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Use of RAPD for the study of diversity within
plant germplasm collections
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As part of the development of a molecular toolkit for the study of diversity within large plant
germplasm collections, RAPD technology has been applied to accessions of rice (Oryza sativa)
obtained from the major world collection held at IRRI (the International Rice Research Institute)
which supplies germplasm to breeders. Methods for the speedy extraction of DNA representative
of a rice accession, its amplification by PCR to reveal reproducible products, and the analysis of the
banding data using numerical techniques have been established. The biological meaningfulness of
RAPD data has also been demonstrated by reference to previous work on classification and
crossability.

Keywords: biodiversity, genetic resources, Oryzasativa, plant breeding, RAPD.

Introduction

Major collections of important crop plants are held in
international centres around the world. They are
repositories of the biodiversity available for each
species and are a valuable source of useful genes for
plant breeders. Workers at many of the centres face
problems in the efficient maintenance and exploitation
of germplasm because of the large numbers of acces-
sions that they hold. Two complementary solutions
have been proposed to enhance the efficiency with
which such collections are handled: the identification
and removal of duplicates and the production of 'core'
collections. In the latter case, a subset of germplasm,
which might comprise up to 10 per cent of the total,
would be selected so that it represented, with minimal
redundancy, as much as possible of the diversity
present within the whole collection. The 'core collec-
tion' accessions would be the first to be supplied in
response to requests by breeders for material from the
collection. Because of the smaller size, the core collec-
tion could also be the focus of back-up conservation
material as it could be stored at other international
sites and this is the principal rationale behind the
development of a core collection at IRRI (Vaughan &
Jackson, 1994). This core collection concept does not
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involve a reduction in the size of the whole collection,
but increases the efficiency of its management by
prioritizing representational subsets of accessions for
special attention (Frankel, 1984; Frankel & Brown,
1984; Brown, 1989a,b; Andersen & Fairbanks, 1990).

Establishment of a core collection based on genetic
variation shown by accessions would obviously be
advantageous, but clear and detailed assessments of
diversity within germplasm collections are not usually
available. Such information can be obtained using
molecular markers which afford many benefits for
identifying variation and estimating biological diversity.
DNA-based markers have the obvious advantage of
sampling the genome directly and RFLP analysis has
been widely used for assessing variation in plants
(Helentjaris et a!., 1985; Tanksley et a!., 1989). RFLP
analysis has been used to distinguish between species
of Oryza (Wang et a!., 1992) and particularly between
iniiica and japonica types of 0. sativa (Zhang et a!.,
1992).

More recently, PCR-based marker systems have
become available. One of these has been called RAPD
(Random Amplification of Polymorphic DNA)
(Williams et al., 1990; Newbury & Ford-Lloyd, 1993).
In this method, short oligonucleotides of arbitrary
sequence are used singly to support the amplification
of regions of the test plant genome and the amplifica-
tion products are separated by gel electrophoresis;
differences between genotypes are reflected as differ-
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ences in the banding patterns. Other reports (Fukuoka
et a!., 1992; Yu & Nguyen, 1994) have shown that
RAPD analysis can be used to detect variation within a
restricted range of 0. sativa germplasm including mdi-
ca and japonica types, to identify suitable parents for
linkage map construction, and for gene tagging for
drought resistance.

The International Rice Germplasm Center (IRGC)
at the International Rice Research Institute (IRRI) in
The Philippines conserves more than 75 000 acces-
sions of Asian rice (0. sativa). It provides perhaps the
best system for evaluating the efficiency of molecular
techniques for the analysis of diversity and, in the
longer term, the establishment of core collections and
identification of duplicates within large germplasm
collections.

In this study, we have critically assessed stages in the
process of analysis of variation within a major germ-
plasm collection using RAPD technology. We have
considered the production of DNA samples represen-
tative of accessions, optimization of PCR to provide
reproducible results, and a range of numerical analysis
techniques to collate the data. The results obtained
demonstrate that this technology is effective in the
analysis of diversity within rice germplasm, and there is
clear evidence that the pattern of variation revealed
mirrors that described by workers using other
methods. The results are discussed in the context of the
use of RAPD methodology for enhancing the organiza-
tion of a large germplasm collection and particularly
for developing standardized procedures for analysing
genetic diversity on a large scale.

