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Abstract

Seeds of three cultivars of indica basmati rice viz., B-370, B-2000 and Super basmati were
sterilized and incubated for 2, 4, 6 and 8 weeks on callus induction medium. Fifteen interested
regenerates were selected on the basis of variation in important morphological characteristics.
DNAs from leaves of regenerated plants along with parental controls were isolated and analyzed
through PCR using 8 Random Amplified Polymorphic DNA (RAPD) Primers. Four primers viz., S-
13, S-19, R-17 and OPX-11 produced detectable range of amplification products and 7 interesting
clones with different banding patterns were obtained. Index of genetic variation was calculated and
dendrograms were constructed using UPGMA method. Genetic variation up to 45.2, 32.3, 324 &
35.3% was recorded after 8 weeks of incubation with primers S-13, S-19, R-17 and OPX-11
respectively. Our study indicates that tissue culture generates a wide range of variation, which is
related with incubation time and is cultivar specific. Moreover, RAPDs can successfully be used to
explore such polymorphism within and among different cultivars of basmati rice.

Introduction

Tissue culture now is a common way to propagate crop plants of commercial
importance. The original expectation was that all plants regenerated from cell or tissue
culture has a genetic constitution identical to that of the original one. However it was
soon observed that phenotypic variation might be abundant amongst regenerated plants.
This variation is called as somaclonal variation and may be defined as genetic and
phenotypic variation among clonally propagated plants of a single donor clone
(Sunderland, 1973; D’ Amato; 1977; Scowcroft, 1985; Sun & Zheng, 1990; Kaeppler et
al., 1998; Olhoft & Philips, 1999; Kaeppler et al., 2000). The mechanism of somaclonal
variation involves extensive genomic flux e.g., repeated DNA sequences can rapidly be
amplified or reduced in copy number, altered methylation patterns can be inherited, DNA
replication is disturbed by altered nucleotide pools, and active genes can be silenced or
silenced gene may be activated by mutations in associated non-coding regions (Scowcroft
et al., 1985). Epigenetic factors are also involved making it more complex (Kaeppler et
al., 2000). Somaclonal variation has been related to growth regulators, cultivar
variability, cultivars age in culture, ploidy level, explant source and other culture
conditions (Skirvin et al., 1994). The presence of certain chemicals like 2,4-D also
enhances the rate of this variation. Larkin & Scowcroft (1981) suggested that somaclonal
variation was a useful source of novel variation for plant improvement.
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In Pakistan, somaclonal variation could successfully be used to create crop plants of
commercial importance and development of Rachna basmati is an example (Abbas,
2000). Somaclonal variation may be manifested as either somatically or meiotically
stable events. Somatically stable mutation is often not transmitted to subsequent
generations and the primary regenerates become the end products where as meiotically
stable variation could be transferred to progeny (Kaeppler et al., 2000). So
characterization of this variation with molecular markers is of utmost importance to take
full advantage of this variation in plant breeding programs.

With the advent of Polymerase Chain Reaction (PCR) technology, it has made it
possible to study the genetic differences in crop plants and animals. DNA fingerprinting,
gene mapping and phylogenetic studies have tremendously benefited from PCR. One
variation of PCR is the random amplified polymorphic DNA (RAPD), which generates
DNA fingerprints with a single synthetic oligo-nucleotide primer (Williams et al., 1990).
Although molecular markers such as RFLP: Restriction Fragment Length Polymorphism
(Jeffreys et al., 1985) and RAPD: Random Amplified Polymorphic DNA (RAPD)
(Rafalski et al., 1991) are capable of producing unique pattern of bands that are being
extensively used in rice breeding programs for different purposes (McCouch & Tanksley,
1991).

