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ABSTRACT

Sixteen sclected Sarawak rice cultivars were evaluated for genetic diversity using
twelve simple sequence repeat (SSR) markers. Forty-nine microsatellite markers
were screened and twelve polymorphic SSR markers were selected for further
analysis using polyacrylamide gel electrophoresis. A total of 34 alleles were
detected by using 12 polymorphic markers. Polymorphism information content
(PIC) values of the markers ranged from 0.375 (RM489) to 0.703 (RM1) with an
average value of 0.562. The dendrogram (r=0.78) based on SSR polymorphism
indicated great variation among the rice cultivars, with similarity coefficients
ranging from 0.262 to 1.000. Genetic diversity, determined by cluster analysis,
indicated two clusters at 26.21% level of similarity with additional sub-groups
within each cluster. This study revealed that SSR markers are a useful tool for
cultivar differentiation according to their genotypes. The information on genetic
diversity of rice genotypes is essential for proper identification and selection of
appropriate cultivars for rice improvement.
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ABSTRAK

Enam belas varieti padi telah dinilai dengan menggunakan dua belas penanda
mikrosatelit (SSR). Empat puluh sembilan penanda mikrosatelit telah disaring dan
dua belas penanda mikrosatelit polimorfik dipilih untuk dianalisis dengan
menggunakan gel elektrophoresis poliakrilamid. Sejumlah 34 alel telah dikesan
dengan menggunakan 12 penanda mikrosatelit. Nilai maklumat polimorfik
penanda mikrosatelit berada di dalam lingkungan 0.375 (RM489) sehingga 0.703
(RM1) dengan nilai purata sebanyak 0.562. Dendrogram (r=0.78) yang diperolehi
berdasarkan kepolimorfikan SSR menunjukkan variasi yang besar antara varieti
padi, dengan nilai kesamaan di dalam lingkungan 0.262 sehingga 1.000.
Kepelbagaian diversiti yang ditentukan oleh analisis kluster menunjukkan dua
kelompok besar dengan paras kesamaan sebanyak 26.21% dengan tambahan
kumpulan kecil di dalamnya. Penyelidikan ini menunjukkan penanda mikrosatelit
adalah sangat berguna dalam pembezaan varieti padi menurut genotip mereka.
Informasi mengenai kepelbagaian genetik varieti padi adalah sangat berguna dalam
pengenalpastian dan pemilihan varieti yang sesuai dalam pembaikbakaan varieti
padi.
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CHAPTER 1

INTRODUCTION

Rice, Oryza sativa L., is one of the agronomically and nutritionally important
cereal crops and is the principal staple food, which feeds more than half of the
global population (Saw et al., 2006). It plays central role in human nutrition and
culture for the past 10,000 years. It had been estimated that world rice production
must increase by 30% over the next 20 years to meet projected demands from
population increase and economic development (IRGSP, 2005). Malaysia also
aimed for rice self-sufficiency in the future where the target for 2010 is to reach
86% self-sufficiency according to Malaysia National Food Security Policy (IRRI,

2009).

Sarawak is a state rich in biodiversity of cultivated rice varieties. Rice fields in
Sarawak are very enchanting and diverse as these rich ecosystems of rice paddies
exist all over the state. The choice of paddy planted usually of the farmers own
traditional variety that they considered adapted well to the uncertainties of the
environment. The simplest distinction between the rice economies of Sarawak with
other parts of Malaysia is the dominance of subsistence-cropped and low-yielding
paddy. Majority of the rural communities depended on hill paddy. Due to different
or diverse environments, it supported many old traditional rice varieties that are
mostly not found in most of the Asian countries. A myriad of rice varieties of

different grain sizes, shapes and colours can be found in the Sarawak market. Rice
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genetic diversity is important to farming communities and to agriculture in general.
Rice genetic diversity is crucial because breeders strive to develop the ultimate rice
variety that possesses the traits with: (i) high yield, (ii) high grain quality and (iii)
resistance to pests and diseases. As such, attempts to conserve the genetic materials

of rice were initiated all over the world.

Rice is the second plant genome to be completely sequenced, after the model plant
species Arabidopsis thaliana (Mackill, 2003). Rice is selected to be one of the
model for plant genomic studies because of its small genome size and relatively
low amount of repetitive DNA, its diploid nature, its ease of manipulation in tissue
culture and global importance as a food crop (Mackill, 2003; Xu et al,, 2005;
Ahmadikhah et al., 2007). The use of rice genetics has also become increasingly
popular as the model system for the study in monocotyledonous plants. Previous
studies in rice have contributed to the development of several hundred
microsatellite markers and a genetic map consisting of 320 microsatellites (Chen er

al., 1997; Temnykh et al., 2000).

