
THE INTRODUCTION OF A SEROLOGICAL METHOD FOR LARGE 
SCALE DIAGNOSIS OF RATOON STUNTING DISEASE IN THE 

SOUTH AFRICAN SUGAR INDUSTRY 

SA McFARLANE. RA BAILEY AND DS SUBRAMONEY 

Soutlz Africa11 Sugar Associatiorl Experinzerlt Station, P/Bag X02, Mount Edgeconzbe, 4300, Soutlz Africa 

Abstract 

Ratoon stunting disease (RSD). caused by the bacterium 
Clovibacter xyli subsp xyli, is widely distributed i n  the South 
African sugar industry and, if common, severely reduces the 
yield of most sugarcane varieties under both rainfed and irri- 
gated conditions. It is important that intended seedcane 
sources and plough-out fields are checked for freedom from 
RSD before fields are planted. 

Phase contrast microscopy (PCM) has been used i n  the 
South African sugar industry to diagnose RSD on a large 
scale since 1977. The diagnostic service offered to cane 
growers has provided valuable information on the RSD situ- 
ation in the sugar industry and has contributed greatly to suc- 
cess in reducing the levels of the discasc in most areas. PCM 
is a rapid and acceptably reliable method of diagnosis but it 
requires the urgent transportation of bulky stalk samplcs, 
often from distant parts of the industry, for examination in 
laboratories at the South African Sugar Association 
Experiment Station (SASEX). 

An evaporativc binding-enzyme immunoassay (EB-EIA) 
replaced PCM in April 1998. T h ~ s  method of diagnosis has a 
number of advantages over PCM. The main one is that 
extracted xylem sap is transported to SASEX in small tubcs 
when convenient. Additionally, the test is less subjective 
than PCM and more samplcs can be processed at a lower 
cost. A number of largc scale comparisons between PCM and 
EB-EIA using samplcs from growersi fields have shown that 
the two methods arc similar i n  sensitivity, and in the last 
comparison there was 97% agreement. 

Staff of Local Pcst & Disease Control Committees 
(LP&DCCs) arc now closely involved in RSD diagnosis. 
Stalk samples are delivered to the local offices ot 
LP&DCCs, whcre technical staff perform the initial extrac- 
tion of sap and forward these samples to SASEX for sero- 
logical diagnosis. In the first year of implementation of EB- 
EIA, the number of samples tested increased from approxi- 
mately 6 000 to more than 9 000. 

Introduction 

Ratoon stunting disease (RSD) is caused by the xylem-lim- 
ited bacterium, Clavibacter xyli subsp xyli (Cxx) (Davis et 
al., 1984). It is generally considered to cause greater losses 
in  yield world-wide than any other sugarcane disease. The 
extent of yield loss varies with environmental conditions and 
the susceptibility of the varieties grown. In South Africa, 
losses as high as 30 to 40% have been recorded in suscepti- 
ble varieties grown under typical rainfed and irrigated con- 
ditions (Ba~ley and Bechet, 1986; 1995). 

RSD causes no obvious external symptoms other than a non- 
specific stunting and is thereforc difficult to diagnose with 
accuracy i n  the field. Up to the mid- 1970s diagnosis was 
bascd on the observation of internal stalk symptoms, but 
these vary both between and within varieties, are often 
inconspicuous and are unreliable. A bacterium was first 
found to be associated with RSD in 1972 (Gillaspie et al., 
1973) and this soon led to diagnosis based on the micro- 
scopic cxamination of the xylem vessel contents. This 
method of diagnosis was adopted in the South African sugar 
industry in  1976 (Bailey, 1976) and i n  1977 a large-scale 
diagnostic scrvicc for the sugar industry was introduced 
using phase contrast microscopy (PCM) to detect Cxx 
(Bailey and Fox, 1984). The diagnostic service has provided 
valuable information on the RSD situation in the South 
African and neighbouring sugar industries. It has also lead to 
an increased awareness of thc discasc and this has been an 
important factor in  reducing the incidence of RSD in most 
parts of the South African industry (Bailey and Tough, 
1991). 

Although PCM is an acceptably I-eliable and rapid method of 
diagnosis, i t  has some didvantage5. In the South African 
sugar industry, bulky samples of stalks have to be transport- 
ed, often over long d~stances, to SASEX laboratories at 
Mount Edgecombe or Pongola. The samples need to be 
processed within 24 hours of collection in the field to ensure 
reliable results (Bailey and Fox, 1984). Additionally, micro- 
scope diagnosis requires skilled technicians and is time con- - 
suming. The number of samples processed per day is therc- 
fore limited and the results can be subjective. 

A serological test, the evaporative binding-enzyme 
Keywords: Sugal-cane, ratoon stunting disease, diagnosis, immunoassay (EB-EIA), rcplaccd PCM for the routine diag- 
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was detected by EB-EIA in  I I samples that werc found neg- 
ative by PCM. This may have resulted in part from the 
slightly improved sensitivity of the test, but contamination 
during sample collection was suspected. Thcrcaftcr, a flesh 
pipette was used to collect sap from each sample of 20 
stalks. 

The incidence of RSD in the Mpumalanga area was lower, 
with less than 20% of the fields tested being found to be 
infected using both methods of diagnosis. EB-EIA did not 
detect RSD in three samples found by PCM to be positive. 

Sap was first pipetted onto a microscope slide and the 
remainder was placed into the tubes. The sap was often dif- 
ficult to express and at times very little sap was available for 
the EB-EIA, because of hot, dry weather conditions. This 
may explain the false negative results obtained with the EB- 
EIA. Under normal circumstances, when sap is collected for 
the immunoassay only, this would be less of a problem and 
there would be more chance of detecting RSD in  slightly 
infected samples. Three false negatives were recorded using 
EB-EIA, and RSD was detected in four samples found by 
PCM to be negative in the last survey conducted in 
Umfolozi. 

The agreement in the results between EB-EIA and PCM 
improved with each survey conducted, and reached 93% 
agreement in the third survey. This level of agreement was 
also achieved by Croft et al. (1994) before they introduced 
the system into the Australian sugar industry. 

lrztrodi~ctiorr of the rzew system itzto the SA silgar industry 
LP&DCC teams began collecting samples for diagnosis by 
EB-EIA in April 1998. The first samples were received from 
the Midlands South extension arca. By August 1998, 3 977 
samples from all areas had been processed. From the results 
of these samples it appeared that the incidence of RSD had 

increased substantially in a number of areas since the intro- 
duction of the new system (Figure l ) .  

