. (1995) and Davis et
al. (1997) also reported the existence of different strains of
Xa.

Implications of different strains of pathogens for plant
breeding

The occurrence of different strains of bacterial pathogens has
implications for plant breeding. Currently, some promising
new varieties are discarded in the later stages of sclection or
even after release because of their susceptibility to a specif-
ic pathogen. Should different strains of a pathogen be known
to exist, new varieties could be screened against all known
strains in the early stages of selection, thus saving timc and
resources. Characlerising resistance to individual strains
would allow for the maintenance of resistance genes in
breeding populations. These could be cxploited in the breed-
ing programme through ‘gene stacking’, by crossing indi-
viduals carrying the different resistance genes. An advantage
of such an approach is that uscful germplasm is not discard-
ed on the basis of susceptibility to a single strain of a
pathogen.

Development of specific primers

By aligning and comparing the sequences obtained from
fragments amplified from genomic DNA of Cxx, Xcv and Xa

using primer pair T,/T,, it was possible to design a pair of

primers specific for Cxx. Primer pair T8 and T9 was
designed and a 237 bp fragment was amplified from genom-
ic DNA as well as from Cxx cells. The primers also ampli-
fied a 237 bp fragment directly from sugarcane xylem sap.
Sequencing these fragments confirmed that it was Cxx. The
primers were tested against different isolates of other
Clavibacter species (Cnun, Cmi, Cmn, Cxc), as well as Xcv,
Xa, Pseudomonas species and several unknown bacterial
species isolated from sugarcanc plants. The primers were
highly specific to Cxx and did not amplify DNA from other
bacterial species; they were nevertheless not able to distin-
guish between Cxx and Cxc. However, Cxc is a xylem-inhab-
iting endophyte of Bermuda grass (Cynodon dactylon) and
has not been found naturally in sugarcane (Davis et al.,
1984).

The detection limit for Cxx by the PCR protocol in this study
was 5 pg ol genomic bacterial DNA. However, when the
bacterial DNA was mixed with an cxcess of sugarcanc DNA,
the detection limit was 0,5 ng of bacterial DNA (one hun-
dred-fold less scnsitive). PCR could also bc performed
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dircctly on Cxx cells from culture and from Cxx-infected
sugarcane xylem sap. Cxx cells could be detected in a mil-
lion-fold dilution of Cxx in xylem sap when PVP was added
to the sap. It appeared that the PCR test was more sensitive
when xylem sap was used as template rather than plant
DNA.

Comparison of the PCR test with other diagnostic tests

A limiting factor in applying the PCR protocol for the detec-
tion of Cxx in sugarcane xylem sap is the presence of PCR
inhibitors, such as polysaccharides or phenolic compounds
(Henson and French, 1993). Various reagents have been
included in the PCR buffer by researchers, such as PVP and
polyethylene glycol (PEG) (MacKenzie et al., 1997), PVP
and Ficoll (Pan ef al., 1998) to minimisc the possible effect
of inhibitors in DNA extracts from plants. In this study, 0,8%
(w/v) PVP added to the xylem sap increased the sensitivity
of the PCR protocol considerably. Cxx cells could be detect-
ed in a million-fold dilution, thus improving the detection
limit onc hundred times. When different volumes of the dilu-
tions were used as template in the PCR it was found that 0,5
pl of xylem sap was adequate as template.

A comparison was made between the four methods used for
the detection of Cxx, namely PCR, IFM, EB-EIA and PCM.
PCR was more sensitive in detecting Cxx than EB-EIA and
PCM. Although the sensitivity of IFM and PCR appeared to
be similar, it is accepted that PCR is more accurate in detect-
ing Cxx because the test is based on a specific DNA
sequence of Cxx.

Conclusions

The aim ol this study was to develop a DNA-based diagnos-
tic test using PCR for the detection of pathogens in sugar-
cane and specifically for Cxx. This was accomplished with
the development of primer pairs T,/ T, and Tg/T,.

It was demonstrated that significant sequence heterogeneity
exists within the eubacterial 16S/23S spacer region at the
genus and species levels. The size and number of fragments
produced by amplification of the 16S/23S spacer region can
be a useful tool in identifying species of bacteria. However,
the sizes of fragments from the threc bacterial species used
in this study did not differ sufficicntly to make recognition
possible in 2% agarose gels, and the amplified fragment was
therefore recovered and the precise scquence was used for
identification.

