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Mulberry is the sole food source for mulberry silkworm and a number of indigenous and exotic varieties are
used in sericulture. Studies on assessment of genetic diversity have been done amongst a few mulberry varieties
using one or at the most two methods. However, no comprehensive study on a large number of varieties has
been carried out. In present study, single primer amplification reaction (SPAR) methods have been used for
determination of diversity in 27 mulberry varieties (exotic as well as indigenous), using four minisatellite core
sequence primers for directed amplification of minisatellite DNA (DAMD), three simple sequence repeat (SSR)
motifs as primers for inter simple sequence repeat (ISSR) and 20 arbitrary sequence decamer primers for ran-
dom amplified polymorphic DNA (RAPD) reactions. The Jaccard coefficients were determined for the DAMD,
ISSR and RAPD band data (total of 58, 39 and 235 bands respectively). All three methods revealed wide range
of distances supporting a wide range of mulberry genetic diversity. A cumulative analysis of the data generated
by three methods resulted in a neighbour-joining (NJ) tree that gave a better reflection of the relatedness and
affinities of the varieties to each other. Comparison of the three methods by marker indices and the Mantel test
of correlation indicated that though all methods were useful for the assessment of diversity in mulberry, the
DAMD method was better. When considered as two groups (10 exotic and 17 indigenous varieties), the
mulberry varieties in the exotic group were found to have slightly greater diversity than the indigenous ones.
These results support the concept of naturalization of mulberry varieties at locales distant from their origins.

[Bhattacharya E, Dandin S B and Ranade S A 2005 Single primer amplification reaction methods reveal exotic and indigenous mulberry
varieties are similarly diverse; J. Biosci. 30 669-677]

1. Introduction presumably originated in China or India. Thereafter, the

global silk trade may have resulted in mulberry being

The genus Morus L., commonly known as mulberry, be-
longs to the family Moraceae of the order Urticales. It is
better known as the exclusive food source of Bombyx
mori L., the mulberry silkworm, though other species are
also used for fodder, as a source of edible fruits and as
herbal remedies. Mulberry is an ancient plant and has
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widely distributed. Despite economic importance, the
origin and domestication of mulberry has not been studied
in detail. The number of species and varieties differs
according to the authors since the entities classified as
species by some taxonomists, are considered as varieties
of a species by others. The considerable variation and

Abbreviations used: AFLP, Amplified fragment length polymorphism; DAMD, directed amplification of minisatellite DNA;
ISSR, inter simple sequence repeat; NJ, neighbour-joining; PCR, polymerase chain reaction; RAPD, random amplified polymorphic
DNA; SPAR, single primer amplification reaction; SSR, simple sequence repeat.
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plasticity in morphological characters and sex expression
of the species and the varieties as well as the natural
cross-fertilization among most of the species and varie-
ties has further resulted in a continuous character varia-
tion, making delimiting of plants into specific taxonomic
groups difficult (Dandin 1998). There is thus a need for
an internationally acceptable identification key for the
varieties and species based on the existing genetic diver-
sity.

Diversity analysis has been reported in case of mul-
berry genotypes for many different parameters (Rajan
et al 1997; Fotadar and Dandin 1998; Tikader and Roy
2002) but less systematic work has been done on assess-
ment of DNA profile-based diversity in mulberry. Re-
cently random amplified polymorphic DNA (RAPD) or
inter simple sequence repeat-polymerase chain reaction
(ISSR-PCR) methods have been used for characterization
of the Indian mulberry species and varieties (Vijayan and
Chatterjee 2003; Awasthi et al 2004; Chatterjee et al 2004;
Vijayan 2004; Vijayan et al 2004a,b). We have earlier
reported RAPD and directed amplification of minisatellite
DNA (DAMD) profile analysis of nine mulberry varieties
(Bhattacharya and Ranade 2001) with the DAMD method
being applied to mulberry diversity analysis for the first
time to our knowledge. Amplified fragment length poly-
morphism (AFLP) analysis of the mulberry varieties has
also been reported (Sharma et al 2000). Many of these
studies have reported a wide genetic diversity in mul-
berry, based on the application of one or two methods at
a time. Despite the number of studies, no information is
available about the congruence of results by the different
methods as well as about the usefulness of a given
method over others. The wide range of diversity has also
been interpreted as evidence for the naturalization of the
mulberry varieties at places far from their origins, but
other than the AFLP data of Sharma et al (2000) no other
study has supported this naturalization.

