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transfer to soil. Acclimatization conditions yielded 80%
survivable rate (192 plantlets), irrespective of the germi-
nation treatment. The plants grew normally in soil and
appeared to exhibit normal phenotype.

In conclusion, this study has demonstrated the possibi-
lity of reducing the length of the date-palm tissue culture
protocols by merging the germination and rooting stages.
This eliminates the need to transfer shoots obtained from
somatic embryos to rooting medium. The optimum treat-
ment suitable to produce maximum number of complete
plants consists of half-strength MS salt supplemented
with 0.2 to 0.4 mg "' IBA. Examining the effectiveness
of this procedure in other date-palm genotypes is worthy
of future research.
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ISSR and SSR markers based on AG
and GA repeats delineate geographi-
cally diverse Oryza nivara accessions
and reveal rare alleles
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Oryza nivara is one of the closest wild progenitors of
O. sativa. Genetic diversity among 24 accessions of O.
nivara from 11 states of India and four O. sativa varie-
ties one each from Glaszmann’s isozyme groups I, II,
V and VI were analysed using ISSR- and SSR-PCR.
The primers based on AG and GA repeats were in-
formative; their resolving power ranged from 4.2 to
10.8 and polymorphism information content from 0.64
to 0.89. They could together enable grouping acces-
sions on a geographical basis. Ten alleles out of 40
amplified at 6 loci were unique to an accession. Two
accessions each from UP and Bihar and one from
Madhya Pradesh were distinct from other accessions.
O. nivara alleles in common with Jaya, Dular, Basmati
370 and Taipei 309 were identified. The use of such
informative primers helps reduce time, cost and
labour involved in studies on phylogeny and germ-
plasm management.

ORYZ4 nivara Sharma et Shastry (syn O. rufipogon
annual form, AA, 2n = 24) is the closest wild relative and
progenitor of O. sativa. It grows around rice fields and in
seasonal ponds in South and Southeast Asia'. In India, it
grows abundantly in the Central Gangetic Plain and the
Deccan plateau, sparsely in southern states and is rare in
the northeastern states’. O. nivara has contributed sub-
stantially to rice improvement programmes. It provided a
rare major dominant gene for resistance to grassy stunt
virus® and is a new source of cytoplasmic male sterility”.
The genetic diversity of Indian O. nivara is estimated to
be high based on morphological characters’. Based on
crosses and F, pollen sterility among different popula-
tions of Indian O. nivara and aus, aman, japonica and
Jjavanica ecotypes of O. sativa, it was proposed that aus
and japonica types originated directly from two different
populations of O. nivara, and introgression of rufipogon
characters into aus might have given rise to aman eco-
type®. There is no molecular evidence to support this
hypothesis. On one hand, the diversity in O. nivara con-
tinues to be enriched by intercrossing with cultivars and
other hybrid swarms (spontanea), all of which frequently
grow around rice fields'. On the other hand, there is
increasing concern about their extinction from native
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habitats. O. nivara is reported to be apparently extinct in
South Vietnam’. Recent concerns on the risks of trans-
genes outcrossing to wild and weedy rices also focus on
O. nivara®. The possibility of a bacterial leaf-blight line-
age having transferred from O. nivara to cultivated rice
has also been suggested’. There is an urgent need to
assess and document the extent of genetic diversity in
O. nivara to expedite its use in different germplasm-
related studies. It would be useful in choice of accessions
in breeding programmes, in monitoring genetic erosion,
developing core collections and in identifying regions
where germplasm collection needs to be intensified'’.
Diversity in O. nivara has not been evaluated previously
using molecular methods.

DNA markers, especially those based on microsatel-
lites, are useful in assessing a large number of accessions,
quickly and reliably''. Inter-simple sequence repeat-PCR
(ISSR-PCR) is a simple, cost-efficient, robust, multi-
locus marker method which is extremely useful in deter-
mining genetic variability'>'*. Both intra and inter-
specific variability in rice has been assessed using ISSR
markers”'®. The choice of primers used in ISSR ampli-
fication is critical for obtaining high levels of polymor-
phism. It would be useful if a few informative primers
are identified such that they amplify markers with high
levels of polymorphism, which is also representative of
the whole genome. Based on our previous studies, a set
of six GA and AG repeat-based primers for ISSR-PCR
were shortlisted for amplifying ISSR markers with high
informative value in revealing genetic diversity in land-
races, cultivars and O. rufipogon accessions'**’. Micro-
satellites or simple sequence repeats (SSRs) are single
locus markers that are mapped to chromosomes unlike
ISSRs, which are unmapped multilocus markers. While
ISSRs are amplified using anchored SSR sequences as
primers, SSRs are amplified using specific flanking se-
quences as primers''. Six primers for SSR-PCR, which
amplify GA repeats and show a high number of alleles in
rice, were also selected for the present study.

