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ABSTRACT: Molecular markers technology provides novel tools for DNA fingerprinting of crops. The genetic
diversity and DNA fingerprinting of 24 varieties of two different populations of rice (Oryza sativa L.) where
investigated using 1SJ primers. A total of 9 ISJ primers were tested for screening 24 varieties of two different
populations. The objective of the present work was to study genetic diversity within and between populations and
within varieties. The results revealed a total of 1607 reproducible amplifications products and 1463 (91.03%)
polymorphic bands for all primers and all genotypes. The number of polymorphic amplified products ranged from
0 for primer E4 to 237 for primer R2. The number of bands per primer ranged from 24 for primer E4 to 261 for
primer R2, and number of bands per genotypes varied from 1 to 10. The primers R2, R4 and E4-1 were the most
informative locus for DNA profiling and differentiation. The coefficient of similarities based on ISJ data among
varieties ranged from 0.42 to 0.90 with an average similarity index of 0.67. The lowest genetic similarity was
observed between You Mi and Xiang Zhao Xian No 24; and the highest genetic similarity was observed between
genotypes R207 and R507. Cluster analysis based on Dice’s similarity coefficient using UPGMA procedure
grouped the varieties into three clusters: Cluster | comprised nine varieties all from Hunan. Cluster Il possessed
five varieties four of them are from Hunan as well as varieties of cluster I, but the last one yangling Inc.’s locality
is unknown. Cluster Il possessed most varieties (ten) from Beijing and Hunan.
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I. INTRODUCTION

Rice, (Oryza sativa) (2n=24) belonging to the between landraces leaving a wide scope for future
family Gramineae and subfamily Oryzoidea is the crop improvement.
staple food for one third of the world’s population. Moreover, rice is also an ideal model plant for
After wheat, rice is the second largest source of the study ofgrass genetics and genome organization
calories in the human diet and provides due to its diploid genetics, relatively small genome
approximately 20% of the total calories consumed size 430 Mb (4), significant level of genetic
worldwide. It is a particularly important food source polymorphism (5), large amount of well-conserved
in Asia and provide more than two billion people genetically diverse material (100.000 accessions of
with 60-70% of their daily energy requirements rice germplasm worldwide) and the availability of
(D) ;(2). Rice occupies almost one-fifth of the total widely collected, compatible wild species.
land area covered under cereals. It is grown under Characterization and quantification of genetic
diverse cultural conditions and over wide diversity has long beena major goal in evolutionary
geographical range. The world’s rice production has biology. Information on the genetic diversity within
doubled during last 25 years, largely due to the use and among closely related crop varieties is essential
of improved technology such as high vyielding for a rational use of genetic resources. The analysis
varieties and better crop management practices (3) of genetic variation both within and among elite
Further scope of crop improvement depends on the breeding materials is of fundamental interestto plant
conserved use of genetic variability and diversity in breeders. It contributes to monitoring germplasm
plant breeding programs and wuse of new and can also be used to predict potential genetic
biotechnological tools. There is wide genetic gains or losses.
variability and diversity available in rice among and The identification of rice varieties and
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determination the relationships between varieties are
very important for plant improvement program,
variety registration system, distinctness, uniformity
and stability (DUS) testing and the protection of
plant variety and breeders’ rights (6). So, clear-cut
identification of elite crop varieties is essential for
protection and prevention of unauthorized
commercial use (7).

Conventional characterization of varieties
based on specific morphological and agronomic data
is time-consuming, restricted to a few
characteristics, influenced by environmental
conditions. In contrast, DNA-based makers are
highly heritable, available in high numbers, and
exhibit enough polymorphism; hence they can be
used to discriminate closely related genotypes of a
plant (8); (9). For this reasons, DNA fingerprinting
for cultivars orvarietals identification has becomean
important tool for genetic identification in plant
breeding and germplasm management (10).