The slightly incrcascd sensitivity of EB-EIA was considered 
unlikely to have resulted in appreciably more fields being 
RSD-positive, and contamination during sample collection 
was suspected. An investigation showed that serious con- 
tamination could occur if pipettes were not discarded after 
cach sample and if the water used for rinsing the pipettes 
after collecting sap from each stalk was not renewed. An 
aerosol of infected sap, which is sometimes produced when 
blowing the sap from stalk pieces, might also contaminate 
the racks of sample tubes, i f  these were too close to the com- 
pressed air, sap extraction procedure. The pipette-rinsing 
step was therefore omitted and all LP&DCC technicians 
werc advised on methods of preventing contamination. 
Further surveys to compare PCM and EB-EIA werc then 
conducted. 

Resc~lts o j  surveys coadi~cted in 1998 
The incidence of RSD in the test samples from the Umfolozi 
area in 1998 was lower than in the two surveys conducted in 
1997. In the third survey of the Umfolozi area, RSD was 
detected in 57 (29%) of the 198 samples examined by PCM 
and 58 (29%) by EB-EIA. Of the l98 comparisons between 
the two methods, ninc did not match (Table 2). The PCM- 
positivc samples that were not dctcctcd by EB-EIA werc 
only slightly infected, with one stalk in cach 20-stalk sample 
being found by PCM to be RSD-positive and having low 
bacterial populations. EB-EIA detected RSD in five samples 
found by PCM to be negative, and this was confirmed by 
IFM. 

In the South Coast survey, 68 of the 129 fields or sections of 
fields had been sampled previously and tested by EB-EIA in  
April 1998. The previous results of 46 of these samples 
(68%) were confirmed. Most of the samples that werc 

l LSC SC MS Mn D-IVC IVC Zs Zc Zn UF PG MP 1 
LSC = Lower South Coast, SC = South Coast, MS = Midlands South, Mn = Midlands North, D-NC = Durban-North Coast. NC 
= North Coast, Zs = Zululand South, Zc = Zululand Central, Zn = Zululand North. UF = Umfolozi, PG = Pongola. MP = 
Mpumalanga 

Figure 1. Incidence of RSD in different extension areas of the South African sugar industry, 1995-97 and January to August 1998. 
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Table 2. Observed frequency of a possible combination of results using two methods of RSD diagnosis in a second series 
of surveys conducted in 1998. 

repeated were from fields that had previously been found to 
be positive. This explains the high incidence of RSD record- 
ed during the survey, with 38 (29%) and 46 (35%) of the 
fields testing positive with PCM and EB-EIA respectively. 

In the South Coast survey, RSD was detected by EB-EIA in 
10 samples found by PCM to be negative. When checked by 
IFM, mostly low concentrations of bacteria were found in 
the tubes, and these may have been too low to be detected by 
PCM. Differences in results may have arisen where popula- 
tions of Cxx were very low in the stalks and were not detecl- 
ed by PCM, but by pooling the sap and later centrifuging the 
samples, the concentrations may have been increased to a 
level detectable by EB-EIA. 

Total (%) 

342 (71) 
11 5 (24) 

10 (2) 
15 (3) 
482 
95 

North Coast survey. These discrepancies arose when only 
one stalk in the sample was infected and had low xylem pop- 
ulation~ of Cxx. By pooling the sap from five stalks in one 
tube, these low populations may have been further reduced 
to a level that was not detectable by EB-EIA. 

There was good agreement between EB-EIA and PCM in the 
third Unifolozi and North Coast surveys, and the mean 
degree of agreement for the three comparative surveys con- 
ducted i n  1998 was 95% (Table 2). 

A total of 9 215 samples was processed in 1998 using EB- 
EIA and PCM, compared with 6 l l0 samples i n  1997 using 
PCM only (Figure 2). 'This increased capacity is one of the 
important advantages of the new system. The maximum 

Possible combination of 
results 

Some larger fields in the South Coast area that had been test- capacity of the diagnostic service using EB-EIA is approxi- 
ed by EB-EIA in April 1998 were divided into blocks for mately 160, 20-stalk samples per day. Thus, approximately 3 
sampling for the comparative survey. Occasionally during 200 samples per month can be processed with the current 
the survey, only one sample from a sub-divided field was equipment and pei-sonnel (three dedicated technical staff and 
found to be infected. This confirms that a 20-stalk sample two assistants at SASEX). 

PCM 
-ve 
+ve 
+ve 
-ve 

Observed frequency (%) 

may be insufficient to provide reliable diagnosis if RSD lev- 
EB-EIA as used i n  the South African sugar industry has been 

els are low, as previously reported (Bailey and Fox, 1984). 
found to be slightly more sensitive than PCM, detecting 6 X 

For this reason and due to the increased capacity of the new 1 O5 bacterial cells/ml, compared with 1 X lO%ells/ml for 
system, i t  is now recommended that samples consisting of 40 

PCM. This is similar to results from the Australian sugar 
stalks are taken when sampling intended seedcane sources. 

industry, where EB-EIA has been reported to detect levels of 

EB-EIA 
-ve 
+ve 
-ve 
+ve 

Umfolozi 3 
136 (69) 
53 (27) 

4 (2) 
5 (3) 
198 
96 

PCM detected RSD in four more samples than EB-EIA in the 5 X 10' cel lslml (Leaman et al., 199 1 ) 

Total samples 
% complete agreement 

J F M A M J J A S O N D  J F M A M J J A S O N D  

Figure 2. Number of RSD samples (fields) processed in 1997 (PCM) and 1998 (PCM and EB-EIA) in the South African sugar industry. 

South Coast 
82 (64) 
35 (27) 
2 (2) 
10 (8) 
129 
9 1 
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North Coast 
124 (80) 
27 (1 7) 
4 (3) 

0 
155 
97 
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Conc~usions R Hampton. E Ball and S DC Bocr (Eds). APS Press, Minnesota. pp 

The direct comparisons indicatcd that thc results of PCM and 
EB-EIA diagnosis wcrc not always i n  complctc agrccmcnt, 
but this occurrcd only when lcvcls of bactcria wcrc very low. 
Howcvcr, after possiblc contamination during initial sample 
preparation was climinatcd, thc agrcemcnl between the two 
methods of diagnosis, more than 95%1, was acceptable. 