We have studied diversity assessment in same set of
mulberry varieties using three different PCR based single
primer amplification reaction (SPAR) methods that are
useful for genetic diversity studies in plants and collec-
tively provide a comprehensive description of the nature
and extent of the diversity. These three SPAR methods are
routinely used in our work on diversity analysis in higher
plants and include DAMD when a minisatellite core se-
quence is used singly as the primer (Heath et al 1993);
ISSR-PCR when a simple sequence repeat (SSR) primer
is used singly (Gupta et al 1994) and RAPD when the
arbitrary sequence decamers are used as single primers
(Williams et al 1990; Welsh and McClelland 1990).

In this paper, we compare the efficiencies of these
three SPAR methods, individually as well as collectively,
for diversity anaysis of 27 mulberry varieties and we
show that DAMD not only reveals the maximum poly-
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morphism but also has the highest marker index amongst
the three methods. This method may therefore, prove to
be the best for analysing the mulberry germplasm. Fur-
ther, we have observed only small differences in diversity
amongst the exotic and indigenous groups of varieties in
agreement with the suggested naturalization of the varie-
ties.

2. Materials and methods
2.1 Plant material

The young non-senescing leaves were collected from
plants of 27 mulberry varieties, from three different cen-
tres (table 1). In all cases, leaf tissue was stored frozen at
—70°C in powdered form after freezing at liquid nitrogen
temperatures.

2.2 Isolation of DNA

Total plant DNA was isolated from the frozen tissue
powder according to the method of de Kochko and Hamon
(1990) with some modifications as described earlier
(Bhattacharya and Ranade 2001).

2.3 Minisatellite, SSR and RAPD primers

Four minisatellite core sequence primers (M 13 according to
Lorenz et al 1995; 33*6, HBV and HVR according to
Zhou et al 1997), and three SSR primers (GAA)qG,
(CA)eGC and (ACTG), were custom synthesized from
Bangalore Genei, Bangalore, India. The RAPD primers
were procured from Qiagen Operon Technology Inc.,
Alameda, CA, USA.

2.4 Amplification reactions

The SPAR with minisatellite primers was carried out es-
sentially according to Zhou et al (1997) for the primers
33%, HBV and HVR(-) while for primer M13 the reac-
tions were essentially according to Lorenz et al (1995)
after first determining the optimum annealing tempera-
ture from the range 40°C to 55°C for each primer. The
SPAR with SSR primers was carried out according to
Gupta et al (1994). Here also, the optimum annealing
temperature for each primer was first determined. SPAR
for RAPD primers from kits B, F, G and H (Operon
Technologies Inc., Alameda, California, USA) was car-
ried out essentially following Williams et al (1990) after
first optimizing most of the PCR parameters (data not
shown). All amplification reactions were carried out in
air thermal cycler (Model ATC1605, Idaho Technology,
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Inc., USA) and the products were separated by electro-
phoresis (at constant current of 25mA) through 1% or
1>8% agarose gels (for DAMD and ISSR profiles) and 1%
agarose gels for the RAPD reactions. All gels were made
in 06X TBE buffer and the profiles after electrophoresis
were visualized and imaged using Nighthawké gel docu-
mentation system (pdi Inc., USA) after staining the gels
with ethidium bromide. Only distinct and well-separated
bands were included in the analysis.

