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Abstract

The mungbean [Vigna radiata (L.) Wilczek] is a member of the

Fabaceae, consists of around 20 000 species. With the rapid increase in

the number of germplasm collections, many gene banks face problems

of redundant resources. To cope with this problem, the development of

an allele-mining set is especially important. Our present study supports

the efficiency of POWERCORE in the development of core set from 705

collected accessions using AFLP markers. The result demonstrated the

higher allele (fragment) capturing efficiency of POWERCORE than other

strategies (distance-based, stratified random and random) tested at any

level of sample size (5%, 10%, 15%, 20% of total accessions) selected.

Highly significant correlation (r = 0.96) was observed between allele

frequency distribution of entire collections and that of core set

developed by POWERCORE. The resulted core set was confirmed with 15

SSR data. The result will be useful, especially for reducing the

redundant resources in the gene bank and allele mining from a large

germplasm collection.
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The mungbean [Vigna radiata (L.) Wilczek], a member of the
Fabaceae comprising around 20 000 species, is an important

economic crop (Tangphatsornruang et al. 2010). It probably
originated in India (De Candole 1886, Zhukovsky 1950, Bailey
1970) or the Indo-Burmese region (Vavilov 1951), and it is

widely grown in South-east Asia, Africa, South America and
Australia. It was stated that the mungbean was apparently
grown in the United States as early as 1835 as Chickasaw pea.

Mungbean is also referred to as green gram, golden gram and
chop suey bean. It is grown widely for a variety of purposes, as
human food (dry beans or fresh sprouts), a green manure crop
and forage for livestock.

Early genetic studies of mungbean have been conducted in
India since 1939 (Bose 1939). A great deal of research has been
conducted at the Asian Vegetable Research and Development

Center (AVRDC) in Taiwan, which is an international centre
responsible for mungbean research worldwide. The AVRDC
was designated as the base collection centre for mungbean by

the International Board for Plant Genetic Resources (IBPGR).
Many accessions of V. radiata are maintained in different
countries, but a considerable amount of duplication of
accessions exists among these collections. The major collec-

tions of mungbean germplasm are maintained at the AVRDC
in Shanhua, Taiwan; University of the Philippines in Los
Banos; the US Department of Agriculture in Georgia; and the

Indian Agricultural Research Institute in New Delhi (Anish-
etty and Moss 1988, Poehlman 1991). To date, the AVRDC
has 10 733 accessions of Vigna and related species, including

5900 of V. radiata var. radiata obtained from various labora-
tories and sources (Shanmugasundaram et al. 2009).
With the rapid increase in the number of accessions in crop

germplasm collections, many gene banks face problems of
redundant resources and cost of maintaining these collections,
which may be an obstacle for their full exploitation, evaluation

and utilization (Holden 1984). To cope with problems of
management, research and application, Frankel and Brown
(1984) proposed the concept of the core set. The design of a
core set should include the maximum possible genetic diversity

contained in the entire collection with minimum repetition.
The information obtained from such a core set can aid in the
judicious use of the entire collection. To date, most core sets

for crops have been developed based on passport data, giving
the geographic origin, morphological and phenotype traits,
and biochemical or molecular markers (Perry et al. 1991, Joe

and Orlando 1996, Hokanson et al. 1998, Ortiz et al. 1998,
Upadhyaya and Ortiz 2001, Chandra et al. 2002). A good core
set should minimize redundant entries and should be suffi-

ciently large so as to provide reliable conclusions for the entire
collection (Brown 1989). The sampling proportion and vari-
ation representation of the entire collection are important in
construction of the core set to retain the greatest degree of

genetic diversity.
Many different methodologies are available for building

sampling strategies (Zhao et al. 2010a). Schoen and Brown

(1993) addressed the issue of how to use genetic markers to
sample collections of wild crops while maximizing allelic
richness. They have compared different strategies such as H

strategy, M strategy (marker allele richness), C strategy
(constant number of accessions per region), P strategy (pro-
portion to the number of accessions available per region), L
strategy (proportion to the logarithm of the number of

accessions available per region) and R strategy (random
sampling accessions) and pointed out that the target allele
retention was maximized under the M strategy. Bataillon et al.

