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Abstract In this report we describe the use of five 
oligonucleotide probes, namely (GATA)4, (GACA)4, 
(GGAT)4, (GAA)6 and (CAC)s, to reveal highly poly- 
morphic DNA regions in rice. With each of the 
oligonucleotide probes, the level of polymorphism was 
high enough to distinguish several rice genotypes. 
Moreover, individual plants of one cultivar showed the 
same cultivar-specific DNA fingerprint. The multilocus 
fingerprint patterns were somatically stable. Our study 
demonstrates that microsatellite-derived DNA finger- 
prints are ideally suited for the identification of rice 
genotypes. As the majority of the probes detected a high 
level of polymorphism, they can be very useful in 
monitoring and aiding gene introgression from wild rice 
into cultivars. 

Key words DNA fingerprinting �9 Genotype 
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Introduction 

Repetitive DNA sequences constitute a large fraction 
of the eukaryotic genome. VNTR (variable number of 
tandem repeats) Or minisatellites is one class of repeat 
sequences that are comprised of tandem repeats of 
short, core sequences dispersed throughout the genome. 
When these core sequences are hybridized to restriction 
enzyme digested genomic DNAs, they detect several 
hypervariable loci simulataneously (Jeffreys etal. 
1985a). Oligonucleotides specific for simple sequence 
repeats or "microsatellites" are another class of repeats 
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that can also detect high levels of polymorphism at mul- 
tiple loci and which can serve as a major source of 
genetic variation (Tautz et al. 1986; Tautz 1989). This 
has led to the individual identification in humans, ani- 
mals, plants and microorganisms (Jeffreys et al. 1985b; 
Dallas 1988; Rogstad et al. 1988; Ryskov et al. 1988). 
Complex and highly variable hybridization patterns 
have been obtained with (GATA)4, (GACA)4, (TG),, 
(CAC)s and several other oligonucleotide probes used 
for DNA fingerprinting (Ali et al. 1986; Schafer et al. 
1988; Turner et al. 1992; Haberfeld et al. 1991; Ellegren 
et al. 1992). Slot-blot hybridizations with simple repeats 
have been demonstrated in a variety of eukaryotic 
genomes (Epplen 1988). This finding was especially 
promising since unlimited numbers of these simple re- 
peats can be used for DNA fingerprinting in genomes 
other than humans. Recently, oligonucleotide probes 
have been successfully used for DNA fingerprinting in 
higher plants, especially in chick pea, barley and tomato 
(Weising et al. 1991, 1992; Beyermann et al. 1992; Vos- 
man et al. 1992), but except for these few reports, a 
systematic study with reference to the inter- and intra- 
specific variability in plants using oligonucleotide 
probes is lacking. 

Oryza is an agronomically important  genus, and 
many of the wild species grouped therein contain genes 
for resistance to biotic and abiotic stresses, especially 
to diseases and insect pests. Wild species of Oryza 
therefore provide a rich source for alien gene transfer 
to cultivated rice. The transfer of genes for resistance 
to grassy stunt virus from O. nivara, brown plant 
hopper and white backed plant hopper from O. of- 
ficinalis and bacterial blight and blast resistance from O. 
minuta to cultivated rice has been reported (Jena and 
Khush 1990; Amante-Bordeos et al. 1992). Prior to the 
application of DNA fingerprinting in rice breeding pro- 
grams, it is necessary to show that simple repetitive 
sequences can detect intra- and inter-specific variability. 
In this article, we report on the use of several oligo- 
nucleotide probes for identification of different rice 
genotypes. 
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Materials and methods 

Plant material 

Seeds of different cultivars of O. saliva were obtained from the 
Directorate of Rice Research (DRR), Hyderabad and Central Rice 
Research Institute (CRRI), Cuttack, India. O. sativa cvs 'Indrayani', 
'Basmati-370', 'Pranava' and 'Tambdarambhog' belong to the Indica 
subspecies, whereas 'Hakkoda', 'Norin-49' and 'Fujisaka' belong to 
the Japonica subspecies. 'Adt-27' is an Indica-Japonica derivative. 
Accessions of wild rice species of O. rufipogon and O. nivara (AA 
genome), O. punctata, O. minuta (BBCC genome), O. officinalis (CC 
genome) and O. alta (CCDD genome) were obtained from DRR, 
India. 