2.5 Dataanalysis

Data (fragment sizes of all amplification products, esti-
mated from the gel by comparison with standard molecu-
lar weight marker, | DNA double digested with Hindlll
and EcoRI) were scored as discrete variables, using ‘1’ to
indicate the presence and ‘0’ to indicate the absence of a
band. A pair wise matrix of distances between genotypes
was determined cumulatively for all three methods using
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Jaccard coefficient (Jaccard 1901) in the FreeTree pro-
gram (ver. 00X6; Pavlicek et al 1999). This distance
matrix was used to compute a single neighbour-joining
(NJ) tree after allowing a 500 replicate bootstrap test using
the same program. The tree was viewed, annotated and
printed using TreeView (ver. 156>%5; Page 2001). The ro-
bustness of the SPAR methods was tested in each case
with a suitable non-mulberry outgroup DNA included in
the analysis, and in al cases outgroup was resolved as
distinct from the mulberry DNASs (data not shown).

2.6 Comparison of the different SPAR methods

To determine the utility of each of the marker systems used,
diversity index (DI), effective multiplex ratio (E) and
marker index (MI) were calculated according to Powell
et al (1996). The Mantel matrix correspondence test
(Mantel 1967) was used to compare distance matrices for
each SPAR method with the help of the program Mantel
2 (Liedloff 1999).

Table 1. The varieties of mulberry from which leaf tissue was collected for the present studies are listed. The accession numbers,
where given, as well as, the variety names and origin are mostly from the passport data for those varieties, obtained from CSGRC,

Hosur.

Sample No. Tissue collected from Accession No. Variety name Country/State

El CSGRC, Hosur ME?-0078 Kairo roso Japan

E2 CSGRC, Hosur ME-0021 Kokuso-13 Japan

E4 CSGRC, Hosur ME-0066 Kosen Japan

E6 CSGRC, Hosur ME-0098 Shimanochi Japan

E7 CSGRC, Hosur ME-0083 Canton china China

E9 CSGRC, Hosur ME-0033 Thailand male Thailand

E1l CSGRC, Hosur ME-0023 Calabresa Paraguay

E13 CSGRC, Hosur ME-0003 Moulai Myanmar

E15 CSGRC, Hosur ME-0084 Bogura-4 Bangladesh

E17 CSGRC, Hosur ME-0026 PKS 248 Pakistan

15 CSGRC, Hosur M1P-0049 S54 Karnataka

17 CSGRC, Hosur M1-0040 Acc. 112 Karnataka

18 CSGRC, Hosur M1-0022 Zangadud Jammu and Kashmir

111 CSGRC, Hosur M1-0082 Acc. 106 Jammu and Kashmir

112 CSGRC, Hosur MI1-0175 UP Uttar Pradesh

114 CSGRC, Hosur M1-0007 Himachal Local Himachal Pradesh

115 CSGRC, Hosur MI-0106 Heipanbi Manipur

117 CSGRC, Hosur MI1-0025 MR-2 Tamil Nadu

119 CSGRC, Hosur MI1-0129 Matigara white West Bengal

120 CSGRC, Hosur MI1-0158 C-776 West Bengal

122 CSGRC, Hosur M1-0080 BC2-59 West Bengal

123 CSGRC, Hosur M1-0205 Berhampore-4 West Bengal

125 CSGRC, Hosur MI1-0187 Tr-4 West Bengal

126 CSGRC, Hosur MI1-0191 Tr-8 West Bengal
NBRI, Lucknow

127 Bharatidasan University, Trichi; NA° Tr-10 West Bengal
NBRI, Lucknow

128 CSGRC, Hosur MI1-0129 Tr-22 West Bengal

129 CSGRC, Hosur MI1-0158 T-2 West Bengal

#Accession numbers with prefix ME are for the exotic varieties.

PAccession numbers with prefix M1 are for the indigenous varieties.