Materials and methods

Materials

Twelve accessions of 0. sativa were obtained from the
IRGC at IRRI (Table 1) representing ecogeographical
diversity and variation based on previous isozyme
analysis (Glaszmann, 1987). Two accessions (IRGC
123= Dee-geo-woo-gen from Taiwan and IRGC
5823 =Kra Suey, a diverse land race of unknown
origin) were used to optimize amplification conditions
for producing consistent RAPD banding patterns.
Seeds were sown in 5.7 cm jiffy pots containing steri-
lized moist compost which were placed in a growth
cabinet maintained at 27°C. Leaves were harvested
from 10 healthy 2-week-old seedlings of each acces-
sion and pooled to provide 20 mg of material for DNA
extraction (see below).

DNA isolation

Two methods were employed. The first followed the
protocol reported by Edwards eta!. (1991) in which a
leaf disc was punched out using the lid of a microfuge
tube, and DNA was subsequently extracted in the same
tube. The second method was a modification of the
protocol of Gawel & Jarret (1991). A total of 20 mg of
leaf tissue was collected by harvesting equal amounts
from each of 10 seedlings within an accession. This was
placed in a 1.5 mL microfuge tube, immersed in liquid
nitrogen, and homogenized using a polypropylene pel-
let pestle mixer driven by a hand-held cordless motor

Table 1 List of Oryzasativa accessions included in the study

Accession
number Name Isozyme group* Origin Typet

IRGC 31 Tangkai Rotan 1 Malaysia Indica
IndicaIRGC 63 Sb 16 2

IRGC 201 Doc Phung 1 Vietnam
IndicaIRGC 328 Azucena 6 Philippines
IndicaIRGC 393 SML 81 B 1

IRGC 752 Kumbi 1 China Indica

IRGC 1635 PR304 6 Puerto Rico
IRGC 2564 Takao Mochi 6 Japan Japonica
IRGC 3408 Chirgua 1 1-22 6 Venezuela

Faso
Japonica
IndicaIRGC 5418 Sintane Diofor 1

IRGC 5496 Niao Yao 1 Taiwan
IRGC 6064 British Guiana 79 1 Guyana

*Glazmann (1987) classification.
tIRGC classification based on morphological traits scored at IRRI.
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(Kontes, USA.). The powder was then mixed with 700
duL of preheated extraction buffer containing 4 per
cent CTAB. The homogenate was incubated at 65°C
for 30 mm prior to adding 600 uL of
chloroform:isoamyl alcohol (24:1, v/v). After mixing by
inversion for 5 mm at room temperature the mixture
was centrifuged at 12000 g in a microfuge for 5 mm,
and the supernatant recovered and mixed with an equal
volume of ice-cold isopropanol. The DNA was
recovered as a pellet by centrifugation at 12000 g for 5
mm, washed with 300 1uL of 70 per cent ethanol, dried
under vacuum and dissolved in 100 pL of sterile dis-
tilled water. DNA concentration was monitored by
subjecting samples to 0.7 per cent agarose gel electro-
phoresis in TBE buffer (Sambrook et al., 1989) and by
visual assessment of band intensities compared with
lambda DNA standards.