The genetic maps of grass species have been constructed using a variety of marker
types. Most of the older species-specific molecular maps were constructed with
restriction fragment length polymorphism (RFLP) markers, but in recent times,
there has been increased utilization of PCR-based markers because of accessibility
and higher throughput. The RFLP approach has been used successfully to identify
genetic markers in plants, including rice. However, the use of radioactive elements
and specific probes for the target DNA sequences makes RFLP technique costly

and tedious (Joshi and Behera, 2007). Development of Polymerase Chain Reaction
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(PCR) based techniques offered a good alternative to the genetic analysis. The
PCR based randomly amplified polymorphic DNA (RAPD), microsatellite and
amplified fragment length polymorphism (AFLP) approach require less DNA,
simple, quicker and cheaper compared to RFLP (Welsh e al,, 1990; Williams et
al, 1990). Among those markers, microsatelite markers are highly polymorphic,
more reproducible, co-dominant and distributed throughout the genome and are
especially suitable for evaluating genetic diversity among germplasm that is
closely related such as closely related rice cultivars (Akagi et al., 1997; Ni et al,
2002; Mackill, 2003). Comparatively, microsatellite markers showed higher level

of polymorphism compared to dominant markers (Garcia et al., 2004).

Microsatellites are well known for their potentially high information content and
versatility as molecular tools (Chambers and Macavoy, 2000; Pessoa-Filho et al.,
2007). Microsatellites are among the most variable types of DNA sequence in the
genome. Their polymorphisms derive mainly from variability in length rather than
in the primary sequence (Ellergen, 2004). Their nature gives them a number of
advantages over other molecular markers. Multiple microsatellite alleles may be
detected at a single locus and are found distributed all over the genome. They are
also co-dominant and require only a small amount of DNA for screening.
Microsatellites also demonstrate a high degree of transferability between species,
as microsatellites PCR primers designed for one species frequently amplities a
corresponding locus in related species, making them excellent markers for
comparative genomic studies (Jewell et al., 2006). Microsatellites may be obtained

by screening sequences in databases or by screening libraries of clones.



In the effort to meet the continuously expanding needs of rice varietal
improvement, assembling, evaluation and assessment of the rice genetic resources
is important. In the present study, 16 rice cultivars were analysed for genetic
variation using 49 microsatellite markers distributed on 12 different chromosomes.
Specifically, the objectives of this study were (1) to obtain suitable microsatellite
markers to detect genetic diversity within the selected Sarawak rice cultivars; (2) to
investigate genetic relationships of the studied rice cultivars; and (3) to assess the
genetic diversity of the selected Sarawak rice cultivars. This knowledge will serves
as the first step for proper identification and selection of parents for future rice

improvements.



CHAPTER 2

LITERATURE REVIEW

2.1 Rice

Rice belongs to the genus Oryza, which is composed of 23 species divided into 10
genome types (Buell, 2005). Rice (Oryza sativa) is a major staple food and is
consumed by nearly half the world’s population. It accounts for more than 21% of
global human per capita energy and 15% of per capita protein. In the past few
decades, although rice production has doubled due to the introduction of high
yielding varieties or hybrids and improved cultivation practices, it is still
insufficient to cope with ever-increasing global demand, which is expected to
increase at the rate of about 1% per annum (Khush, 1997). At the same time,
inappropriate natural resource use, along with biotic and abiotic stress pressure, is

casting a shadow on rice production (Peng et al., 2004).

As one of the world’s most important food crops, rice has emerged as the leading
experimental model for functional and evolutionary genomics studies for cereals.
Rice genome has served as a catalyst for investigations in comparative genomics,
functional genomics, map-based gene cloning and molecular breeding in rice
(Paterson er al., 2004; Sasaki et al., 2005). Accessibility to the rice genome

sequence will enable identification of genes responsible for traits and alleles that



will be essential to meet the growing demands of food production in the coming

years.

Synteny in the cereals had been reported previously using molecular markers (Gale
and Devos, 1998) and recently at a higher resolution using sequences available
from the rice, sorghum, maize, and wheat genome (Goff et al., 2002; Sorrells et
al., 2003; Lai er al.,, 2004). Thus, access to a complete, high-resolution rice
genome sequence will facilitate research on other cereals with larger, partially
sequenced genomes. Furthermore, the availability of detailed information about the
rice genome will likely advance the global efforts to improve other major crops in
the grass family (Barry, 2001). The increased research on rice may have direct or
indirect benefits for this critical crop and its relatives, and ultimately may
contribute to an improvement in food production in many world areas (Barry,

2001).