(1996) used computer simulation and found that the maximi-
zation strategy (M strategy) was more effective in retaining
widespread and low-frequency neutral alleles compared with

other sampling strategies. In some studies (Zhang et al. 2000,
Upadhyaya et al. 2002, Kang et al. 2006), the cluster algo-
rithms of Ward�s clustering method have been used to sample
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the core members from the whole collection. At least one
accession was selected randomly in each cluster group based
on a dendrogram with proper threshold values, although the
issue of how to theoretically ascertain threshold values of

genetic distance for classification criteria after cluster analysis
has not been fully resolved yet (Hu et al. 2000).

Gouesnard et al. (2001) devised the MSTRAT algorithm by

implementing the M strategy for selecting accessions, and Kim
et al. (2007) developed POWERCORE software: a programme
applying the advanced M strategy with heuristic searching to

establish allele mining or core set. Using 1000 virtual acces-
sions of rice, a comparison was carried out between POWER-

CORE (http://genebank.rda.go.kr/eng/PowerCore/powercore.
jsp) and MSTRAT by Kim et al. (2007). They pointed out that

POWERCORE retains all classes in the core collection with a
minimum number of accessions. It gives the user the ability to
perform preferential selection by placing the symbol ��� in

front of accessions that the user wishes to retain. Chung et al.
(2009) found that the heuristic core collection method was
more efficient than the proportional core collection and

random core collection (RCC) strategies in developing a core
set. Zhao et al. (2010a) found a similar result in the develop-
ment of a core set for rice, whereby the use of a modified

heuristic search in the core set was better than stratified
random sampling and a random sampling method to capture
maximum alleles with minimum redundancy. The development
of a mini-core set for finding new alleles from large entries

using genomic tools is of great interest for researchers. These
developments will prove advantageous for plant breeders
trying to increase yields and create new varieties that are

resistant to diseases, pests, drought and salinity, and/or have
improved nutritional quality (Latha et al. 2004).

Recently, molecular genetic markers have been widely used

to characterize gene bank collections and for diversity analysis
(Chung and Park 2010, Zhao et al. 2010b,c). Our present study
developed a core set using POWERCORE programme that uses a

heuristic approach and amplified fragment length polymor-
phism (AFLP) data from an entire collection of 705 mungbean
accessions conserved in the National Genebank of Rural
Development Administration, Korea (RDA-genebank), and

evaluated the efficiency of allele mining comparing with other
sets of allele-mining strategy for the development of a core set.

Materials and Methods

Plant material and DNA extraction: The 705 mungbean accessions

from 26 countries were taken from the Rural Development Admin-

istration (RDA), Korea (Table 1). The plants of each accession were

grown in greenhouse, and DNA was extracted from fresh leaves of

15-day-old seedlings using a DNA extraction kit (Qiagen, Hilden,

Germany). The relative purity and concentration of extracted DNA

was estimated with the NanoDrop ND-1000 (Dupont Agricultural

Genomics Laboratory, Wilmington, DE, USA). The final concentra-

tion of each DNA sample was adjusted to 20 ng/ll.

Genotyping using AFLP markers: AFLP analysis was carried out

essentially as described by Vos et al. (1995) with minor modifications.

Genomic DNA (100 ng) was digested with 1 U each of EcoRI and

MseI restriction enzymes. The EcoRI and MseI adapters were ligated

to the ends of restricted fragments. The digested and ligated template

DNA was pre-amplified using EcoRI-(EP;5¢-GACTGCGT

ACCAATTCA-3¢) and MseI-(MP;5¢-GATGAGTCCTGAGTAAC-

3¢)-directed primers. These primers contained a core sequence,

restriction site and an additional selective nucleotide at the 3¢ end.

The pre-amplification was performed in a total volume of 20 ll
containing approximately 2 ng of restricted ligated template DNA,

10 ng each of primers (EP and MP), 0.2 mM of dNTPs, 0.2 mM of 1 U

of Taq polymerase and 2 mM of 10· PCR buffer containing 1.5 mM

MgCl2. The amplification was performed in a BIO-RAD S1000

thermocycler. The pre-amplification profile was as follows: one cycle of

95�C for 1 min and 20 cycles of 94�C for 30 s, 56�C for 1 min and 72�C
for 1 min. The pre-amplification products were then diluted 20-fold

with 10 mM Tris–HCl, 0.1 mM EDTA, pH 8.0.