The strategy used has the advantage of providing specific
DNA primers for any micro-organism. Furthermore, the
rapid technique requires no previous information on the
molecular biology of the micro-organism of intercst. The use
of DNA sequences in the spacer region between the 16S and
23S rRNA has shown that efficient and specific primers can
be generated that arc able to readily distinguish between
closely related eubacteria.

A specific primer pair (Tg and Ty) was designed for the
detection of Cxx in sugarcane DNA or sugarcane xylem sap
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using the 16S/238S spacer region. The methodology provides
a rapid, sensitive assay for the detection of Cxx in sugarcane.
Ninety-six samples can be analysed in a thermal cycler in a
35-cycle PCR run, using a three-temperature programme in
only 2'/2 hours. A special minigel system (Southern Cross
Biotechnologies) in which 96 samples arc analysed simulta-
neously, is used for the diagnostic test. The interpretation of
the test results is simple and relies on the presence or
absence of a single 237 bp fragment. It takes five to 10 min-
utes for the tragments to be resolved in the agarose gel. The
overall time taken to conduct this diagnostic test is less than
three hours.

Itis not envisaged that the Cxx-specitic PCR test will replace
the serological-based detection methods currently used at
SASEX for the mass diagnosis of RSD. However, PCR is the
method of choice for the detection of Cxx in RSD transmis-
sion trials and diagnosis in quarantine.
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Abstract

The enzymc pyrophosphate dependent phospholructokinase
(PFP), considered to play an important role in sucrosc
metabolism in plants, comprises two protcin subunits encod-
cd by separatc gencs. Part of the B-subunit gene was used as
a model in investigating allelic variation in the polyploid
genetic environment of sugarcane. The genc fragment was
amplificd by the polymerase chain rcaction (PCR) from var-
ious total genomic DNA samples and a number of individual
DNA molecules cloned randomly from each source.
Sequence analysis of clones has decmonstrated that two strik-
ingly different alleles arc present in ancestral Saccharum
species as well as modern hybrid varieties.

Introduction

Sugarcane is a highly hetecrozygous and genetically cumber-
some crop (Aljanabi, 1998). This is at Icast in part because it
is highly polyploid, having a suspected basc chromosome
number of 10 and between 110 and 130 chromosomes in the
2n state, contributcd by two major ancestral species,
Saccharum officinarum and  Saccharum  spontaneum
(D’Hont et al., 1996). The number of alleles of important
genes and the degree to which those allcles vary in the com-
plex genetic environment of sugarcanc is of considerable
interest because of the potential for exploitation of genetic
variation through breeding, and manipulation of gene func-
tion via genctic engincering. In addition, such information

might throw light on the general speciation and cvolution of

polyploids, about which little is known (Soltis er al., 1992).
The working hypothesis for this study was that allelic varia-
tion can best be established by targeting a single copy gene
(i.c. a gene with onc copy per haploid genome), the argument
being that such a gene should be present in multipie allelic
copics in sugarcanc. The gene encoding the enzyme
pyrophosphate dependent phosphofructokinasc (PFP) is such
a gene (Blakeley er al., 1992). PFP is considered to play an
important rolc in sucrose metabolism in plants (Dancer and

ap Rees, 1989). Part of the gene encoding the B-subunit of

the enzyme was adopted as the study model. Using genomic
DNA from dillerent sugarcane sources as template, the gene
fragment was amplificd by the polymerasc chain reaction
(PCR) with primers designed to complement conserved
regions of the gene. Amplified {ragments were ligated into
plasmid vectors and individually cloned in E. coli for com-
paralive scqucncing analysis.
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Materials and Methods

Primers

Forward primer Bl was designed from a region of high
homology identified by comparison ol known PFP genc
sequences from castor bean and polalo while reverse primer
B8 was designed from a sugarcanc PFP sequence (Sarita
Groenewald; PhD thesis, University ol Natal, 1998, and per-
sonal communication):

B1 (20bp) (5’ 10 3’) ATI-GAT-TTC-ATI-CCI-GAG-GT

B8 (21bp) (5”10 3’) CCA-TCA-GTG-ATG-TCA-ATG-CTG

The predicted product of B1/BY amplification is a rcgion of
the PFP gene representing cxons 10, 11 and 12 and their
flanking introns, approximately 1200bp in size in all.

