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Abstract

Preliminary studies on 34 rice accessions (aromatic and non-aromatic) originated from South
and Southeast Asian countries were analyzed for genetic diversity applying random amplified
polymorphic DNA (RAPD) technique. Amplification of genomic DNA from these accessions using
14 random primers produced a variety of RAPD patterns. UPGMA based cluster analysis resolved
the accessions into three major clusters ranging from 47.83 to 97.52 similarity coefficients. The
least similarity was shown by accession YAU-R2-1 which shared with none of the other clusters (a
red pericarp accession belonging to China). The mutants in cluster A (Pakistani origin) showed
more than 94% similarity among themselves whereas the accessions belonging to Philippines were
grouped in two clusters. Cluster B consisted of 15 accessions (land races) with similarity
coefficients ranging from 62.0 to 93.6% while 6 accessions were grouped in cluster C (mutants
along with their parents) with similarity coefficients ranging from 72.9% and 87.1%. This might be
an indicative of a relatively broader genetic base as compared to the germplasm belonging to
Pakistan. This study demonstrated the ability of RAPD markers to reliably differentiate between
different accessions of diverse origin and also represented an initial but important step in using
RAPD markers as a tool for evaluating genetic diversity in rice germplasm.

Introduction

Rice (Oryza sativa L.) is life-blood of the Asia-Pacific Region where 56% of
humanity lives, producing and consuming more than 90% of the world’s rice. The
demand for rice is expected to grow faster than the production in most of the countries.
How the level of annual production of 524 million tonnes could be increased to 700
million tonnes by the year 2025 using less land, less water, less manpower and fewer
agro-chemicals is a big question. Alternative ways to meet the challenge by horizontal
and vertical growth have their own prospects and limitations. Based on this scenario,
bridging of the yield gap for producing more rice appears to be promising. Improving the
productivity of rice systems would contribute to hunger eradication, poverty alleviation,
national food security and economic development. In Pakistan, rice occupies about 10%
of the total cultivated area, accounts for 6.1% of value added in agriculture and 1.3% in
gross domestic product (GDP). Production of rice during 2005-2006 was estimated at
5,547 thousand tonnes, 10.4% higher than last year with 6.1% increase in yield per
hectare (Anon., 2006a). It is planted on an area of 2,621 thousand hectares with grain
yield of 2,116 kg ha™" (Anon., 2006b).

Over the last two decades, humanity has acquired biological knowledge that allows it
to tamper with the very nature of creation. Biotechnological developments (James, 1997)
are poised to complement and speed up the conventional rice improvement approaches in
many areas (Khush, 1995), which could have immediate and long term impacts on
breaking the yield ceiling, stabilizing the production and making rice nutritionally
superior. In summary, the tools of genetic engineering will help to increase and stabilize
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rice yields under varied situations of its growing, and thereby reducing the yield gap.
These tools could be used to introduce superior kind of plants through wide
hybridization, anther culture, marker aided selection, and transformation. These tools and
tagging of quantitative trait loci would help enhance the yield potential. Rice
transformation enables the introduction of single genes that can selectively perturb yield-
determining factors. Approaches like differential regulation of a foreign gene in the new
host for partitioning sucrose and starch in leaves, the antisense approach as used in
potato, and transposable elements AC and Ds from maize have opened up new vistas in
breaking yield barriers (Bennett et al., 1994).