Polymerase chain reaction

A set of 24 decanucleotides of arbitrary sequence were
employed (Table 2): 22 were obtained from Operon
Technologies (20 from Kit F and two from Kit C) and
two (BFLO1 and BFLO5) were produced at Birm-
ingham University by Alta Bioscience. Unless other-
wise indicated, the 25 4uL reaction mix contained
approximately 1 ng template DNA, 0.2 MM concentra-
tion of a single decanucleotide, 200 MM each of dNTPs
(Pharmacia) and 0.5 units Taq polymerase in the incu-
bation buffer provided by the manufacturer of the
enzyme (Boehringer Mannheim). The mixture was
overlaid by two drops of mineral oil. Amplification was
achieved in a Hybaid Omnigene thermocycler pro-
grammed as follows: cycle 1, 5 mm at 94°C; cycles
2—46, 30 s at 94°C, 1 mm at 35°C and 2 mm at 72°C;
cycle 47, 5 mm at 7 2°C. Amplification products were
subjected to electrophoresis in 1.2 per cent agarose
gels and detected by ethidium bromide staining, view-
ing under ultraviolet light and photographed using Pol-
aroid 667 film. Molecular weights were estimated using
a 1 kb DNA ladder (Gibco-BRL).

Data analysis

Only data generated from the detection of poly-
morphic fragments were analysed. Specific amplifica-
tion products were scored as present (1) or absent (0)
for each DNA sample and an index of genetic similarity
or distance calculated (1 —F). F values were initially
calculated using Nei & Li's (1979) matching coefficient
method:

F= 2 x NABI/(NA+ NB).

In this and later equations, NA =the number of bands
in accession A, N =the number of bands in accession

B, NAB1 =the number of bands present (scored 1) in
both accessions A and B, NABO =the number of bands
present upon amplification of some of the germplasm
within this set of accessions, but not present in either
accession A or B, and NT = the total number of bands
scored in the study. Later, F values were also calcu-
lated using other formulae:

1 F' NAB1/(NT— NABO) (Jaccard's coefficient)
2 F" =(NAB! + NABO)/NT (Similarity coefficient)
3 PP_ r If lu —

IVABO/kivT 1VAB1

An agglomerative method of clustering accessions was
employed utilizing the Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) (SAS, 1990).
TWINSPAN (Two-Way Indicator Species Analysis),
which employs a contrasting method of classification
based on a divisive clustering technique, was also used
to analyse the data (Hill, 1979; Francisco-Ortega et a!.,
1993).

Results

Optimization of RAPD protocol

For large-scale RAPD analyses, it is desirable to use a
method for DNA isolation that allows fast extraction of
DNA from a large number of samples while ensuring
uniformity of yield and purity of samples and minimi-
zing the risk of cross-contamination. The method
described by Edwards et a!. (1991) proved unsatisfac-
tory for rice because it resulted in variable DNA yields
between samples. When the modified extraction
method of Gawel & Jarret (1991) was employed, the
PCR protocol described in the Materials and methods
resulted in reproducible patterns of amplification
products when using a specific combination of acces-
sion and primer (Fig. 1).

The sensitivity of RAPD PCR technology to
changes in experimental parameters is well known
(Munthali et a!., 1992) and we performed several
experiments which both established a protocol yielding
reproducible results and confirmed the importance of
applying exactly the same protocol to ensure repro-
ducibility. To optimize RAPD assay for rice we
examined the effects of several parameters, namely,
concentrations of magnesium ions, template DNA and
primer, duration of time during the denaturation stage
of the amplification cycle, different sources of poiy-
merase enzyme and utilization of different thermo-
cyclers (Caetano-Anolles, 1993; Macpherson et a!.,
1993). In addition to the above reported factors we
found that the use of a primer sequence synthesized by
different suppliers and used at the same concentrations
also resulted in slight banding changes (data not
shown). Also certain primers produced reliable band-



RARD ANALYSIS OF GERMPLASM COLLECTIONS 173

Table 2 Sequences and codes of random primers used and the number of
monomorphic and polymorphic fragments amplified among 12 rice accessions

Key to polymorphic
markers and their

Sequence
Primer (5'-3')

No. of
monomorphic

fragments

sizes (bp)