For serological diagnosis to work effectively and efficiently, 
thc following quality control procedures have been implc- 
mentcd: 

Thc microscopic examination of all samples found posi- 
tive by EB-EIA, to ensure the presence of Cxx. 
The storage of all samplcs for onc month in thc cvcnt ol 
querics. 
Pcriodic visits by SASEX specialists to LP&DCC offices 
to guidc technicians in thc initial preparation of samplcs. 
Periodic surveys conducted in selected areas to compare 
PCM and EB-EIA. 

With strict quality control, EB-EIA can provide the industry 
with a more el'ficient and accurate method ol' RSD diagnosis 
for large scale use. 
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Abstract 

A polymcrasc chain reaction (PCR) pl-otocol was tlcvcloped 
that specifically detects Clcrvib(lcto- .vj.li subsp. .vj.li (C.\IV), 
the causal agcnt of ratoon stunting cliscase ol'sugarcanc. Two 
primers were developed, namcly T2 and T,, to amplify the 
intergenic spaccr region of 16s-23s ribosornal DNA of 
probably all sugarcane bacterial pathogcns, including C.cv, 
X C ~ I I ~ ~ L O I I Z ~ ~ ~ ~ I S  c(li~i/)estris pv ~~r1selllorll111, the causal agent 01' 
gumming discasc and X. alDili~rearl.s, the causal agent ol'lcal' 
scald. 'The advantages of this approach n1.c that one set of  
primers can be used for the detection of scvcral pathogcns, 
and that the main pathogens prcscnt can bc identil'icd based 
on the length ol' the amplil'icd fragment. Alternatively, thc 
amplif'ied f'ragmcnt can be rccovercd and the precise 
sequence can be uscd I'or identil'ication. The mcthocl can also 
bc used to demonstrate mixed inl'cctions. 

Based on a multiplc sequence alignment, two C.v.x-spccil'ic 
primers (Ts and T,) were designccl. These primed the spccil'- 
ic amplification of a 237 bp DNA product from genomic 
DNA samples ol' C.\-.\.. Thc 237 bp product was also ampli- 
fied directly I'roni culturccl C.X.U cells and I'rom C.\-.v-inl'cctcd 
sugarcanc xylcrn sap. For the aniplif'ication ol' C.cv in  inl'cct- 
ed sugarcanc xylem sap, 0,896 (wlv) polyvinylpyrrolidono 
was added to the sap prior to aniplil'ication. This provides a 
quick diagnostic method for the detection 01' C.cr in  xylem 
sap without prior extraction ol' DNA. 

Introduction 

Sugarcanc is susccptiblc to a widc range ol' discascs ca~~scd  
by various fungi, bacteria. viruses and phytoplasmas, many 
of which can causc substuntial reductions in yield. Diseases 
also havc a great impact on sugarcanc breeding pl-ogramnics. 
Every year approximately 40% ol. new genolypcs are dis- 
cal-ded i n  the third sclcction stagc at thc South African Sugar 
Association Expcrimcnt Station (SASEX) bccausc of sus- 
ceptibility to discuses, and a I'urllicr 40% arc discarded in thc 
fourth selection stagc. Latent or symptomless inl'cctions may 
allow the builtl-up and spread of discascs. The ability to 
diagnose a widc range ol'pathogcns with sensitive ancl rcli- 
able mcthods, cvcn in apparently symptomlcss plants. is 
essential. Diagnostic mcthods should provide a combination 
of sensitivity, speed, rcli~tbility ancl high oulput to serve as 

uscl'ul diagnostic tcsts I'or pathogens. 

Ratoon stunling discasc (RSD), Ical'scald and gumming are 
three of the most economically inipol-tant diseases of sugar- 
canc wol-Id-widc. RSD is caused by the bacterium 
Cltr~,ibtrc,ter .~j.li suhsp. .vyli (C.rv) (Davis et nl., 19841, while 
gumming and Icaf scald arc caused by Xantlzoinorras 
crrll~l>e.~tl.i.s pv \lcl.scirlor~l~~l (Xcl,) (Cobb, 1983; Dye, 1978, as 
recorded by Rica~~d and Autrcy, 19891, and Xatlthomonns 
c~lhili~retr~r.s (Xa) (Ashby, 1929: Dowson, 1943, as recorded 
by Ricaud and Ryan, 1989). Diagnosis of RSD is difficult 
hccausc of the absence of specific symptoms. Phase contrast 
microscopy (PCM) and set-ologically based detection meth- 
ods including immunofluorcscence microscopy (IFM) and 
the cvaporative binding enzyme imniunoassay (EB-EIA) 
havc so l'nr been uscd Ibl- diagnosis at SASEX. These tech- 
niques allow a definite positive diagnosis, but negative 
results I'rom rclativcly srnall samplcs of stalks do not guar- 
antee the absence 01' thc disease in  the field. Until recently, 
diagnosis ol' Ical. scald and gumming at SASEX was based 
on visual symptorns and culturing, alter which the Gram 
stain and scvcral tests including gelatine liquclhction, starch 
hydrolysis, nitrate reduction ancl carbohyclratc tests were 
conducted. Although this technique was uscl'ul, it took two to 
three weeks to complctc the diagnosis. 

The polymcrasc chain reaction (PCR) has become popular 
for dctccting and idcnti ly ing pathogens. PCR protocols havc 
been dcvcloped I'or othcl- sugarcane pathogcns, including Fiji 
discasc virus ancl sugarcanc mosaic virus (Smith et nl., 
1994). and Xrr (Honcycutt et crl., 1995). For diagnosis of bac- 
terial pathogens the variable rcgions within [he ribosomal 
RNA (rRNA) operons havc been uscd for the selection or 
PCR oligonuclcotidc primcrs I'or a range of species. Intra- 
species 16s RNA genc \:ariation is small for most described 
buctcrial pathogens but thc intcrgenic spacer region between 
thc 16s and 33s gcnes (Figure I )  is sul'l'iciently variable for 
species-spccil'ic primcrs to be designed (Barry et al., 1991). 

Presently littlc is known about strain variation i n  C.Y.~, Xcv 
and Xa in  South Africa. Information on this can be obtained 
by analysis of tlic 16s-23s spacer region sequences. 

