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GENOTYPES USING CULTIVATED RICE GENOMIC PROBES
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ABSTRACT

Four accessions of O. australiensis with EE genome were examined for restriction fragment
length polymorphism (RFLPs). Fifteen RFLP clones of O. sativa, with known chromosomal
positions showed RFLPs among the accessions. However, 54.60/. monomorphic banding
patterns indicated conserved nature of DNA of O. australiensis genome. The differences
in electrophoretic banding patterns were parsimoniously interpreted as the result of 108
mutations. Three RFLP clones (RGll8, RG190, RG207) revealed a number of RFLPs among
the accessions which could fingerprint the four genotypes. The genetic relationship
between the accessions were determined by the positions of the accessions in the
phylogenetic tree and by computation of mutation distances between the accessions. We
found that the accession 100882 is closer to the accession 101397 in terms ofgenetic distance
than the accessions 103318 and 101410.

Key words: RFLP, Oryza, O. australiensis, DNA fingerprint, phylogeny, genotype.

The genus Oryza L. belongs to the subfamily Oryzoideae, in the family Poaceae
(Gramineae) and has two cultivated species and about 20 wild species [1,2]. These species
grow in a wide range of geographical locations and are found in tropical and temperate
regions worldwide [3]. The genus Oryza is divided into four distinct species complexes and
two distinct species such as O. schlechteri and O. brachyanthd. Cytogenetic observations of
chromosome pairing have so far identified five genomes: AA, BB, CC, BBCC, CCDD, EE
and FF [4, 5]. The cultivated species O. sativa and O. glaberrima share the common genome
AA with their closely related wild species. The diploid species with DD genome is not yet
identified and maybe extinct. O. australiensis Domin. is diploid with EE genome and belongs
to O. ojfiCinalis complex [2] or O. latifoIia complex [6, 7].

The species in the genus Oryza have a number of desirable traits for rice improvement
[8]. They have genes for resistance to biotic and abiotic stresses and it has been possible to
introgress disease and insect resistance genes into the genome of cultivated rice across
crossability and recombination barriers [9,10]. O. australiensis grows in the northern tropical
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zone of Queensland, Northern Territory and Western Australia. A few available accessions
of O. australiensis have been screened and they show high level of resistance to several insects
[11] and tolerance to drought (K. Ingram, personal communication). The accessions of this
species are morphologically similar. Nevertheless, isozyme studies have detected genetic
variability between the accessions of this species [6, 12]. However, apparent genetic
variability of the accessions detected by morphological and isozyme analysis maybe caused
by differential gene expression in response to the environment or to the stages of plant
development. Restriction fragment length polymorphism (RFLP) analysis of nuclear DNA
provides an additional tool for studying genetic variation and phylogenetic relationships
among populations and species of crop plants [13-17]. Since RFLP analysis is done directly
at the DNA level, it reflects heritable changes in the nucleotide sequence both in the coding
and noncoding regions. As a result, RFLP studies are more sensitive to genetic changes than
isozymes which reflect only those changes resulting in aminoacid substitutions.

In this study, we have used RFLP analysis by rice genomic nuclear DNA probes to
identify genetic variation among the four genotypes of O. australiensis and to fingerprint the
respective genotypes. Based on RFLP variability, we have determined phylogenetic
relationships among the accessions which could be useful for selecting genotypes to
introgress useful genes for rice improvement.

MATERIALS AND METHODS

PLANT MATERIAL

Four accessions of 0 australiensis, which represented four independent collections from
Australia, were grown in the green house from seeds provided by the International Rice
Germplasm Center (IRGe) at the International Rice Research Institute (IRRI), Los Baftos,
Philippines (Table 1).