°Accession number not available.
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2.7 Diversity assessment in groups of varieties

For this the varieties were considered as groups of exotics
(that included 10 varieties) and indigenous (17 varieties)
based on whether the varieties were originally from countries
other than India or from India respectively (table 1). The
cumulative band data by al three SPAR methods for
these two groups was analysed using the program
POPGENE (ver. 1381, Yeh et al 1997).

3. Results
3.1 SPARanalysis and profile polymor phism

In the present study, three SPAR methods, DAMD, ISSR
and RAPD, were used to reveal genetic variability in 27
mulberry varieties. In al cases PCR conditions were care-
fully optimized for both the thermal cycler as well as the
reaction components (data not shown). The three methods
revealed discrete banding patterns for al the primers
many of which revealed 100% polymorphism across all
the varieties. The cumulative size ranges for the ampli-
fied fragments as well as the numbers of fragments am-
plified are given in table 2. The DAMD method resulted
in more bands per primer as compared to the other meth-
ods. To determine the efficiency of the three methods,
diversity index (DI) or heterozygosity index, marker in-
dex (MI) and effective multiplex ratio (E) were sepa-
rately calculated in case of each method used. The
DAMD revealed the highest DI (0582), E (14%) and Ml
(4>6) amongst the three methods (table 2). These values
suggest that the DAMD method was relatively the best
for assessing diversity in the mulberry varieties. The
cumulative data for all three SPAR methods was used to
compute pair wise distances, which ranged widely from
0°80 to 068 between pairs of varieties. The NJ tree after
a 500 replicate bootstrap test of robustness is shown in
figure 1. The NJ tree consists of at least three major clus-
ters marked A, B and C with large parenthesis in figure 1.
Each of these clusters included both exotic and indige-
nous varieties. However, varieties in cluster C are rela
tively more distant from those in the clusters A and B.
Cluster A may be further considered in two subclusters
A1, that includes separately the Japanese (E1, E2, E4,
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E6) and indigenous (111, 112, 114, 115) varieties and sub-
cluster A2 that included indigenous variety 117 along
with three exotic varieties (E13, E15, E17). Cluster B is
more interesting because it includes a single exotic vari-
ety E9 (from Thailand) along with six indigenous varie-
ties (119, 125129, al from West Bengal). Cluster C is
another mixed cluster including Chinese and other exotic
varieties along with remaining indigenous varieties. The
NJ tree overal does not show any obvious correlation bet-
ween geographical or genetic diversity amongst the varieties.

3.2 Comparison of the exotic and indigenous
groups of varieties

The entire set of 27 varieties used in the present study
was considered in two groups, exotic (10 varieties) and
indigenous (17 varieties). The cumulative band data for
al three methods was subjected to Nei and Shannon-
Weaver estimates of genetic diversity and the determined
values are given in table 3. These estimates are a robust
measure of gene diversity when all bands are treated as
loci with a maximum of two alleles possible and with an
implicit assumption that the genotypes in a population or
a group are in Hardy-Weinberg equilibrium. This as-
sumption is important because the varieties that we have
included in the present study are not derived from closed
interbreeding populations and are distinct genotypes that
may or may not have related lineages. This is also the
reason why the diversity estimates are not supported by
estimation of partitioning of the diversity within and
amongst the two groups of varieties. The results indicate
that though the exotic group of varieties had slightly
higher values for both Nei and Shannon-Weaver esti-
mates of diversity, than those for the indigenous varieties,
the two groups of varieties were not so strongly diverged
from each other.

4. Discussion

Mulberries can easily cross-pollinate and inter-species
hybrids of mulberry have been reported. In order to assess
genetic diversity in such plants, a three-way profiling
approach was used. The DAMD and ISSR profiles reveal
information about diversity of mulberry genomes in re-
gions rich in repetitive sequences while the RAPD pro-

Table2. The various SPAR methods and details of their results and analysis.

