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Abstract: The development of molecular techniques, in particular the use of molecular markers have been used
to identify markers linked to useful traits and made great advances in recent years. Amplified fragment length
polymorphism (AFLP) analysis was used to analyze the geographical differentiation, phylogenetic relationships
and to identify molecular markers linked to taro leaf blight resistance genes of Indian taro. The significant
differentiations in Indian taro cultivars were clearly demonstrated by AFLP marker. Results showed that AFLP
can  be used to distinguish taro cultivars by their unique and different banding patterns. Unweighted Pair
Group Method using Arithmetic Averages (UPGMA) permitted cluster analysis of AFLP data, which showed
that closely related cultivars collected from same geographical area can clearly be differentiated and that genetic
difference between cultivars can also be established. It appears from the study that when taro cultivation was
introduced to a new area, only a small fraction of genetic variability in heterogeneous taro populations was
transferred possibly causing random differentiation among locally adapted taro populations. AFLP markers
linked to the leaf blight resistance gene was identified. The results of the biological evaluation and molecular
characterization generated by this approach may provide starting points for map-based cloning of this
important gene.
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INTRODUCTION interactions e.g. plant-pollinator interactions [8, 9] and

Taro [Colocasia esculenta (L.) Schott] is a member levels or absence of gene flow [10, 11] all lead to increased
of the Araceae family and one of the oldest cultivated extinction probabilities in small and isolated populations.
crops grown for its edible corms and leaves [1-3]. Taro Genetic processes could result in (1) decreasing genetic
corms and leaves are also accredited to have medicinal diversity within populations; (2) increasing genetic
value in reducing tuberculoses, ulcers, pulmonary differentiation among populations; and (3) the reduction
congestion and fungal infection [4]. The Food and of  plant  fitness  due  to inbreeding depression or due to
Agriculture  Organization  estimates  that  9.1 million Mt a higher susceptibility to pathogens [12]. Furthermore,
of corms are produced annually on a surface of 2 million populations  with  low  levels  of genetic diversity may
ha, but this largely underestimates production as few also have a reduced potential to adapt to changing
countries keep reliable figures (http://faostat.fao.org/). In environments [11].
spite of taro’s value as a food source, research aiming to There  are  growing  concerns  over the narrow
the improvement of cultivated taro has been limited. genetic  base  of  taro  cultivars,  particularly with
Germplasm characterization and evolutionary process in reference to taro leaf blight caused by Phytophthora
viable populations are important links between the colocasiae.  Leaf  blight   has   become  a  limiting factor
conservation and utilization of plant genetic resources. for taro production in  all  taro growing-countries
There is a paradigm in conservation biology that genetic including  India causing yield loss of 25-30 % [13, 14].
variation and population viability increase with This has led to initiation of several breeding programs
population  size,  but  decrease with population isolation with the aim of broadening the genetic base of breeding
[5, 6]. Random variation in environmental conditions, populations,  in  addition to selection for resistance to
demographic parameters [7], the interruption of biotic taro leaf blight. 

genetic processes e.g. genetic drift, inbreeding and low
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Molecular markers are becoming essential tools in
plant breeding [15, 16] and have several advantages over
the traditional phenotypic markers that are difficult or
time-consuming to select by plant breeders. These DNA
type markers are not influenced by environmental
conditions and are detectable at all plant growth stages.
Availability of tightly linked molecular markers can now
be used in marker-assisted selection (MAS) programs,
specially for disease resistance gene where it is possible
to  infer  the  gene by the marker without depending on
the  natural  pest  or pathogen occurrence or waiting for
its phenotypic expression. Moreover, molecular markers
flanking disease resistance genes may be starting points
for genes cloning and subsequently comprehension of
their biological mechanisms [17, 18].

Among several efficient methods for revealing
genetic variability within and among plant populations
AFLP technique is the method of choice as it is a robust,
reliable molecular marker assay and the number of
polymorphisms  detected  per reaction is much higher
than that revealed by restriction fragment linked
polymorphisms (RFLP) or the PCR-based randomly
amplified polymorphic DNA (RAPD). In this study, we
present the application of AFLP technique for evaluating
and examining the genetic differentiation  of 14 cultivars
of taro collected from different region of India by cluster
analysis based on allele frequencies of gene loci and
analyzed the markers linked to leaf blight resistance gene.