Gene mapping using RAPD markers has several advantages over RFLPs, since
RAPD markers are technically simple, quick to perform with small amount of DNA and
do not require radioactive labeling (Michelmore et al., 1991). RAPDs are usually
dominant and are inherited in a simple Mendelian fashion. Therefore, they are being
preferred over RFLP and are being used for tagging genes (Klein-Lankhorst et al., 1991,
Martin et al., 1991, Rafalski et al., 1991; Roanald et al., 1992), for detection of genetic
polymorphism in cereals (Devos & Gale, 1992; Tanzarella & Proceddu.1990), for
identification of cultivars (Hu & Quirose, 1991) and for fingerprinting of genomes
(Nybom et al., 1989, Welsh & McClelland, 1991). These markers were also used to
characterize different rice accessions (Fukuoka et al., 1992) and cultivars (Munthali et
al., 1992; Ashikawa et al., 1992; Yu & Nguyen, 1994). Thus RAPD analysis is a useful
tool in determining genetic relationships among rice cultivars.

The present work was undertaken to assess the effect of incubation period and
cultivar specificity for somaclonal variation and to utilize RAPD markers for detection of
this variation in basmati rice varieties viz., B-370, B-2000 and Super basmati.

Material and Methods

One hundred and ninety eight de-husked mature seeds of B-370, B-2000 and Super
basmati were selected and sterilized with 70% ethanol followed by 50% sodium
hypochlorite. After sterilization these seeds were cultured on callus induction medium
and incubated for 2, 4, 6 and 8 weeks in dark at 26+2°C. Calli were then transferred to
regeneration medium and plantlets were obtained through somatic embryogenesis. After
35 days, regenerated plants were directly transferred to the field. These plants were
scored for morphological variation (data not shown) and 15 interesting clones from all 3
varieties were selected on the basis of this variation in different morphological
characteristics. DNAs were extracted from fresh leaves of interesting clones along with
parental varieties by standard method (Dellaporta et al., 1983). DNA concentration and
its quality were determined with the help of gel electrophoresis and spectrophotometry.
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Genome of 15 interesting clones was explored through RAPD analysis. Eight arbitrary
primers belonging to S, R and OP-series were used for DNA amplification. Primers used
for the amplification were categorized as:

S-08 5-TTCAGGGTGG-3’
S-13  5-GTGGTTCCTG-3’
S-18  5-CTGGCGAACT-3
S-19  5-GAGTCAGCAG-3’
R-08 5-CCCGTTGCCT-3’
R-15 5’-GGACAACGAG-3’
R-17 5-CCGTACGTAG-3’
OPX-11 5’-GGAGCCTCAG-3’
OPT-17 5’-CCAACGTCGT-3’

Amplification reactions were performed in volumes of 25ul containing 1X PCR
buffer (50mM KCI, 1.5 mM MgCl;, 10mM Tris-HCI (pH 8.8) and 1% triton), dNTPs (1
mM each), Taq polymerase (2u), primers 2.5mM, 50 ng genomic DNA and autoclaved
double distilled water. PCR conditions were standardized as 35 cycles of denaturation (1
min at 94°C), annealing (1 min at 36°C), and elongation (2 minute at 72°C).
Amplification products were subjected to electrophoresis on 1.5% agarose gel in 1XTBE
(Trizma base 98mM, Boric acid 9.8 mM & EDTA 25 mM) at a constant current of 80
volts. After staining in 0.5 pg/ml ethidium bromide solution, gels were photographed on
a UV trans-illuminator. The genomes were scored for presence or absence of
polymorphic bands and intensity of these polymorphic bands. Index of genetic variation
was calculated and dendrograms were constructed through UPGMA method by using
computer software Mega (Kumar et al., 2001).

Results

Seeds of 3 rice varieties were incubated on callus induction medium for 2, 4,6 & 8
weeks and then transferred to regeneration medium. Regenerates were kept on MS
medium for one month and then transferred to soil. Large number of somaclonal
variations, with respect to morphological characters, were observed in the plants from all
three varieties (Data not shown).

To explore this variation on DNA level, 15 interesting clones of 3 varieties were
selected on the basis of morphological variation and genomic DNA was extracted from
these selected clones along with control plants of all three varieties. These DNAs were
quantified and 50ng of DNA was finally used for RAPD analysis using 8 different
primers. Amplification products were detected through agarose gel electrophoreses (Fig.
1).