Key Size

OPF-01 ACGGATCCTG 3 1 1450
2 1300
3 900

OPF-02 GAGGATCCCT 2 4 2000
5 1350
6 1300

OPF-03 CCTGATCACC 3 7 1700
8 1200
9 750

10 650
OPF-04 GGTGATCAGG 2 11 950

12 900
13 700

OPF-05 CCGAATTCCC 2 14 500
OPF-06 GGGAATTCGG 3 15 2200

16 1900
17 1850
18 1700
19 500

OPF-08 GGGATATCGG 3 20 800
OPF—09 CCAAGCTTCC 0 21 1600

22 950
23 700

OPF-12 ACGGTACCAG 2 24 1100
OPF-13 GGCTGCAGAA 5 25 1430

26 925
27 700
28 650

OPF-14 TGCTGCAGGT 1 29 1560
30 1530
31 890
32 870
33 840

OPF-15 CCAGTACTCC 2 34 750
OPF-17 AACCCGGGAA 1 35 1200

36 900
37 800
38 520

OPF-18 TTCCCGGGTT 0 39 2700

40 1500
OPC-07 GTCCCGACGA 2 41 1000
OPC-15 GACGGATCAG 2 42 800

43 700
44 650

BFL—01 CGCTGTCCTT 1 45 1100

BFL-05 GTCGCTGTCG 1 46 700
47 600
48 500
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size(bp) 1 2 3 4 5 6 7

3054

2036
1636

1018

517
396

Fig. I Amplification products using DNA extracted from
three individuals of each of two accessions of rice using
primer OPF-01. Lane 1, 1 kb ladder: lanes 2—4 and 5—7
amplified using standard conditions (see Materials and
methods) and DNA from accessions IRGC 123 and 5823,
respectively.

size(bp) 1 2 3 4 5 6 7 8 91011

4072
3054

2036
1636

1018

517

Fig. 2 Lane 1, 1 kb ladder. Lanes 2—10, amplification
products following PCR directed by primer OPF-02 using
DNA from nine individual rice plants of accession IRGC
5823. Lane 11, amplification products of DNA extracted
from pooled leaf samples of nine individuals of accession
IROC 5823.

ing patterns only when used at a higher concentration
than that reported in our standard protocol.

Variation within accessions

Rice accessions comprise a population of seeds origi-
nally collected from one site (e.g. a farmer's field)

usually from parts of the world in which modern
varieties are not grown. Hence, it is quite possible that
there is some genetic variation within an accession. To
take account of this, an experiment was performed in
which leaf samples from each of 10 individuals of one
accession were used for individual DNA extraction,
and DNA was also extracted from a pooled sample of
2 mg of leaf material from each of the ten individuals.
An example of the results obtained following amplifi-
cation directed by a decanucleotide is given in Fig. 2.
Some differences between the banding patterns of
individuals are apparent for this combination of acces-
sion and primer. Amplification of the pooled leaf sam-
ple DNA reveals all the bands that are monomorphic
in the individuals. The fragment of 540 bp that is
clearly present in only one individual is not
represented in the amplification products of the pooled
leaf samples. The 1290 bp product, which is clearly
present in two individuals, is represented for the
pooled sample. Taking these together with other data, it
appears that the presence or absence of bands in the
pooled sample that are not characteristic of all individ-
uals is influenced by their frequency in the population.
However, the minimum frequency required for a band
to be visible within the pooled sample varies for differ-
ent bands.

Variation between rice accessions

Twenty-four decanucleotides of arbitrary sequence
(Table 2) were used to prime amplification of DNA
sequences from 12 accessions of rice (Table 1).

1290 Reproducibility was checked by repeating PCRs at
least twice Ofl different occasions. The use of all
primers led to amplification products, but primers
OPF-17, -18 and OPC-07 gave banding patterns show-

540 ing poor reproducibility and the use of primer OPF-7
resulted in a large number of faint bands when used at
our routine concentration (0.2 1uM). For all four of
these primers, clear reproducible patterns were
obtained when the primer concentration was increased
from 0.2 to 0.8 p. Reproducible banding patterns
were not obtained using primer OPF-19 even at the
higher primer concentration; five primers (OPF-7, -10,
-11, -16 and -20) generated only monomorphic bands
for the rice accessions used here. Hence, data derived
from the use of the latter six primers were not included
in subsequent analyses. The remaining 18 primers
yielded 83 reproducible marker bands of which 48
were polymorphic. The number of polymorphic bands
varied between one and five per primer (with an
average of 2.7) with amplification products varying
between 300 and 2700 bp (Table 2). An example of
RAPD variation detected using primers OPF-13 and
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Marker* 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627 Marker*
number number

