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Abstract

The randomly amplified polymorphic DNA (RAPD) techne was used to investigate
the genetic diversity in 6 strains Banthomonas campestqw. mangiferaeindicagXcmi), the
causal pathogen of mango bacterial canker dised8&CD). The RAPD analysis was also
intended to identify molecular markers, specifithte species to develop PCR-based markers for
detection of Xcmiin mango field and planting materials. Twenty RApPmers (CP 1-CP 20)
were evaluated to establish molecular charactedsganetic variability in the genome ¥tmi
Among these, only 4 were found efficient for deysieent of reproducible banding pattern. It
has been observed that the largest and smalledtfiachgRAPD products were of 2.036 and
0.201 kbp. A total ofLl36 bands were scored against 6 strainXahi There was 7.66 per cent
polymorphism in individual isolates which indicategynificant polymorphism among the
evaluated strains, with mean difference of 088n¢i 2 vs Xcmi8) and 0.29Xcmi 10vs Xcmi
12). However, the single linkage euclidean distaneere statistically significant (P>0.05), i.e.,
0.58. The markers CP 5, 10, 16 and 19 were angplifieall the strains with polymorphic alleles,
which indicates that these markers could be usedafoid detection of genetic variability in

Xcmistrains.
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Introduction

Mango (Mangifera indicalL. ) suffers from a number of diseases caused loyeba,
fungi and other agents. The bacterial canker (bfpak) incited by<anthomonas campestis.
mangiferaeindicagXcmij is an endemic problem in the major mango-growiegions of the
world, i.e., Asia, Southern and Eastern Africa, Wis Oceania, and the Indian Ocean (CPC,
2005). Since last more than 2 decades the diseasene important in India (Kishun, 1995). The
pathogen affects all the above ground plant partisrasults in substantial loss in fruit yield and
quality (Shekhawat and Patel, 1975; Kishun, 19B&}ions on leaves are angular, raised, black
and necrotic, whereas on fruits these are stareshapd erumpent with an infectious gummy
exudates. Occasionally, twig cankers can developv(3t and Manicom, 1993). Bacterium
survives mostly in lesions and on aerial parts ahgo (Pruvost and Manicom, 1993; Pruvost
and Luisetti, 1991) as well as epiphytes (Kishud &hand, 1994). The pathogen is believed to
spread between continents or countries throughacanated planting materials and on a smaller
scale, by cultural practices and wind splashed (&lanicom, 1986). SixXcmi strains were
selected from different geographical areas of magegootype for detection of variability and
classified as members of pathowvaangiferaeindicaelntrapathovar diversity itKcmi based on
physiological and biochemical tests, antibioticassvity and heavy metals, reaction towards
bacteriophages, serological grouping, plasmid [@®fiand multilocus isozyme analysis are
reported (Pruvost, 1989; Some and Samson, 1996 uKisand Rajan, 2000). Though these
techniques are useful for grouping strains for gesmd species levels but limited in their utility
to group strains at the pathovar level. Probablea®n of variation based on genomic DNA
may provide additional reliable tools to detecastrvariability in Xcmi One of the molecular

techniques used for comparison of genome strucdwestriction fragment length polymorphism
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(RFLP) inXcmi (Gagnevinet al, 1997), but it require several types of DNA prob@sRFLP
analysis. Genetic variations in isolates of diffenéanthomonas campestipathovars were also
observed and measured using different moleculanntgunes such as RFLP and rep-PCR
(Bragrad,et al, 1995; Louwset al, 1995; Normanet al, 1999; Trindadeet al, 2005). These
techniques used either for detection of genetigabdity in Xcmi and otherXanthomonas
campestrispathovars have one or other limitations. Anotleahhique, DNA-based markers is
generally determined by the technology, used teakldDNA-based polymorphism through PCR
(Williams, et al., 1990) with random primers can be used to amplifged of randomly
distributed loci in any genome and facilitated #pplicability, i.e., the RAPD technique. Since
this technique has not been used in caseXahi and may be reliable and efficient in
differentiation of intrapathovar variation in Indixcmistrains, hence it has been attempted and
results obtained are represented in this commuaicat
Materialsand Methods
Collection of pathogen strains

MBCD infected plant samples were collected fronfeddnt parts of India and isolations
were made on nutrient agar medium. Cultures werdigul by single colony transfer, proved
pathogenic and designatedXami A total of six representive strain&dmi2, 8, 10, 12, 20 &
22) from different mango cultivars/agroclimatic esn(Table A) were selected for molecular
characterization.
DNA Extraction