Numbers of bands Number of poly- Effective Marker
SPAR Number of (cumulative total Size range morphic bands multiplex Diversity index
method primers used number of bands) of bands (bp) per primer ratio (E) index (DI) (Ex DlI)
DAMD 4 12-18 (58) 340-1850 14% 1460 082 46
ISSR 3 8-16 (39) 260-1650 13 1108 080 38
RAPD 20 7-21 (235) 240-2590 117 10567 029 32
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files collectively represent a much larger portion of the
genome, if not actually the entire genome. Such an ap-
proach was expected to reveal a comprehensive pattern of
genetic diversity in mulberry, which could then be used
for characterization of the entire germplasm and possibly
of individual varieties also. These SPAR methods have
been used for diversity analysis in severa plants such as
mulberry, neem and papaya (Bhattacharya and Ranade
2001; Ranade and Farooqui 2002; Saxena et al 2005),
blackgram (Ranade and Gopakrishna 2004), Italian
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populations of Asparagus acutifolius L. (Sica et al 2005)
and velvet bentgrass (Hollman et al 2005). In case of an
endangered plant like Neolitsea sericea of family Lau-
raceae, the population structure has also been studied on
the basis of SPAR profiles (Wang et al 2005).

4.1 SPARprofile diversity in mulberry

The SPAR methods resulted in discrete banding patterns
in the present study and all three methods resulted in
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Figure 1. Cluster analysis of SPAR data in case of the mulberry varieties after a 500
replicate bootstrap analysis. The NJ tree was generated for cumulative band data by all
three SPAR methods, DAMD, ISSR-PCR and RAPD. The variety names are abbreviated
asintable 1, and are indicated to the right of the tree. The branch lengths are based on the
distance values computed using NJ method and Jaccard coefficient in the program Free-
Tree. The numbers at the nodes in each tree are the bootstrap percent values (only values
greater than or equal to 50 are shown) for the branches to the right of the node. The large
parenthesis to the right labelled with A-C are the three mgjor clusters while the two inner
parenthesis labelled A1 and A2 are the two subclusters within cluster A.
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polymorphic profiles. The DAMD method exhibited the
highest percentage of polymorphic bands per assay as
compared to that by the other two SPAR methods. The
three SPAR methods individually resulted in the conclu-
sion each time that the genetic diversity in mulberry was
high since the range of pairwise distances was also high
in each case (data not shown). A Mantel test (Leidloff
1999) of correlation analysis of the distance matrices was
carried out and resulted in significant correlation (‘g’
standard variate > Pg,gg5 value) in all cases. However, the
highest correlation was between RAPD and ISSR-PCR
distance matrices (r = 0%236) while the correlations bet-
ween RAPD and ISSR distance matrices to that by
DAMD were 014553 and 01827 respectively. This
clearly indicates that relative distances of the varieties to
each other were amost similarly estimated by both
RAPD and ISSR-PCR methods. The three methods did
not result in any congruence between pair wise distances
and variety groups or even geographical origin of the
varieties. So, in order to have a comprehensive pattern of
genetic diversity in mulberry the cumulative data for all
three SPAR methods was used to compute pair wise dis-
tances and the NJ tree. The distances (0°80 to 0>68) were
in a wide range indicating thereby, that mulberry repre-
sents a genetically diverse population. This is possible
because it is highly out-bred. Sharma et al (2000) also
found a similar wide range in genetic distances (01 to
042) in mulberry by using AFLP method.