Plant DNA extraction, restriction enzyme digestion and 
gel electrophoresis 

DNA was isolated from leaves, seeds, seedlings and roots using 
cetyltrimethyl ammonium bromide as described by Rogers and Be- 
ndich (1988). Ten micrograms DNA was digested according to the 
suppliers' recommendations with the restriction enzymes AluI, 
HaeIII, HinfI, TaqI, ClaI, DraI, EcoRI, EcoRV, HindIII and XbaI. 
Electrophoresis was carried out on 1% agarose gels in TAE buffer 
(40mM TRIS-acetate, 1 m M  EDTA, pH 8.0), and gels were dried on a 
vacuum gel dryer (Tsao et ai. 1983). The complete digestion of DNAs 
with the restriction enzyme was confirmed as fingerprint patterns 
were reproducible even when enzyme concentrations and digestion 
times were increased. 

Oligonucleotide probes and hybridizations 

The oligonucleotides (CAC)s, (GAA) 6, (GATA) 4, (GACA)4, 
(GGAT) 4 and (TG)lo were synthesized on gene assembler plus (Phar- 
macia) using phosphoramidite chemistry, desalted on a NAP-5 col- 
umn and purified on a 20% denaturing polyacrylamide gel. 
Oligonucleotides were Y-end-labeled using gamma [32p]-ATP with 
T4 polynucleotide kinase, and the labeled probes were purified 
through a DE52 column (Whatman). Dry gels were denatured, 
neutralized and rinsed in 6 x SSC prior to hybridization with 
oligonueleotide probes, and stringent washes were performed as 
described by Weising et al. (1992) with slight modifications. The gels 
were autoradiographed at - 70 ~ with intensifying screens. 

Analysis of DNA fingerprint patterns 

Differences in band patterns were scored on the basis of the absence 
or presence of bands. Analysis was carried out on DNA fragments 
over 2 kb in length. A similarity index D expressing the probability 
that a fragment in one variety is also found in another for all pairwise 
comparisons was calculated. ()(D represents the average similarity 
index for all pairwise comparisons). The probability that the DNA 
fingerprints of two varieties of rice will be identical by chance was 
then estimated as (J(D)" (Wetton et al. 1987). 

Results and discussion 

In the first set of experiments, several restriction en- 
zymes, AluI, HaelII, HinfI, TaqI, ClaI, DraI, EcoRI, 
EcoRV, HindIII and XbaI, and six oligonucleotide 
probes, (GATA)4 , (GACA)~, (GGAT)4 , (CAC)5, 
(GAA)6 and (YG)lo, were explored for DNA finger- 

printing in rice. All of these simple sequence motifs were 
present in the rice genome, although the level of in- 
formativeness and fingerprint profiles revealed by differ- 
ent probes and enzymes varied. 

Restriction enzymes with four base-pair specificities 
are widely used in DNA fingerprinting. In our study, the 
use of such enzymes gave rise to a background smear 
with faint bands in the low-molecular-weight range that 
were not scorable (data not shown). This suggests that 
these repeat motifs are not present in long uninterrupted 
stretches that lack tetracutting restriction enzyme sites. 
This observation is interesting since much larger and 
distinct fragments have been obtained using restriction 
enzymes with four-base pair recognition site in humans 
and animals suggesting the clustering of tandemly re- 
peated micro/minisatellites (Kashi et al. 1990; Georges 
et al. 1988; Zischler et al. 1989). 

All of the rice genotypes used in the present study 
could be distinguished with most of the probes when 
restriction enzymes with six base-pair specificities, such 
as ClaI, DraI, EcoRI, and HindIII, were used. In most 
cases, distinct bands could not be detected in the low- 
molecular-weight region (less than 2kb), and conse- 
quently the gels were run until the 2 kb band of the 
lambda-HindIII marker reached the end of the gel. 
Figure l a - f  represents hybridization patterns detected 
in DraI digests of four cultivars of O. sativa and one 
accession each of O. rufipogon (AA) and O. officinalis 
(CC) with different oligonucleotide probes. Hybridi- 
zation with (GATA)4, (CAC)5, (GACA)4 , (GAA)6 and 
(GGAT)4 resulted in highly polymorphic strong bands, 
whereas hybridization with (TG)I o resulted in a heavy 
background smear indicating a large number of loci 
containing TG repeats. Different fingerprinting par- 
ameters calculated from the hybridization patterns in 
Fig. 1 are shown in Table 1. 