Selective amplification was carried out using 6 primer pair combi-

nations. Six EcoRI (EP63, 64, 65, 75, 76, 77 with EP+GAA,

EP+GAC, EP+GAG, EP+GTA, EP+GTC and EP+GTG

sequences, respectively) and four MseI-end-directed (MP40, 49, 66,

61 with MP+AGC, MP+CAG, MP+GAT and MP+CTG se-

quences, respectively) primers (Operon). The selective amplification

reaction was essentially the same as that for pre-amplification except

that 2 ll of 20-fold diluted pre-amplification products was used as

template, and 2 ng of EcoRI and 6 ng of MseI M13-tail-attached

primers were used. M13-tail PCR method described by Schuelke (2000)

was used to measure the size of the amplified products (Schuelke,

2000). Conditions of the PCR amplification were as follows: 94�C for

3 min, 30 cycles each at 94�C for 30 s, 55�C (varied) for 45 s, 72�C for

1 min, followed by 10 cycles of 94�C for 30 s, 53�C for 45 s, 72�C for

1 min and a final extension at 72�C for 10 min. The fragments were

resolved on a 3130 · 1 Genetic Analyzer (Applied Biosystems, Foster

City, CA, USA) using GENEMAPPER 4.0 software and sized precisely

using GeneScan 500 ROX (6-carbon-X-rhodamine) molecular size

standards (35–500 bp). The bands were scored from 50 to 480 in every

2-bp difference. Among them, only 15 polymorphic fragments were

analysed.

Genotyping using microsatellite or simple sequence repeat (SSR)

markers: A set of 15 primer pairs, newly developed and presented

by Gwag et al. (2010), was selected to use in the present study. The size

of polymorphic polymerase chain reaction (PCR) product was analysed

following the M13 tail PCR method described by Schuelke (2000),

including a universal M13 oligonucleotide (TGTAAAACGACGGC-

Table 1: Origin of 705 accessions of mungbean used in this study

Origin

No. of Acc. TotalRegion Country

Africa Kenya 1 7
Madagascar 1
Nigeria 5

East Asia Korea 427 455
Japan 5
China 12
Taiwan 11

South East Asia Indonesia 2 87
Malaysia 2
the Philippines 50
Thailand 22
Vietnam 11

Central Asia Iran 20 56
Uzbekistan 21
Afghanistan 15

South West Asia India 29 51
Pakistan 11
Sri Lanka 1
Nepal 10

Europe England 3 17
the Netherlands 1
Russia 4
Turkey 9

Oceania Australia 13 13
America USA 18 19

Guatemala 1
Total 705
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CAGT) labelled with one of the fluorescent dyes, 6-FAM, NED or

HEX. Microsatellite alleles were resolved on an ABI Prism 3100 DNA

sequencer (Applied Biosystems).

Development of an allele-mining set: The advanced M strategy by a

modified heuristic algorithm implemented in the POWERCORE software

by Kim et al. (2007) was used to develop the allele-mining set. The

POWERCORE software maximizes the number of alleles with the least

redundancy (Kim et al. 2007). In the POWERCORE software, the A*

algorithm, a heuristic algorithm that finds the optimum path from the

initial to the final stages, was used:

f(n) = g(n) + h(n)

Here, with g(n) as the number of accessions inserted into the frequency

table and h(n) as the maximum number of empty cells within each

column, this algorithm expands the paths that have the lowest value

for g(n) + h(n), where g(n) is the cost for the path from the initial state

to the current node and h(n) serves as an estimate of the cost for the

cheapest path from that node to the designated node. When expanding

each of the steps, the sum of g(n) and h(n) will be evaluated and the

accession with the lowest value will be chosen. If h(n) is admissible

without overestimating the costs of reaching the goal, then A* will

always find an optimal solution (http://genebank.rda.go.kr/Power-

Core/) (Kim et al. 2007).