MATERIALS AND METHODS

Plant Material: Fourteen accessions of C. esculenta var.
esculenta were used to investigate the level of
polymorphism  detected  by  AFLP. These accessions
were selected based on their tolerance to taro leaf blight
(Table 1).

DNA  Isolation:  A measure of 500 mg of fresh leaf
material were washed in distilled water and rinsed with
80% ethanol. The surface sterilized leaves were ground in

Table 1: Taro (Colocasia esculenta) cultivars used in AFLP analysis
along with their region of cultivation and resistance pattern

No. Cultivar Region of cultivation Resistance pattern
1. UL-46 Nainital, Uttaranchal Susceptible
2. Kottayam-1 Kottayam, Kerala Highly susceptible
3. UL-23 Champawat, Uttaranchal Moderately resistant
4. Bisoli Bisoli, Uttar Pradesh Susceptible
5. BHS-14 Midnapur, West Bengal Susceptible
6. 553 Dehri, Uttaranchal Highly susceptible
7. UL-II-114 Udam Singh Nagar, Uttaranchal Susceptible
8. Muktakeshi Cuttack, Orissa Highly resistant
9. UL-52 Almora, Uttaranchal Highly susceptible
10. BHS-20 Nadia, West Bengal Highly resistant
11. BHS-21 Birhum, West Bengal Susceptible
12. UL-47 Balk, Uttaranchal Susceptible
13. 469 Trivandrum, Kerala Moderately resistant
14. Telia Cuttack, Orissa Highly susceptible

liquid nitrogen and extracted with 1.5 ml of CTAB
extraction buffer as described by Sharma et al. [19]. DNA
was  precipitated  with  isopropanol  and washed with
76%  ethanol washing solution and dissolved in TE
buffer. DNA  was  quantified  using  spectrophotometer
(U-2000, Hitachi, Japan) and diluted to 10 ng µl .1

AFLP analysis: AFLP analysis was performed as
described by Vos et al. [20], except for minor modification
as described by Bai et al. [21]. Briefly, 300 ng of genomic
DNA was double digested with EcoR I and Mse I
restriction enzymes at 37°C for 4 h. The genomic DNA
fragments were ligated to EcoRI and MseI adapters
overnight at 15°C to generate template DNA for
amplification. PCR was performed in two consecutive
reactions. The template DNA generated was first pre-
amplified using the primer pair combination each having
one  selective  nucleotide,  Eco  RI+A  and  MseI+C,  for
20 cycles of 30 sec at 94°C, 60 sec at 56°C and 60 sec 72°C.
The PCR products of  the  pre-amplification  reaction were
then used as template for selective amplification using
two AFLP primers, each containing three selective
nucleotides   (Table   2).   Each    25  µl  of   PCR  reaction

Table 2: Primer combinations  used to  produce AFLP during the final selective amplification of DNA from Colocasia  esculenta, and the number of the
resulting monomorphic and polymorphic bands generated from each combination (N=14 individuals)

Primer combination
---------------------------------------------------------------------------------------------------------------------------------------------------

Restriction sites E /M E /M E /M43 E /M E /M Totals31 41 32 42 33 34 44 35 45

Eco RI AAT ACG AAG ACA AGG
Mse I CAA CAC CAG CTG CAT
No. of polymorphic loci 33 32 34 29 23 151
No. of monomorphic loci 10 12 10 09 14 55
Totals 43 44 44 38 37 206
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consisted:  2 µL  of 1:10 diluted preamplified template RESULTS
DNA, 100 µM each deoxynucleotide triphosphate, 150 ng
of each primer, 1.5 mM MgCl , 1 x Taq buffer (10 mM Tris- Analysis of AFLP Data: The amplification products2