Fig. 3 Amplification products obtained using DNA extracted from the 12 accessions given in Table 2 and employing primers
OPF-13 (lanes 2—13) and OPF-14 (lanes 15—26). Lanes 1, 14 and 27, 1 kb ladder. *For key to markers and their sizes see
Table 2.

OPF-14 and DNA of 12 accessions is shown in Fig. 3.
The amplification products obtained from OPF- 13
were easily scorable. To facilitate scoring of some
amplification products obtained using primer OPF 14
a longer electrophoretic run than that shown in Fig. 3
was required (data not shown).

Analysis of relationships between accessions

Cluster analysis (UPGMA method) was used to generate
a dendrogram (Fig. 4). The analysis was carried out
using the Nei & Li (1979) index and assuming amplifi-
cation products of differing electrophoretic mobilities
to be nonallelic and products with the same mobilities
to be allelic. The dendrogram readily separated the 12
accessions into two major groups (X and Y) with one
of the major groups being further divided into two
minor ones (Xl and X2). The data were also subjected
to three alternative methods for the calculation of
similarity or distance between accessions before cluster
analysis using an agglomerative method (see Materials
and methods); these methods vary in the emphasis
placed on the matching of bands present and bands
absent and avoid the need to assume allelism between
bands of the same mobility. No significant differences
were observed between dendrograms produced using
any of the four indices described; in each case the same
accessions grouped together. In a further analysis, a
divisive method of clustering based on initial ordina-
tion of material (TwINsPAN) was used to separate
accessions. This analysis allows the identification of
marker bands that are particularly diagnostic of each
successive division of accessions. Results from the
TWINSPAN analysis were in close agreement with
those obtained using the agglomerative clustering

methods (Fig. 5). The re-ordered accession-bymarker
data matrix obtained from this analysis is presented in
Table 3. Accessions belonging to group Y were defined
by 16 markers presented at the lower end of Table 3
(from 29 to 44). With regard to individual bands,
markers 34 and 46 were present in all four japonica
but none of the eight indica accessions whereas
markers 38, 41 and 45 were present in all indica but
none of the japonica accessions.

Discussion

Proven reproducibility of RAPD banding patterns is a
prerequisite for the use of such data for the identifica-
tion of variation and the estimation of diversity. Our
results, in common with those reported by a large
number of other workers (Newbury & Ford-Lloyd,
1993) demonstrate that, using a specific combination
of template DNA and primer, reproducible results are
obtained if an experimental protocol is properly tested
and care is taken to avoid alteration of any of the
experimental parameters. In addition to several
reported factors affecting reproducibility of RAPD
amplification our study has established that different
sources and concentrations of primer influence band-
ing patterns and that certain primers produce more
reliable banding patterns containing more information
when used at a higher concentration; this is probably
because the genomic DNA used possesses an
unusually high frequency of annealing sites for these
primers so that their effective concentration for ampli-
fication is lowered in the reaction tube. This effect has
also been noted in our laboratory using Musa DNA
with the same primers (E. Howell, personal communi-
cation).

25.....

26 '32
27— '33
28r



Fig. 4 Dendrogram generated by
clustering using UpGMA analysis of 1-F
values (based on Nei and Li's index)
computed from pairwise comparisons
of RAPDS between 12 accessions of
Oiyza saliva. The accession numbers
are those of the IRGC collection (see
Table I). Roman numbers represent
isozyme groupings of Glazmann
(1987).