Data analysis: Parameters such as total number of alleles per

locus, number of rare alleles per locus (i.e., alleles with frequency

<5%), number of unique alleles per locus (alleles occurring in only

one accession), Shannon–Weaver diversity index (I) (Shannon

and Weaver 1949), Nei�s gene diversity index (H) (Nei 1973) and

polymorphic information content (PIC) per locus were calculated for

the entire set and core accessions using POWERCORE software

(Kim et al. 2007) and POWERMARKER 3.25 (Liu and Muse 2005)

software based on Rogers� distance (Rogers 1972). All indices

were calculated independently in both the entire and the core

set to determine whether the diversity for each locus was retained

in the core set. Allele frequencies were analysed with POWERMAR-

KER 3.25, and frequency distributions for each locus were deter-

mined using EXCEL 2007 software (Microsoft, Redmond, WA,

USA).

The Shannon–Weaver diversity index (I) as presented was estimated

using:

I ¼
Xn

i¼0
pi loge pi;

where pi is the frequency of the phenotypic class.

Nei�s gene diversity (H) was calculated based on the formula:

H ¼ 1�
Xn

i¼0

ni
N

� �2

;

where ni is the allele frequency at the ith locus, n is the number

of alleles at this locus and N is the total number of accessions. The PIC

for each marker was calculated based on the formula:

PIC ¼ 1�
Xn

i¼0
pi2�

Xn

i¼0

Xn

j¼iþ1
2pi2pj2;

where p is the relative frequency of the jth pattern for marker i

(Botstein et al. 1980).

Evaluating the efficiency in the development of core set: To compare

the allele capturing efficiency of POWERCORE (PoCC), we also

constructed dendrogram using POWERMARKER 3.25 software pro-

gramme. Then a distance-based core set was collected based on

distance (Figure S1) resulted by diversity analysis. The other methods

that can be used for the development of core set such as stratified

random core collection (SRC) and random core collection (RCC) were

also compared at different levels of sample size.

Validating the core set: The use of the core set may improve the

efficiency of germplasm evaluation by reducing the number of

accessions evaluated to increase the probability of finding genes of

interest. To see the effectiveness of the core set in this study, 15 SSR

markers were used on the entire and the core set.

Results
Development of a core set using AFLP data

A total of 222 (31.49%) accessions as a core set were retained
by POWERCORE programme. The total number of fragments,

Table 2: Total number of fragments, genetic diversity index and polymorphic information content (PIC) for AFLP combinations in the entire
accessions (705) and core set 31.5% (222) of mungbean

Analysed event Maximum size

Entire collection Core collection

Fragment R.F. S.F. I1 H2 PIC3 Fragment I1 H2 PIC3

1 243 50 37 24 1.843 0.620 0.6092 50 2.755 0.851 0.8431
2 242 57 37 21 2.574 0.844 0.8296 57 3.238 0.924 0.9199
3 198 52 33 19 2.537 0.854 0.8407 52 3.143 0.924 0.9199
4 228 54 37 19 2.377 0.804 0.7877 54 3.137 0.919 0.9148
5 226 72 55 25 2.752 0.849 0.8392 72 3.595 0.944 0.9421
6 232 50 39 25 1.774 0.596 0.5860 50 2.790 0.853 0.8461
7 233 56 35 26 2.574 0.844 0.8309 56 3.194 0.921 0.9172
8 204 34 23 12 1.923 0.783 0.7518 34 2.358 0.837 0.8199
9 192 53 41 25 2.147 0.779 0.7535 53 2.932 0.896 0.8885
10 210 43 33 24 1.410 0.479 0.4717 43 2.329 0.743 0.7354
11 213 42 31 16 2.430 0.858 0.8454 42 2.806 0.890 0.8826
12 208 48 34 17 2.094 0.749 0.7217 48 2.896 0.880 0.8723
13 224 39 29 17 2.024 0.790 0.7631 39 2.554 0.860 0.8468
14 224 21 13 10 0.741 0.258 0.2545 21 1.463 0.537 0.5262
15 192 24 16 12 0.839 0.294 0.2894 24 1.370 0.491 0.4813
Total 695 493 292 30.039 10.401 695 40.56 12.47
Prime (Mean/Max) 0.7277 0.8082 0.8023 0.7522 0.8806 0.8744
Average 46.33 0.6783 46.33 0.8237