Tlic purpose ol (h14  project wa4 to dcvclop a set of primers 
to permit thc sensit~vc and accurate idcntilication of bacteri- 
'11 pdlhogcn\ in sugarcanc. Ir was hypothcs~scd that if a set of 
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16s - 23s spacer region 

tRN A 
spacer 
region 

Figure 1. Generalised illustration of the ribosomal genes situated on the rRNA operon. 

primers could be dcvcloped that would allow the amplifica- 
tion of any sugarcane bacterial pathogen, specific primcrs 
could be designcd for the identification of different species. 
A set of prinicrs targcting the highly variable spaces region 
between the 16s and 23s  ribosornal RNA operon of bacteria 
was developed fol- this purpose. After aligning 16.5-23s 
intergenic spacer rcgion sequences, a set of highly specific 
primers was developed for the detection of Cxx. 

species uscd in this study and was designed by aligning 
known bacterial sequcnccs obtained from the Genbank data- 
b;~sc. DNA fragments obtained with primer pair T2 and T, 
werc aniplillcd and the cycling pararneters used wcrc as 
described by van Antwerpen (1999). The PCR products wcrc 
rcsolved i n  a 2%) (wlv) agarosc gel and visualised under UV 
light. PCR products werc purificd from the agarosc gel using 
a Qiagcn QIAquick Gel Extraction Kit after electrophorcsis. 
The puril'ied DNA servcd as template for sequcncing rcac- 

Materials and Methods lions 

Sequericir~g of I6S/23S amn/~lified frrigrner~ts 
Bricterial .strnins arrd c~l l t~ lre  corlditiorr.s 

PCR-based scqucncing reactions werc carricd out in a thcr- 
C.xx isolates were maintained on a sugarcane medium mal cycles (Touchdown temperature cycles; HYBAID, 
(MSCni) (Davis et (d., 1980), modified by Brumbley (per- Tcddington, England) with AB1 PRISM TM dye terminator 
sonal communication'). The cultures were incubated for 3-4 cyclc scquencing using the Pcrkin Elmcr Ready Reaction kit 
wccks at 23OC. Plants expressing gumming symptoms wcrc with AmpliTaq R DNA Polymerasc. DNA was amplified and 
collected from two areas whcrc the disease is common, the cycling parameters wcrc uscd as described by van 
Eston in the KwaZulu-Natal Midlands and Pongola in north- Anlwerpen (1999). The extension products were prccipitat- 
ern KwaZulu-Natal. Plants showing leaf scald symptoms cd, denatured and transferred to an autosampler tube. The 
were also collcctcd I'rorn Pongola. Thc cultures werc main- samples wcrc loaded in the AB1 Prism Genetic Analyser for 
tained on Wilblink's agar (Ricaud and Autrey, 1989) at 30°C. 

analysis. 
Growth occun-ed within three days and cells wcrc subcul- 
turcd every wcck I'clr a maximum of 3 wccks. Aligrrrllerrt c!f'sey~ierices clrid develol~r~ierlt c!fC.x.r-specific 

Gerrnrnic DNA extrnctior~ 
Genomic DNA was extracted from bacterial cultures as 
described by van Antwerpen (1999). Bacterial cultures ol' 
Cxx; Xn and Xcv were also L I S O C ~  directly in PCR. The 
colonics werc scraped from the agar surface and suspended 
in autoclaved filter-purified watcr, and 0 ,s  p1 was used as 
template in PCR reactions dcpcnding on the concentration of 
the bacterial cells (Hi~.aishi. 1992). 

17ri117ec~ 
Sequences obtained wcrc compared with sequcnccs i n  the 
Genbank sequcncc databank for identif'ication. Scqucnccs 
for cach bacterial species werc compared to determine 
whether different strains of the species exisl arid a consensus 
sequencc for cach species was cleterrnined. Tlic consensus 
sequences of all species wcrc aligriccl and compared with 
each othel- by using the DNASIS computer program version 
2.1 (Hitachi Soltwarc Enginecring CO Ltd, 1994). A pair of 

Prirlier ~ P S ~ ~ I I ,  DNA nri~ldificatiorr arrd seq~levlcir~g e f the  C.xx-specific primers, n~amcly T, I'orward (S'TTGTCC 

.rl,acer regiorr hetrveer~ the IhS arzd 23s  rKNA gerzes AGGCGCCGGATCTGAGACAGTACT3') and T, reversc 

Primer pair T2 forward (S'TAGGACTAAGTCGTAA- 
(S'TGCTCGCGTCCACT3') were designed. 

CAAGG3')  and T, reverse (S'ClIITGCCAAGGCATC- s ~ , ~ ~ + ~  t l ~ l l l , ~ ~ ~ c , c ~ t i O , l  r ? f ~ . ; s  
CACC3') was used to amplify the intergenic spacer region Amplification rcactions were performed in a 15 pl rcaction 
between the 16s  and 23s  rRNA genes of all the bacterial volume for prirncr pair T, and T, as described by van 

Antwerpcn (1999). A reaction mixture with sterile filter- 

ISM Brumbley. RSES, S0 Mcircrs lioad, Indoo~.oopilly. Queenland. purified watcr served as the negative control. Cycling 
Australia, 4068. parameters were used as dcscribcd by van Anlwerpen 
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(1999). The specificily of primet- pair T8 and T9 was tested 
using genomic DNA from 41 bacterial isolates from sugar- 
cane, including Xcv and Xa. A range of DNA concentrations 
containing 5, 50, l00 and 200 ng of bacterial genomic DNA 
were used as template in  PCR. These priniers were also test- 
ed on xylem sap extracted dir-ectly from stalks infected with 
Cxx, Xa and Xcv. Ten-fold serial dilutions were used as tem- 
plate i n  the PCR. 

Sensitivity of tlze C.xx-s/~ecific PCR test 
The sensitivity of PCR using the Cxx-specific primer pair T8 
and T9 was determined by using a dilution series of the bac- 
terial DNA (50 ng, 5 ng, 0,5 ng, 50 pg, 5 pg and 0,5 pg) and 
bacterial cells diluted in  water, using a ten-fold dilution 
series from 10 to I0 ? Puriril'd gcnomic DNA from Cx.x was 
mixed with an exccss of 60 ng sugarcane genomic DNA: 50 
ng, 5 ng, 0,5 ng, 50 pg, 5 pg and 0,5 pg of Cxx. 

Detectiorr of' Cxx ill s ~ ~ g a l ~ n r r e  xjlen~ sap 
Cxx cells were diluted in healthy xylem sap using a ten-fold 
dilution set-tes from 10.' to 10.". The xylem sap was used as 
template for the PCR tcst using the Cxx-specific primers 
under the conditions described above. However, to increase 
the sensitivity of the test, samples of xylem sap containing 
0,8% (wlv) polyvinylpyn-olidone (PVP) wcre tested against 
xylem sap samples without PVP. 

The efficacy of the PCR protocol to detect Cxx i n  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 tubc. 
A 0,5 yl aliquot from each tubc was then used as template in 
the DNA amplification reactions. 