The objective of the present study was to assess the
diversity in 24 accessions of O. nivara originating from
11 different states of India using six well-chosen primers
each for ISSR-PCR and SSR-PCR. Four O. sativa varie-
ties—Jaya (indica), Dular (aus), Basmati 370 (aromatic
rice), Taipei 309 (japonica), belonging to groups I, II, V
and VI respectively, of Glaszmann’s isozyme-based clas-
sification’’ were also included in the study for revealing
possible relationship between O. nivara and the different
0. sativa isozyme groups. Ability of the primers in
delineating eco-geographic differentiation of O. nivara
accessions was evaluated. The value of each primer for
revealing polymorphism, its resolving power and use in
fingerprinting was also assessed.

The 24 accessions of O. nivara from 11 states of India
were obtained from Genetic Resource Centre, IRRI, Philip-
pines and the four O. sativa types from the collection of
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Directorate of Rice Research, Hyderabad, India (Table
1). Genomic DNA was isolated as a pooled sample from
freshly harvested young leaves of five plants of each
accession following the PVP method®. Its quality and
quantity were estimated both spectrophotometrically, as
well as visually, by ethidium bromide staining on agarose
gels. DNA was diluted to uniform concentration of about
10 ng/pl.

For ISSR-PCR, six dinucleotide primers obtained
from the University of British Columbia, Canada were
used for ISSR amplification (Table 2). A single primer
was used in each PCR reaction/experiment, which had a
final volume of 25 ul. Each reaction mix of 25 pl con-
tained 3 pl of genomic DNA (30 ng), 3.3 pl of primer
(0.2 uM concentration), 2.5 pl of 10x buffer (0.1 M Tris
pH 8.3; 0.5 M KCI; 7.5 mM MgCl,; 0.1% gelatin), 1.0 pl
of 200 uM dNTPs and 1.0 unit of Taq polymerase. Then
0.5ul of 2% formamide and 1.2 ul of spermidine
(10 mM) were added to increase the stringency of the
reaction. PCR amplifications were performed in 96-well
plates on a PE 9700 (Perkin—Elmer) thermal cycler under
the following conditions: a hot start of 94°C for 5 min,
followed by 44 cycles of denaturing at 94°C for 1 min,
annealing for 45 s, extension at 72°C for 2 min, and final
extension at 72°C for 5 min. The annealing temperature
was 50°C.

For SSR-PCR, six primers obtained from Research
Genetics Inc., USA were used (Table 3). Each reaction
mix of 25ul contained 3 pl genomic DNA (30 ng),

Table 1. List of accessions

Sample no. Variety/accession no. Species Source state
N-2 IRGC-80548 O. nivara  Madhya Pradesh
N-9 IRGC-80713 O. nivara  Madhya Pradesh
N-33 IRGC-106492 O. nivara Madhya Pradesh
N-10 TIRGC-81814 O. nivara  Uttar Pradesh
N-12 TRGC-81848 O. nivara  Uttar Pradesh
N-13 TRGC-81852 O. nivara  Uttar Pradesh
N-6 TRGC-80684 O. nivara  Maharashtra
N-11 TRGC-81832 O. nivara  Bihar
N-15 TRGC-102166 O. nivara  Bihar
N-23 TRGC-106044 O. nivara  Assam
N-24 TRGC-106052 O. nivara  Assam
N-26 TRGC-106069 O. nivara  Assam
N-29 IRGC-106099 O. nivara  West Bengal
N-30 IRGC-106101 O. nivara  West Bengal
N-32 IRGC-106187 O. nivara  West Bengal
N-3 TIRGC-80611 O. nivara  Orissa
N-4 TRGC-80615 O. nivara  Orissa
N-20 TRGC-105623 O. nivara  Orissa
N-14 TRGC-100903 O. nivara  Andhra Pradesh
N-34 TRGC-106495 O. nivara Karnataka
N-21 TRGC-105708 O. nivara  Tamil Nadu
N-22 IRGC-105710 O. nivara  Tamil Nadu
N-17 TRGC-105318 O. nivara  Kerala
N-18 TRGC-105320 O. nivara  Kerala