In all cases difficulties could be avoided or over-
come following the identification of a potential source
of artef act by rigorous testing for reproducibility,
including the use of replicate DNA extracts from
individual genotypes. Such testing is straightforward
within a single laboratory but more complex when
results obtained in two different laboratories are to be
compared. We suggest that collation of specific RAPD
data between laboratories can only be achieved with
confidence following a demonstration that both colla-
borators obtain the same banding patterns using a test
set of primers and defined genotypes.

0. sativa is predominantly autogamous in nature
(<1 per cent outcrossing, G. Khush, personal
communication; Butany, 1957) and hence little varia-
tion within accessions is expected. Nonetheless, within-
accession variation could arise by natural cross-
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Fig. 5 Dendrogram of 12 accessions of Oryza sativa
obtained after TWINSPAN analysis. The accession numbers are
those of the IRGC collection. Roman numerals refer to Glaz-
mann's isozyme groups.
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Table 3 Accession-by-marker data matrix generated from
TWINSPAN analysis of 12 accessions of Oryza sutiva

Accession no.t

565 132
27 4043645

60539619306
Markerno4 31216483584

011000000000
000000100000
000010000000
001111100000
010010000000
011111000000
001000110000
000000010000
011110110000
100000000000
100000000000
100000000000
100000000000
110000000000
110011010000
111110000000
111100000000
111111000000
111111110000
111111110000
111111110000
111111110001
111101100100
111111110110
111111111101
111111111110
111111111110
011111111111
011111111111
101111111111

111011111111
110111011111
000011111111
011000011111
010100011111
000010011111
000000000001
000000000001
000000010111
100000000111
000010001111

000000011111
000100001111
000000001111
000000001111
000000001101
000000001101
000000001110

pollination which is influenced by floral morphology
and environmental factors (Kato & Namai, 1987). It is
also possible that some of the accessions are the result
of the collection of mixtures of rice lines grown by
some farmers. Wang & Tanksley (1989) found that 26
per cent of rice accessions exhibited polymorphism
within five individuals of an accession using RFLP and
they concluded that this was because of the presence of a
mixture of pure-breeding lines within accessions. In our
study, leaf samples were bulked from 10 seedlings in a
pragmatic approach to take some account of any within-
accession variation. Ideally, the patterns of amplifica-
tion products from a large number of individuals would
be obtained and scored but, given the large number of
accessions present within most germplasm collections,
this would make the application of molecular tech-
niques impractical. The population of bands obtained
when a pooled (ten) leaf sample is subjected to RAPD
analysis is not always a summation of all the bands
present in all of the individuals, presumably because of
competition effects for the primer within the reaction
tube. However, use of this sampling method must lead
to a more representative population of bands for an
accession than use of DNA from a single plant.

Variation between rice accessions was observed
using RAPD technology with 18 of the 24 primers
employed. While the ease with which variation was
revealed in this study is influenced by the geographical
diversity of the 12 rice accessions used, it is clear from
other results obtained in our laboratory that variation
between more closely related accessions is readily
identifiable. One of the benefits of this initial study has
been to identify primers which are likely to be efficient
in revealing diversity in other sets of rice germplasm;
for example in the Operon F kit, primers 3, 6, 13, 14
and 17 proved most useful since they all yielded four
or five polymorphic bands when applied to the set of
rice germplasm studied here.

With regard to the suitability of numerical tech-
niques for the interpretation of RAPD data, we used
two contrasting methods of clustering: agglomerative
UPGMA and divisive TWIN5PAN. The former is a more
popular method in which dendrograms reveal
information based on similarity/dissimilarity between
accessions and hence it is possible to identify readily
closely-related accessions. The advantage offered by
TWIN5PAN is that it provides a rearranged accession-by-
marker data matrix based on statistical classification of
both accessions and markers and this facilitates visual
reinterpretation. Moreover, it identifies specific
markers which contribute to each division of the
dendrogram (Francisco-Ortega et a!., 1993). We
recommend the use of both of these complementary
methods of numerical analysis for RAPD data. The
analyses of our RAPD banding data proved robust as

31
4
6

9
15
42

40
16
36
2
18

32
47

10

24
25

30
39
38
41
45
43
11
17
23

28

48

20
22

3

8
7

29

21
26
12

14

19
1

27
5

37
33

34
46

13
35
44

1: present; 0: absent.
tFor key to accessions see Table 1.
For key to markers see Table 2.
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the same groupings of accessions were obtained by
each method (i.e. using both divisive and agglomerative
methods, and for the latter using a range of different
methods for assessing genetic similarity or distance
between accessions).