For any breeding programme, it is essential to study genetic diversity in the
germplasm it contains. Morphological features are indicatives of the genotype but are
represented only by a few loci because there is not a large enough number of characters
available. Moreover, they can be affected by environmental factors and growth practices.
A large number of methodologies are available for the assessment of genetic variability,
diversity and interrelationships in the germplasm, as well as for individualization through
macromolecular fingerprinting. While the protein-based technologies are influenced by
environment and more complex to analyze, the DNA-based ones have provided reliable
tools, enabling not only the assessment of genetic variability but also a high-through-put
individual DNA typing (Bligh, 2000). The genetic potential of germplasm cannot be
assessed on phenotype alone and that marker methods will assist evaluation (Garris et al.,
2004; Rajapakse, 2003). Molecular markers can also be used to detect relationships
between the various accessions of an individual taxon (Dehmer, 2003). These molecular
markers have been developed based on the more detailed knowledge of genome structure
and considerable emphasis has been laid on the use of molecular markers in practical
breeding and genotype identification (Ovesna et al., 2002). To have an accurate and
reliable estimate of genetic relationships/diversity, the random amplified polymorphic
DNA (RAPD) technique of William et al., (1990) provides unlimited number of markers
which can be used for various purposes. In addition to technical simplicity and speed of
RAPD methodology (Gepts, 1993), its level of genetic resolution is equivalent to
restriction length polymorphism for determining genetic relationships (Dos Santos et al.,
1994; Hallden et al., 1994). RAPD markers have been successfully used for the
estimation of genetic similarities and cultivars analyses of various plant species including
rice (Yu & Nguyen, 1994; Mackill, 1995).

The understanding and knowledge of genetic variation and genetic similarities
present within individuals or populations are useful for the efficient use of genetic
resources in a breeding program. The breeder can use the genetic similarity information
to complement phenotypic information in the development of breeding populations
(Smith et al., 1990; Nienhuis et al., 1993; Galvan et al., 2001; Pengelly & Liu, 2001;
Greene et al.,, 2004). The objectives of this study were to estimate the genetic
similarity/diversity in the rice germplasm belonging to South and Southeast Asian
countries of diverse agro-climates.

Materials and Methods

Seeds of 34 accessions (aromatic and non-aromatic) originated in the South and
Southeast Asian regions of diverse agro-climates were selected and grown in the glass
house at the Philippine Rice Research Institute (PhilRice), the Philippines. The genomic
DNA from the rice seedlings was extracted in the laboratory following mini-prep CTAB
(cetyldimethyl triethylammonium bromide) method.
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DNA extraction: After two weeks of germination, leaf samples weighing 1-2 gm of fresh
weight each were collected and cut away both ends of the leaves leaving 3-5 cm long
sample for DNA extraction. The samples were kept in a tube with water until before
grinding. Each sample was ground to a very fine powder in liquid nitrogen and
transferred to a chilled (—20°C) 2 ml centrifuge tube. Then added 665 pl of extraction
buffer without SDS and subjected the samples to Vortex to suspend avoid samples. 35 pl
of 20% Sodium dodecyl sulphate (SDS) was added in each sample, incubated no longer
than 10 minutes at 65°C in water bath. Added 115ul of 5M NaCl, mixed well by gentle
inversion until samples were evenly suspended, added 90 pl of 10% CTAB (10% CTAB
in 0.7M NaCl) and incubated for 10 minutes at 65 °C. Added 900 pl Chloroform and
mixed well, centrifuged at 12000 rpm (rotation per minute) for 2 minutes. Collected the
supernatant (upper layer), transferred in a new tube, added 600 ul isopropanol, spun
down of fish out the DNA when visible strands were formed. Rinsed with 70% ethanol
and spun down at 12000 rmp for 2 min., and the DNA was air-dried. Added 50 pl of 1 X
TE buffer, spun down at 12000 rmp for 1 min., added 3 pul RNase and kept in ice. 1pl
sample was taken and 9 pl TE buffer was added to make 10 ul volume of the sample.
After this treatment, in 1pul of each sample, 4 ul of Blue Juice were added for measuring
the concentration of DNA using UV-visible spectrophotometer. DNA was diluted in
sterile distilled water to a concentration of 12.5 ng/ul for PCR analysis.

PCR and primers: Random decamer primers (Invitrogen Tech-Line Inc.) were dissolved
in sterilized distilled water at a concentration of 25 ng/ul. Fourteen primers belonging to
Operon kits OPA (5 primers; OPA-09, OPA-10, OPA 11, OPA-13, OPA-20), OPB (3
primers; OPB-10 OPB-12 OPB-18), OPC-12, OPD-20, OPE (2 primers; OPE-01, OPE-
17), OPF (4 primers; OPF-09, OPF-13, OPF-15, OPF-16) and OPJ (2 primers; OPJ-01,
OPJ-15) were employed for PCR amplification.