The tree obtained by the NJ method (figure 1) for the
cumulative data did not show any significant correlation
between the genetic divergence and the geographical dis-
tribution. The tree also did not reveal any clear separation
of the exotic and indigenous varieties. The entire NJ tree
indicates at least three major clusters (marked A, B and C
with large parenthesis in figure 1) of the mulberry varie-
ties. Cluster A is actualy further divided into subclusters A1
and A2 (figure 1). Subcluster Al includes separate
groups of all the Japanese and some of the indigenous
varieties indicating that these Indian and Japanese varie-
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ties are genetically distinct from each other while A2
subcluster includes a single indigenous variety along with
three different exotic varieties from Myanmar, Bangla-
desh and Pakistan. Cluster B is interesting in having a
single Thailand variety along with 6 of the West Bengal
varieties. Presumably these West Bengal varieties have
greater affinity to the variety from Thailand either by de-
scent or as progenitors. Except variety 119, the other indi-
genous varieties are either triploid (125-128) or tetraploid
(129) and all of which are presumably derived from the
ancestral variety(ies) that is related to but is not 119. Con-
sidering that the varieties have been in cultivation for
long after their selection or introduction for the sericul-
ture, it is possible that the genetic diversity in these varie-
ties is derived from severa putative parental lines that
could have been involved as the varieties were developed
or evolved. Yet we can also suggest that the three major
clusters may represent at least three prominent genetic
lineages of the mulberry varieties. A confirmation for this
would, however, require an exhaustive genealogical survey
of global mulberry accessions in much the same way that
was recently done for barley (Jacob et al 2004; Blattner
2004) and afew other plants.

The exotic and indigenous varieties belonging to the
same geographical region also did not show any signifi-
cant grouping. This is similar to the results of a multi-
variate analysis using Mahalanobis D? statistic in case of
98 and 146 mulberry varieties from different geographic
regions (Rajan et al 1997; Tikader and Roy 2002), as well
as in other plants like Hippophae rhamnoides and native
Americam maize (Bartish et al 1999; Moeller and Schaal
1999). According to Sharma et al (2000), the lack of any
congruence between genetic and geographic variations in
mulberry could be due to the fact that most of the mul-
berry genotypes are considered ‘naturalized’ due to their
establishment, adaptation and persistence in areas distant
from their origin. Our data too indicate that some of the
exotic varieties, from distant places where sericulture is a
relatively new industry, always grouped with varieties

Table 3. The proportion of polymorphic bands and mean index of diversity for the two groups of
varieties based on cumulative data of all three SPAR methods.

Number of bands

(cumulative data for all
primers, al methods)

Group Mean Nei index®  Mean Shannon index®
(number of varieties) Total Polymorphic (H) £ SD (hxsb
Exotic (10) 332 266 052393 + 04742 058699 + 02414
Indigenous (17) 332 255 02262 + 04837 08484 + 002545

*Mean Nei index H (Nei 1973) and Mean Shannon index | (Shannon and Weaver 1949) were calcu-

lated using the program POPGENE ver. 1>31.
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from the Southeast Asian countries. When the silk trade
was going on between different nations, mulberry germ-
plasm was taken from the countries of its origin and
planted in the newer areas in Europe, Latin America and
Africa. This can be seen in the NJ tree (figure 1) wherein
a cluster C, variety Calabresa (E11, table 1) from Para-
guay occurs along with Indian varieties (120 and 122) or
in subcluster A2, the variety Moulai (E13) from Myanmar
clusters with PKS 248 (E17) from Pakistan and Bogura-4
(E15) from Bangladesh and all these three exotic varie-
ties are closest to the indigenous variety MR2 (117). Pro-
bably the genotypes now being grown in Paraguay, Pakistan
and Bangladesh actually came from the Indian or Myanmar
region respectively.

