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Abstract A genetic linkage map of mungbean (Vigna
radiata, 2n = 2x = 22) consisting of 255 RFLP loci was
developed using a recombinant inbred population of 80
individuals. The population was derived from an inter-
subspecific cross between the cultivated mungbean vari-
ety ‘Berken’ and a wild mungbean genotype ‘ACC 41’
(V. radiata subsp. sublobata). The total length of the map,
which comprised 13 linkage groups, spanned 737.9 cM
with an average distance between markers of 3.0 cM and
a maximum distance between linked markers of 15.4 cM.
The mungbean map was compared to a previously pub-
lished map of lablab (Lablab purpureus, 2n = 2x = 24)
using a common set of 65 RFLP probes. In contrast to
some other comparative mapping studies among mem-
bers of the Fabaceae, where a high level of chromosomal
rearrangement has been observed, marker order between
mungbean and lablab was found to be highly conserved.
However, the two genomes have apparently accumulated
a large number of duplications/deletions after they di-
verged.
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Synteny · Colinearity

Introduction

Comparative mapping of plant genomes has become an
important branch of modern genomics and has facilitated
further understanding of the mechanisms involved in the

evolution of most plant species. In addition, comparative
mapping experiments have been used to better characte-
rise important genes in those crops that are difficult to
work with at the molecular level or that have incomplete
maps. This has been achieved by saturating the genomes
of these species in regions of interest with markers from
homoeologous chromosomal sections of other genetical-
ly similar species to increase the efficacy of existing
markers. Using this strategy, resistance genes have re-
cently been mapped in soybean (Glycine max) using
clones from other members of the Fabaceae (Concibido
et al. 1996), as well as in sugarcane (Saccharum spp.)
using clones from the Poaceae family (Asnaghi et al.
2000). Orthologous seed-weight genes have also been 
located in mungbean (Vigna radiata), cowpea (Vigna
unguiculata) and soybean (Fatokun et al. 1992; Maughan
et al. 1996) using a similar approach.

Understandably, a large proportion of comparative
mapping research has centred on members of the 
Gramineae due to their economic importance. Interest-
ingly, this research has revealed that many species with-
in this family have retained highly conserved genome
structures and colinearity across both genus and tribe
boundaries, despite vast differences in genome size and
ploidy level (Helentjaris 1993; Gale and Devos 1998;
Devos and Gale 2000). However, in the Solanaceae it
appears that while some reproductively isolated mem-
bers of this family share a substantial gene order and
repertoire (Bonierbale et al. 1988; Tanksley et al. 1992),
others have undergone significant chromosomal rear-
rangement (Tanksley et al. 1988; Helentjaris 1993).
Similar results have been obtained in the Crucifereae
from the comparative mapping of Brassica species 
(Lagercrantz and Lydiate 1996; Gale and Devos 1998).

Within the Fabaceae, there has been comparatively
little research into genome evolution, but the emerging
picture is that the level of genome conservation in this
family may not be as universal as in the Gramineae.
Rather, there appear to be several groups of species with
conserved genomes within the family. In early reports on
comparative mapping in legumes, a high level of conser-
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vation between the cowpea and mungbean (both mem-
bers of the Phaseoleae tribe), and mungbean and com-
mon bean (Phaseolus vulgaris) genomes was reported
(Menancio-Hautea et al. 1993a; Boutin et al. 1995).
However, investigations into synteny between both com-
mon bean and soybean, as well as Viceae tribe members
pea (Pisum sativum) and lentil (Lens spp.), showed that
homology was retained only in dispersed blocks
throughout their genomes (Weeden et al. 1992; Boutin et
al. 1995). Similarly, Kaga et al. (2000) recently reported
that, within the genus Vigna, small insertions, deletions
and rearrangements have resulted in the divergence of
several species that have become reproductively incom-
patible.

Despite the work carried out on the Fabaceae, re-
search into mungbean genetics and evolution is not as
advanced as in many other species. Several linkage maps
of mungbean have been constructed (Menancio-Hautea
et al. 1993b; Lambrides et al. 2000) upon which most
marker research into this crop has been based, but they
do not provide the same level of genome saturation seen
in many other species. In this study, we attempted to pro-
duce a mungbean linkage map with a more extensive ge-
nome coverage by utilising clones from three separate
sources: (1) a set of probes covering an existing mung-
bean map (Menancio-Hautea et al. 1993b), (2) a set of
probes covering a linkage map of lablab (Lablab pu-
rpureus; Konduri et al. 2000), and (3) new mungbean
clones constructed in this study. In addition to providing
greater genome coverage, the use of the lablab probes
would allow the investigation of genetic relationships
between these two members of the Phaseoleae tribe.