Amplifications were carried out in a 25-pl reaction volume containing 1.50 ul of
10X PCR buffer [(100 mM Tris-HCI, Ph 8.3 at 25°C), (500 mM KClI, 0.01% gelatin)],
0.90 pl of 25mM MgCl,, 0.15 pl of 10mM dNTPs (10 mM each of dATP, dGTP, dCTP
and dTTP), 0.05 ul of unit Taq DNA polymerase, 1.00 pl of 25 mM primer, 5.00 pl of
12.5ng/pl-template DNA and 6.40 pl of sdH,O. The reaction mixture was overlaid with
one drop of mineral oil to avoid evaporation. The amplifications were carried out in A
Perkin Elmer Thermal Cycler 480, programmed for denaturation steps of 2 min., at 94°C
and of 1 min., at 94°C, annealing for 1 min., at 35°C and for 2 min., at 72°C and then
followed by 45 cycles for 1 min., up to ond step of denaturation, extension for 2 min., at
72°C. After completion of all the steps, final extension step was kept at 72°C for 5 min.,
and then held at 4°C until the PCR products were separated on 1.5% agarose gel (1.5 g
agarose/100 ml of 1X TE buffer, stained with 5 pl of Ethidium bromide) along with 1 kb
ladder at 100 voltage.

Analysis of amplified profiles: Amplified profiles of 34 rice accessions were compared
with each other and bands of DNA fragments were scored as present (1) or absent (0).
The data obtained for all the 14 primers was used to estimate the similarity on the basis of
the shared amplified products following Dice’s coefficient of similarity. A dendrogram
based on similarity coefficients was generated using the unweighted pair group method of
arithmetic means (UPGMA) by NTSYS software.
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Results and Discussion

The amplification profiles of 34 rice accessions with 14 primers were polymorphic
and can be used for varietal identification. The maximum polymorphism was shown by
the primer OPJ-01 i.e., for 13 accessions. DNA of individual seedlings/young plants were
isolated for each accession and used for PCR amplification. The 14 primers studied
amplified a total of 108 DNA fragments. Of these, 36 (33.3%) were not polymorphic.
Rests of the 66.7% bands were polymorphic in one or other of the 34 accessions. The
amplitude of polymorphism was almost intermediate (66.7% bands were polymorphic
and 100% of the primers produced polymorphic profiles). There was not a single primer
(out of 14 primers studied) that could differentiate clearly among all the accessions. This
might be indicative of a narrow genetic base for most of the rice accessions studied.