HCl pH 9.0, 50 mM KCl, 0.01% gelatin), 1U of Taq DNA showed a distribution of amplified fragment unique for
polymerase (Promega Corporation, Madison, USA). each primer combinations. The five primer combinations
Amplifications  were performed in Techne progene produced bands ranging in size from 25 to 500 bp. Total
thermal cycler (Techne Cambridge Ltd.). The sample was 151 amplification bands were scored as polymorphic
subjected to 12 cycles of 30 sec at 94°C, 30 sec at 65°C bands with an average of 41±3 bands per primer
with 0.7°C lowering for each cycle and 1 min at 72°C, combination  (Table 2)  as  indicated  by  their  absence in
followed by 27 cycles of 30 sec at 94°C, 30 sec at 56°C at least one of the 14 accessions tested. The AFLP
and 1 min at 72°C. The EcoRI primers used were not fragments observed in the 14 accessions showed a high
radioactively labelled as in the original protocol degree of polymorphism within the populations. The
suggested by Life Technologies. Instead, a silver staining population  specific  bands  could   be   discerned  from
method  was  used  for  detection purposes. The final PCR the fragment patterns generated. These bands were
products  were  run on a 6% denaturing polyacrylamide treated as genetic loci. Each bands produced by the
gel  in  1x  TBE  buffer.  Analysis  was  carried  out by primer combinations were distinct and reproducible. The
silver  staining  of the gel (Promega Corporation, polymorphic bands produced were efficient in assessing
Madison, USA) followed by overnight drying before the genetic diversity among the cultivars. Cluster analysis
being photographed. of the genetic similarity values was performed to generate

Data  Analysis:  Polymorphic  DNA  bands  were  scored between the species studied and the accessions and
as present (1), absent (0) or ambiguous (9) for each individuals within those species. Based on AFLP bands
accession by visual inspection. To ensure accurate amplified by using five primer combinations (Fig. 1),
scoring,  all  markers  were  scored at least twice. Data genetic distances among the 14 taro accessions were
were compiled in a binary data matrix. Relative genetic calculated and a dendrogram was constructed by UPGMA
dissimilarity was estimated according to Nei and Li, [22]. method (Fig. 2). The cophenetic correlation coefficient (r)
Similarity was calculated as S = 2n / (n  + n ), where n comparing the relationship of the cophenetic value matrixxy xy x y x

and  n   were  the  numbers  of  fragments  in individuals with the dissimilarity matrix was high, with an r value ofy

X and Y, respectively and n  was the number of the 0.90, indicating  a  very  good  fit  of  the  dendrogram.xy

fragments   shared   between   individuals.  Dissimilarity, The UPGMA dendrogram based on genetic distance
D, was calculated by the equation D  = 1- S  using indicated the segregation of the taro populationsxy xy

Microsoft  Excel.  Cluster  analysis  was  performed with collected from fourteen different sites into two clusters in
the  NTSYS-pc  (Numerical  Taxonomy  System)  version which common characteristics such as degree of tolerance
2.0 program (Exeter Software, New York, NY) using the against Phytophthora leaf blight and morphological
unweighted  pair-group  mean  algorithm  (UPGMA) characteristics among members were not separated. First
within the  SAHN  module.  Allelic  frequencies   of  AFLP cluster comprised of 12 accessions of taro, while second
marker was used further to estimate the percentage of cluster comprised of two accessions of taro from different
polymorphic loci (P), observed mean number of alleles per sites. The accessions collected from same state of India
locus (A ), effective number of alleles (A ), observed mean were clustered in to the same group while those collectedO E

hetrozygosity  (H )  and  expected mean hetrozygosity from other states were grouped separately. A geneticO

(H ) with respect to Hardy-Weinberg equilibrium [23] dissimilarity coefficient for pair-wise comparisons ofE

using the computational program POPGENE 32 [24]. Loci accession was ranged from 0.01 to 0.38 (Table 3).
were considered polymorphic if more than one allele was
detected. Fixation indices (F), reflecting deviation from Population Genetic Analysis: Population genetic
Hardy-Weinberg equilibrium, were calculated and out analyses in different taro accessions were done using
crossing rate (t) were estimated using t = (1- F)/ (1 + F) POPGENE software. The populations were shown to differ
[25]. The portioning of genetic diversity within and among in genetic variability of their representatives, which
the cultivar of taro were analyzed using F- statistics [26] showed not only in the presence of polymorphous loci in
according to the equations of Weir and Cockerham, [27]. the DNA of different accessions, but in varied intensity of

a dendrogram illustrating the overall genetic relationships
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Fig. 1: AFLP fingerprints generated using primer conformance to Hardy-Weinberg equilibriums. F value
combination E /M . Fragment size is indicated was significantly greater than zero and positive, indicating31 41

on the left. Lanes from 1 to 14 are accessions of excess of homozygotes. Outcrossing rates (t) based on
Colocasia esculenta, Lane M showing molecular fixation indices was 0.8401. The above data shows that
marker (25-500 bp) new alleles are formed in taro population by the random