Materials and methods

Mungbean plant material

A subset of 80 individuals from a recombinant inbred (F8) popu-
lation (Lambrides et al. 2000) of mungbean was used in this
study. The population was derived from an inter-subspecific cross
between a commercial cultivar, ‘Berken’ (V. radiata ssp. radiata),
and a wild mungbean genotype, ‘ACC 41’ (V. radiata ssp. su-
blobata). For the collection of leaf material, the parents were
grown in glasshouses in 1-litre pots at St. Lucia, Queensland, and
the RI population was grown in the field at Samford, Queensland.
Ten individuals from each line in the population were grown to
ensure that adequate leaf material was available for DNA analy-
sis. Leaf material was periodically harvested from both the par-
ents and progeny, and frozen in liquid nitrogen prior to freeze-
drying in a Dynavac FD-2 freeze drying unit, ready for DNA ex-
traction.

RFLP clones

Clones from three sources were used in the study. (1) Eighty three
clones from an existing mungbean map (Menancio-Hautea et al.
1993b). Sixty five of these were mungbean clones and were
named with the prefix mc, mgM, mgQ or mgR; the remaining 18
were from cowpea [V. unguiculata (L.) Walpers] and were pre-
fixed by either cgO or cgP. These mungbean and cowpea clones
were a kind donation from Dr. N. D. Young, University of Minne-

sota, St. Paul, Minnesota, USA. (2) Seventy six clones which
form a skeleton map of lablab (Konduri et al. 2000). These clones
were prefixed by LpCS. (3) New mungbean PstI clones con-
structed using total genomic DNA from leaves of mungbean
cultivars ‘Berken’ or the introduction line ‘CPI 109897’. The pro-
tocol employed to create these clones was as described in Liu et
al. (1994) with the exceptions that the genomic DNA was puri-
fied with a QIAEX II Agarose-Gel Extraction Kit (QIAGEN) and
pBluescript II KS+ was used as the cloning vector. Amplification
and analysis of probes to detect for the presence of highly repeti-
tive sequences has been previously described (Konduri et al.
2000). These clones were arbitrarily designated VrCS1–VrCS389
to indicate the source of the clone/probe (Vr for V. radiata), the
institution where the research was carried out (CS for CSIRO)
and the clone number.

Mungbean DNA extraction and RFLP analysis

Freeze-dried leaf material was crushed using ball bearings in a
Shatterbox (Spex Industries) and DNA was isolated using a 
protocol modified from Dellaporta et al. (1983) as described in
Lambrides et al. (2000), with the exception that precipitated DNA
was looped and not pelleted. Protocols for restriction enzyme 
digestion, electrophoresis, Southern transfer, probe labelling 
and filter hybridisations were carried out as described in Sharp 
et al. (1988), with the exceptions that Hybond N+ nylon mem-
brane (Amersham) was used and 4 mM spermidine was employed
in restriction digests when required. Membranes were washed
twice in 2 × SSC and 0.1% SDS, and then once in 1 × SSC and
0.1% SDS for 15 mins each at 60 °C prior to exposure on Kodak
X-Omat film (Kodak Eastman). Membranes were then stripped
for re-use in a boiling solution of 0.1 × SSC and 0.5% SDS for
30 mins.

Ten restriction enzymes, BamHI, BstOI, DraI, EcoRI, EcoRV,
HaeIII, HindIII, KpnI, XbaI and XhoI (Gibco BRL), were used to
assay the parental genotypes for polymorphic probe-enzyme com-
binations. Those probe-enzyme combinations that showed a clear
polymorphism between the two parental genotypes were used in
the subsequent mapping experiments.

RFLP data analysis

Each individual was scored according to whether they inherited a
maternal or paternal allele for all polymorphic RFLP probes ex-
cept those that were either heterozygous or ambiguous, which
were scored as missing data. Probes that gave multiple bands
where allelism could not be determined were scored by the pres-
ence or absence of bands. The data was then error checked manu-
ally to ensure fidelity of the results. Linkage analysis was carried
out using the Map Manager QTX package Version 0.18 (Manly
and Olson 1999) with α = 1 × 10–6 (probability of a Type I error)
using the Kosambi map function and allowing for segregation dis-
tortion. Rare-double crossover events were identified using the
Map Manager program and potentially questionable data were
manually re-checked for errors. Tentative linkage between groups
was analysed using the Find Links command, and those with a
LOD ≥ 4.0 were considered linked. Finally, loci deviating from
the expected 1:1 ratio were identified using the chi-square test.