2.2 Molecular Markers

Before the introduction of molecular markers, plant breeders based their selection
of breed through phenotypic agronomic traits such as yield and plant height. A
molecular marker is defined as a particular segment of DNA that is representative
of the differences at the genome level. However, molecular markers may or may
not correlate with phenotypic expression of a trait. Compared to phenotypic based
markers, molecular markers are stable and detectable in all tissues regardless of

growth, differentiation or development stage and will not be affected by the
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environment, pleiotropic as well as epistatic effects. Development of molecular
marker technology provides plant breeders with extra tools capable of monitoring
the selection through genome. With the advantages of molecular markers, it is not
surprising that academician and plant breeders adopted molecular marker based
genotyping. Molecular markers are also an indicator of sequence polymorphism
(Edwards and Mogg, 2001). Therefore, molecular markers technologies are
valuable tools in both basic and applied research, such as fingerprinting genotypes,
analyzing genetic diversity and relatedness, determining variety identity, marker
assisted breeding, phylogenetic analysis, map-based cloning of genes as well as for
germplasm conservation in gene banks and assisting conventional breeding efforts
(McCouch et al., 1997; Shen et al., 2004; Alvarez et al., 2007). There are different
types of molecular markers available such as restriction fragment length
polymorphism (RFLP), randomly amplified polymorphic DNA markers (RAPD)

and simple sequence repeat (SSR).

RFLP is a molecular marker based on the differential hybridization of cloned DNA
to DNA fragments in a sample of restriction enzyme digested DNAs. The marker
is specific to a single clone or restriction enzyme combination. Major sources of
RFLP markers are species-specific genomic DNA and cDNA sequences. RFLP
analysis displays high efficiency for the generation of genetic maps. However, due
to the time-consuming multi step protocol and the requirement of radioactivity tor
satisfying fragment detection, RFLPs became unfavourable. Another common
molecular marker used is randomly amplified polymorphic DNA markers (RAPD)
where nucleotide sequence polymorphisms in the DNA were detected by using a

single primer of arbitrary nucleotide sequence (Welsh and McCelland, 1990). Most
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advantageous of this molecular marker technique is the use of universal primers
enabling the cost-effective accomplishment of various genetic analysed in a short
period of time (Tingey and del Tufo, 1993). Unfortunately, due to frequently
observed problems with reproducibility of overall RAPD profiles and specific
bands which lead to inappropriate inferences, this marker became less popular.
Currently, the most popular molecular marker is microsatellite markers as they

have additional advantages when compared to RFLP and RAPD.

The term satellite DNA originates from the observation in the 1960s of a fraction
of sheared DNA that showed a distinct buoyant density, detectable as a ‘satellite’
peak in density gradient centrifugation and that was subsequently identified as
large centromeric tandem repeats. Typical satellite consists of very high numbers
of repetitions of a basic sequence motif. Monomer sizes may range from two to
several thousands of base pairs. Discovery of tandem iterations of simple sequence
motifs is where the term microsatellites were coined (Ellergen, 2004).
Microsatellites are characterized by a low degree of repetition at a particular locus,
but microsatellites consisting of identical motifs may be found at many thousand

genomic loci.

Microsatelites, also known as SSR (simple sequence repeats), are tandem repeats
of short DNA motifs (1-6 bp in length) which are a simple dinucleotide,
trinucleotide, tetranucleotide, pentanucleotide or hexanucleotide sequence. They
occur abundantly and at random while frequently exhibit variation in the number
of repeats at a locus (Jarne and Lagoda, 1996; McCouch er al., 1997; Temnykh er

al., 2001; Ellergen, 2004; Li et al., 2004; Jewell et al., 2006).
8



Due to their abundance and inherent potential for variation, these microsatellites
have become a popular type and valuable source of genetic markers (McCouch et
al., 1997; Cho et al., 2000; Li ef al., 2004). The existence of tandem repeats in
eukaryotic genomes was first recognized in the early 1970s, when (TAGG),
repeats were found in the satellite DNA of hermit crab (Skinner ef al., 1974).
After that, microsatellites were studied in humans (Hamada ef al., 1982) and have
now been found in a wide array of other eukaryotes, birds, fish, insects, yeast and

several monocot and dicot plant species (Morgante and Olivieri, 1993; Cheng and

Crittenden, 1994).