The abundance of information on DNA
sequences of plant genomes permits to design
sequence-related primers for PCR amplification (11)
The use of semi-random primers targeting the intron-
exon splice junction (ISJ), proposed by Weining and
Langridge (12) and developed by Rafalski et al. (13)
and proved to be very useful for fingerprinting (14).
This system is universal for plant because the
sequences of primers were based on the consensus
sequences of ISJ (7 and 9 bases in length) of plant
and necessary for effective splicing (13).

Semi-random markers have been successfully
used for cultivar analysis in number of plant species,
rye (11), maize (15), wheat and triticale (16), potato
(17) and common bean (18). Weining & Langridge
(12) identified and mapped polymorphism in cereals
using conserved, semi-random and random primers.
With this approach, inter- and intra-specific
polymorphism could be detected by different
combinations of primers.

In the present study, we applied PCR with
intron-exon splice junction (ISJ) primers (12) to
collections of rice (Oryza sativa L.) germplasms to
analyze the DNA polymorphism and the
relationships between the cultivated varieties in
China. The varieties have been collected from three
different regions of China.

The main aim of this study is to assess genetic
diversity and DNA variability between populations
and within varieties.

Il. MATERIAL AND METHODS

2.1 Plant material and genomic DNA isolation

Twenty-four rice varieties were used in this study see
the list of these varieties on the Table 1. Genomic
DNA was isolated from the young and fresh leaves
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of ten plants of several varieties for testing DNA
variation within varieties, whereas the leaves of
individual plant were used for all materials for
testing genetic diversity between varieties. DNA was
extracted according to Weining & Langridge (12)
protocol modified by Weining & Henry (19).

DS Exdraction buffer: 2 % Sodium Lauroyl
sarcosine, 0.1 M Tris-HCI, 10 mM EDTA, pH 8.0.
2.2 Procedure of DNA isolation

Fresh leaves oftwenty-one days old were used.
Leaf tissues was cut into small pieces, and then
grounded to apowderin 2ml tubes in liquid nitrogen,
with the glass pestles under liquid nitrogen. The
powder was then mixed with 0.6 mL of DS buffer
and subsequently add 0.6 mL
phenol/chloroform/isoamylalcohol  (25:24:1). The
whole mixture was shaken well for 30 seconds and
leave it on ice for 20 min. During 20 min on ice the
mixture was shaken three times with 5 min interval
between each other. After 20 min on ice the mixture
was centrifuged at 10000 rpm for 10 min in bench
centrifuge. The aqueous phase was recovered and
transferred to fresh tubes, 0.6 ml of chloroform was
added to the obtained solution with subsequently
shaken well before centrifugation for 10 min. The
upper phase was collected and 0.5 ml of isopropanol
and 50ul of 3 MNaAc were added in the tube. Then
the tube was inverted gently for few times to
precipitate the DNA and centrifuged at 10000 rpm
for 5 min. After discarding the supernatant, the pellet
was washed two times with 70 % ethanol. Pellet was
air dried at room temperature for two hours and then
was added 100ul of double distilled H.O. We
checked DNA quality with 1% agarose gel
electrophoresis.

2.3 1SJ primers analysis of DNA

Nine ISJ primers were used in this study (see
Table 2). PCR amplification was carried outin atotal
volume of 20uL reaction mixture containing 1.0pL
of template DNA, 2.0uL of 10xbuffer, 1.6uL dNTPs
(2.5mmol /L), 1uL MgCl (25mmol/L), 1umol/L
primer, 0.2uL of Taq polymerase (Takara) and
12.6uL of double-distilled H.O. The amplification
reaction was performed according the following
cycling program: initial denaturation for 5 min at
9411, followed by 9 thermal cycles of 1 min at 94[7,
108 s at 48[, 2 min at 72[], 20 thermal cycles of 1
min at 94[1, 90 s at 55[1, 2 min at 72[], and a final
extension at 72[1 for 10 min.

The PCR-amplified products were separated
by electrophoresis in 2 % agarose gels with 1XTAE
buffer. Gels stained with ethidium bromide, were
imaged in Biometra (UV-solo model) gel
documentation system. Each reaction was repeated
twice and only reproducible bands were considered
for analysis.
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Table 1. Listof ricevarieties.