Analysis of lablab data and comparative mapping

All collection of plant material, DNA extraction and Southern 
hybridisations used in constructing the lablab linkage map was
previously performed by Konduri et al. (2000). All additional
analysis of linkage order was carried out using Map Manager
QTX and the comparison between the mungbean and lablab 
linkage maps was undertaken manually, based on the location of 
common markers.



Results

New mungbean PstI clones

Inserts from 375 putative recombinant clones were am-
plified by PCR using M13 forward and reverse primers
and screened with HaeIII-digested total genomic DNA.
Ninety one (24.3%) of these gave strong signals, indicat-
ing they would detect high-copy sequences and were
thus not used for further analysis. The remainder were
then screened against the two parental genotypes. These
probes detected either single fragments or up to five sep-
arate fragments. Segregation of these fragments was then
determined in the progeny filters.

Polymorphism between the parents 
of the mapping population

Of the 284 remaining low- and single- copy mungbean
probes, 246 were randomly selected and analysed for
polymorphic probe-enzyme combinations. Initial screen-
ing of the two parents indicated that all but two polymor-
phisms were able to be detected by using six of the ten
enzymes (Bst0I, DraI, EcoRI, EcoRV, HaeIII and
HindIII). One hundred and twenty eight (52.0%) of the
246 probes screened detected polymorphisms between
the two parents. Banding patterns from the remainder
were either monomorphic or could not be resolved 
easily. Two additional probes detected polymorphisms
between the parents but all of the progeny showed the
maternal banding patterns, suggesting that either there
was a degree of heterozygosity in the parents or that the
clones may have been derived from cytoplasmic DNA.

Of the 83 probes from the previous mungbean map,
38 (45.8%) detected polymorphisms between the two
parents. Of the 76 lablab probes, 48 (63.2%) detected
polymorphisms with at least one of the above six en-
zymes.

The mungbean linkage map

The 214 probes identified as being polymorphic detected
260 loci. One hundred and eighteen of these loci (45.4%)
were derived from probes that detected single-copy DNA
sequences. The remaining 96 probes detected either two
or more non-allelic fragments, or monomorphic fragments
with one or more allelic fragments. Two hundred and fifty
five of these loci were assigned to 13 linkage groups vary-
ing in length from 8.7 cM to 100.7 cM. This spanned a to-
tal genetic distance of 737.9 cM with an average distance
between markers of 3.0 cM and a maximum distance of
15.4 cM. Five markers (LpCS51, VrCS200, VrCS361,
VrCS362 and VrCS215-3) remained unlinked. Ten of the
linkage groups were assigned letters based on their order
on a previously published mungbean map (Menancio-
Hautea et al. 1993b). The remaining three linkage groups
(E, L and M) could not be unambiguously assigned to cor-

responding groups based on the co-location of common
markers. They were assigned an order from the largest to
the smallest map distance (see Fig. 1).

Segregation ratios at 80 (30.8%) of the 260 loci
showed a deviation from the expected 1:1 ratio, 27
(10.4%) at a significance level of 0.05 and 53 (20.4%) at
0.01. Distortion was observed for all of the five unlinked
markers and distorted markers were found on ten of the
thirteen linkage groups (Fig. 1). Only three of these loci
were skewed in the direction of the wild male parent
‘ACC 41’ (two at a significance level of 0.01) and all of
these were localised to linkage group B. 

Comparison of mungbean and lablab linkage maps

Sixty five common probes from the lablab, mungbean
and cowpea libraries were used to compare the mungbean
and lablab linkage maps. These mapped to 68 and 72 loci
on the lablab and mungbean maps, respectively. Probes
mgM185 and mgM213 detected a single locus each in
mungbean but two loci each in lablab. Conversely, probes
mgM244, LpCS107, LpCS331, mgM392, mgQ062,
cgO009 and LpCS59 detected a single locus each in 
lablab but at least two loci each in mungbean. Another
probe, mc090, detected a single locus in mungbean and
two in lablab. However, in addition to the single locus
mapped, it also produced a monomorphic fragment in
mungbean. This monomorphic fragment may or may not
represent the existence of a second locus in mungbean.

Several other probes detected one or more monomor-
phic fragment(s) in addition to one or more mapped loci
in either or both genomes. Most of these loci mapped to
their expected positions and were confirmed by their
linkage to surrounding markers common to both geno-
mes. The only exceptions were LpCS237, LpCS198 and
mgM211, which were mapped to comparatively different
chromosomal regions in the two genomes.