1Shannon–Weaver diversity index.
2Nei�s genetic diversity.
3Polymorphic information content (POWERMARKER).
R.F., rare fragments; S.F., specific fragments.
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genetic diversity indices and polymorphic information content
by AFLP fragments in all accessions (705) and in the core set
(222) of mungbean are summarized in Table 2. All fragments
(695) identified were conserved in the core set. A higher

Shannon–Weaver diversity index (40.56), Nei�s genetic diver-
sity (12.47) and polymorphic information content (0.8237)
were found in the core set. The frequency distribution of

fragments recovered with the core set (222 accessions) was
compared with the entire collection (705) of mungbean
(Fig. 1). Most of the fragments were concentrated at a low

frequency (<10). When frequencies of all fragments of the
core set were plotted against that of the entire collection, a
highly significant correlation (R = 0.96) was observed.

Evaluating the allele capturing efficiency

The construction of a so-called �core set� or �allele-mining set�
from a large germplasm collection is a situation, where allelic
richness is a relevant measure of diversity (Schoen and Brown
1993, Bataillon et al. 1996), because as many alleles as possible

should be retained in the allele-mining set, where they would
be available for phenotypic screening and breeding pro-
grammes (Zhao et al. 2010a). The allele capturing efficiency

of POWERCORE was compared with the other strategies used
for the development of core set such as distance-based core
collection (DCC), SRC and RCC for different levels of sample
size (Fig. 2). Core set developed by PoCC gave rise to higher

efficiency than all other methods used in our study at all levels
of sample sizes. PoCC captured 185, 306, 392 and 464 alleles,
while DCC captured 148, 222, 281 and 313 alleles at 5%, 10%,

15% and 20% core sets, respectively. The lowest quantity of
allele was captured by SRC (116, 174, 245 and 285), and RCC
gave similar allele capturing efficiency (161, 224, 269 and 306)

as that of DCC at respective levels of sample size.

Validation of the core set

To validate the heuristic approach, the same accessions in this
study were assessed in a set of 15 SSR markers between the
same entire collection and core sets. Statistics describing the

allelic diversity of these 705 accessions for 15 SSR markers are
summarized in Table 3; 66 alleles were detected with the 15
SSR markers in the entire collection. The number of alleles per

locus ranged from 2 to 9 with an average of 4.4 in entire
collection, but in 20% core set, it ranged from 2 to 6 with an
average of 3.13 alleles per locus. For these 15 markers, PIC
ranged from 0.0782 to 0.5424, with an average of 0.2945 for

entire collections and ranged from 0.0540 to 0.8082, with an
average of 0.2864 for 20% core set.
The correlation coefficients (r) of the mean diversity index

between the core set and the entire collection were highly
significant at 1% level for the Shannon–Weaver diversity index
(I) in AFLP analysis and were significant at 5% level for Nei�s
genetic diversity (H) and PIC in AFLP analysis, for Shannon–
Weaver diversity index (I) and Nei�s genetic diversity index (H)
in SSR analysis. There was no significant correlation between

the entire collection and core set for PIC in SSR analysis
(Table 4).
Table 5 summarizes the total number of DNA fragments

and alleles detected for the two types of markers. For the

second set of 15 SSR markers, 71% of the alleles observed in
the 705 accessions were captured in the core set. There are four
unique alleles and 16 rare (<5% frequency) alleles in the

second set of SSRs; all unique alleles were kept in the core set,
but only 15 rare alleles were kept in the core set. One rare allele
is lost because 20% (140) of accessions were selected according

to AFLP result not by the POWERCORE programme itself. Even
if not all useful alleles were captured, the heuristic approach
also does better than other sampling strategies (Table 5). Allele
capturing efficiency was the highest in heuristic approach

(PoCC), 0.23 (44% of total allele captured) at 10% core set
and 0.3 (67% of total allele captured) at 20% core set.