Jaya (1) indica 0. sativa

Dular (I1) indica 0. sativa

Basmati 370 (V) indica  O. sativa

Taipei 309 (VI) japonica O. sativa

Glaszmann isozyme groups in parentheses.
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0.25 pl each of forward and reverse primer (20 pm),
2.5ul of 10x buffer (0.1 M Tris, pH 8.3, 0.5M KCl,
7.5 mM MgClL, 0.1% gelatin), 0.5 pl of dNTPs from
2.5mM stock and 1 unit of Taq polymerase (0.33 ul),
0.25 pl of 2% formamide, 18.0 ul sterile distilled water.
PCR conditions for SSR-PCR were initial denaturation
94°C for 5 min followed by 35 cycles of denaturation at
94°C for 1 min, annealing at 55°C for 1 min, extension at
72°C for 2 min, followed by a final extension at 72°C for
5 min.

The amplification products were mixed with loading
buffer (40% sucrose and 0.25% bromophenol blue) and
resolved on 1.8% agarose gel in 1X TBE buffer under
room temperature at a constant voltage of 90V, and
detected by ethidium bromide staining. The molecular-
weight markers, 100 bp ladder and A EcoRI-HindIII double
digest (Bangalore Genei Private Limited, India) were
used for band sizing.

Each amplification product was considered as an ISSR
marker in ISSR-PCR and an allele in SSR-PCR. Consis-
tency of the bands was checked by running the reaction
twice, and only the reproducible bands were scored in all
samples for each of the 14 primers, separately. Bands
were recorded as present (1) or absent (0). All the
numerical and taxonomical analyses were conducted us-
ing the NTSY S-pc software version 2.0 from Exeter soft-
ware, NY>. Dice similarity coefficient values for 378
pairwise comparisons between accessions were calcu-
lated and a similarity coefficient matrix was constructed
using the SIMQUAL subroutine. This matrix was sub-
jected to unweighted pairwise group method using arith-

Table 2.

metic average analysis (UPGMA) to generate a dendro-
gram using the SAHN subroutine and Tree plot of
NTSYS-pc. In addition, matrices and dendrograms were
also generated individually for each primer used in
ISSR-PCR and SSR-PCR. Polymorphism information
content (PIC) and resolving power (Rp) values were cal-
culated for each primer according to the procedure of
Milbourne e al** and Prevost and Wilkinson> respec-
tively. The primers were considered informative if the
markers amplified by them were informative.

The results of ISSR-PCR are presented in Table 2. The
six primers amplified 93 band positions (loci). Ninety of
the 93 loci amplified were polymorphic in O. nivara. The
primers 812 and 842 showed maximum PIC and the least
mean genetic similarity among 28 accessions, indicating
the usefulness of these two primers in amplifying infor-
mative ISSR markers for diversity studies of O. nivara.
Both the 5’-anchored primers 884 and 885 amplified less
informative markers than the 3’-anchored ones. Though
primer 884 amplified the maximum number of bands and
also had the highest resolving power, the mean genetic
similarity was relatively high. Primer 885 amplified the
least informative markers as it revealed the lowest PIC
and corresponding high mean genetic similarity. The
markers amplified by each primer could uniquely finger-
print at least 25 of the 28 accessions. Data from six ISSR
primers were pooled and analysed based on Dice similar-
ity coefficient matrix generated from 378 pairwise com-
parisons (the similarity matrix is available on request).
The mean genetic similarity was 0.57 (range 0.33 to
0.81), indicating a high diversity. Among the 24 acces-

Details of primers, polymorphism and mean genetic similarity

of 24 O. nivara accessions revealed by six primers used in ISSR-PCR

No. of Mean
No. of  polymorphic Polymorphism genetic
UBC no. Primer loci (a) loci (b) % (b/a) PIC Rp similarity
807 (AG)T 15 15 100 0.78 4.21 0.56
812 (GARA 10 10 100 0.85 5.83 0.36
834 (AG)YC 12 12 100 0.80 6.49 0.47
842 (GAXYG 15 15 100 0.89 6.57 0.38
884 HBH(AG), 23 22 95.6 0.77 10.83 0.62
885 BHB(GA), 18 16 88.9 0.64 5.4 0.74

PIC, Polymorphism information content (ref. 24); Rp, Resolving power (ref. 25).