In plants, the presence of microsatellites was first demonstrated by RFLP
fingerprinting with oligonucleotide probe. PCR-generated and locus specific plant
microsatellite markers were first reported in soybean in 1992 (Akkaya et al.,
1992). Previous studies in rice also found microsatellites to be co-dominant,
abundant and well distributed throughout the rice genome (Temnykh et al., 2001;
Alvarez et al., 2007). McCouch et al. (2002) found more than 2200 microsatellite
markers and mapped to specific locations in rice genome. Application of SSR in
rice genetic diversity research was also studied in various countries such as in
Yunnan (Tu et al., 2007), Indonesia (Thomson e al., 2007), Philippines (Lapitan et
al, 2007) and many more. In Sarawak, there were only few studies on rice
research using SSR. It was only initiated in 2006, where three Bario rice cultivars
were studied using 50 SSRs (Tan er al, 2006) and unpublished report on
genotyping of 25 Sarawak rice cultivars using 12 microsatellite markers
(Valentine, 2008). SSR was found to be rapid, efficient and cost-effective, genome

scanning technique that can detect polymorphisms compared to other methods
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(Blair er al., 1999). Microsatellite markers are cost-effective, as it requires only
small amount of DNA and time. It is also efficient as it is easy to use while the

results are reproducible compared to RFLP and RAPD.



CHAPTER 3

METHODOLOGY

3.1 Plant Material

Sixteen cultivars from different vicinities in Sarawak were evaluated in this study
(Table 1). Ten seeds per cultivar were randomly selected as representative of the
cultivars and germinated in Petri dishes and seedlings were transplanted into
individual pots in the net house. About 10 to 30 mg of young leaves were
harvested from four seedlings after 3 to 4 week growth and stored frozen at -80 °C.

Each cultivar was harvested in four replications.

Table 1: List of selected Sarawak rice cultivars.

Sample no. Name Source/ Collection Site
1 Adan Sederhana DOA

2 Bukit Wangi Lubok Nibong
3 Buntar B DOA

4 Empawah DOA

5 Empawah Merah Stumbin

6 Lasak DOA

7 Lemak Meradong

8 Lemak Roban Area

9 Mamut Stumbin

10 Mamut-2 Stumbin

11 Muyun Tatau

12 Rotan Wangi Lubok Nibong
13 Sampangan B DOA

14 Sia Lubok Nibong
15 Tulung Tatau

16 Wangi Stumbin

Note: DOA: Department of Agriculture, Sarawak.
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3.2  Molecular Analysis

3.2.1 DNA Extraction

DNA was isolated following the procedure of Vivantis GF-1 Plant DNA
Extraction Kit. Briefly, the samples were frozen with liquid nitrogen and ground
into a fine powder with a mortar and pestle to homogenize the tissue samples.
Bufter PL was added to the homogenized sample to lyses the sample tissues. A
homogenous solution was obtained by vortexing the tube for 30 seconds, and 20
uL of Proteinase K (Vivantis) was added to the vortexed samples. The samples
were incubated at 60 °C for 2 hours in shaking incubator (TS-100 Thermo Shaker,
Boeco Germany) to ensure thorough digestion of the samples. After incubation, the
samples were centrifuged at 16,000 x g. Supematant containing DNA was then
transferred into a new and clean microcentrifuge tube. Twenty microlitres of
RNase A (Vivantis: DNase-free, 20 mg/ml) was added to digest and extract the
RNA from the samples. After the removal of RNA, two volumes of Buffer PB
were added and incubated for 10 minutes at 60 °C. After cooling down the
samples, 200 puL of absolute ethanol was added. The mixed samples and solutions
were transferred into columns and centrifuged at 10,000 x g for 1 minute. The tlow
through were discarded and columns were washed with wash bufter and
centrifuged at 10,000 x g for 1 minute. The columns were centrituged again at
10,000 x g for 1 minute to remove residual ethanol from the wash butler as the
ethanol can affect the quality of DNA. The columns were transferred into a clean
1.5 ml microcentrifuge tube. Preheated 100 pl elution bufter (10 mM Tris-HCI, pH
8.5) was added onto column membranes and stood still on microcentrifuge stand

for 2 minutes. DNA was cluted by centrifuging at 10,000 x g for | minute. DNA
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was pooled from the four replicates and used as a template for PCR reactions using

microsatellite markers.