During the calculation of genetic similarity or
distance using RAPD data, it has been assumed that
comigrating amplified fragments are allelic. In RFLP
analysis one can assume this with more confidence
because a labelled probe has hybridized to both frag-
ments under conditions of controlled stringency. For
RAPD, information on sequence homology is limited
to the 10-base termini of each amplification product.
However, homology of comigrating RAPD products
has been previously demonstrated for different species
of Glycine and Allium (Wilkie eta!., 1993; Williams et
al., 1993). Indirect (but very significant) supporting
evidence of allelism is derived from the conformity of
taxonomic classifications based on RAPD data to
those which may be widely accepted and based on
more conventional approaches involving morphology,
cytology and enzyme electrophoresis. For example,
RAPD analysis has been shown to identify accepted
relationships between genomes of Musa and Brassica
(Demeke eta!., 1992; Howell et a!., 1994) and between
species of Stylosanthes (Kazan et al., 1993). We there-
fore feel that the assumption in our calculations that
comigrating bands are allelic is not unrealistic. How-
ever, to confirm allelism conclusively the inheritance of
band/s in the progenies of appropriate cross/es must
be studied.

The classification of rice into the japonica and
indica groups is important to breeders because of the
difficulty in hybridization and recombination between
these types. For breeders, the most useful classification
into these groups is based on the isozyme work of
Glaszmann (1987, 1988). His main groups I and VI
corresponded to the indica and japonica types (in the
sense of Oka, 1983) while Group II was an out-group
from Group I. In our study, the 12 accessions were
drawn from the much larger range of material analysed
by Glaszmann and the pattern of variation revealed by
the RAPD data is in strong agreement with the
Glaszmann classification. The analyses grouped the 12
accessions based on 48 different band positions and
the groups produced coincided directly with groups I,
II and VI classified using isozyme data.

While Glaszmann's classification had shown con-
cordance with previous groupings (Glaszmann, 1988)
it is clear that identifications based on morphology
alone can sometimes lead to different designations. For
example, the lines Azucena and PR 304 have been
classified as indica using morphological characters,
whereas they behave as japonica type in crossing

studies (G. Khush, personal communication). These
can also be classified as japonica following our RAPD
analysis. Such discrepancies were apparent in a second
experiment (data not shown) in which we used nine
primers with 44 further accessions of 0. sativa which
had been classified as indica or japonica only on
morphological grounds. Cluster analysis of the RAPD
data divided these accessions into two major groups.
All 31 of one group had been classified as indica; how-
ever, eight of the other group had been designated
japonica or javanica while the other five had been
designated indica. Whereas the RAPD classifications
do not always correlate exactly with classifications
based on morphology, they agree well with those based
on isozyme analysis (Glaszmann, 1987, 1988) and on
crossability data. This fact would make the utility of
core collections defined by employing RAPD markers
even more attractive both for the plant breeders as well
as gene bank managers. We believe that this is strong
evidence for the biological meaningfulness of the
RAPD results.

These findings have an immediate practical applica-
tion by rice breeders as the RAPD technology provides
a fast method for classifying relatively uncharacterized
accessions as japonica or indica. In a wider context, the
speed, efficiency and reliability of the RAPD metho-
dology, in conjunction with numerical analysis, render
this technology particularly appropriate for the
formulation of strategies for the effective management
of germplasm collections in terms of duplicate identi-
fication, the estimation of diversity, monitoring genetic
erosion and enhancing the use of those collections.
This study represents part of the development of a
package of procedures for studying agricultural bio-
diversity.
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