Table 3. Number of alleles detected in 28 accessions using six primers for SSR-PCR
Approximate
Amplified No.of  No. of rare Known mol. Marker location of
Primer/locus  Chromosome motif alleles alleles wt. range distance cM*  centromere cM*
RM9 1 (GA)15 9 6 124-194 92.4 77-83
RM 204 6 (GA)us 6 3 106-194 25.1 67-74
RM 207 2 (GA),s 8 5 71-132 191.2 60-69
RM 224 11 (GA)3 5 3 124-158 120.1 63-66
RM 241 4 (GAM 5 2 102-142 106.2 35-41
RM 251 3 (GA) 7 3 114-150 79.1 120-130
*Ref. 28.
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sions of O. nivara, N-2 from Madhya Pradesh (MP) and
N-11 from Bihar were the farthest from each other gene-
tically (0.33) and N-29 and N-30 from West Bengal, the
closest (0.81). Considering all the O. nivara accessions as
one group and the four O. sativa accessions as another,
N-2 and Basmati 370 were genetically farthest (0.40),
and N-22 and Jaya the closest (0.76).

Each of the 5’-anchored primers 884 and 885 amplified
markers that could distinguish 26 accessions each. Primer
842 was the next best for fingerprinting as the markers
could distinguish 25 accessions out of 28, with a distinct
profile. It is interesting to note that the three accessions
which could not be distinguished from each other using a
highly informative primer 842 were Dular (II), Basmati
370(V) and N-4 accession of O. nivara, indicating simi-
larity among groups II and V, and one O. nivara acces-
sion at ISSR regions amplified by (GA)YG. A few
selected primers in ISSR-PCR were thus found useful for
fingerprinting of O. nivara accessions. The decreasing
order of usefulness for fingerprinting was 884, 885 > 842
> 812 > 807 > 834. In addition, a dendrogram derived
from the data of primer 885 alone showed Basmati 370 as
distinct (0.52 similarity) from all other accessions, indi-
cating that it may be useful to distinguish group V acces-
sions of Glaszmann’s classification. Data based on each
of the primers 807 and 834 separated the accessions N-
11, N-12, N-15 from the others, as did the pooled data.
The markers amplified by primer 842 enabled grouping
the accessions geographically to the largest extent,
though markers amplified by each of the primers 884
and 885 also grouped some accessions on a geographical
basis.

A dendrogram generated using pooled ISSR data (six
primers, 93 loci, 1141 bands) divided the 28 accessions
into two groups separating at about 50% similarity. The
bigger cluster consisted of four accessions of O. sativa
and 24 accessions of O. nivara, and the smaller one con-
sisted of four accessions, two each from Uttar Pradesh
(UP) (N-10, N-12) and Bihar (N-11, N-15). In the bigger
cluster, accession N2 from Bastar, MP was distinct and
separated from the others at 52% similarity. N-10 and N-
12 are collections from Sonbhadra and Deoria districts of
UP, and N-11 and N-15 from Rohtas and Sasaram dis-
tricts of Bihar respectively.

Table 3 shows the number of alleles amplified at each
of the 6 loci in the case of SSR—PCR. In all, 40 alleles
were identified and 167 bands scored in the 28 acces-
sions. The maximum number of alleles (ten) was ampli-
fied in N-17, with at least one allele at each of the six
loci (Table 4). The least number of alleles (four) was
amplified in the japonica variety Taipei 309, and also in
3 O. nivara accessions at four different loci. This is con-
sistent with reports that japonica rices have low diver-
sity. There were 22 rare alleles (i.e. present in not more
than three accessions) among which ten were unique, i.e.
present in only one of the 28 accessions. Each of the
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three primers RM9, RM207 and RM224 amplified two of
the six unique alleles specific to only one of the acces-
sions N-2, N-13, N-20, N-21, N-22, N-24. Rare alleles
were detected at each of the six loci. Eight rare alleles
were present only in O. nivara. These alleles were dis-
tributed over accessions from different states (Table 4).
The accessions from Kerala had the highest number of
rare alleles and one RMO rare allele was restricted to the
two accessions from Kerala. Also, N17 from Kerala was
the only accession that showed at least two alleles at
more than two loci, indicating heterozygosity in the
plants/populations for these loci. SSRs are codominant
markers so that heterozygotes at specific loci can be
identified. Two alleles at the same locus were amplified
in 14 accessions of O. nivara and in Jaya and Dular.
Fifteen accessions were heterozygous at the RM9 locus,
six at RM207 and two at RM241. It is likely that some
plants are heterozygous, as O. nivara is known to out-
cross to varying degrees (5-25%), unlike rice cultivars
which are predominantly self-pollinated®. Since DNA
was isolated from a pooled leaf sample from five plants
of each accession, it is also possible that homozygous
plants for different alleles at a given locus were sampled.