Results 

Fmgrnents ohtairred with prin~er pair fi /G 
The total nunibet- of base pairs for the sequenced product 
from Cxx was 61 1 bp, of which 143 wcrc adenosine. 149 
cytosine, 169 guanosine and l50 thymine, with a GC conten1 
of 5 1,96%. When amplifying DNA from Xcv, different sized 
fragments ranglng from 586 bp to 623 bp were amplifietl 
from different isolates. Three types of sequences were 
obtained for- Xcl!. These sequences wcrc compared with 
known sequences on the Genbank database and i t  was con- 
firmed that they belonged to the X. cnriipestri.~ gt-oup of 
pathogens. Two types of sequences wcrc obtained for Xn. 

Sequences obtained from fi-agments amplified from C.tx 
genomic DNA using primet- pair T, and T, wcrc aligned and 
compared with each other in  order to design a primcr pair 
(Ty/T9) specifically for Cxx. 

Specificity of pririier pair Ty cltrd 5 
Primers TS and T9 primed the amplification of a 237 bp DNA 

product i'rom genomic DNA samples of all the different C.X.~ 
isolates used. No anlplification products werc observed in 41 
other buclerial isolates, including Xantlzornonns and 
Psei~doriio~lrrs species from sugarcane. The specificity of 
primer pair T8 and T, was also tested using genomic DNA 
from C. .~:\.li subsp. cy/~ndor~tis (Cxc), C. 171ichigatletzse 
subsp. rriickiga~rerlse (Crnrii), C. ~rriclzigntzetzse. subsp. 
irl.sidio.sirrlr (C~lii), and C. rniclzigarrerr.se subsp. i~ebrnskerue 
(Cin~l). DNA from Cxc was amplified and rcsultcd in  a 237 
bp fragment. No amplification products wet-e obtained from 
the other Clnvibacter species used. The T8 and T9 primers 
could thet-efore distinguish between all the Clnvibacter 
species i n  this study, except C.xc. 

Detectiorr 1i111it.s of the primer pair Ts /T9 it1 tlze PCR diag- 
rlostic test 
Cx.x 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 sensitivity ol' the primers. In this test, the 
primcrs 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 ol' C.Y.~ were also used to 
determine the sensitivity of the primers i n  the PCR. The Cxx- 
specific priniers could amplil'y the DNA from a concentra- 
tion as low as 50 pg, and when C.xx DNA was mixcd with 60 
ng of healthy plant DNA, the primers detected the Cxx DNA 
at a concentration as low as 0,5 ng. 

Detectioir of C.xx i~r  slrgarcnrle xylerir scrp 
As mentioned above. primer pail- T8 and T9 primed the 
amplification of the 237 bp DNA product directly from cul- 
tured cells and also from xylem sap l'rom Cxx-infected 
stalks. To increase the sensitivity of the test, 0,872 (wlv) 
polyvi11ylpyrrolidone (PVP) was added to the xylem sap 
(Pan et crl., 1998). 

Corlrparisorr betweerr PCR arid othcr clirrgrlo~tic tests 
The efficacy of the PCR protocol to detect Cxx in  sugarcane 
xyletn sap was compared with other diagnostic tests used at 
SASEX. In a fit-st test, EB-EIA, IFM and PCM were com- 
pared with PCR. From a total of 91 samples. PCR detected 
I2 positive samples, IFM detected l 5 positive samples and 
PCM I0 positive samples. Only four samples tested positive 
by all four methods. PCR did not detect Cxx in nine samples 
that werc l'ound 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 sensitive. 

In a second comparison, attempts were made to increase the 
sensitivity of PCR by ft-eezing and thawing, varying the vol- 
ume ol'template and varying the addition of PVP to the tem- 
plate. In this second test PCR was compat-ed with EB-EIA. 

A total 0 1 '  15 1 samples werc tested in the second comparison, 
88 ol' which came 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 Umfolo~i, PCR detected 24 positive samples, whereas 
EB-EIA detected 21 positives. The minigcl (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 R1 20 niillion per annum (personal communication'). 
However, this value does not includc indirect losses result- 
ing from the rejection of high yielding varieties due to dis- 
ease susceptibility. More than 60% of promising varieties are 
discarded from the variety selection programme at SASEX, 
some of which might otherwise have high yielding potential. 

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

' RA Bailey, Head Pathology Depr, SASEX, Private Bag X02, M (  
Edgecornbe, 4300, Sourh Al'fica 

available for the chemical control of bacterial diseases in  
sugarcane, and the production of healthy 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 Cx.r and other bacterial pathogens would assist in  
the monitoring and prevention of spread of diseases. PCR 
can also be used to determine whether different strains of 
bacterial pathogens exist. 

E~rget site iised,for PCR arnplificntiorl in this study 
'The intcrgcnic spacer region between the 16s and 23s rRNA 
genes has been considered an ideal region for developing 
specific PCR primcrs that can differentiate bacteria, because 
a high percentage of sequence variation occurs in this region 
(Li and De Boer, 1995). This area of the prokaryotic genome 
is also easily accessible because of the conserved nature of 
the surrounding 16s and 23s rRNA gcncs (Barry et al., 
199 1). 

Vciriatioti between bacterial species arzd straitzs 
The T2 and T4 primers that were developed for the amplifi- 
cation of sugarcane bacterial pathogens successfully ampli- 
fied the 16s-23s spacer regions of C.xx, Xcv and Xa. The 
advantages of this approach arc that one sct of primers can 
be used l'or the identification 01' bacterial pathogens by 
recovering and sequencing of the amplified fragment. 

The size of the amplified fragment, when using Cxx gcnom- 
ic DNA and primer pair T2/T4, was 61 1 bp. This differs 
from the s i ~ e  of the fragments obtained by Pan et al. (1998); 
566 bp for Cxx and 546 bp for Cxc, using primer pair G1/1,1. 
This difference might be bccausc the South African isolates 
differed from those used by Pan et al. (1998), and also 
because of the differcncc i n  the length ol' thc amplified 
fragments obtained with primer pairs GIILI and T2/T4. 
Heterologous sequences of the 16S123S spacer regions are 
found i n  the multiple copies of the rRNA operon within 
other bacterial species (Gurtler and Stanisich, 1996). 
Howcvcr, Cxx contains only one rRNA operon 
(Sathyamoorthy et al., 199 1) and the spacer region between 
the 16s and 23s genes of Cxx does not contain any tRNA 
genes (Fcgan et al., 1 998). This is consistent with the spac- 
er regions of other Gram-positive organisms with high G+C 
content (Fegan et al., 1998), excluding the possibility that 
an extra tRNA exists i n  the current C.xx scqucncc. It can be 
concluded that there might be strain differences between 
difl'ercnt Cxx isolates, and this requires I'urther investiga- 
tion. 