Discussion

In mungbean, the range of genetic variability for characters of

economic importance has been studied for large collections of
accessions. In general, the variability is reported to be
sufficiently extensive for progress in mungbean breeding

programmes. As knowledge of genetic variability for a specific
trait is highly valuable for the utilization of germplasm

y = 0.6933x + 0.0066
R = 0.9651**
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Fig. 1: Frequency distribution of the fragment size of the 31.48% core
set (222 individuals) vs. the entire collection (705 individuals) using
AFLP markers
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resources in breeding programmes, a set of descriptors was
prepared for mungbean. In recent years, several markers

[e.g., AFLP, restriction fragment length polymorphism (Young
et al. 1992), random amplified polymorphic DNA and SSR
markers for mungbean (Lakhanpaul et al. 2000, Kumar et al.

2002, Betal et al. 2004, Sangiri et al. 2007, Moe et al. 2010]
have been used for genetic diversity analysis and verification.
However, our basic knowledge of the extent of allelic

variation within this species is still insufficient. Considering the
huge number of accessions held collectively in gene banks, the
germplasm collections are thought to harbour a wealth of

hidden allelic variants. An allele-mining set is essential,
especially if the gene pool is so large that conducting controlled

genetic crosses is not feasible to determine the function of each
allele. Developing such an allele-mining set has been proposed

as a means of increasing the economical use of germplasm
(Frankel 1984). Brown et al. (1987) recommended that the
number of collections in the core set should account for 5–10%

of the base collection, and that the core set should represent at
least 70% of the genetic diversity in the base collection. Diwan
et al. (1995) suggested that the core set sampling should always

be >10%, while van Hintum (1995) suggested that the
sampling proportion should depend on the particular objective
of the core set and should be 5–20% of the base collection.

Although the correlation coefficient of the allelic frequency
distribution of the entire and the allele-mining set was highly

Table 3: Total number of alleles, genetic diversity index and polymorphic information content (PIC) for 15 SSR loci in the entire accessions (705)
and 20% (140) core set of mungbean

SSR locus Size range (bp)

Entire collection Core collection

Allele Rare allele Specific allele I1 H2 PIC3 Allele I1 H2 PIC3

GB-VR-7 270–310 9 4 1 0.335 0.165 0.1424 5 1.267 0.651 0.0980
GB-VR-13 154–181 2 0 0 0.482 0.304 0.2044 2 0.637 0.444 0.2071
GB-VR-14 251–256 2 0 0 0.688 0.497 0.3714 2 0.694 0.54 0.3697
GB-VR-17 145–163 4 0 0 0.158 0.066 0.2080 4 0.557 0.29 0.2622
GB-VR-38 124–142 5 3 1 0.414 0.253 0.1311 2 0.787 0.475 0.0787
GB-VR-77 301–313 3 1 0 0.697 0.497 0.3737 3 0.787 0.475 0.3716
GB-VR-87 263–275 2 0 0 0.587 0.398 0.3216 2 0.668 0.475 0.3318
GB-VR-91 151–167 9 1 0 1.114 0.536 0.4987 6 1.985 0.827 0.4876
GB-VR-93 110–125 6 0 0 1.149 0.593 0.5424 5 1.533 0.741 0.6082
GB-VR-113 147–241 5 1 0 0.239 0.099 0.0782 4 0.761 0.377 0.0708
GB-VR-142 224–260 6 1 0 1.058 0.57 0.4491 3 1.565 0.753 0.4132
GB-VR-172 226–235 4 2 1 0.492 0.307 0.2582 2 0.787 0.475 0.2954
GB-VR-180 253–295 3 1 1 0.296 0.174 0.1465 2 0.396 0.293 0.0540
GB-VR-184 271–279 2 0 0 0.58 0.405 0.3119 2 0.667 0.515 0.2759
GB-VR-198 223–303 4 2 0 0.719 0.504 0.3805 3 0.978 0.543 0.3716
Total 66 16 4 9.008 5.368 47 14.069 7.874
Prime (Mean/Max) 0.523 0.603 0.5430 0.473 0.635 0.4708
Average 4.4 0.2945 3.13 0.2864

1Shannon–Weaver diversity index.
2Nei�s genetic diversity.
3Polymorphic information content (POWERMARKER).