The probability of identical match by chance was 
found to be 2.5 x 10 .9 for (GATA)4, 5.5 x 10 .9 for 
(GAA)6, 1.1 x 10 -11 for (GGAT)4 , 7.5 x 10 .7 for 
(CAC)5 and 2.1 x 10 -5 for (GACA)4. The mean prob- 
ability that two different rice genotypes have identical 
fingerprints for probes (GACA)4 , (GATA)4 , (CAC)5 , 
(GAA)6 and (GGAT)4 is 2.1 x 10 .5 x 2.5 x 10 -9 x 
7.5 x 10 .7 x 5.5 x 10 .9 • 1.1 X 10 -11 =2.4  x 10 -39 .  

This estimation is based on the assumption that the 
DNA fingerprint bands identified by different oligonuc- 
leotide probes do not overlap each other, and if this 
assumption is accepted, up to 1039 rice genotypes can be 
distinguished using these five oligonucleotide probes. 
The proper combination of probe and enzyme is prob- 
ably the key to the efficient application of DNA finger- 
printing in both varietal identification and breeding. 
Based on the maximum number of specific bands detec- 
ted, (GGAT)4 would be the best choice. However, 
probes (GATA)4 , (GAA)6 and (CAC)5 are preferred 
because they gave better band resolution. 

The M13 probe has already had been used to distin- 
guish several genera in Rosaceae and Rubus cultivars 
(Nybom et al. 1990; Nybom and Hall 1991), and Jeffreys 
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probes 33.15 and 33.6 have generated individual specific 
fingerprints in humans and detected genetic variation in 
birds (Jeffreys et al. 1985b; Wetton et al. 1987). The use 
of oligonucleotide probes to generate individual specific 
fingerprints has been reported in humans, horses and 
cattle (Ali et al. 1986; Schafer et al. 1988; Buitkamp et al. 
1991; Ellegren et al. 1992). The potential of the oligonuc- 
leotide probes, even individually to distinguish rice 
genotypes, is comparable with the probability of obtain- 
ing identical fingerprints by chance using the M13 
probe, Jeffreys probes and oligonucleotide probes in 
other eukaryotes reported so far. In an attempt to 
ascertain whether the oligoprobes can distinguish even 
more genotypes of rice, we extended our study to include 
more wild rice genotypes as well as cultivars represent- 
ing both Indica and Japonica subspecies. Hybridi- 
zation with probe (GATA)4 was carried out as it resulted 
in DNA fingerprints with the highest resolution. Figure 
2 represents hybridization patterns detected by 
(GATA)4 in HindIII digests of O. sativa cultivars from 
subspecies Indica (lanes 1-4), Japonica (lanes 5 7) 
and six wild rice genotypes (lanes 8 13) representing 
different genomes of rice as described in the Materials 
and methods. With (GATA)4 as probe, all 13 rice geno- 
types could be distinguished. In the present study, with 
respect to GATA-containing loci, Indica and Japonica 
subspecies appear to form two distinct groups: Second- 
ly, there is a clear distinction between the wild and 
cultivated rice genotypes. In addition, the level of vari- 
ation observed between the cultivated rice and wild 
species having the AA genome, especially O. rufipogon, is 

Fig. l a - f  DNA fingerprints of rice genotypes using oligonucleotide 
probes a (GATA) 4, b (CAC) s , e (GAA) 6, d (GGAT) 4, e (GACA)4 and f 
(TG)lo. DNA was digested with DraI. Lanes I 6 contain DNA from 
O. sativa cvs ' Indrayani '  (1), 'Adt-27' (2), 'Basmati-370 (3), 'Hakkoda '  
(4) and accessions of O. rufipogon (5) and O. officinalis (6). Molecular 
size markers in kb are indicated in the right margin 

less than has been observed in other genomes of rice. 
This supports the view that O. rufipogon is the ancestor 
of O. sativa as has been suggested by Kochko et al. 
(1991). 