The species X. can7pestris represents a complex group of 
plant-pathogenic bacteria that are similar i n  morphology but 
differ in host range. Accurate identification of plant patho- 
genic X. cariipestris species is difficult and time consuming 
(Gilbcrtson et al., 1990). When using primer pair T2/T4 for 
the amplification of Xvc genomic DNA, i t  was found that 
diffcrcnt sizcd fragments wcrc amplificd l'or diffcrcnt iso- 
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lates. The sizes of thc T,/T, amplified fragments obtaincd in dircctly on Cxx cclls from culturc and from Cxx-infected 
this study ranged between 540 and 626 bp. A possible expla- sugarcane xylem sap. Cxx- cells could be detected in a mil- 
nation for the different types of sequences obtained for Xcv lion-fold dilution of Cxx in xylem sap when PVP was added 
in this study might be that there are different Xcv strains to the sap. It appeared that the PCR test was more sensitive 
present in sugarcane plants. The determination of whether whcn xylcm sap was used as template rather than plant 
different strains of Xcv exist in sugarcanc is a subject for DNA. 
future study. 

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

Implications of different stmirls of pathogens for plar~t 
breeding 

The occurrence of different strains of bacterial pathogens has 
implications for plant breeding. Currently, some promising 
new varieties are discarded in the later stagcs of sclcction or 
even after release because of their susceptibility to a spccif- 
ic pathogen. Should different strains of a pathogen be known 
to exist, new varieties could bc scrccned against all known 
strains in the early stages of selection, thus saving tirnc and 
resources. Characlcrising rcsistancc to individual strains 
would allow for the maintenance of resistance genes in  
breeding populations. These could bc cxploitcd 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. 

By aligning and comparing thc sequences obtained from 
fragments amplificd from genomic DNA of Cxx, Xcv and Xcl 

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. Thc primcrs 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 (Cr11rn, Crni, CIII~I, C.xc), as well as Xcv, 
Xa, Pseudorl~or~n.~ species and several unknown bacterial 
species isolatcd from sugarcanc plants. Thc primers were 
highly specific to Cxx and did not amplify DNA from other 
bacterial spccics; thcy were nevertheless not ablc to distin- 
guish between Cxx and Cxc. Howcvcr, C.xc is a xylem-inhab- 
iting endophytc ol' Bcrmuda grass (Cj.rlockotl dnctj~lorl) and 
has not been found naturally in sugarcane (Davis et (d., 
1984). 

Thc detection limit for C.x.x by the PCR protocol in this study 
was 5 pg of gcnomic bacterial DNA. Howcvcr, when the 
bacterial DNA was mixcd with an cxccss of sugarcanc DNA, 
thc detection limit was 0,5 ng of bacterial DNA (one hun- 
dred-fold lcss scnsitivc). PCR could also bc pcrl'ormcd 

Cornpari.sorl of the PCR test with other diagnostic tests 
A limiting factor in applying the PCR protocol for the detec- 
tion ol' Cxx in sugarcanc xylem sap is the presence of PCR 
inhibitors, such as polysaccharides or phenolic compounds 
(Henson and French, 1993). Various reagents have been 
includcd in  the PCR buffer by researchers, such as PVP and 
polyethylene glycol (PEG) (MacKenzie et al., 1997), PVP 
and Ficoll (Pan et 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 thc PCR protocol considerably. Cxx cells could be detect- 
ed in a million-fold dilution, thus improving the detection 
limit one hundred timcs. Whcn different volumes of the dilu- 
tions wcrc used as template in the PCR it was found that 0,5 
y l of xylcm sap was adequatc 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 i n  detecting Cxx than EB-EIA and 
PCM. Although the sensitivity of IFM and PCR appeared to 
be similar, i t  is accepted that PCR is more accurate in detect- 
ing Cxx because the test is based on a specific DNA 
sequence of Cxx. 

Conclusions 

Thc aim of this study was to dcvclop 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 oi' primer pairs T,/T, and Ts/T9. 

It was demonstrated that significant sequence heterogeneity 
exists within the eubacterial 16S/23S spacer region at the 
gcnus and species levels. The size and number of fragments 
produccd by amplification of the l6S/23S spacer region can 
be a useful tool in  identifying species 01' bacteria. However, 
the sizes of fragments from the threc bacterial species used 
in this study did not differ suf'icicntly to make recognition 
possible in  2% aafarse gels, and the amplified fragment was 
thcrcforc rccovcrcd and thc precise scqucncc was used for 
identification. 

The strategy used has thc advantagc 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 i n  the spacer region between the 16s and 
23s rRNA has shown that efficient and specific primers can 
bc gcncratcd that arc ablc to rcadily distinguish between 
closely related eubacteria. 

A specific primer pair (T8 and T,) was designed for the 
detection of Cx.r in sugarcane DNA or sugarcane xylem sap 
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using the 16SI33S spacel- region. Thc methodology provides 
a rapid, scnsitive assay for the detection ol'C.3.r in  sugarcane. 
Ninety-six samples can bc analysed in  a tliermal cyclcr in  a 
35-cycle PCR run, using a three-temperature programme i n  
only 2'12 haul-S. A special minigel system (Southern Cross 
Biotcchnologics) in  which 96 samples arc analysed simulta- 
neously, is uscd 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. I t  takes fivc to I0 min- 
utes for the fragments to bc rcsolved in  the agarose gel. The 
overall tirnc taken to conduct this diagnostic test is less than 
three hours. 