3.2.2 Microsatellite Markers Screening

To select suitable microsatellite markers (SSRs), 49 rice microsatellite marker
primer pairs were selected from the literature (Bligh et al.,, 1999; Ni et al., 2002;
Lu et al,, 2005; Chakravarthi and Naravaneni, 2006; Brondani et al., 2006; Alvarez
et al., 2007; Joshi and Behera, 2007; Lapitan et al, 2007, Ram et al., 2007,
Thomson et al., 2007; Tu et al., 2007, Sundaram et al., 2008). Microsatellite
markers were selected based on the following criteria: (i) high polymorphism
information content (PIC) and (ii) uniformity in distribution across the 12
chromosomes to analyze genetic diversity. These microsatellite markers were
synthesized by 1% Base Laboratories Sdn. Bhd. (Malaysia). The details of selected
microsatellite markers and their positions on respective chromosomes are listed in
Table 2. Primer sequences for these markers can also be found on the Gramene

website (Www.gramene.org).
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Table 2: List of ricc microsatellite markers used for screening

SSR Repeat Position . S
I\_]S Marker Chromosome Motif (cM) Primer Sequence (5’ - 3°) Source
LM | e — F: GCG AAA ACA CAA TGC AAA AA Bligh er al. (1999), Ni ef al.
! 2 ' R: GCG TTG GTT GGA CCT GAC (2002), Lu et al. (2005)
F: AGC TAA GGT CTG GGA GAA ACC  Ram ef al. (2007), Sundaram
2 RM226 : (AT)ss 1548 R. AAG TAG GAT GGG GCA CAA GCTC et al. (2008)
Ni et al. (2002), Lu et al
F: CAA ATC CCG ACT GCT GTC C c002),
3 RM237 ! (CT)is 1S e T A GC (2005), Lapitan ef al. (2007),
Thomson et al. (2007)
F: GAT CTG CAG ACT GCA GTT GC .
4 RM243 1 (CT)is 57.3 A IAY it o1 Ni et al. (2002)
Lu et al. (2005), Joshi and
F: ACC CTC TCC GCC TCG CCT CCT C ’
S RMI154 2 (GA)y 4.8 R: CTC CTC CTC CTG CGA CCG CIC C 51elzgr(')a07()2007), Thomson et
6 RM207 2 CT TR Ll B 51 IR aGa AGA TCT GA 1;111 ezzcgbé)zooﬁi’ i?z:ﬁndearmaelt
M (CT):s : R: CAC CTC ATC CTC GTA ACG CC Ty P '
F: CCT TAA TGG GTA GTG TGC AC Ni et al. (2002), Lapitan et
7 RM240 2 (CTa 1580 R.TGT AAC CAT TCC TTC CAT CC al. (2007), Ram et al. (2007)
F: CTG ATC GAG AGC GTT AAG GG
8§ RMA452 2 (GTC)s 58.4 R GGG ATC AN CCA CGT 110 TG Lu et al. (2005)
) Ni et al (2002), Lu et al
o a2 4 o i 1}«;. GGT TTG GGA GCC CAT AAT CT 2005),  Brondasi ef ol

: CTG GGC TTC TTT CAC TCG TC

(2006), Lapitan et al. (2007)



Sl

Table 2 : (Continued)

No

10

11

13

14

15

16

17

18

SSR
Marker

Chromosome

RMSS

RM338

RM489

RMS514

RM124

RM252

RM307

RM335

RMI61

3

EeN

s

Repeat

(GA)7

(CTT)s
(ATA)s
(AC)n2
(TCho

(CT)ig

(AT);a.
(GT)2

(CTT)ss

(AG)

Motif

Position

(M) Primer Sequence (5’ - 3°) ‘Source
g F:CCGTCGCCG TAG TAG AGA AG ?2‘(')%2)“ ‘i" (‘?99); N(‘zf)’og’)’
: R: TCC CGG TTA TTT TAA GGC G » Luoel ak ’
Thomson et al. (2007)