In order to investigate differences between individual 
plants of the same cultivar, DNAs were isolated from 
individual plants of the cv 'Indrayani', digested with 
HindlII and probed with the oligonucleotides used in 
this study. No differences were detected among the 
individual plants (data not shown). Next we examined 
the fingerprint patterns of different tissues (seed, seed- 
ling, leaf and root) obtained from cv 'Indrayani'. Again 
no differences were observed with the various oligonuc- 
leotide probes tested, suggesting that the DNA finger- 
print patterns were somatically stable (data not shown). 

The results presented in this report demonstrate that 
oligonucleotide fingerprinting in rice can serve as a 
powerful tool for the identification of different rice 
genotypes as most of the genome can be investigated 
using a collection of different oligonucleotide probes. 
This type of analysis will assist in the  characterization 
and evaluation of rice genetic resources, in the testing of 
the homogeneity of inbred lines and in the identification 

Table 1 Analysis of DNA fingerprints using different oligonucleotide probes (Similarity index was calculated as X D = (2NAB)/(NA + NB), 
where NAB is the number  of bands present in both  lanes. N A is the total number  of bands in lane A and N B is the total number  of bands in lane B) 

(GATA)4 (GAA)6 (GOAT)4 (CAC) s (6ACA)4 

Average number  of bands (n) _+ SD 
Average number  of polymorphic bands between pairs _+ SD 
Average similarity index (XD) _+ SD 
Probability of identical match by chance ()(D) n 

32.2 + 3.4 33.8 _+ 2.9 36.7 _+ 2.1 31.2 + 2.3 24.2 _+ 1.7 
29.5_+8.3 28.7_+10.1 36.4_+12.9 22.5-1-10.0 17.4_+9.1 

0.54 _+ 0.14 0.57 _+ 0.17 0.5 _+ 0.17 0.64 _+ 0.29 0.64 _+ 0.18 
2.5 x 10 -9 5.5 x 10 -9 1.1 x 10 -11 7.5 x 10 -7 2.1 x 10 -5 
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Fig. 2 Hybridization patterns of HindIII-digested DNA from se- 
veral rice genotypes probed with (GATA)4. Lanes 1-13 are O. sativa 
cvs ~ (1), 'Basmati-370' (2), 'Pranava' (3), 'Tambda rambhog' 
(4), 'Fujisaka' (5), 'Hakkoda' (6), 'Norin-49' (7) and accessions of O. 
nivara (8), O. rufipogon (9), O. minuta (I 0), O. puncmta (11), O. officinalis 
(I2) and O. alta (13). Molecular size markers in kb are indicated in the 
right margin 

of somatic hybrids and chromosome addition lines. 
DNA fingerprinting can be of great value in monitoring 
and aiding gene introgression from wild rices into 
modern cultivars. As DNA fingerprint loci (DFP) are 
extremely polymorphic, genotypes having maximum 
similarity to the recipient line and minimal similarity to 
the donor line can be selected in crosses involving wild 
and cultivated rice (Hillel et al. 1990). This ensures a 
large number of heterozygous DNA fingerprint loci, 
thereby reducing the required number of backcross 
generations in gene introgression breeding programs. 
Such DNA fingerprint loci can also aid in the removal of 
both marker-linked donor DNA flanking the gene of 
interest (to minimize the linkage drag) and unlinked 
DNA (Tanksley et al. 1989). A correlation between 
variability at the DNA level (measured by restriction 
fragment length polymorphism) and heterosis has pro- 
ved to be of great value in allocating maize genotypes to 
different heterotic groups (Lee et al. 1989; Godshalk 
et al. 1990). Similarly, by means of DNA fingerprinting 
rice varieties with good combining ability can be identi- 
fied without the evaluation of F 1 hybrids in the field to 
predict heterotic combinations. Linkage between RFLP  
markers and quantitative trait loci (QTL) for improve- 
ment of an elite hybrid has been reported in maize (Zehr 
et al. 1992). DNA fingerprinting technology can serve as 
an efficient method for such an analysis. 
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