Four primers (S-13, S-19, R-17, and OPX-11) produced a range of 2 to 14
amplification products per clone. Seven out of 15 different interesting clones of B-2000,
B-370 and Super basmati were further selected along with parental plants and again
subjected to RAPD analysis using these four primers. All four primers detected different
number of polymorphic bands of different sizes, which were classified as highly intense
bands, intense bands and visible bands. The clones were differentiated on the basis of
number of bands per clone per primer and intensities of these bands and size of
amplification products.
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Fig. 1. RAPD analysis of plants varieties B-2000, B-370 and super basmati with S-13 primer:

Lane 1: AHE

Lane 2-4: Ctrl DNA of B-2000, B-370 and Super basmati

Lane5:  Amplicons of 2 weeks Incubated plant of B-2000 (10-2-1)

Lane 6-7: Amplicons of 4 weeks Incubated plants of B-2000 (8-2-1, 8-2-4)
Lane 8-10: Amplicons of 8 weeks Incubated plants of B-2000 (1-2-1,5,6)
Lane 11:  Amplicons of 8 weeks Incubated plant of Super Basmati, (3-SB-2)
Lane 12:  Amplicons of 4 weeks Incubated plant of Super Basmati, (7-SB-1)
Lane 13:  Amplicons of 8 weeks Incubated plant of B-370 (10-3-1)

Lane 14:  H20 control

Maximum variation was observed in B-2000 after 8 weeks of incubation period on
callus induction medium. Three interesting clones were repeatedly amplified with 4
primers and the number of bands per primers ranged between 3 to 10 amplification
products per clone. Number of very intense bands varied from 0 to 2. While number of
intense bands varied from 1 to 6. Two more clones were identified for B-2000 after 4
weeks of incubation and the number of total amplification products ranged between 5 and
12 as compared to 4 to 9 in parental control. For B-2000, primer S-19 produced
maximum number of amplification products in clones 8-2-1 & 8-2-4 (12 products per
clone) as compared to 9 amplification products in parental control (Table 1). No variation
with respect to total number of bands was observed for primer S-13 while variation was
observed with respect to number of very intense, intense and visible bands. It could be
possible that two or more slightly variable bands might accumulate at one point due to
low resolving power of agarose.

Only one somaclone was confirmed in case of Super basmati and B-370. For Super
basmati, maximum variation was unrevealed with primer S-13 that produced 14
amplification products and 12 very intense bands for 3-SB-2 as compared to 12
amplification products and 2 very intense bands in parental control. For B-370, total
number of amplification products were 10 and 9 for parental control and 10-3-3
respectively, for two primers i.e., S-13 and OPX-11. Number of very intense bands varied
between 0 and 2 in all cases (Table 1).
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Table 1. Summary of amplified bands with primers S-13, S-19, R-17 and OPX-11.

Varieties Incubation Plant No. primers Total Ereauency ol bands
period bands X / + (+)

B-2000 No Incubation Ctrl S-13 5 1.0 1.0 3.0
S-19 9 0.0 20 7.0
R-17 1 0.0 0.0 7.0
OPX-11 4 1.0 1.0 20