No Name Origin Site
1 Luo Gu b South China Hunan (South)
2 Xiang Wan Shan No17 South China (Hunan) Hunan (South)
3 Xiang Luo South China (Hunan) Hunan (South)
4 R227 South China (Hunan) Hunan (South)
5 Luo Gu a South China (Hunan) Hunan (South)
6 Di Fang Zhong a South China (Hunan) Hunan (South)
7 R 207 South China (Hunan) Hunan (South)
8 R 018 South China (Hunan) Hunan (South)
9 Bing Zhao Luo Nol South China (Hunan) Hunan (South)
10 You Mi South China (Hunan) Hunan (South)
11 R 493 South China (Hunan) Hunan (South)
12 Tian Long Nol South China (Hunan) Hunan (South)
13 R 507 South China (Hunan) Hunan (South)
14 Yangling inc Unknown
15 98-11 North China
16 Huang Hua Zhan South China (Hunan) Hua rong
17 Jin Zhao No47 South China (Hunan) (JinHua) Zhejiang Yue Yang Xian
18 Xiang Wan Xian No12 South China (Hunan) Hua rong
19 Zao Chun Nuo South China (Hunan) Yue Yang Shi Nong Ke Suo
20 Xiang zao xian 31 South China (Hunan) Lin Xiang
21 Jia Zhao No21 South China (Hunan) Yue Yang Shi Nong Ke Suo
22 Zhe Fu No7 South China (Hunan) Hua rong
23 Xiang zao xian 45 South China (Hunan) Yang Jiang
24 Xiang zao xian 24 South China (Hunan) -
Table 2. Listof 9 I1SJ Primers.

ISJ Primers Sequences

E4 5-GGAATTCCACCTGCA-3’

E2 5-GGAATTCCACGTCCA-3’

R1 5-TCGTGGCTGACTTACCTG-3’

R2 5-TGCTGGTTTGCAGGT-3

R3 5-TGCTGTGTGTGGACG-3’

R4 5-TCGTGGCTGACTTACCTG-3’

R5 5’-TCGTGGCTGACGTCCATT-3

R1-1 5-TCGTGGCTGACTTCACTG-3’

E4-1 5’-GAATTCCAGCCTGCA-3
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Figure 1 1SJ agarose gel profile of 19 rice genotypes using primer R2.
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Lane numbers represent serial number of rice genotypes listed in tablel;

M=molecular marker ladder.
2.4. Data analysis

Semi-random reproducible bands were scored
as present or absent (1, 0). The ISJ matrices were
then analyzed using (NTSYS) version 2.02.
Similarity for semi-random datawas computed using
the Dice’s similarity index and similarity estimates
were analyzed by the UPGMA algorithm. The
resulting clusters were expressed as dendrogram.

IV. RESULTS

4.1 Fingerprinting analysis

Nine primers from different series (R and E)
were used. The size of amplified fragments ranged
from 250 to 2000bp (see Figure 1). A total of 1607
reproducible amplifications products were observed
and 1463 polymorphic bands were scored for all
primers and all genotypes (91.03%  of
polymorphism). The number of polymorphic
amplified products ranged from 0 for primer E4 to
237 for primer R2. The number of bands per primer
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ranged from 24 for primer E4 to 261 for primer R2,
and number of bands per genotypes varied from 1 to
10. The primers R2, R4 and E4-1 were the most
informative  locus for DNA profiling and
differentiation. An example of an ISJ pattem
produced using the R2 primer is presented in
Figurel.

4.2 Similarity and cluster analyses

The coefficient of similarities based on semi-
random data among varieties ranged from 0.42 to
0.90 with an average similarity index of 0.67. The
lowest genetic similarity was observed between You
Mi and Xiang Zhao Xian No24; and the highest
genetic similarity was observed between genotypes
R207 and R507 (see Table 3).