4.2 Efficiency of the different methods used to assess
the genetic diversity in mulberry

A comparative analysis of the three PCR-based methods
used both in case of exotic and indigenous varieties of
mulberry was carried out to assess individual methods.
The DAMD method revealed the highest DI, E and MI
values as compared to the other two methods (table 2).
Though the distance values were different for each
method the high degree of variation or divergence in
mulberry shown by each method was as expected for an
out-breeding species. It was interesting to notice that the
distance data obtained from RAPD profiles did not corre-
spond to those obtained from ISSR-PCR and DAMD.
Such observations were also made in case of lentil (Son-
nate and Pignone 2001) where the authors could not find
any congruence between the results of RAPD and ISSR
methods. Carvalho and Schaal (2001) also obtained dif-
ferent levels of polymorphism in cassava, where the SSR-
primed markers showed less polymorphism than the RAPD
markers. In their case also grouping of varieties from
different geographical habitats varied between the RAPD
and ISSR methods. From these results it is apparent that
the different methods individually reveal information
about distinct and different regions of the genome. How-
ever, we suggest that by combining different methods we
may arrive at a better assessment or explanation for the
diversity in plants. Though the present work has not
shown specific grouping of the varieties based on geo-
graphical origins this is more likely a result specific for
mulberry where the varieties have been established at
places far distinct from the original native distribution. In
contrast, in case of papaya (Saxena et al 2005), a similar
SPAR analysis showed that though individual SPAR
methods revealed non-congruent results, however, a cu-
mulative analysis clearly resulted in a tree that correlated
with the papaya pulp colour characteristic clearly show-
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ing the usefulness of a combined analysis of more than
one SPAR method.

4.3 Diversity of the exotic and indigenous
mulberry varieties

The Nei and Shannon-Weaver estimates of genetic diver-
sity (table 3) revealed that the exotic group of varieties
had the relatively greater diversity, though the actual val-
ues for the two groups are not so greatly differing from
each other. This observation is very significant because it
shows the two groups of varieties are not so largely di-
verged from each other as one would expect if the varie-
ties are originating from geographically well separated
regions and countries. In mulberry, there is perhaps the
unique situation of an ancient dominant silk trade influ-
encing the genetic relationships of mulberry varieties
since many of the varieties are not native to the places
where they are grown far from the sites of actual origin as
has been outlined in case of Morus alba by Sharma et al
(2000). In the Indian subcontinent, mulberry varieties are
also maintained or propagated through stem-cuttings
thereby “apparently fixing” variations amongst the varie-
ties (Chatterjee et al 2004). Thus an ancient mixing of
genotypes due to exchange of germplasm for promoting
sericulture, putative hybridization between these and na-
tive plants and lack of dominant sexual reproduction mode
for maintenance of germplasm could have resulted in the
so called ‘naturalized’ varieties and this is supported by
the observations first by Sharma et al (2000) and in the
present study, where geographical origin alone can not
distinguish the varieties.

The small differences in diversity estimates are probably
because relative to the indigenous group, the exotic group
of varieties did not include any derived varieties from
breeding experiments or selection trials. The indigenous
group of varieties on the other hand included several
varieties from selection trials based on parameters of im-
proved field performance as well as from breeding ex-
periments, as for example the variety BC2-59 (122) that is
derived from a cross involving C-776 (120) as one of the
parents. This fact has also resulted in these two indige-
nous varieties exhibiting the least distance from each
other (figure 1, cluster C). The different varieties have
sufficient affinities between groups also. Supporting this
conclusion the NJ tree clearly shows exotic and indige-
nous varieties in same sub-clusters even amongst the va-
rieties of the primary sericulture regions such as India,
Japan, China and Thailand. It would actually be very in-
teresting to study the diversity amongst wild mulberry
plants as well as amongst specific groups of local varie-
ties in more than one geographical region to have a better
understanding of the natural partition of genetic diversity
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and the different genetic lineages that represent today’s
cultivated mulberry varieties.

5. Conclusions

In our study we found that DAMD was the method, which
showed the highest polymorphism and the highest marker
index. Thus, it appears that DAMD can be the method of
choice for diversity analysis type of studies, in so far as
polymorphism or marker index is the criterion. The data
from three independent methods clearly showed that the
mulberry genome has considerable diversity. The com-
bined NJ tree for data obtained by all three SPAR meth-
ods supports the concept of ‘naturalization’ of varieties at
locales distant from their actual origins, though for a
stronger conclusion on these lines, a genealogical survey
of mulberries with a multi-parameter and multi-method
approach may be required, while to obtain a robust esti-
mate of the range in diversity, DAMD alone is also ade-
quate for mulberry.
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