Fig. 2: UPGMA cluster analysis of AFLP data generated not show the presence of these markers. This attribute is
by five primer combinations for fourteen cultivars based on the fact that there is more than one gene
of Colocasia esculenta depicting patterns of involved  in  taro  leaf blight resistance [28]. An analysis
genetic diversity. Scale depicted represents of the correlation between the distribution of AFLP
genetic diversity estimates. markers  and  resistance  or susceptibility  indicated  that

homologous fragments in DNA amplification profiles in
various accessions. The AFLP markers used in the study
revealed that a large percentage of hetrozygosity is
present in the different accessions keeping aside the
homozygous gene locus. The number  of  polymorphic
loci and percentage of polymorphic loci was 151 and
77.3%,  respectively.  The observed mean number of
alleles (A ), effective number of alleles (A ), observedO E

hetrozygosity  (H ), expected mean hetrozygosity (H )O E

were 2.000, 1.5767, 0.3341 and 0.3657, respectively. The
Shannon's  Information index for gene diversity was
found to be 0.5026. Values of observed hetrozygosity
were lower than those of expected hetrozygosity. Mean
fixation indices (F) were 0.0867, indicating an overall

and natural process of mutation and the frequency of
occurrence of an allele changes regularly as a result of
mutation, genetic drift and selection. 

Correlation Between Genotype-Specific Markers and
Resistance to Leaf Blight: The results of the molecular
analysis with respect to the resistance of different
genotypes to leaf blight indicated that the ALFP-
generated bands at approximately base pair of 75 (E /M )31 41

are only detected in the highly resistant genotypes
(Fig.1). Accordingly, it could be postulated that this
ALFP-marker may be linked to the leaf blight resistance
gene. However, moderate resistant cultivars of taro did

Table 3: Genetic dissimilarity coefficients calculated for 14 Colocasia esculenta accessions using five primer combinations
Muktakeshi 469 UL-47 553 UL-II-114 Telia BHS-20 Bisoli BHS-14 UL-46 BHS-21 UL-52 UL-23 Kottayam-1

Muktakeshi 0.000
469 0.576 0.000
UL-47 0.364 0.576 0.000
553 0.334 0.485 0.091 0.000
UL-II-114 0.334 0.546 0.152 0.122 0.000
Telia 0.334 0.667 0.334 0.364 0.213 0.000
BHS-20 0.304 0.516 0.304 0.213 0.152 0.334 0.000
Bisoli 0.516 0.364 0.334 0.304 0.304 0.425 0.334 0.000
BHS-14 0.364 0.617 0.425 0.334 0.273 0.455 0.182 0.334 0.000
UL-46 0.455 0.485 0.273 0.304 0.243 0.364 0.273 0.182 0.334 0.000
BHS-21 0.364 0.617 0.304 0.334 0.273 0.394 0.304 0.334 0.243 0.273 0.000
UL-52 0.364 0.546 0.152 0.182 0.182 0.364 0.213 0.364 0.334 0.243 0.273 0.000
UL-23 0.394 0.607 0.213 0.213 0.182 0.243 0.273 0.364 0.334 0.382 0.273 0.182 0.000
Kottayam-1 0.546 0.394 0.536 0.546 0.516 0.516 0.485 0.516 0.607 0.394 0.485 0.576 0.516 0.000
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some positive or negative markers are common either to observed hetrozygosity H  (0.3341). The 14 accessions
resistant or susceptible genotypes. The AFLP primer were clustered into two major groups and sub clustered
combinations which gave sufficient polymorphic bands into hierarchy subgroups on the basis of the UPGMA tree
for genotype identification and common polymorphic of similarity coefficients. Unweighted Pair Group Method
bands for either susceptible or resistant genotypes are using Arithmetic Averages (UPGMA) cluster analysis
highlighted in the present study, as they can be employed showed  that  closely  related cultivars collected from
to identify molecular marker(s) tightly linked to leaf blight same geographical area can clearly be differentiated and
resistance gene(s) and to map those genes in the F2 that genetic difference between cultivars can also be
population of a cross between the extremely resistant and established. The groupings of these accessions reflect
susceptible taro genotypes characterized in this study. that they may have a common geographic origin, though