Gene amplification, cloning and sequencing

Genomic DNA was cxtracted from Saccharum officinarum
(Black Cheribon). Saccharum spontaneun (Coimbatore) and
a commercial variety (N21) as described by Harvey and
Huckett (1998). PCR rcactions contained, in a final volume
of 50ut: 10mM Tris-HCI, SO0mM KCl, 1,5mM MgCl,, 50ug
gelatine, 0,33mM dcoxynucleoside triphosphates (dANTPs),
0,4uM primers Bl and B8, 1U Tag DNA polymerasc
(Boehringer Mannhcim) and 75ng genomic DNA, at a final
pH of 8,3. Thermal trcatment was 94°C for 1,5 min (1 cycle),
94°C for 45 sec, 45°C for 30 scc and 72°C for 2 min (10
cycles) and 94°C lor 30 scc, 40°C for 30 sec and 72°C for 2
min (30 cycles) followed by 72°C for 2 min then 35°C for 5
min. PCR products were purified by electrophoresis through
1% (w/v) agarosc gels in TBE bufler (45mM tris-boralc,
ImM EDTA, pH 8.0) followed by cxcision of bands visu-
aliscd by conventional cthidium bromide staining and gel
removal by spun column (GenElute, Supeclco). PCR (rag-
ments were ligated into the pGEM®-T Easy plasmid vector
(Promega) and cloned in E. coli strain IM 109 according to
manulacturcr’s instructions. Cloned plasmids were extracted
from bacterial cells and purified using column separation
kits (Nucleobond AX20, Machcrey-Nagel) while estimations
ol quality and quantity werc made both spectrophotometri-
cally at 260nm and by visual obscrvation following gel elec-
trophoresis. Plasmid inserts were used with either B1 or B8
primer in cycle sequencing reactions according to standard
dye terminator chemistry methodologies (Big Dye Kit,
Perkin Elmer). Reaction product analysis was accomplished
by capitlary electrophoresis using a Perkin Elmer ABI Prism
310 Genetic Analyzer,
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Sequence analysis

Sequences were cdited manually to remove plasmid vector
components. PFP homology was mcasured by nucleotide
comparison ol individual sequences to genes registered in
international databases using the Basic Local Alignment
Search Tool (BLAST) algorithm (Altschul et al., 1990).
Sequence overlaps, alignments and other data manipulations
were accomplished using Perkin Elmer software Sequence
Navigator 1.0.1 and/or the software programme DNASIS [or
Windows v2.1.

Results and Discussion

Two PCR amplification products ol approximately 1250bp
and 1100bp in size werc obtained consistently from the
genomic DNAs of all three sources: Black Cheribon,
Coimbatore and N2I1. The [ragments were designated
PFP.BI/BS,,s; and PFP.B1/B8,, respectively. In the casc of
Coimbatore, a third product of approximately 950bp was
sometimes obtained. Only PFP.B I/B8,,5, and PFP.B1/B8 4o
were cloned and sequenced in this study. Bl generated
sequences were used for BLAST homology searches. All
scores obtaincd were above the significance threshold of 80
and ranged from 119 to 522 (mecan = 411), indicating that
all gene [ragments obtained by PCR were identiliable as
PFP. Where possible, forward and reverse scquences were
integrated using Contig Manager, an overlap function of the
software programme DNASIS, to provide full length [rag-
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ment scquences. Results of cloning, sequencing and BLAST
homology scarches of fragments PFP.BI/B8,,5, and
PFPBI1/BS, 4, from all three germplasm types are sum-
marised in Table 1.

To investigate sequence differcnces between the two size
species PFP.B1/B8,5, and PFP.B1/B8 4, representative
full length sequences obtained from commercial variety N21
(onc sequence of cach type, Table 1) werc compared with
cach other in an initial analysis. Results showed that the size
differences between the two {ragments was duc to sequence
variations throughout their fengths rather than a single major
inscrtion or deletion in one of the fragments. Homocologous
¢DNA scquences ol the castor bean PFP B-gene (cxon
regions 10, 11 and 12), assumed to be relatively conserved
across specics, were used to determine the positions of exon
and intron regions in the sugarcanc gene {ragments. Exon
regions ol the two sugarcanc variants showed 77-78%
nucleotide homology while, as expected, intron regions
showed greater variability with 48-59% nucleotide homo-
logy.