4 F: CAC AGG AGC AGG AGA AGAGC  Ni et al. (2002), Lu et al.
: R: GGC AAA CCG ATC ACT CAG TC (2005), Ram et al. (2007)
292 F: ACT TGC GAC GAT CGG ACA CC Panel of 50 rice SSR markers

g R: TCA CCC ATG GAT GTT GTC AG (Gramene website)
- F: AGA TTG ATC TCC CAT TCC CC Lu ef al. (2005), Thomson et
: R: CAC GAG CAT ATT ACT AGT GG al. (2007)
1501 F: ATC GTC TGC GTT GCG GCTGCT G Lu et al. (2005), Thomson et
. R: CAT GGA TCA CCG AGC TCC CCC C  al. (2007)
o 3 F: TTC GCT GAC GTG ATA GGT TG Brondani et al. (2006),
: R: ATG ACT TGA TCC CGA GAA CG Lapitan et al. (2007)
N F: GTA CTA CCG ACC TAC CGT TCA C 2’055') al Sf{?fjrl’m“ef’ ‘;ﬁ
. R: CTG CTA TGC ATG AAC TGC TC 2008) :
F: GTA CAC ACC CAC ATC GAG AAG
21.5 R: GCT CTA TGC GAG TAT CCATGG ~ Sundaram et al. (2008)
96.9 F: TGC AGA TGC GAA GCG GCG CCTC  Lu et al. (2005), Thomson et

R: TGT GTC ATC AGA CGG CGC TCC G

al. (2007)



91

Table 2 : (Continucd)

SSR . Repeat Position . » W
No Marker Chromosome Motif (cM) Primer Sequence (5’ —3’) Source -
Ni et al. (2002), Lu et al.
" F: GAC TTT GAT CTT TGG TGG ACG
19 RM334 5 (CTT)yo 141.8 R: TTG GAT TGT TTT GCT GGC TCG C 88823, Sundaram et al.
. F: GGC GAT TCT TGG ATG AAG AG Lu et al. (2005), Thomson et
AU g (AG)n iy R: TCC CCA CCA ATC TTG TCT TC al. (2007)
F: AGC TCA GGT GAA ACA TCC AC Lu et al. (2005), Ram et al.
AR SR > (AGAT)e 1112 ¢ ATC CAG AAT CCATTGACCCC  (2007)
F: TTG GAT TGT TTT GCT GGC TCG C Lu et al. (2005), Thomson et
22 RMI33 6 (CT)s 0.0 R: GGA ACA CGG GGT CGG AAG CGA i ’
. al. (2007)
F: GCC AGC AAA ACC AGG GAT CCG Lu et al. (2005), Thomson et
23 RMI162 6 (AC)y0 108.3 G al. (2007), Sundaram et al.
R: CAA GGT CTT GTG CGG CTT GCG G  (2008)
Ni et al. (2002), Brondani et
F: GTG ACT GAC TTG GTC ATA GGG
24 RM204 6 (CT)as 25.1 R: GCT AGC CAT GCT CTC GTA CC al. (2006), Ram et al. (2007),
Sundaram et al. (2008)
Lu et al (2005), Lapitan et
F: TAT AAC CGA CCT CAG TGC CC
228 S . (TChe 753 R: CCT TAC TCC CAT GCC ATG AG 2’21'00(72)007)’ Thomson et al.
Bligh et al. (1999), Lu et al.
) (2005), Brondani et al.
26 RMII 7 (GA)17 47.0 F: TCT CCT CTT CCC CCG ATC (2006), Alvarez et al. (2007),

R: ATA GCG GGC GAG GCT TAG

Thomson et al. (2007), Tu et
al. (2007)
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Table 2 : (Continued)

T SSR Repeat Positi )
No Marker Chromosome l\igfiaf (()s;v;;m Primer Sequence (5’ —3°) Source
F: CCA ATC GGA GCC ACC GGA GAG C
27 RMII1S 7 (GA)g 96.9 R AT ot on oG coR AT © Lueral. (2005)
F: ATC AGC AGC CAT GGC AGCGACC v e —al — (2005),
) Chakravarthi and Naravaneni
28 RMI2S 7 (GCT)s 24.8 R: AGG GGA TCA TGT GCC GAA GGC
C (2006), Thomson et al.
(2007)
F: AGC GCA ACA ACC AAT CCA TCC G
29 RMI38 7 (GT)1s 1968  R: AAG AAG CTG CCT TTG ACG CTA  Lapitan ef al. (2007)
TGG
F: GCT GAC CAA CGA ACC TAG GCC G E‘t‘l e aﬁg Narﬁoos)z
30 RMI149 8 (AT)10 103.7 R: GTT GGA AGC CTT TCC TCG TAA anent
CAC G (2006), Sundaram et al.
(2008)
F: GAA ACC ACC ACA CCTCACCG  Ni et al. (2002), Lu et al.
31 RMI52 8 (GGC)io 9.4 R: CCG TAG ACC TTC TTG AAG TAG  (2005)
F: ATC TCT GAT ACT CCATCC ATCC  Lu et al. (2005), Lapitan et
32 RM284 8 (GA)s 83 R: CCT GTA CGT TGA TCC GAA GC al. (2007)
F: CCA ATC ATT AAC CCC TGA GC .
33 RM404 8 (GA)s 609690 b T CAG ARG AC Lapitan et al. (2007)
. Ni et al. (2002), Lu et al.
34 RMI0S 9 (CCT)e 32.1 F: GTC GTC GAC CCATCG GAG CCAC 7305y~ Thomson et al.