Two other probes, LpCS289 and LpCS307, each de-
tected a single locus and a monomorphic fragment in
both genomes. The locations of these loci were not able
to be confirmed by linkage to any surrounding markers.
Thus, the relationship between the two pairs of linkage
groups (E and 17, G and 4) based on these markers is 
only tentative (Fig. 2). 
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Fig. 1 A mungbean (V. radiata) linkage map constructed using
RFLP markers. Linkage groups are ordered primarily based on
their similarity to a previously published mungbean map (numbers
in brackets indicate previous ordering; see text). The long vertical
bars indicate linkage groups and small horizontal bars indicate 
locus positions. Genetic distances (cM) are located to the left of
the linkage groups and locus names are listed to the right. Marker
names containing hyphens followed by a number indicate different
non-allelic loci detected by single probes and those followed by
the letters A or B indicate different amplification products from
the same clone. Markers showing skewed segregation away from
the predicted 1:1 ratio are indicated by an asterisk (*) if deviating
at a significance level of 0.05, and a double asterisk (**) if deviat-
ing at a 0.01 significance level. Markers originating from clones
that detected single loci are shown in bold italics

▲



163



164

Of all the common markers mapped, map order for
two pairs appeared reversed between the two species
(Fig. 2). However, marker order for one pair (mc003 and
LpCS287 in linkage group F) was able to be reversed in
mungbean without significantly affecting the LOD
scores. Similarly, two probes (LpCS362 and mc004) that
detected single loci in both mungbean and lablab
mapped to non-corresponding genomic regions. These
discrepancies in map locations indicate possible chromo-
somal rearrangements between the two species.

Twelve mungbean and 17 lablab linkage groups were
compared using the 65 common markers. Only linkage
group M from mungbean was not represented due to a
lack of common markers. The linkage order of markers
was clearly highly conserved between the two species 
allowing a detailed examination of corresponding link-
age groups. In addition to the presence of large con-
served linkage blocks between mungbean and lablab, the
results indicated that lablab groups 7, 9 and 16 could be

Fig. 2 Comparative linkage maps of the mungbean (V. radiata)
and lablab (L. purpureus) genomes. Mungbean linkage groups are
shown as black vertical lines capped by letters and lablab linkage
groups as grey vertical lines capped by numbers. The dotted verti-
cal line to the right of markers mc003 and LpCS287 in linkage
group F of mungbean indicates the ambiguous marker order of
these two loci positions. The dotted line connecting marker
LpCS289 between group G of mungbean and 4 of lablab, and
LpCS307 between E and 17, indicates that non-single-copy loci
were used and the results were not confirmed by surrounding loci
(see text). Both linkage groups are drawn to scale

consolidated into one linkage group, and 6 and 10, 8 and
17 and 4 and 11 into three others (Fig. 2). Similarly,
groups H and I of mungbean may be from a single chro-
mosome based on their relationship to lablab group 2.
Considering the high conservation of marker/gene order,
we expected that all of the markers on groups H and I of
mungbean would map to group 2 of lablab. However, 
instead of mapping to the middle of group 2, markers
LpCS328 and LpCS314 mapped to group 13 of lablab
(Fig. 2).

Discussion

PstI small insert clones

Burr et al. (1988) demonstrated that cleaving DNA with a
methylation-sensitive enzyme such as PstI would result
in a genomic library enriched with probes that would 
detect low-copy sequences. A similar result was obtained
in this study on mungbean. However, the percentage of
clones detecting the high-copy sequences observed here
was considerably higher than that observed in other mem-
bers of the Fabaceae (Vallejos et al. 1992; Menancio-
Hautea et al. 1993b; Konduri et al. 2000). The cause of
this increase in high-copy probes obtained in the mung-
bean library described here is unknown. It would be 
expected that mungbean should have a relatively low 
level of highly repetitive sequences as it has a relatively
small genome (approximately 580 million base pairs;
Arumuganathan and Earle 1991).



The mungbean linkage map

In addition to the new mungbean probes used in this
study, framework RFLP probes covering mungbean 
(Menancio-Hautea et al. 1993b) and lablab (Konduri 
et al. 2000) maps were also used in constructing this 
new mungbean map. Thus, we expected a map with
more extended genome coverage than the previously
published mungbean RFLP maps. Despite the possible
increase in genome coverage, the number of linkage
groups (13) obtained in this study is still larger than the
mungbean basic chromosome number (x = 11) and there
are still five unlinked markers.