The levels of polymorphism were different with different primers among different
accessions (Fig. 1a, b and c). The accession YAU-R2-1 can be clearly distinguished from
other accessions. Only 44 fragments were amplified from YAU-R2-1 genomic DNA with
14 primers as compared to the total of 108 amplified fragments. The lowest number of
amplified fragments was 44 from YAU-R2-1. The number of amplified fragments from
rest of the accessions ranged from 46 to 72 with the maximum of 72 from accession
Sinampaguita. The number and size of amplified fragments also varied with different
primers. A maximum number of 16 fragments were amplified with primer OPE-17 while
the primer OPA-13 produced only one fragment. The main objective of this study was to
estimate the genetic similarity/diversity in rice germplasm of diverse origin. The
similarity matrix obtained after multivariant analysis using Dice’s coefficient of
similarity is shown in Table 1. Similarity matrix data revealed that similarity ranged
between 47.83% and 97.52% among all the accessions. From the similarity matrix, the
least similarity was shown by accession YAU-R2-1 (a red pericarp accession belonging
to China). Its similarity ranged from 47.83% with Basmati 385 to 73.27% with IR 8. The
lowest similarity of this accession with other accessions might be due to the fact that it
belongs to old world whereas rests of the accessions belong to South and Southeast Asia.
In the dendrogram, YAU-R2-1 did not cluster with any of the other accessions tested and
was easily distinguishable. Japayuki (a traditional aromatic accession belonging to
Philippine) was also distinct and its similarity varied from 57.50% with YAU-R2-1to
79.61% with Magueg (a traditional aromatic accession belonging to Philippine).
Although the number of fragments amplified from YAU-R2-1 and Japayuki were 44 and
46 respectively, these accessions were only 57.50% similar with each other. It means that
more than 50% of the amplified fragments were polymorphic. These results are
indications of reliability of the RAPD technique for the evaluation of genetic similarities.
These similarity coefficients were used to generate dendrogram (Fig. 2) following
unweighted pair group method of arithmetic means (UPGMA) method in order to
determine the grouping of different accessions. In the dendrogram, all the accessions
were grouped in three main clusters except accession YAU-R2-1 that belonged to China.
The accessions belonging to Pakistan were grouped in cluster A (12 accessions). In this
cluster (Table 2), similarity coefficients ranged from 68.33 to 97.52%. The mutants
Kashmir Basmati and DM 25 showed similarities of 97.39% and 94.49% respectively
with Basmati 370 (parent). Both these mutants were 97.25% similar with each other.
Mutant EL 30-2-1 was 95.00% similar with its parent Basmati Pak. Mutant DM 25 and P
52-9-2 were 97.52%, similar while Kashmir Basmati was 97.39% and 94.74% similar
with P 52-9-2 and EL 30-2-1 respectively. All these mutants/lines had been developed at
the same breeding center. Based on the analysis, their genetic base looked very narrow.
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Fig. 1(a): Amplification of RAPD marker OPE-17 for rice accessions (1. EL 30-2-1,2. Basmati 370,3. Kashmir
Basmati,4. Basmati Pak,5. Basmati 2000, 6. EF 2-3, 7. Basmati 385,8. P 38-6-1,9. Super Basmati,10. P 52-9-
2,11. DM 25,12. IR 6,13. IR 8,14. Niab-Irri-9,15. IR 64,16. PERYA,17. PSC 23-3, 8. Magnolia,19. Magueg, 20.
Kinabuong, 21. Sinampaguita, 22. Camoros, 23. Dinorado, 24. IR 58025 B, 25. YAU-R2-1, 26. PR 29164-R2-
1-1-25Kr, 27. Japayuki, 28. PR30256-Jap-1-25Kr-195-1-1, 29. Matatag 1, 30. IR 69726-116-25kR-243-3-3, 31.
Pulang Humot, 32. PR 30220-1-1-25kR-300-1-1, 33. Sigadis Milagrosa, 34. PSB RC 78)
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Fig. 1(b): Amplification of RAPD marker OPD-20 for rice accessions (1. EL 30-2-1,2. Basmati 370,3. Kashmir
Basmati,4. Basmati Pak,5. Basmati 2000, 6. EF 2-3, 7. Basmati 385,8. P 38-6-1,9. Super Basmati,10. P 52-9-
2,11. DM 25,12. IR 6,13. IR 8,14. Niab-Irri-9,15. IR 64,16. PERYA,17. PSC 23-3, 18. Magnolia,19. Magueg,
20. Kinabuong, 21. Sinampaguita, 22. Camoros, 23. Dinorado, 24. IR 58025 B, 25. YAU-R2-1, 26. PR 29164-
R2-1-1-25Kr, 27. Japayuki, 28. PR30256-Jap-1-25Kr-195-1-1, 29. Matatag 1, 30. IR 69726-116-25kR-243-3-3,
31. Pulang Humot, 32. PR 30220-1-1-25kR-300-1-1, 33. Sigadis Milagrosa, 34. PSB RC 78).
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Fig. 1(c): Amplification of RAPD marker OPA-10 for rice accessions (1. EL 30-2-1,2. Basmati 370,3. Kashmir
Basmati,4. Basmati Pak,5. Basmati 2000,6. EF 2-3, 7. Basmati 385,8. P 38-6-1,9. Super Basmati,10. P 52-9-
2,11. DM 25,12. IR 6,13. IR 8,14. Niab-Irri-9,15. IR 64,16. PERYA,17. PSC 23-3,18. Magnolia,19. Magueg,
20. Kinabuong, 21. Sinampaguita, 22. Camoros, 23. Dinorado, 24. IR 58025 B, 25. YAU-R2-1, 26. PR 29164-
R2-1-1-25Kr, 27. Japayuki, 28. PR30256-Jap-1-25Kr-195-1-1, 29. Matatag 1, 30. IR 69726-116-25kR-243-3-3,
31. Pulang Humot, 32. PR 30220-1-1-25kR-300-1-1, 33. Sigadis Milagrosa, 34. PSB RC 78).



