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Abstract 
 
The genus Burkholderia is the dominant component of the sugarcane rhizosphere microbial 
community. The Burkholderia population is complex and assessments performed on these 
populations do not always reveal specific members. Moreover, current cultivation based 
methods are limited because they do not assess the non-culturable fraction of rhizosphere 
microbiota. The aim of this work was to develop root DNA-based PCR fluorescent single- 
strand conformation polymorphism (F-SSCP), a molecular method for studying the diversity 
of microbial communities, for analysis of Burkholderia diversity in root samples. Species-
specific primers for Burkholderia were developed, based on a small region of the 16S rRNA 
gene sequence. F-SSCP analyses of the PCR products obtained showed that there were 
sufficient differences in migration to distinguish all 39 Burkholderia species tested. For 
microbial rhizosphere community studies, six-month-old variety N29 from the existing 
Burkholderia field trial at Zinkwazi was used. Roots from plots inoculated with Burkholderia 
isolates N8.2 and LM1-376.8 and from a corresponding control plot were sampled. Total 
genomic DNA extracted from roots was subjected to PCR and assessed using F-SSCP. F-
SSCP profiles on amplicons generated from root DNA were aligned with Burkholderia 
reference species profiles. The root DNA exclusively revealed profiles affiliated with profiles 
of Burkholderia reference species, and demonstrated that the F-SSCP method befits the study 
of diversity in Burkholderia spp. in natural samples. The dominant Burkholderia spp. in the 
root samples were B. caledonica, B. saccharri, B. cepacia, B. graminis and B. ambifaria. No 
differences in profiles between control and Burkholderia inoculated plots were distinguished. 
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Introduction 
 
Fluorescent Single Strand Conformation Polymorphism (F-SSCP) is based on the principle 
that the electrophoretic mobility of a single stranded DNA molecule, in a non-denaturing gel, 
is related to its structure (conformation) and size. In solution, the single stranded molecules 
take on secondary and tertiary conformations as a result of base pairing between nucleotides 
within each strand. The conformations are dependent on the length of the strand and the 
location and number of regions of base pairing. They are also highly dependent on the 
primary sequence of the molecule, and therefore a mutation at a single nucleotide position in 
the primary sequence can change the conformation of the molecule (Duthoit et al, 2003). 
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The objective of this study was to assess if the technique can be used for the study of 
functional bacterial groups in the rhizosphere of sugarcane. If successful, further studies can 
be conducted to measure the effect of different sugarcane management regimes, adverse 
environmental conditions and the application of agricultural chemicals, on soil bacterial 
communities. 
 

Materials and Methods 
 
DNA region of interest (H17) 
 
Balandreau et al, 2004 showed that a small region of the 16S, corresponding to nucleotides 
454 to 477 (E. coli numbering), had a Burkholderia species-specific sequence outside the 
Burkholderia cepacia complex. Using this 200 bp region, it seemed possible to study the 
diversity of Burkholderia species (and other bacteria) with F-SSCP in a given niche such as 
the rhizosphere and plant tissues of sugarcane. 
 
Burkholderia reference strains and root samples 
 
Reference strains of 39 known Burkholderia species were used for initial analysis. For 
microbial rhizosphere community studies, root samples from six-month-old sugarcane of 
variety N29 from an existing Burkholderia field trial at Zinkwazi in KwaZulu-Natal were 
used. The trial was designed to determine the effects of inoculated Burkholderia on the 
growth of sugarcane and their effect on the parasitic nematode community. An ADE-4 
analysis showed that the bacterial isolates N8.2 (ARDRA group A) and LM1-376.8 
(identified as a nitrogen fixing B. tropica) significantly reduced the numbers of Pratylenchus 
and Meloidogyne spp. in sett and shoot roots. From these results, it was decided to sample 
roots from plots inoculated with N8.2 and LM1-376.8 and from a corresponding control plot. 
 
DNA extraction 
 
Burkholderia reference strains were prepared for fluorescent-based PCR by extracting 
genomic DNA as described by Yabuuchi et al. (1992). Genomic DNA from sugarcane roots 
was extracted using a QIAgen DNeasy Plant mini kit. 
 
Fluorescent-based PCR 
 
The DNA region of interest (H17) was amplified with upstream and downstream primers, 
which were fluorescent labelled at their 5’ end with HEX or FAM (Proligo Primers and 
Probes, France). The final PCR reaction volume was 50 µl, containing 25 ng of genomic 
DNA, 100 ng/µl of each primer, 2.5 mM dNTP and 2.5 U/µl Pfu Taq DNA polymerase 
(Stratagene). The reaction conditions were 2 minutes at 94°C, followed by 25 cycles of 30 
seconds at 94°C, 30 seconds at 61°C, 30 seconds at 72°C and a final elongation step of 10 
minutes at 72°C. 
 