Having used N21 dala to cstablish the cxistence of two vari-
ants ol the gene, apparently associated with a size difference
between the Bl and B8 primer sites, the data obtained for
Black Cheribon and Coimbatore were analysed. For cach of
the germplasm sources, sequences clustered into one of two
distinct sequence types, shown by conscnsus scquence com-
parisons to correspond closcly to the two allclic variants

Table 1. Sequencing results and PFP homology scores for cloned gene fragments obtained by PCR from genomic DNA
of Saccharum officinarum (Black Cheribon), Saccharum spontaneum (Coimbatore) and the commercial variety N21.

B1 B1-SEQUENCE BS OVERLAP | FULL,
GERMPLASM | FRAGMENT CLONE | (FORWARD) BLAST (REVERSE) REGION | LENGTH
SOURCE NAME | GENERATED | SIGNIFICANCE A GENERATED (bp) SIZE
SEQUENCE | SCOREFOR | SEQUENCE (bp)
LENGTH (bp) PFP LENGTH (bp)
BLACK PFP.B1/BBpy, | BC.THI 643 499 668 285 1026
CHERIBON BC.T#3 662 513 643 272 1033
BC.T#4 556 352 366 - -
BC.T#5 650 322 670 66 1254
BC.T#6 370 277 606 - -
BC.T#10 651 495 651 93 1209
BC.T#11 660 119 653 283 1030
BC.T#12 650 495 687 129 1208
BC.T#13 640 495 637 21 1256
PFP.B1/B8y,p | BC.BRI7 530 522 392 - -
BC.B¥#18 532 522 432 . -
BC.B#21 475 504 390 - -
BC.B#24 485 331 653 91 1047
COIMBATORE | PFP.B1/BBy, | CO.TH4 743 489 - - -
CO.T#7 522 250 532 24 1030
CO.T#8 461 197 465 - .
N21 PFP.B1/B8,y, | N21.T#10 777 495 715 273 1219
PFP.B1/B8,,, | N21.B#9 735 522 686 395 1026

BC, Black Cheribon; CO, Coimbatore; T, top gel fragment, 1250bp; B, bottom gel fragment, 1100bp. BLAST scores above 80 indicate signifi-
cant homology to known PFP genes.
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BC TOP BAND CONSENSUS TYPE 1

N21 BOTTOM BAND [PFP.B1/B8 1100] |
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CO TOP BAND [PFP.B1/B8 1250]

BC TOP BAND CONSENSUS TYPE 2

N21 TOP BAND [PFP.B1/B8 1250]

CB HOMOEOLOGOUS SEQUENCE

I
80%

I
25%

Figure 1. Homology tree derived from sugarcane PFP gene fragments and the equivalent sequence from castor bean. All contributing
sequences represent full length B1/B8 PFP fragments. Consensus sequences types 1 and 2 were each based on three full length fragments
and were obtained in Sequence Navigator. The tree was derived in DNASIS. BC, Black Cheribon; CO, Coimbatore; CB, castor bean (Ricinus

communis). Scale shows relative homology values in %.

identified in N21. However, correlation between sequence
type and size specics ol origin was not tight, suggesting that
contamination of thc PFP.B1/B8,,5, and PFP.B1/B8,,, ITag-
ment populations had occurred at the point of gel band exci-
sion. This is not unlikely, as it is recognised that DNA frag-
ments such as these, differing in sizc by only 150bp, may
appear separate visually but not be resolved perfectly by
agarose gel electrophoresis. Future preparative separation
would be accomplished more precisely in polyacrylamide
gels.

Relationships between the various sugarcane PFP gene frag-
ment sequences and the homoeologous sequence from castor
bean are illustrated in Figure 1. Two distinct allelic clusters
are identifiable among the sugarcane sequences. It is notable
that the degree to which they differ from cach other is almost
as great as the degrec to which each differs from castor bean,
a dicotyledonous plant not closely related to sugarcane.
Although the analysis is based on limited numbers of cloned
fragments and only single scquence runs, the result is suffi-
ciently striking to suggest that the variations do reflect sig-
nificant allelic diflcrences in the genome. The high level of
distinction and the fact that both gene forms occur in the
ancestral germplasm of sugarcanc suggest that the alleles
diverged early in the cvolution of the genus Saccharum.

Confirmation of this work and further investigations into
PFP gene variants and their expression is being undcrtaken.
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