Cluster analysis based on Dice’s similarity
coefficient using UPGMA procedure grouped the
varieties into three clusters (see Figure 2). Cluster |
comprised nine varieties, Cluster 1l possessed five
varieties and Cluster 11l possessed ten varieties.
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Figure 2. Dendrogram of rice varieties based on Dice’s similarity index by ISJ markers.
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Table 3. Dice’s similarity coefficient matrix for rice genotypes based on ISJ amplification data
XL x2 X3 x4 X5 X6 X7 x8 X xXI0 x11 x12 X3 x4 x5 xI6 X7 xI8 X9 X0 X1 X2 X3 x4

xL 100
X 075 1.00
X3 069 075 100
x4 068 074 080 100
x5 081 064 062 079 100
x 08 071 071 074 083 100
Xxr 080 066 076 075 079 089 1.00
X8 080 075 084 08L 072 080 089 100
X 083 072 070 073 080 087 084 081 1.00
xl0 080 060 065 066 076 082 083 075 080 100
x11 072 060 066 069 071 078 08 072 073 076 100
x12 08 067 073 076 08l 088 087 080 08L 082 083 1.00
x13 080 064 072 073 079 083 09 080 077 08L 084 08 100
x4 073 073 08 074 066 073 074 080 076 065 066 077 078 100
x5 065 073 075 068 060 071 070 073 066 060 060 069 070 0.77 100
xl6 065 067 065 066 064 065 062 060 066 061 060 067 066 069 077 1.00
xl7 063 063 065 066 066 067 066 063 062 065 062 071 072 071 077 088 100
x18 054 065 052 064 060 052 049 052 055 048 047 056 053 058 063 077 071 1.00
x19 064 059 062 065 067 068 067 062 065 066 063 070 071 066 072 08 08 074 100
X0 060 056 054 062 068 058 053 050 059 052 055 058 059 060 061 075 073 071 081 1.00
X1 065 061 061 060 064 060 062 060 062 060 060 060 066 067 071 077 075 069 08 082 100
x22 054 054 052 060 062 054 051 046 055 046 051 054 055 056 060 075 069 079 076 08 0.80 100
X3 060 056 056 062 066 060 062 054 062 056 060 063 066 061 067 079 079 071 087 08 08 082 100
x4 046 054 054 060 051 048 045 046 049 042 060 052 049 054 054 071 063 067 066 077 065 075 0.67 100
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Figure 3. Principle coordinate analysis grouping of 24 genotypes based on ISJ data

V. DISCUSSION

DNA fingerprinting for cultivar or varietal
identification has become an important tool for
genetic identification in germplasm management
and plant registration system. Different molecular
marker techniques are accessible today for
fingerprinting plant germplasm but information on
their relative efficacy in particular crops is not clear
(20). The main advantage of semi-random primer is
that; it avoids targeting the heterochromatic regions
of the plant genome (14). This is of particular
importance in cereals, where repeated sequence
regions are very abundant (11).

The results of molecular analyses in this study
revealed that the number of bands per primer and
genotype ranged from 24 to 261 and from 1 to 10.
The average number of bands per primer and
varieties were 178.55 and 7.43, respectively. These
estimates were shown higher than the RAPD
markers data that were evaluated in the previous
study (21).

The results clearly revealed that eight of nine
primers have the highest efficacy for DNA profiling
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and discrimination of rice varieties. Only primer E4
was the least informative. Gawel et al. (16) reported
that DNA fingerprinting systemnot only was cheap
and fast as RAPD, butalso unlike the latter, the semi-
random primers generated more complex band
patterns with a high degree of polymorphism.

A dendrogram was generated from intro-
targeting primers’ data that grouped the rice varieties
into three clusters (see Figure 2). The results of the
clustering are consistent their known origin with
only few exceptions. Our results indicated that, the
semi-random markers can identify all DNA of rice
varieties from different origins. This study utilized
intron-targeting markers in rice varieties and confirm
the hypothesis that, markers not only could be used
for identification and classification of rice
genotypes, butalso is useful for predicting heterotic
groups in breeding programs (20). In addition,
fingerprinting makes identification and
characterization of genotype very easy and further it
will be greater help in background selections during
backcross breeding (22).
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