Table 4: T-test results between the entire collection and the core set

Source of variables Mean
Standard
deviation

Different
mean Different Standard deviation t-value P (two tail) r

AFLP
I1

Entire collection 2.0026 0.6114 0.7014 0.0103 3.1150 0.0040 0.9547**
Core set 2.7040 0.6217
H2

Entire collection 0.6934 0.2022 0.1379 0.0640 2.1810 0.0388 0.9459*
Core set 0.8313 0.1382
PIC
Entire collection 0.6783 0.1974 0.1454 0.0573 2.3280 0.0283 0.9460*
Core set 0.8237 0.1400

SSR
I1

Entire collection 0.6005 0.1820 0.3374 0.0054 2.4018 0.0240 0.7814*
Core set 0.9379 0.1766
H2

Entire collection 0.3579 0.1718 0.1671 0.0044 2.7247 0.0109 0.7275*
Core set 0.5249 0.1674
PIC
Entire collection 0.2945 0.1634 0.0081 0.0064 2.1447 0.4572 0.7606ns

Core set 0.2864 0.1570

nsCorrelation is not significant, *Correlation is significant at 0.05 level, **Correlation is significant at 0.01 level.
1Shannon–Weaver diversity index.
2Nei�s genetic diversity.
PIC, Polymorphic information content.
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significant (Fig. 2) and an allele-mining set of 31.49% of
accessions by AFLP can cover 100% of fragments captured and
diversity as in entire collections, the proportion of accession

was still high. So, we reduced to 20, 15, 10 and 5% of total
accessions and compared the allele capturing efficiency of
POWERCORE, against other strategies. The result demonstrated

the higher efficiency of POWERCORE at any level of sample size
collected (Fig. 2). Furthermore, the high proportion (493,
70.93%) of rare fragments (<5% frequency) and specific

fragments (292, 30.26%) found in our sample indicates that
conversely, many informative alleles remain to be mined in our
mungbean collections (Table 2). The comparatively lower

proportion (16, 28.07%) of rare alleles and specific alleles (4,
7.01%) found in our sample indicates that less informative
alleles could be discerned in mungbean collections using SSR
than AFLP markers. It is because of less polymorphism of SSR

markers. In general, the number of accessions retained in the
allele-mining set depends on the polymorphic efficiency of the
markers used. To retain maximum genetic diversity in the allele-

mining set, an increase in the number of markers, especially the
allele number, will be needed and the size of the allele-mining set
will also increase correspondingly (Zhao et al. 2010a).

Although highly significant correlation (r = 0.95) was found
between the entire and the allele-mining set for the Shannon–
Weaver diversity index with AFLP, other indices were signif-

icant only at 0.05 level for both AFLP and SSR (Table 4). The
total genetic diversity revealed by the Shannon–Weaver diver-
sity index (I), Nei�s gene diversity (H) and PIC was higher in the
allele-mining set than in the entire collection because they were

of unequal size (Tables 2 and 3). Therefore, the use of indices
such as I and H may be disputed (Hennink and Zeven 1991).

Hennink and Zeven (1991) proposed relative indices, defined

as H¢ = Hmean/Hmax and I¢ = Imean/Imax, respectively. In
comparison, we found that H¢, I, and PIC¢ (= PICmean/
PICmax) in the allele-mining set were similar to those for the

entire set, indicating that these indices of genetic diversity can
be better used as parameters to evaluate the quality of the
allele-mining set.

To devise plant breeding strategies for crop improvement, a

breeder would ideally know the relative value of all alleles for
genes of interest in the primary germplasm, an unlikely
prospect. However, information can be gathered by establish-

ing the allele-mining set (Varshney et al. 2005). So, the
development of an allele-mining set, which represents the

genetic diversity of a crop with minimal redundancy and
increases utility of the collection as a whole, is especially
important as the funding for germplasm collections decreases

(Marita et al. 2000). Many core sets were successfully devel-
oped after Frankel proposed the theory of the core set in 1984,
but the selection of an appropriate sampling strategy is still

important in the construction of a core set. Given the nature of
the allele-mining set, it is impossible to guarantee the complete
capture of all useful alleles (McKhann et al. 2004). However,

the core set using the heuristic approach here eliminated the
redundancy in the mungbean collection. We successfully
developed an allele-mining set using genotype data and a

heuristic approach with least redundancy in mungbean collec-
tion. Our present report supported the efficiency of POWER-

CORE in the development of core set for large germplasm
collections.
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