An aliquot (1.5 ml) of bacterial suspension, grofen 48 hrs at 28+%C, was washed
with 550 pl TES buffer (50 mM Tris}HCI pH 7.8, 50MhEDTA, 250 mM NacCl), centrifuged

and resuspended in 400 ul of the same buffer. Riftyrolitres of SDS (20%, w/v) and 100 ug
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proteinase K were added and the mixture was inedbiatr 1 hr at 55 °C. Protein and cell debris
were extracted with phenol and chloroform mixtute24) and the aqueous suspension dialysed
against TE buffer (10 mM Tris HCI pH 7.8, 1 mM ED) for 48 hr. DNA concentration was
estimated by comparison with known concentratiohd amda DNA ladder in agarose gel
electrophoresis (Sambroadt, al, 1989).
RAPD- Primers

Twenty oligodecamers CP 1- 6GAGGGTGTT 3; CP 2- 5ACAACGCCTC 3; CP
3- 5 GTAGACCCGT 3; CP 4- 5GGACTGGAGT 3; CP 5-5GTTTCCCTCC 3; CP 6-5
TCTGCTGAGC 3; CP 7- 5 GTGAGGCGTC 3; CP 8 - 5AATCGGGCTG 3;CP 9 -5
CCGCATCTAC 3 ; CP 10- 5CATCCGTGCT 3 CP 11- 5 CAGGCCTTCA 3, CP 12- 5
TGCCGAGCTG 3 CP 13- 5GGTCCCTGAC 3 CP 14- 5 GGGTAACCCC 3 CP 15-5
AGGGGTCTTG 3, CP 16- 5 CTGGGCACGA 3 CP 17- 5 TTCCGCCACC 3 CP 18- 5
GGCGCAGTGT 3 CP 19- 5 GAGCGAGGCT 3 CP 20- 5 GATGACCGCC 3 (Life
Technologies, India) were used for RAPD markeristud
Reactions and Conditions of RAPD-PCR

RAPD primer sets were used in Eppendrowf Mastel€ZyRAPD-PCR was performed
in 25 pl reaction volume containing 25 ng genomiAD 0.4 ul (5 pmole) primer, 1.5 pul dNTPs
(25mM), 3ul of 10 X assay buffer with MgZiL5mM), 0.5ul (3U/ul) of Taqg DNA polymerase
(Bangalore Genei Pvt.Ltd.). DNA was amplified bypepdrowf Master Cycler programme to
provide first denaturation for 5 min at %@ followed by 35 cycles of 1 min each at’G4and
35°C followed by 2 min at 7Z and final extension for 5 min at same temperat®@R
products were resolved by horizontal electrophsrasing agarose gel (1.2%) with TAE buffer

(1%) containing ethidium bromide. Genetic variatidike per cent polymorphism, similarity
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indices, phylogenetic distance etc. were calculatgdg statistical methods (Nei and Li, 1979).
Comparative mean differences were also calculayelddwman-Keuls multiple comparison test
using one way ANOVA.
Analysis of Molecular Data

Band positions for RAPD were visually determined aair wise comparisons of degree
of band sharing made. Similarity indices were glalted by the method (S.l. = 2Nab/Na+Nb)
described earlier (Nei and Li, 1979). Dendogram e@sstructed by UPGMA (bootstrapped data
using computer programme Phylip). The data wassalbgected to principal component analysis
(Manly, 1992).
Result and Discussion

Twenty RAPD primers (CP 1- CP 20) evaluated foedebn of genetic variability in the
genome ofX. campestrigov. mangiferaeindicagFig. A-CP5, A-CP10, A-CP16 and A-CP19)
and only four (CP 5, 10, 16 & 19) were able to prcereproducible banding pattern. The largest
amplified RAPD products was 2.036 kbp, while theabest was of 0.201 kbp. The primer CP 5
produced 39 bands with product size of 0.20 to @ K% and all showed a distinct profile but
similar in at least one major band. Amplified fragms ranged from 0.396 to 2.036 kbp were
obtained with CP 10 and having 23 bands. Similaother two primers CP 16 and CP 19
produced 32 and 42 bands with product size of 0t842.036 kbp and 0.201 to 2.036 kbp,
respectively. These four primers produced a tdtd3é bands, which were used to construct the
dendogram based on a UPGMA algorithm (Fig.B). Thenlpers of scorable bands for
corresponding primers ranged from 15 to 42 withaaerage of 34Statistically significant

(P>0.05) polymorphism (7.6%) was also found in individual strains. Each reprgativeXcmi
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strain from the different agroclimatic zones/mangenotypes showed distinct pattern with
similarity level of 50.18 per cent.