The mungbean linkage map presented here, with a dis-
tance of 737.9 cM between linked markers, is significantly
smaller than the map published by Menancio-Hautea et al.
(1993b) of 1,570 cM. The most likely reason for the dif-
ferences in size between the two maps is that, although
both were inter-subspecific crosses between ssp. radiata
and ssp. sublobata, the population used here was derived
from more divergent parents than that of Menancio-
Hautea et al. (1993b). Previous studies have indicated that
maps generated from wider crosses, although more likely
to detect polymorphism, result in lower recombination
rates than those between adapted varieties and therefore
smaller map sizes (Paterson et al. 1988; Menancio-Hautea
et al. 1993a; Liu et al. 1996). However, factors other than
the distance between the parents of the cross may also be
involved. The choice of parents as male versus female
(Gadish and Zamir 1987; de Vicente and Tanksley 1991)
as well as environmental effects (Robertson 1984) have
also been shown to be involved in influencing rates of
crossovers within crosses, and thus map sizes.

A comparison of the mungbean and lablab genomes

We found in this study that lablab and mungbean probes
cross-hybridised easily. As a consequence, the mungbean
linkage map was able to be compared to the previously
published map of lablab. The results showed that mung-
bean shares a high level of homology with lablab. The
only alteration to marker order was observed between
LpCS332 and LpCS87 on groups B of mungbean and 1
of lablab. This observation suggests that the two species
may differ by an inversion at this genomic region. How-
ever, this possibility was not confirmed by any surround-
ing markers, such as observed in the comparison of the
mungbean map to the interspecific cross of rice bean
(Vigna umbellata) and adzuki bean (Vigna angularis;
Kaga et al. 2000) where several regions of chromosomal
rearrangements were evident.

It is surprising that mungbean appears to share a high-
er level of homology with lablab than with some other
members of the genus Vigna (Kaga et al. 2000). Mung-
bean and lablab are thought to be more phylogenetically
distant and have different basic chromosome numbers
(11 and 12 respectively). However, despite their very
similar marker orders, the two genomes have apparently

accumulated a large number of deletions/duplications 
after they diverged. This was reflected by the fact that
ten of the 65 probes used for comparative mapping de-
tected different copy numbers between the two genomes
and that there were several discrepancies in marker loca-
tions between the two species.

The significant level of homology observed here be-
tween mungbean and lablab has also allowed a detailed
examination of homoeologous chromosomal regions.
Twelve of the 13 linkage groups of mungbean were able
to be compared to 17 of the lablab groups. In some
cases, unlinked lablab groups were able to be tentatively
joined on the basis of their common loci with mungbean,
and vice versa (Fig. 2). This result will need to be exam-
ined further by analysing interspersed mungbean loci on
the lablab map to determine if there is actual linkage be-
tween currently unlinked groups. Nonetheless, the results
indicated that the 17 represented linkage groups in the
current lablab map could be consolidated into 12 groups
on the basis of their synteny with the mungbean groups,
and the 13 mungbean groups into 12.

It is of interest to note that groups 2 and 13 of lablab
and group I of mungbean appear to be involved in a
complicated chromosomal rearrangement event. Markers
LpCS328 and LpCS314 both mapped to group I of
mungbean, but showed no linkage to any of the markers
on group 2 of lablab as was expected by those surround-
ing markers common to both genomes. Instead these two
probes map to group 13 of lablab (Fig. 2). This result in-
dicated that linkage group 13 of lablab is very likely to
represent the “extra” chromosome in this species com-
pared to those of mungbean. It seems that the “extra”
chromosome is unlikely to have been derived via partial
genome duplication. Rather it was more likely derived
by an event of chromosome division or integration. This
speculation is supported by the fact that this type of phe-
nomenon was not observed in any other genomic region.

The strategy of the comparative mapping of mung-
bean and lablab has shown to be very effective in in-
creasing the coverage of both the current mungbean and
lablab linkage maps, as well as increasing the efficacy of
probes from both species. It has also allowed the identi-
fication of linkage groups (chromosomes) that were like-
ly to be involved in the change of basic chromosome
numbers between the two species. Furthermore, this
study has identified regions of synteny between these
relatively distant members of the Fabaceae and provided
additional evidence for the existence of highly related
genomes throughout the family. This, in turn, may facili-
tate more powerful identification of genes conditioning
traits of interest in both of these species by the compara-
tive mapping approach.
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