Fifteen out of 19 alleles in O. sativa were also present
in O. nivara, indicating either similarity through descent
or due to intercrossing between O. nivara and O. sativa.
Four rare alleles in O. nivara were also present in O.
sativa, two each in Dular and Basmati 370. It is signifi-
cant that all the seven alleles in Dular (group 1I) and all
the five alleles in Basmati 370 (group V) were common
with O. nivara alleles, though Dular and Basmati 370 had
no allele in common at the six loci studied. Groups II and
V rices are reported to be similar in their centromeric
regionsm. There are no previous studies on their relation-
ship with O. nivara. It is possible that groups II and V
rices originated directly from O. nivara populations,
which are so differentiated. The development of three
basic ecotypes of O. sativa from three different popula-
tions of O. nivara in three different regions has been pro-
posed earlier’. In our studies, RM9 was the only locus
close to the centromere and the highest number of alleles
(nine) was amplified at this locus (Table 3). However, at
this locus two alleles were amplified in Dular, but none
in Basmati 370.

Among the four alleles amplified in Taipei 309, a
japonica (V1) cultivar, one allele amplified by RM9 was
also present in Jaya (I), Dular (II) and 17 accessions of
O. nivara. Another allele amplified by RM251 in Bas-
mati 370 was common to five accessions of O. nivara.
This strongly indicates that O. nivara could probably be
ancestral to the groups I, II, V and VI of O. sativa. Since
RM9 locus is close to the centromere™, the alleles are
less likely to have undergone recombination during
evolution, and thus report ancestry more correctly. Our
results on O. sativa, though limited to one representative
accession of each group, provide DNA-based evidence
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for Glaszmann’s observations on groups Il and V rices
and wild forms based on isozyme studies”. He observed
that ‘the allele Amp-l2 which is most frequent in groups
IT to V was observed in wild populations across all of
Asia, but was most frequent among those from the Indian
subcontinent, mainly among annual and weedy forms’.
Likewise, the allele Pgi-2° specific to group II rices was
reported among wild populations only in the Indian sub-
continent. These wild rices may well have been O.
nivara.

The only geographical clustering based on pooled SSR
data of six loci was N-33 and N-9 from MP, and N-17
and N-18 from Kerala. In comparison, the multilocus
ISSR markers clustered accessions geographically to a
large extent. When ISSR and SSR data were pooled, the
dendrogram showed N2 as distinct from the other 27
accessions and Taipei 309 grouped with Dular, N4 and
N14 (Figure 1). There was no significant difference from
the clustering based on ISSR data alone. Both pooled
ISSR and pooled SSR data showed that N-4 was closest
to Dular.

Table 4.

Four accessions, N10, N12, N-11, N-15, which were
distinct based on ISSR data were examined for distinct-
ness at the six SSR loci. None of the four accessions had
a unique allele. N12 had a rare RM207 allele. However,
one RM251 allele in N10, N12 and N15 was common
with Basmati 370(V) and Taipei 309(VI) (Figure 2).
Similarly, one RM224 allele in N-11, N12 and N15 was
common with Jaya (I) and Basmati 370. This indicates
that these accessions of O. nivara are primitive and
probably in the midst of differentiation into groups I, V
and VI of cultivated rice.

Data based on ISSR-PCR enabled grouping of the 24
0. nivara accessions geographically and helped to iden-
tify distinct accessions. Data based on SSR-PCR enabled
identification of accessions with rare alleles at all the six
loci studied. The six primers used in ISSR-PCR in our
study were based on GA and AG repeats. Pooled data
obtained from all the primers could delineate the O.
nivara accessions geographically. This indicates that the
markers span regions of the genome where subspecific
differentiation has occurred on an eco-geographical basis.

Frequency distribution of 40 alleles at six loci in 24 accessions of O. nivara and four O. sativa varieties
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RM224 RM241 RM251
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