F-SSCP (capillary electrophoresis) 
 
Prior to analysis, the fluorescent labelled PCR products were diluted 200-fold with Milli-Q 
water. One micro-litre of the diluted product was mixed with 18.8 µl of Formamide and 
0.2 µl of standard GS400 Rox, denatured at 95°C for 5 minutes and chilled on ice. Capillary 
electrophoresis was performed on the ABI Genetic Analyser 3100 (Applied Biosystems).  
F-SSCP analysis was performed automatically at a running temperature of 26°C under 12 kv 
for 30 minutes. A laser induced fluorescent detector was used, which emitted light for FAM 
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(488 nm) and HEX (515 nm). The data was compiled by data collection software and 
analysed by Gene-Scan software (Applied Biosystems). 
 

Results and Discussion 
 
Results confirmed that all reference species of Burkholderia could be differentiated using F-
SSCP, suggesting that identification in a soil or root sample was possible.  
 
F-SSCP profiles of the roots of sugarcane obtained from the Burkholderia field trial were not 
as complex as expected. The profiles were simple and it was not difficult to differentiate 
between the bacterial communities in the rhizosphere. To identify the dominant bacterial 
genera in the rhizosphere, clones of the amplified root DNA was prepared. The clones were 
analysed for F-SSCP and aligned with the rhizosphere profiles to establish whether they were 
true clones. The clones were sequenced and identified as the genus Burkholderia. It was 
confirmed that Burkholderia was the dominant bacterial genus present in the rhizosphere. 
 
To identify the Burkholderia population in a root sample, the profiles were compared with 
Burkholderia reference species previously analysed. It was concluded that B. caledonica, B. 
saccharri, B. cepacia, B. graminis and B. ambifaria were the dominant species found in the 
root samples. Furthermore, all root samples obtained from all the plots had a similar profile. 
This could be due to many factors, one being that drought may have had an impact on the 
diversity of the microbial rhizosphere community. 
 
The use of F-SSCP also provided the opportunity to determine whether the Burkholderia 
isolates that were inoculated at the planting of the Burkholderia field trial, were still present 
after six months. This was achieved by aligning the profiles of inoculated Burkholderia 
species with those profiles obtained from roots sampled from the respective inoculated plots. 
The inoculated Burkholderia species were not found in the root profile, suggesting that they 
may have been eliminated by drought or by other resident Burkholderia colonisers. 
 
F-SSCP also identified several Burkholderia species that have nitrogen fixing and 
nematicidal. Profiles obtained from reference species of Burkholderia were compared with 
profiles obtained from unknown isolates. The technique allowed for quick and efficient 
identification as compared with sequencing. 
 
Should this technique be implemented at SASRI, the following assessments could be made: 
 

• Detection and quantification of beneficial fungi and bacteria, mycorrhizae, pathogenic 
fungi and bacteria in field situations. 

• Identification and quantification of nematodes species in soil. 
• Detection and identification of endophytic bacteria or fungi in sugarcane plant tissues. 
 

REFERENCES 
 
Balandreau J, Omarjee J and Guyon S (2004). The use of variable regions of 16S for 

Burkholderia taxonomy and detection. J Microbiol Meth (in press). 
Duthoit F, Godon JJ and Montel M (2003). Bacterial community dynamics during production 

of registered designation of origin salers cheese as evaluated by 16S rRNA gene single 
strand conformation polymorphism analysis. Appl Env Microbiol 69: 3840-3848. 

Yabuuchi E, Kosako Y, Oyaizu H, Yano I, Hotta H, Hashimoto Y, Ezaki T and Arakawa M 
(1992). Proposal of Burkholderia gen. nov. and transfer of seven species of the genus 
Pseudomonas group II to the new genus, with the type species Burkholderia cepacia 
(Palleroni and Holmes, 1981) comb. nov. Microbiol Immunol 36: 1251-1275. 