The average similarity indices based on 4 RAPD ergawanged from 0.5 to 1.0 and the
distance matrices were 0.38cmi2 vs Xcmi8) and 0.29 Xcmi10vs.Xcmil2). The dendogram
also revealed the similar difference among the stmains, but the single linkage euclidean
distance (0.58) was statistically significant (FO5). It indicates that the evaluatetmistrains
(6) are having less genetic difference and becatget falling in two different clads. First clad
includesXcmi2 and 8, while second clad includesmi 10, 12, 20 and 22 which further divided
in 2 sub-clads showing intra cladal differences agnthe strains studied. The second clad
having similar property comprises of strains almoissame groups (Fig.B) as obtained with
principal component analysis whexemi2 and 8 falls in one cluster, whi¥emi 10, 12, 20 and
22 in other (Fig.C). Thus, it can be concluded fdlhe results that the 4 RAPD marker, i.e., CP
5, 10, 16 and 19 could be used as genetic vatiabilarkers for evaluatedcmistrains.

Genetic analysis was an effort to understand tinemé structure oKcmipopulation in
India which will be helpful in selecting the efent strain of the pathogen for screening mango
gemplasm for resistance. The study showed Xwhi population had a significant level of
genetic diversity as it formed 2 clusters in plggoetic tree or the PCA analysis. This result is
contrary to work of Assigbetset al. (1998), as they reported that RAPD analysis didshow
high level of polymorphism withirKanthomonas strains used in their study. The RAPD
technique have not been used in differentiationXofni strains earlier. However, such work
(PCR-RAPD) has been conducted in case oK&bthomonas campestijw. passifloraestrains
(Goncalves and Rosato, 2000). The strains showeidhalevel of polymorphism with almost

unique fingerprints. Fifteen clusters with a simtla of 70 per cent were identified, which
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corroborates with present findings of 63 per cemilarity level among the strains of
Xanthomonas campestipsy. mangiferaeindicae.

The RAPD pattern observed in this study is ableligtinguish the minute difference
differences within the same species Xfmi strains. The quantitative estimate of genetic
similarity obtained showed a significant level engtic diversity. Th&cmistrains studied were
not perfectly homogenous. Though RAPD has not hesexd in the evaluation of homogeneity
amongXcmistrains but carbohydrate utilization profiles (Kish 1999) andhrp-RFLP study of
Pruvostet al(1998) showed almost similar trend. It emanatesifpresent investigation that the
molecular tools (PCR-RAPD) could be used for preecad reliable analysis of genetic
variability in Xcmistrains. However, it is necessary to evaluate exgigenetic biodiversity and
detection ofXcmi strains present imdia to determine the true genetic structure éwmiulating
long term strategy so that the efficient strainaldde used for resistant breeding programme
against the pathogen.

Acknowledgement

Authors are grateful to the Director, CISH, Lucknéw facilities, provided during the
present investigations. The help of Shri P.K. Kudstha in the different experiments is
thankfully acknowledged.

Reference

Assigbetse K, Verdier V, Wydra K, Rudolph K and @i JP (1998) Genetic variation of the
Cassava bacterial blight pathogexanthomonas axonopodipv. manihotis
originating from different ecoregions in Africln: Plant Pathogenic Bacteria,
Proceddings of 'O International Conference, A. Mahadevan (ed.), Gerfor

Advance Study in Botany, University of Madras, Ghie pp. 223-229.



Nature Precedings : hdl:10101/npre.2008.2403.1 : Posted 16 Oct 2008

Barak JD and Gilbertson RL (2003) Genetic diversit)Xanthomonas campestps. vitians,
the causal agent of bacterial leafspot of lettédg/topathology 93:596-603.

Bragard C, Verdier V and Maraite H (1995) Geneiietkity amongXanthomonas campestris
strains pathogenic for small grains. Applied andiEmmental Microbiology 61
(3): 1020-1026.

CPC (2005) Crop Protection Compendium. CAB Inteamal, Wallingford, U.K.

Gagnevin L, Leach JE and Pruvost O (1997) Genomi@bility of theXanthomonagathovar
mangiferaeindicae agent of mango bacterial black spot. Applied and
Environmental Microbiology 63:246-253.

Goncalves ER and Rosato YB (2000) Genotypic charaetion of xanthomonad strains
isolated from passion fruit plantBgssifloraspp.) and their relatedness to different
Xanthomonasspecies. International Journal of Systematic andllEwnary
Microbiology 50:811-821.

Kishun R (1981) Loss in mango fruits due to baatecanker-Xanthomonas campestrsv.
mangiferaeindicae Proceeding % International Conference of Plant Pathogenic
Bacteria., Cali., pp. 181-184.

Kishun R (1995) Detection and managemenkKamthomonas campestis. mangiferaeindicae
In: Detection of Plant Pathogens and Their Managenieds J.P. Verma, A.

Verma and Dinesh Kumar), Angkar Publishers (P),WXew Delhi, pp. 173-182.

Kishun R (1999) Charbohydrate utilization diversiip Xanthomonas campestripv.
mangiferaeindicae National Symposium - Challenges and Prospect lahtP

Patholgy in the Coming Millenium, NBRI, Lucknow, pg7 - 38.