It is not envisaged that thc CD-specific PCR test will rcplacc 
the sel-ological-based detection methods currcntly used at 
SASEX for the mass diagnosis of RSD. However, PCR is the 
mcthod of choice for thc detection of C.x.3 in  RSD transmis- 
sion trials and diagnosis i n  quarantinc. 
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ALLELIC VARIATION IN THE GENE ENCODING PYROPHOSPHATE 
DEPENDENT PHOSPHOFRUCTOKINASE (PFP) IN SUGARCANE 
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Abstract Materials and Methods 

The enzyme pyrophosphate dependent phosphofructokinasc 
(PFP), considered to play an important role in sucrosc 

Forwal-cl ~ ~ r i m c ~ -  BI was designed l.rom 3 rcgion of high 
metabolism i n  plants, comprises two protein subunits encod- 

homology idcntil'icd by comparison ol. know11 PFP gcnc 
cd by separate genes. Part of the P-subunit gene was used as 

sequences f'rom castor bean and 1)ot;1t0 while rcvcrsc primer 
a model in investigating allelic variation in the polyploid 

B8 was designed from a sugat-cane PFP sequence (Sarita 
genetic environment of sugarcane. The gene l'ragnicnt was 

GI-oenewald; PhD thesis, University ol'Natal, 1998, and pcr- 
amplified by the polymerase chain reaction (PCR) from var- 

sonal communication): 
ious total gcnomic DNA samples and a number ol' individual 
DNA molcculcs cloncd randomly From each source. 

B l (20bp) (5' to 3') ATI-GAT-TTC-ATI-CCI-GAG-GT 

Seclucnce analysis of clones has demonstrated that two strik- 
B8 (2 1 bp) (5' to 3') CCA-TCA-GTG-ATG-TCA-ATG-CTG 

ingly different alleles arc prcscnt i n  ancestral Snccl~ar~~rrrr The pl-cdictcd product ol'B IIB8 amplification is a rcgion of 
species as well as modern hybrid var~eties. the PFP gcnc rcprcscnting cxons 10. 1 1 and 12 and their 

l'l~~nking introns, approxirn,~[cly 1200bp i n  size i n  all. 

Introduction 

Sugarcane is a highly hctcrozygous and genetically cumbcr- 
some crop (Aljanabi, 1998). This is at least in  part because i t  
is highly polyploid, having a suspected base chromosome 
number of 10 and bctwccn l 10 and 130 chromosomcs in  the 
2n state, contributed by two major ancestral species, 
Srrccllnr~rrrl qffici11clr-lr1rl and SCIL.L./~~/I. I I I I I  .s/~orlt~~rleirr i l  
(D'Hont et (L/.,  1996). The number of' alleles of importan( 
genes and the degree to which those allclcs vary in  the com- 
plex genetic environment ol' sugarcane is of considel-able 
interest because of the potential f'or exploitation ol' gcnctic 
variation through bl-ceding, and nianipulation of gene l'unc- 
tion via gcnctic engineering. In addition, such information 
might throw light on the general speciation and evolution oi' 
polyploids, about which little is known (Soltis er rrl., 1992). 
The working hypothesis Ihr this study was that allelic varia- 
Lion can best be established by targeting a single copy gcnc 
(i.e. a gene with one copy per haploid gcnonic), the argument 
being that such a gene should be pl-cscnt in niultiplc allclic 
copies in sugarcane. The gcnc encoding the enzynie 
pyrophosphatc dependent phosphol'ructokinasc (PFP) is such 
a gcnc (Blakcley et ( / l . ,  1992). PFP is considered to play an  
important role in  sucrosc metabolism in  plants (Dancer and 
ap Rces, 1989). Part ol' thc gene encoding the P-subunit of' 
the enzyme was ~~doptccl as the study model. Using gcnomic 
DNA from dil'l'ercnt sugarcane sources as template, the gcnc 
fragment was amplil'ied hy the poly mcl-asc chain I-eactio~i 
(PCR) with primers dcsignecl to complcnicnt conscl-ved 
regions of the gcnc. Amplil'icd I'ragmcnts were ligatccl into 
plasmid vectors and individually cloncd in  E. col i  tbr coni- 
paralive scilucncinf analysis. 

Gelre crr1r/>ljfi'c.crtiorr, c.lorlirlg crrrrl sccllrorci~rg 
Gcnornic DNA was extracted I'ro111 Srrc.c.1ltrrrr1r.1 0fficirzn~~1117 
(Black Clicribon), Strc~c~lrtrr.lrrlr .spurrttr~rerrrrr (Coinibatore) and 
a commcl-cial variety (N21) as dcscl-ibcd by Harvey and 
Huckctt (1998). PCR reactions contained, it1 u l'inal volume 
ol' 50y l: I 0mM Tris-HCI, 50mM KCI, 1,51nM MgCI,, 50yg 
gelatine, 0,33mM dcoxynuclcosidc triphosphates (dNTPs). 
0,4pM primers B I and B8, 1U Tacl DNA poly~nerasc 
(Boehringcl- Mannhcilnj and 75ng gcnoniic DNA, at a final 
pH oi'8,3. Thermal trcatmcnt was 94°C Ibr 1,5 min (l cyclc), 
94°C l'or 45 sec, 45°C for 30 sec and 72°C Ihr 2 min (10 
cycles) and 94°C Ibr 30 sec, 40°C lhl- 30 sec and 72°C for 2 
rnin (30 cyclcs) I'ollowcd by 72°C f i ) ~ -  2 niin then 35°C for 5 
min. PCR products were purified by electrophoresis through 
I %' (w/v)  ilgilrOSC gels in  TBE bul'l'cr (45mM tris-boratc, 
I mM EDTA, pH 8.0) f'ollowcd by cxcision ol' bands visu- 
Lrliscd by conventional cthidium bromide staining and gel 
removal hy spun columti (GcnElutc, Supclco). PCR frag- 
ments were ligatcd into the pGEM@-T Easy plasmid vector 
(Promcga) and cloned in  E. col i  strain JM109 according to 
manull~cturcr's instructions. Cloned plasmids wcrc cxtractctl 
I'rom huctcrial cells and purified using column separation 
kits (Nucleobond AX20, Machcrcy-Nagcl) \vliiIc estimations 
ol' clunlity and cluantity wcre niadc both spcc~ropliotometri- 
cnlly at 260nm and by visual observation following gel elcc- 
trophoresis. Plasmid inserts wcre used with either B l or B8 
primcr in cyclc scqucncing reactions according to standard 
(lye [erminator chemistry methodologies (Big Dye Kit, 
Perkin Elmer). Reaction product analysis was accomplished 
by capillary electrophorcsis using a Perkin Elmer AB1 Prism 
3 1 O Gcnetic Analyzcr. 
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S e q u e ~ ~ c e  clrrrl!\~.si.s mcnt sequences. Results ol'cloning, seclucncing and BLAST 
Sequences wcrc edited lnanualjy to remove plasmid vector homology S C ~ K ~ C S  01' 1'1-agmcnts PFP.B I /B8,,,(, and 
compo11cl1ts. p ~ p  honlology was mcasurcd by nuclcotide PFP.BI/BXl ,,)o from all three gcrrnplasm types are sum- 
comparison ol' individual sequences to genes registered in marised i n  
international databases using the Basic Local Alignment To investigate sequence dil'l'erenccs between the two size 