Proc S Afr Sug Technol Ass (2005) 79, page 241


	Cover
	Contents
	Authors Index
	Keyword Index
	Officers
	Awards
	Sponsors and Exhibitors
	Support
	PLENARY SESSION
	Key technology challenges for the South African sugar indust
	Eightieth annual review of the milling season in southern Af
	Dealing with dextran in the South African sugar industry
	The cause of sarkaran in sugarcane
	Release of sugarcane varieties in South Africa
	Combined analyses of irrigated sugarcane variety trials in S
	Characterisation of cane varieties based on sugar processing
	Creating an environment for success by land redistribution: 
	The story of Lonrho sugar and René Leclézio

	SESSION 1: AGRICULTURE - Pathology
	Eighty years of sugarcane quarantine in South Africa
	Fusarium species isolated from sugarcane in Kwazulu-Natal an
	The impact of ratoon stunting disease at Ramu Sugar, Papua N
	A preliminary report on genetic diversity in populations of 
	Review of the methods for extraction, detection and identifi
	Effect of certain cultural practices on nematode management 
	Sugarcane varieties suitable for sandy soils in Mpumalanga
	Long term ratooning of sugarcane on sandy soils in Kwazulu-N

	SESSION 2: AGRICULTURE – Soils and Nutrition
	A review of soil health indicators for laboratory use in the
	Soybean in sugarcane breakcrop systems in Zimbabwe: An asses
	The potential role of near infra red reflectance (NIR) monit
	Sustainable nutrient management – Delivering the message to 

	SESSION 3: AGRICULTURE – Poster Session
	A laboratory method to simulate field losses of applied nitr
	Applications of remote sensing in sugarcane agriculture
	Hi-Tech irrigation scheduling advice for small-scale sugarca
	Sugarcane variety improvement in Kenya
	Investigating the association of sugarcane kinase analogs an
	The application of fluorescent single-strand conformation po
	Yellow leaf virus strain diversity within the South African 
	The performance of irrigated sugarcane under stillage and gr

	SESSION 1: FACTORY – Engineering and Extraction
	The effect of selected factors on percolation in pilot diffu
	Using finite elements analysis and design theory as tools to
	Separation of tramp iron and ferric materials from sugarcane

	SESSION 2: FACTORY – Factory Design and Operation, and Refin
	A structured approach to sugar factory design
	Achieving and controlling vacuum in process vessels using co
	Production of sulphur-free sugar by phosphatation

	SESSION 3: FACTORY – Posters
	An SMRI-CTS comparison of near infrared (NIR) polarimetry
	Use of the SRI sucrose analyser to analyse for sucrose in a 
	A dextran test for VHP sugars

	SESSION 4: FACTORY – Measurement and Control
	On-line ethanol detector for detection of deteriorated cane
	Filterability measurement for raw sugar quality: The transit

	SESSION 4: AGRICULTURE – Entomology
	The status of Eldana saccharina (Lepidoptera: Pyralidae) in 
	An integrated pest management system for Eldana saccharina i
	Effects of silicon on the African Stalk Borer, Eldana saccha
	The impact of nitrogen and silicon nutrition on the resistan
	Overview of natural enemies of sugarcane moth stem borers at
	Genetic diversity of Sturmiopsis parasitica Curran (Diptera:
	Mitochondrial DNA sequence variation among populations of su

	SESSION 5: AGRICULTURE – Harvesting, Loading and Transport
	Evaluation of two possible haulage routes for the transport 
	A decision support tool for upgrading farm roads, locating l
	A simulation study on cane transport system improvements in 
	Progress on the in-field measurement of cane mass using a Be
	Preliminary results on the design and testing of the Illovo 

	SESSION 6: JOINT AGRICULTURE and FACTORY – �Optimising Cane 
	Impact of alternative relative cane payment systems and harv
	Impacts of harvest to crush delay on grower revenue
	The self regulating delivery mechanism: Optimising the cane 
	Optimising season length to increase industry profitability 

	SESSION 7: AGRICULTURE – Irrigation
	Strategic irrigation design and water management decisions: 
	A catchment scale irrigation systems model for sugarcane
	Furrow irrigation improvement at Dwangwa Sugar Estate in Mal
	Experience with drip irrigation on smallholder sugarcane irr

	SESSION 8: AGRICULTURE – Agronomy and Biotechnology
	Directions for R&D and cane growing from an international re
	Climate change and yield decline: An analysis of actual and 
	Crop growth models for decision support in the South African
	Continuous non-destructive monitoring of stalk elongation in
	Sink strength affects assimilate distribution and photosynth
	Do external oxygen levels influence sucrose metabolism in th

	SESSION 9: AGRICULTURE – Breeding
	Potential of using physiological parameters to enhance sugar
	Performance of variety MN1 in Malawi