Nature Precedings : hdl:10101/npre.2008.2403.1 : Posted 16 Oct 2008

Kishun R and Chand R (1994) Epiphytic survival &anthomonas campestripv.
mangiferaeindicaen weed and its role in MBCD. Plant Disease Re$efr(1) :

35 - 40.

Kishun R and Rajan S (2000) Detection of variapilih Xanthomonas campestripv.
mangiferaeindicastrains. Journal of Applied Horticulture 2: 44-46.

Louws FJ, Fulbright DW, Stephens CT and De Bruijh (E995) Differentiation of genomic
structure by rep-PCR fingerprinting to rapidly dig Xanthomonas campestis.
vesicatoria Phytopathology 85:528-536.

Manicom BQ (1986) Factors affecting bacterial blaplot of mangoes caused ¥gnthomonas
campestrigv. mangiferaeindicaeAnnals of Applied Biology 109:129-135.

Manly BJ (1992)Multivariate Statistical MethodsA Primer. Chapman and Hall, London.
Glasgow, New York, Tokyo, Melbourne., Madras.

Nei M and Li WH (1979) Mathematical model for stuaty genetic variation in terms of
restriction endonucleases. Proceedings of Natidwaldemy of Science USK6:
5269-5273.

Norman DJ, Chase AR, Stall RE and Jones JB (1988rbigenity of Xanthomonas campestris

pv. hederaestrains from araliaceous hosts. Phytopathology)88@5-652.

Pruvost O (1989) La maladie des taches noires dedague Xanthomonas campestrjsv.
mangiferaeindicag Etude bacte’riologique, biologique, e pide’- lmgique et mise
au point des bases d’'un syste'me de lutte inteegt@hs les conditions de I'y’le de la
Re’union. Ph.D. thesis. Universite” de Paris Susk@rParis, France.

Pruvost O and Luisetti J (1991) Effect of time wbculation withXanthomonas campestiis.

mangiferaeindicaeson mango fruits susceptibility. Epiphytic survivaf X. c. pv.

10



Nature Precedings : hdl:10101/npre.2008.2403.1 : Posted 16 Oct 2008

mangiferaeindicaeon mango fruits in relation to disease developméaurnal of
Phytopathology 133 (2): 139-151.

Pruvost O and Manicom BQ (1993%anthomonas campestn®/. mangiferaeindicaecause of
bacterial black spot of mangods; Xanthomonas). G. Swings and E. L. Civerolo
(eds.),. Chapman & Hall, London, United Kingdom, §{p—95.

Pruvost O. Couteau A, Perrier X and Luisetti J @9henotypic diversity akanthomonasp.
mangiferaeindicaelournal of Applied Microbiology 84: 115-124.

Sambrook J, Fritsch EF and Maniatis T (1988)lecular Cloning: a Laboratory Manualnd
edn., Cold Spring Harbor, NY: Cold Spring Harbobbeatory.

Shekhawat GS and Patel PN (1975) Studies on balctesnker of mango. Zeitschrift fiir
Pflanzenkrankheiten und Pflanzenschu82: 129-138.

Some A and Samson R (1996) Isoenzyme diversity Xanthomonas campestripv.
mangiferaeindicaePlant Pathology 45: 426—-431.

Trindade LC, Lima MF and Ferreira MASV (2005) Malder characterization of Brazilian
strains of Xanthomonas campestripv. viticola by rep-PCR fingerprinting.
Fitopatologia Brasileir80:46-54.

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA arniingey SV (1990) DNA polymorphisms
amplified by arbitrary primers are useful as geneatarkers. Nucleic Acid Research

18:6531-6535.

11



Nature Precedings : hdl:10101/npre.2008.2403.1 : Posted 16 Oct 2008

Table A. Designation and source of Xcmi strains.

S. No. Culture Designation Source

1 Xcmil Baig’'s Nursery, Sangareddy, A.P., India

2 Xcmi2 Farmer’s Field, Bazpur, U.P., India

3 Xcmi3 IIHR, Bangalore, Karnataka, India

4 Xcmi4 Nursery, CISH, Rahmankhera, Lucknow, U.P., Indiz
5 Xcmi5 Mango Field, Sitapur, U.P., India

6 Xcmi6 Mango Garden, Chandigarh, India

12
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Fig A. Alldlic pattern of Xanthomonas campestris pv. mangiferaeindicae strains using
RAPD-PCR

M=1kb DNA Ladder (Gibco BRL)

L1-L6= Xanthomonas camprestiw. mangiferaeindica¢Xcmi strains

Fig B. Dendogram based on RAPD allelic pattern of Xanthomonas campestris pv.
mangiferaeindicae strains

Fig C. Principal component analysis of Xcmi strains evaluated through RAPD.
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Fig. A-CP10
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Fig.A-CP16
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Fig.A-CP19
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Fig.B
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