Too' (BLAST) algol-ithnl /l1., 1090). species PFP,B I /B8,,,0 and PFP,B I /B*, ,,,(), represcntativc 
Sequence overlaps, alignments and other data manipulations I'ull length scqucnccs obtained I'rom conimcrcial variety N21 
were aeeolnplished using Perkin Elmer software Seclucnce (one sequence of each type, Table I )  werc compat-ed with 

l .O.I  andiol-the software programme DNASIS lor ill a n  i n i t i a l  ana lys i s ,  Results that the 
Windows v2. I. dil'ferenccs bctwccn the two fragments was due to sequence 

Results and Discussion 

Two PCR amplification products ol' approximately 1250bp 
and l IOObp in size wet-c obtained consistently from the 
genomic DNAs of all thrcc sources: Black Cheribon, 
Coimbatol-c and N21. The fragments were dcsignatccl 
PFP.B l /B81250 and PFP.B I /B8, ,,,,, I-espcctively. In the case of 
Coimbatorc, a third product ol' approximately 9SObp was 
sometimes obtained. Only PFP.B l /B81250 and PFP.B 1 /B8] l,,o 
werc cloned and secluenced i n  this study. B I generated 
sequcnccs were uscti I'or BLAST homology seat-chcs. All 
scores obtained wcrc above the signil'icance threshold ol' 80 
and ranged from 1 19 to 522 (mean = 4 1 l ) ,  indicating th~lt 
all gene I'ragnicnls obtained by PCR were identil'iablc as 
PFP. Whcrc possible, l'orward and rcvcrsc scqucnccs were 
integrated using Contig Manager, an ovel-lap function of the 
software programme DNASIS, to provide full length I'rag- 

variations throughout their Icngths rather than a single major 
insertion or deletion in onc ol' the I'ragmcnts. Holnocologous 
cDNA sequences ol' the castor bean PFP P-genc (exon 
regions 10, 1 1  and 12), assumed to be relatively conscrvcd 
across species, werc used to dctcrminc the positions of exon 
and intron regions in the sugarcane gene I'ragments. Exon 
I-egions of the two sugarcane variants showed 77-78% 
nucleoticlc hon~ology while, as cxpcctcd, intron regions 
showed greater variability with 48-59%) nucleotide homo- 
logy. 

Having ~lscd N2 1 data to establish the existence of two vari- 
ants of the gene, apparently associated with a size difference 
between the B 1 and B8 primer sites, the data obtained for 
Black Cheribon and Coimbatore were analysed. For each ol' 
the get-mplasm soul-ces, secluenccs clustered into one of two 
distinct sequence types, shown by consensus sequence com- 
parisons to correspond closely to the two allclic vat-ianls 

Table l. Sequencing results and PFP homology scores for cloned gene fragments ohtained hy PCR from genomic DNA 
of' Sncchnrrirrz c?fjicirznrrir~z (]$lack Cheribon), Sncchnrnnz sporztnrzeunz (Coimbatore) and the commercial variety N21. 

GERMPLASM 
SOURCE 

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. 

COIMBATORE 
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FRAGMENT 

PFP.B1/B8,,,, l CO.T#4 
CO.T#7 
CO.T#8 

CLONE 
NAME 

743 
522 
461 

B 1 
(FORWARD) 
GENERATED 
SEQUENCE 

LENGTH (bp) 

489 
250 
197 

B1 -SEQUENCE 
BLAST 

SIGNIFICANCE 
SCORE FOR 

PFP 

532 
465 

B8 
(REVERSE) 

GENERATED 
SEQUENCE 

LENGTH (bp) 

24 

OVERLAP 
REGION 

(bp) 

1030 

FULL, 
LENGTH 

SIZE 
(bp) 



Allelic varintiotls in tlre gerle e~lcodiwg p~*ropllosplznre deperrde~lt AR Hnrve?; B1 Hllckett 8 FC Botha 

BC TOP BAND CONSENSUS TYPE 1 

N21 BOlTOM BAND rPFP.BlIB8 l 10, 

CO TOP BAND IPFP.B1/B8 12501 d 

BC TOP BAND CONSENSUS TYPE 2 

N21 TOP BAND [PFP.B1/B8 12501 

CB HOMOEOLOGOUS SEQUENCE I 

Figure 1. Homology tree derived from sugarcane PFP gene fragments and the equivalent sequence from castor bean. All contributing 
sequences represent full length B l IB8  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 i n  N2 I .  Howcvcr, correlation between sequcncc depal-tmcnt at thc SASA Expcrimcnt Station and Dr Sarita 
type and size specics ol'origin was not tight, suggcsting that Grocncwalcl of the Institute for Plant Biotechnology, 
contamination of the PFP.B 1/B81250 and PFP.B 11B8, frag- University of' Stellenbosch, for practical advice, helpful dis- 
ment populations had occurred at the point of gel band exci- cussions and appraisal of the manuscript. 
sion. This is not unlikely, as i t  is recognised that DNA frag- 
ments such as these, differing in  sizc by only 150bp. may 
appear separate visually but not be resolved pcrfcctly by 
agarose gel electrophorcsis. Future preparative separation REFERENCES 
would be accomplished morc prccisely-in polyac~ylamide 

Aljanabi, SM (1998). Genctics. phylogenetics and comparative genetics 
gels. of .Socc/~nr.i~r~~ L.. a poly>o~nic polyploitl Poalcs: Andsopogoneac. 

Rclationships betwccn the various sugarcane PFP gene frag- 
men1 sequcnccs and the homoeologous sequence from castor 
bean are illustrated in Figure 1 .  Two distinct allelic clustcrs 
are identifiable among the sugarcane sequences. It is notable 
that the dcgrcc to which they differ from cucli other is almost 
as great as the degrcc to which each differs from castor bean, 
a dicotylcdonous plant not closely rclatcd to sugarcane. 
Although the analysis is based on limited numbcrs ol'cloncd 
fragments and only singlc scquence runs, the result is suff'i- 
ciently striking to suggest that the variations do reflect sig- 
nificant allelic dil'l'crcnces in  the genornc. Thc high lcvcl of 
distinction and the fact that both gene forms occur in the 
ancestral germplasm of sugarcanc suggcst that the allelcs 
diverged early i n  the cvolution 01' the genus Sacc~hrrr~rrir. 
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