8 Weeks 1-241
S-13 5 1.0 20 2.0
S-19 11 20 6.0 3.0
R-17 6 0.0 2.0 4.0
OPX-11 3 1.0 1.0 1.0

1-2-5
S-13 5 1.0 2.0 20
S-19 11 20 6.0 3.0
R-17 6 0.0 2.0 4.0
OPX-11 4 1.0 3.0 0.0

1-2-6
S-13 5 1.0 2.0 2.0
S-19 11 2.0 5.0 4.0
R-17 6 0.0 2.0 4.0
OPX-11 a 1.0 1.0 1.0

4 Weeks 8-2-1
S-13 5 1.0 2.0 2.0
S-19 12 2.0 5.0 5.0
R-17 T 1.0 20 4.0
OPX-11 6 1.0 20 3.0

8-2-4
S-13 5 1.0 1.0 3.0
S-19 12 2.0 6.0 4.0
R-17 7 1.0 20 4.0
OPX-11 6 3.0 1.0 20

Super Bas.
No Incubation Ctrl S-13 12 20 6.0 4.0
S-19 5 0.0 0.0 5.0
R-17 4 0.0 0.0 4.0
OPX-11 2 0.0 0.0 2.0
8 Weeks 3-SB-2 S-13 14 12.0 1.0 1.0
S-19 6 0.0 1.0 5.0
R-17 4 0.0 0.0 4.0
B-370 OPX-11 2 0.0 0.0 2.0
No Incubation Ctrl

S-13 10 1.0 1.0 8.0
S-19 5 1.0 20 2.0
R-17 6 0.0 3.0 3.0
OPX-11 10 1.0 4.0 5.0

2 Weeks 10-3-3
S-13 9 1.0 20 6.0
S-19 6 1.0 20 3.0
R-17 7 0.0 0.0 7.0
OPX-11 9 20 6.0 1.0

X= Very Intense band, += intense bands (+) = visible band

These clones were also analyzed for sizes of amplification products. Seventeen
different products were observed for primer S-13 ranging between 200 to 1900 bases.
Two hundred and 600 band size were present in all clones while 1800 band size was
present in 3-SB-2 and Super basmati parental control only. Significant variation was
observed for other bands (Table 2). Fifteen products were recorded for primer S-19
ranging between 100 and 2000 bases, 900 base fragment was present in all clones while
500 base fragment was present only in 3-SB-2 and Super basmati parental control.
Significant variation was observed for other bands (Table 3).
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Eight different products were observed for primer R-17 ranging between 200 and
2800 bases. Amplification products of 200, 500 and 900 bases were recorded in all clones
while variation with respect to other amplification products was observed (Table 4). Ten
amplification products ranging between 200 and 1500 bases in size were recorded for
primer OPX-11. The fragment of 500 bases was present in all the clones while 1400 base
fragment was present in B-370 parental control only. Significant variation was observed
in other amplification products (Table 5).

Dendrograms were constructed for all four primers by using Mega software (Kumar
et al.,, 2001) through UPGMA method. UPGMA Cluster analysis provided a better
resolution of the relationship among somaclones and parental lines. For primer S-13,
45.2% variation was recorded for Super basmati and its clone 3-SB-2 obtained after 8
weeks of incubation, 40% for B-370 and its clone 10-3-3 and 42% variation between B-
2000 and its clone 1-2-5 obtained after 8 weeks of incubation period. For primer S-19,
28.8% variation was recorded for Super basmati and its clone 3-SB-2 obtained after 8
weeks of incubation, 4.5% for B-370 and its clone 10-3-3 and 32.3% variation between
B-2000 and its clone 1-2-1 obtained after 8 weeks of incubation period. For primer R-17,
32.4% variation was recorded for Super basmati and its clone 3-SB-2 obtained after 8
weeks of incubation, 24.2% for B-370 and its clone 10-3-3 while 32.4% variation
between B-2000 and its clone 1-2-1, 1-2-5, 1-2-6 obtained after 8 weeks of incubation
and 8-2-4 obtained after 2 weeks incubation. For primer OPX-11, 28.6% variation was
recorded for Super basmati and its clone 3-SB-2 obtained after 8 weeks of incubation,
27.3% for B-370 and its clone 10-3-3 and 35.3% variation between B-2000 and its clone
1-2-1 and 1-2-6 obtained after 8 weeks incubation and 8-2-4 obtained after 2 weeks of
incubation period.

Discussion

Tissue culture can successfully be used to create significant variation and the
phenomenon was supported by a number of reports (Sun & Zheng, 1990; Kaeppler et al.,
1998; Olhoft & Philips, 1999; Kaeppler et al., 2000). A number of factors control the
frequency of this variation and the most important were the length of incubation period
on callus induction medium and cultivar specificity. As the somaclonal variation might
be genetic or somatic so it was important to carefully select the plants, which could
successfully transfer this variation to progeny. Conventional methods of progeny studies
are time consuming, so there was need to establish methods to carefully select important
somaclones in minimum time. Genetic markers like RAPD can successfully serve this
purpose.