DISCUSSION Relationships at the regional level may be conveniently

A biological and molecular evaluation of any new from  AFLP  data showed correlation between clusters
virgin germplasm is vital to enrich our knowledge on the and geographic regions. In accordance with spatial
abilities of existing germplasms, so that we can predict pattern, genetic differentiation among the studied
hybrid performance, select parents for crossing in crop populations was also pronounced. 
improvement programmes and clone new natural plant The results pointed out the substantial variation
resistance genes. As an example of this research in action, within C. esculenta but the extent to which the measured
extensive investigations on leaf  blight resistance genes variation is representative of the natural range of variation
in taro have led to the identification of nine resistance within the species is unknown. The degree of molecular
genes against Phytophthora colocasiae causing leaf variance of the C. esculenta accession collected from
blight in taro [28]. However, sustainable development of Southern state of India (Kottayam-1 and 469) is high,
new auto-resistance breeds necessitates the identification indicating that processes of genetic erosion (genetic drift
of new and valuable taro germplasm. In this study we and inbreeding) have not occurred due to absence of
explored the possibility of using AFLP markers for the breeding programme. Genetic differentiation was evident
detection of polymorphism and identification of markers in the taro accessions collected from different sites
linked to leaf blight disease resistance genes in taro. indicating  genetic  diversification of taros existing in

AFLP analysis was very effective in detecting these areas. This further supports the evidence for the
genetic variation in the genome of Colocasia esculenta. fact that recombination events have occurred in the taro
None  of the studied accessions were monomorphic and accessions due to the phenomenon of natural selection.
all of the AFLP loci were polymorphic. In addition, AFLP The population genetic analysis data further
revealed a large number of polymorphic DNA fragments. provides ample evidence for the fact that recombination
The  advantages  of  the   AFLP   technique,   including events have occurred in the taro accessions due to the
the small amount of DNA needed, the ability to work phenomenon of natural selection. Out crossing within taro
without  sequence  information,  high  reproducibility, as well as possible genetic introgression from other
high allelic locus that can be detected and as accuracy of species could account for the variation. The increase in
measurements on genetic distances increases with the the observed number of alleles than the effective number
number of loci used [29]. Furthermore, the technique of alleles  in  the population analysis data further
needs only small amounts of tissue [20] and is therefore supports this view. The study of population genetics is
very  suitable  for  studies  on rare species. However, increasingly important as we struggle to maintain healthy
there  are  some  disadvantages of AFLP markers due to wild and domestic populations and ecosystems and thus
its dominant character. Homozygotes are not directly the information can be used for our benefit. Moreover,
distinguishable from heterozygotes by using dominant information on the population's effective population size,
markers and thus heterozygosity has to be calculated heterozygosity levels and inbreeding coefficients for
indirectly by assuming that gene frequencies in the particular individuals can be used to design relocation or
studied populations are in Hardy-Weinberg-Equilibrium captive breeding programs which will help to maximize the
[30,31]. Levels of AFLP variation found within the genetic variation in successive generations. 
population  of  taro  were  high  whether measured in In order to facilitate the analysis of AFLP markers
terms of percentage of polymorphic loci (77.3 %) or identified in large populations of individual plants, we will

0

we were unable to determine the exact origin of all.

viewed in the dendrograms. The dendrograms derived
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attempt to convert the linked AFLP markers to Sequence- 7. Shaffer, M.L., 1987. Minimum viable populations:
characterized  amplified region (SCAR-PCR) markers [31]
or cleaved amplified polymorphic sequence (CAPS)
markers [32]. Such PCR markers would be suitable for use
in MAS programs [33, 5] aimed at the rapid improvement
of germplasm using a single and cheap PCR test that can
be of use in MAS. Furthermore, such markers would
prove useful  in  initiating the cloning and characterization
of taro  leaf  blight  resistance genes using one or more of
the currently available methods for map-based cloning
[34].  The  studies  described  here  represent  the first
step towards reaching these goals and towards the
improvement of taro.
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