2488 MUHAMMAD ASHRAF ET AL.,

Similarity coefficient (Dice)
@ oW W
o EL 30-2-1

Basmati Pak
Suver Basmati
Basmat1 370
Kashmir Basmati
P 52-9-2 A
DM 25
Basmati 2000
Niab-Im-9

P 38-6-1
Basmati 383
EF2-3

IR6
IR8
PSC 23-2
Magnolia
| - [R 64
s Sinampasuita
) I[ e [R 58025 B

____E Pulang Humot B
PR 30220-1-1/25kR-300-1
F: iiR BDZSg-Jap-mSkR-lS‘S-l-l
atatag
IR 69726 116/25kR-243-3-3
PR 29164-R2-1-1/25kR
"~ Sizadas Milagrosa
-~ PSBRC 28
— VATI-R2-1
- PERY 4
Maguez
Kinabuong C
Camoros
Dinorado
S — L Ty 13
Fig. 2. Dendrogram showing genetic relationships among the 34 rice accessions analyzed by
RAPD. Clustering was based on the Dice similarity coefficients between accessions.

Sun et al., (2001) comparing microsatellite and RAPD polymorphism in corn hybrids
reported that most of the hybrids from the same company were closely related to each
other. Igbal et al., (1997) reported in cotton that the intervarietal genetic relationships of
several varieties related to the center of origin. Nagaraju et al., (2002) also observed
lowest genetic diversity in the traditional basmati (TB) rice varieties as compared to
evolved basmati (EB) and non-basmati (NB) rice varieties.
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The accessions belonging to Philippines were grouped in two clusters. Cluster B
consisted of 15 accessions while 6 accessions were grouped in cluster C. In cluster B
(Table 3), similarity coefficients ranged between 62.00% and 93.58%. Mutants PSB RC
78, PR 30220-1-1-25kR-300-1-1 and IR 69726-116-25kR-243-3-3 were 93.58%, 91.59%
and 88.29% similar with their respective parents Sigadis Milagrosa, Pulong Humot and
Matatag 1. The mutants IR 69726-116-25kR-243-3-3 and PR 30220-1-1-25kR-300-1-
Ideveloped at the same breeding center were 88.29% similar with each other though they
were derived from non-aromatic and aromatic background respectively. In cluster C
(Table 3), similarity coefficients ranged between 72.92% and 87.10%. Accession
Kinabuong was 87.10% similar with Magueg followed by 86.44% with PERYA while
accession Magueg was 82.44% similar with PERYA. The accessions Camoros and
Dinorado were 86.27% similar with each other. These results are in accordance with the
known genetic make-up of the accessions. From this study, it is obvious that the mutants
included in cluster A showed more than 94% similarity among themselves due to the fact
that these mutants were developed at the same breeding center. The accession YAU-R2-1
which shared with none of the other clusters belonged to diverse origin (China). The
accessions belonging to Philippines grouped in two clusters. Most of the land races were
grouped in the same cluster whereas mutants along with their parents grouped in a
separate cluster. This might be an indicative of a relatively broader genetic base as
compared to the germplasm belonging to Pakistan. The accessions used in this study
comprised of elite mutants/lines, commercial varieties and traditional land races. The
results were indicative of their genetic relationships. The genetic similarities obtained
from the analysis may be used for the selection of parents to generate mapping population
and help in the selection of desired parents for breeding programme.
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