R: TGG TCG AGG TGG GGA TCG GGT C

(2007)



Table 2 : (Continued)

No

36

37

38
39

40

41

" SSR

Marker

RM215

RM278

RM316

RM171

RM271

RM333

RM474

. Repeat Position . , &
Chromosome Motif (cM) Primer Sequence (5’ - 3°)
8 ©T) Pont F: CAA AAT GGA GCA GCA AGA GC
9 : R: TGA GCA CCT CCT TCT CTG TAG
9 (GA) D F: GTA GTG AGC CTA ACA ATA ATC
d ; R: TCA ACT CAG CAT CTC TGT CC
(GT)s-
. (TG)o(TT B F: CTA GTT GGG CAT ACG ATG GC
TG)s. : R: ACG CTT ATA TGT TAC GTC AAC
(TG)q
F: AAC GCG AGG ACA CGT ACT TAC
10 (GATG)s 928 R.ACG AGA TC\AC GTA CGC CTT TG
F: TCA GAT CTA CAA TTC CAT CC
10 (GA)is 94 R:TCG GTG AGA CCT AGA GAG CC
" (TAT))s. _— F: GTA CGA CTA CGA GTG TCA CCA A
(CTT)s9 : R: GTC TTC GCG ATC ACT CGC
A (AT), o0 F: AAG ATG TAC GGG TGG CAT TC

R: TAT GAG CTG GTG AGC AAT GG

Source

Ni et al. (2002), Lu er al.
(2005), Lapitan er al. (2007),
Thomson et al. (2007), Tu et
al. (2007), Sundaram et al.
(2008)

Nier al. (2002)

Lu et al. (2005)

Ni et al. (2002), Lu et al.
(2005), Chakravarthi and
Naravaneni (2006), Thomson
etal (2007)

Ni et al. (2002), Lu et al.
(2005)

Lu et al. (2005),
Chakravarthi and Naravaneni
(2006), Lapitan et al. (2007),
Sundaram et al. (2008)

Lu et al. (2005). Thomson et
al. (2007), Sundaram et al.
(2008)
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Table 2: (Continucd)

Repeat

SSR . . Position T S
No Marker Chromosome Motif (M) Primer Sequence (5° - 3’) Source
F: TGC CCT GGC GCA AAT TTG ATC C Lu er al. (2005), Chakravarthi
42 RMI44 11 (AT, 123.2  R: GCT AGA GGA GAT CAG ATG GTA and Naravaneni (2006),
GTG CATC Thomson er al. (2007)
Bligh er al. (1999), Ni er al.
(2002), Lu er al (2005),
F: CAG ATT GGA GAT GAA GTC CTC C .
290D
43 RM202 11 (CT)3o 54.0 R: CCA GCA AGC ATG TCA ATG TA Alvarez et al. (2007), Lapitan
et al. (2007), Sundaram er al.
(2008)
Lu er al. (20053). Chakravarthi
44  RM206 11 (CT) 102.9 R e O L IR T TT CT ind't Nz:ra;'anf(?(jﬁ) :1:006).
2 "> R:CGT TCC ATC GAT CCG TAT GG apttan ef ai. (2007). Ram e
al. (2007). Sundaram er al.
(2008)
Ni er al. (2002). Lu er al
F: TTC CCT GTT AAG AGA GAA ATC . R .
45 RM287 11 (GA)2) 68.6 R: GTG TAT TTG GTG AAA GCA AC ggg;: Thomson er al
Bligh et al. (1999). Lu er al
46 RMIO9 12 (ATC)o 20.9 F: CAA AAA CAG AGC AGATGA C (2003). Chakravarthi and

R: CTC AAG ATG GAC GCC AAG A

Naravaneni (2006). Thomson
et al (2007)



Table 2: (Continucd)