Table 1. Accessions of O. australiensis used in RFLP analysis

Identifier Species Genome Accession Origin or
No. source

Al O. australiensis EE 100882 Japan"

A2 EE 101397 Australia

A3 EE 103318 Australia

A4 EE 101410 Australia

"Origin unknown but the seed kept at IRRI was obtained from NIG, Japan.
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RFLP PROBING
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Genomic DNA extraction, restriction endonuclease digestion, electrophoresis,Southern
blotting, hybridization of labelled probes were generally similar to the methods described
by McCouch et al. [18]. Genomic DNA of Table 2. RFLP probes used
four O. australiensis accessions was cut with
eight different restriction enzymes (EcoRI, Probe
EcoRV, HindIII, BamHI, PstI, Oral, Xbal,
Scal) according to the supplier's instruc-
tions (Bethesda Research Laboratories and RGI08

New England Biolabs), electrophoresed in RG140

0.8% agarose gels and Southern-blotted to
GeneScreen Plus hybridizatioon mem- RG345

brane (DuPont) by the method of Southern RGI44

[19]. Bacteriophage lambda cut with Hind RG139

III were included as molecular size stan-
dards on each gel. Fifteen genomic RFLP RG143

clones previously mapped to AA genome RG169

rice chromosomes [18], were kindly supp- RG214

lied by Dr. Steven D. Tanksley, Cornell
University, Ithaca, New York (Table 2). RG182

Inserts were isolated from plasmids RG207

according to Maniatis et al. [20], random RGI72
hexamer-Iabelled with 32p_dCTP to high

. 'f' "[21] d b d h RG213specI IC actIvIty an pro e to t e
Southern-blots. Following overnight RG118

hybridization at 65°C, the membranes were RG190

washed with 2XSSC + 0.1%SDS (once) and
lXSSC + 0.1%SDS (twice) at 65°C for 20-30 RG341-----------------minutes. Washed me~branes :rere ·Chromosome numbering is according to the lnter-
exposed to Kodak X-OMat fIlm at -80 C for national Rice Genetics Cooperative agreement, May,
autoradiography. 1991.

DATA ANALYSIS

The bands revealed by autoradiography were assigned molecular weights based on
their positions relative to the lambda molecular weight standards and each fragment was
treated as a unit character. For each probe/enzyme combination, restriction fragments
across all accessions were assigned numbers 0,2, 3, ...., n) in order of their decreasing
molecular weight. Common fragments among the four accessions were assumed to reflect
shared restriction sites and to be indicative ofhomologies in DNA sequences. The data were
organized into a 1-0 matrix and analyzed with the computer program "Phylogenetic
Analysis Using Parsimony" (PAUP version 2.4) developed by D. 1. Swofford (Illinois
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Natural History Survey, Champaign, IL). The branch and bound method using
addition= stepwise and mulpar functions was used to generate phylogenetic trees. In
addition to phylogenetic analysis using parsimony (PAUP), we compared accessions in a
pairwise fashion [22] using the total number of polymorphic restriction fragments between
pairs of accessions.

RESULTS AND DISCUSSION

RFLP VARIABILITY

~·4Kb

Of the 238 DNA fragments identified by 72 probe/enzyzme combinations, 4508.9%)
were unique fragments and 130 (54.6%) fragments were common to four accessions

indicating extensive DNA sequence
homology among the genotypes of O.
australiensis. All the accessions showed
similar banding patterns at eight
restriction sites with the probes RGI08
and 144 (Fig. lA). However, 63
fragments (26.5%) were polymorphic
among the accessions and separated
the genotypes from one another (Fig.
IB). Genomic or eDNA clones have
previously been used to identify
genomes or genotypes in several crop
species like potato, rice, soybean,
tomato and beets [13, 15, 23-25]. In this
study, we could differentiate the
genotypes of O. australiensis with the
selected random genomic probes of
cultivated rice with known