Fifteen somaclones were selected from plants regenerated after 2, 4, 6 and 8 weeks
of incubation on basis of phenotypic variation. Eight different RAPD primers were used
to confirm this variation. The polymorphism thus detected was based largely on the
presence and/or absence of a characteristic band, intensity of these bands and in some
cases variation in the size of the bands. Similar primers were used to detect
polymorphism for identification of different genotypes (Farooq et al., 1995; Farooq et al.,
1996). In the present study, only 4 out of 8 primers and 7 out of 15 clones produced
significant range of variation with respect to the amplified products ranging from 0.5 to 2
Kb in three local varieties. Variation with respect to presence or absence of bands as well
as intensity of bands was significant among all clones. Such classification in banding
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profiles had been reported by Heun & Helentjaris (1993) in corn and same pattern of
characterization was observed by Farooq et al., (1995,) and Farooq et al., (1996).
Maximum variation on the basis of number of bands was observed in basmati 2000 after
8 weeks of incubation, which suggested that, the variation was increased with the length
of tissue culture time and was genome specific. Several reports suggested the similar
results as the changes went on accumulating with the length of culture age and the net
change could be of any extent (Skirvin et al., 1994). It was also observed that somaclonal
variation had no particular behavior and it could produce variation on both sides of
parental lines i.e., it might produce additional polymorphic bands or might result in
absence of specific bands with respect to parental control. The difference in intensity of
different clones might be due to the accumulation of two or more slightly different bands
due to low resolving power of agarose, although RAPD technique can potentially detect
single base pair mutations or deletions at the level of primer target and also insertions or
deletions within the amplified fragments (Williams et al., 1990). Present results also
indicated that some mutations such as deletion or insertion might occur in the amplified
regions and/or that base changes might induce the alteration of primer binding sites.

Dendrograms were constructed with UPGMA method through computer software
MEGA (Kumar et al., 2001). UPGMA method was valuable tool for the estimating the
extent of genetic diversity and was routinely used in investigations involving genetic
diversities (Asante & Offei, 2003; Stedje & Ziraba, 2003). Although, the dengrograms
gave relationship between different clones, the direction of somaclonal variation was hard
to explain. To some extent it was revealed that frequency of this variation was largely
affected by the length of incubation period and cultivar specificity. Many other factors
including genetic and epigenetic elements and accumulation of genetic changes might
also involve (Kaeppler et al., 2000). It appeared that the changes at genetic level were
abrupt and could not be reproduced successfully with similar tissue culture conditions. It
was already documented that the genome of a somaclone could be variant at different
location and the changes accumulate in complex characters during callus culture. So a
single somaclone might be variant in several traits and in progeny analysis, appeared to
assort independently (Skirvin et al., 1994). The phenomenon was also supported by a
number of reports (Sun & Zheng, 1990; Kaeppler et al., 1998; Olhoft & Philips, 1999;
Kaeppler et al., 2000).

In rice it has been reported that alteration of repeated DNA sequences induced
genetic variation during the callus culture (Zehr et al., 1987). RAPDs were being used for
detection of genetic polymorphism in cereals (Wang et al., 1994), gene introgression
studies (Durham et al., 1994) to characterize different wild and cultivated genomes, salt
tolerant and resistant rice species/varieties and genome specific, species specific and
cultivar specific RAPD markers can be identified (Farooq et al., 1995; Farooq et. al.,
1996).

The present study however, can serve as an index to investigate the factors involved
in frequency of somaclonal variation, use of local varieties in crop improvement studies
involving somaclonal variation and to compare the importance of different DNA
fragments (markers). It could be inferred from the present study that tissue culture is an
important way to create genetic variation in local varieties and identifying clones with
RAPD markers can produce more meaningful results and may be helpful to identify
clones, which were morphologically superior and physiologically efficient.
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