.-16·3J{b
...11·5kb

B
.....4·4kb
...4·0kb
....3·8kb

Fig.l. Autoradiographs of EcoRI digested
DNA from four accessions of O.
australiensis. A) Southern-blot was
probed with RG 139. Note that two
bands (9.4 kb and 3.1 kb) are
common for all accessions. B)
Southern-blot was probed with
RG214. Note RFLP variations among
the accessions. The sizes of banding
patterns are in kilobases (kb) and
pointed out by arrows (~).
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chromosomal positions. Interestingly, three single copy probes (RGl18, RG190 and RG207)
showed multiple banding patterns for the accessions at three different restriction sites
(EcoRI, Oral and EcoRV) and showed RFLP differences among the accessions. For example,
the probe RG190 showed 23 kb and 6kb Dral fragments specific to the accession 100882, 5
kb and 2.5 kb fragments for the accession 101410 and the accessions 101397 and103318
shared a common 3.5 kb fragment (Fig. 2). Thus the three probes (Rgl18, RG190 and RG207)
may be used to fingerprint EE genome species at the genotype level and this type of banding
patterns resembled with the patterns detected in apple genotypes by M13 fingerprint probes
[26]. Identification of the genotypes of O. australiensis by random genomic probes is also
supported by previous findings at the chloroplast DNA level [27].

~6kb

~
(")

«~«

~~~«

-.'

The population genetics of wild rice species is not well known and our data do not
include multiple plants from the same population. However, some probe/enzyme
combinations produced fragments unique to particular accession. For example, accession

101410 had a unique 6.0 kb BamHI fragment
with the probe RG190 while other accessions
shared common RFLP patterns (Fig. 3). This

FiS'2. AUloradlopaplu of Oral dlplted DNA
from four O. australieMis accessions
probed with RG190. Note multiple
banding patterns in all four accessions.
Differentiating band sizes are given
in kilobases (kb) and marked by
arrows (+-).

FIS.3. Autoradlopphl of BamHl dlplted
DNA from four accessions of O. aNltrA­
liensis probed with RG190. A 6 kb band
unique to the accessions101410 is shown
by arrow (+-) and other accesions have
shared bands.
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may be a population specific marker and we are now studying such variation among the
plants of a single genotype and their inheritance in an interaccession F2 population.

PHYLOGENETIC RELATIONSHIP

Table 3. Number of dissimilar RFLPs between pairs of
O. australiensis accessions

62

77

80

101410

101410

67

54

103318

103318

19

101397

18

44

100882

A phylogenetic tree showing relationships
between the accessions of O. australiensis.
Accession numbers are given at the end of each
branch and numbers on the branches indicate the
unit distance (minimum mutation distance).

33

3

~ 101397

--L2... 100882

Fig. 4.

The total number of 108 dissimilar RFLPs among the accessions were obtained by
totaling the number of polymorphic restriction fragments between pairs of accessions for
72 probe/enzyme combinations. A comparison of these dissimilar RFLPs reflects the
relationship between the genotypes of O. australiensis and the numbers in Table 3 represent
minimum mutation distances between the genotypes. By parsimony analysis, one shortest
tree of length 114 and over all consistency index of 0.93 were found. Of the four accessions

of O. australiensis, the accessions
103318 and 101410 were clustered
into one group, whereas the other
two accessions (100882 and 101397)
form two distinct groups in the
phylogenetic tree (Fig. 4). The
phylogenetic analysis of the
accessions revealed that the
accessions 103318 and 101410 might
have originated from one
geographical location with high
genetic diversity (mutation distance
62) whereas the accessions 100882
and 101397 might have originated
from two independent locations in
Australia and have close genetic
relationships (mutation distance 19).
However, the accession 100882 is
geneticall y diverged from the
accessions 103318 and 101410.
Minimum mutation distances for the
individual branches in the
phylogenetic tree correlated with the
values in Table 3 and reflects the
degree of genetic variability among
the accessions. Similar studies have
been employed in the classificationof
the genotypes at species and
subspecies level in cultivated rices
[17] and for identification of Brassica
germplasm [28].

Accessions

101397

101410

103318

100882
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