SSR

Repeat

Position

No Marker Chromosome Molif (cM) Primer Sequence (5’ — 3°) Source
Ni et al. (2002), Lapitan et al.
TN EEL . 1) 101.8- F: AGA AGC TAG GGC TAA CGA AC (2007), Ram et al
- - 24 103.8 R: TCA CCT GGT CAG CCT CTT TC (2007), Sundaram et  al.
(2008)
18 RM277 12 (GA), 572 I}:_ %ii 2%’?:’}{?2 %ﬁg%%%C:fGAC Thomson et al. (2007)
49 RM463 12 (TTAT T SR ES g GG GC Lapitan ef al. (2007)

R: TGTTCT CCT CAG TCA CTG CG

Note: F: Forward primer sequence; R: Reverse primer sequence



3.2.3 Polymerase Chain Reaction (PCR)

The polymerase chain reaction (PCR) analysis follows the procedures
recommended by the manufacturer (Vivantis). It was performed in 25 pl reaction
mixture containing 2 ul DNA, 0.2 uM of each primer, 0.08 mM of each dNTP and
2.0 U Taq DNA polymerase in 1 X Vi buffer [100 mM Tris-HCI pH 9.1, 500 mM
KCl, 1.5 mM MgCl,, and 0.1% Triton™ X-100 ]. The PCR was performed using a
XP Thermal Cycler Blocks (Model: TC-XP, Bioer Technology, China) according
to the cycle profile: initial denaturation at 95 °C for 3 min and then 32 cycles of 30
second denaturation at 95 °C, 30 second annealing at the temperature depending on
the marker used (55 °C, 61 °C, 67 °C), and |1 minute extension at 72 °C and 7
minute at 72 °C for final product extension. The amplified samples were stored at

-20 °C until further use.

3.2.4 Gel Electrophoresis

3.2.4.1 Agarose Gel Electrophoresis

PCR amplified samples were subjected to electrophoresis in 2.0% agarose gels at
100 volts for 1.5 hour in 0.5x Tris-Borate-EDTA (1 M Tris-Cl, 0.5 M EDTA,
Boric acid) buffer and electrophoresis apparatus (Fisher Scientific FB300). Five-
microlitre aliquot of the amplified samples was combined with 1 ul loading dye.
The gels were then stained in ethidium bromide (0.5 pg/ml) for 20 minutes, de-
stained for 15 - 30 minutes with distilled water and observed under a UV

transilluminator. The images were documented in a gel documentation system
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(Model: FluorChem 5500, Alpha Innotech, USA). The sizes of the amplified bands
were estimated by using AlphaEaseFC Version 3.3.2 software utility of the gel

documentation system using ‘Gene Ruler™ Ultra Low Range’ DNA ladder (MBI

Fermentas) and VC 100bp DNA ladder (Vivantis) as the size standards for

measuring the molecular weights.

3.2.4.2 Microsatelite Markers Selection

Only 12 polymorphic rice microsatellite primers were selected from 49
microsatellite primers after visualization with the agarose gels. The selected SSR

primers were ran on polyacrylamide gels to achieve better resolution of the bands.

3.2.4.3 Polyacrylamide Gel Electrophoresis

The PCR products from selected SSR primers were subjected to electrophoresis in
5% polyacrylamide gel in 0.5x TBE buffer at 80 volts using Mini-PROTEAN®3
(Bio-Rad, USA) where the running time depended on the size of the PCR products,

from 45 to 50 minutes. The gels were stained with ethidium bromide (0.5 pg/ml)

for 20 minutes. DNA bands were visualized under UV light using gel

documentation system (Model: FluorChem 5500, Alpha Innotech, USA). The

bands were scored for further analysis.



3.3 Data Analysis

Clear and unambiguous polymorphic products from three rounds of microsatellite
analysis were scored qualitatively for presence (1) and absence (0) for each marker
allele-genotype combination in Microsoft Excel 2003 file. The binary data was
imported into NT Edit of ‘Numerical Taxonomy and Multivariate Analysis
System’ (NTSYSpc) Version 2.20r N (Rohlf, 2005; Exeter Software, Setauket,
USA). The (0/1) matrix was used to calculate Similarity as DICE coefficient using
‘SIMQUAL’ subroutine in ‘SIMILARITY’ routine. The resulting similarity matrix
was employed to construct dendrograms using ‘Sequential Agglomerative
Hierarchical Nesting’ (SAHN) based on ‘Unweighted Pair Group Method with
Arithmetic Means’ (UPGMA) to infer genetic relationships and phylogeny. The
pairwise similarity coefficients among varieties were quantified according to Nei
(1978). Cophenetic value was generated and the Mantel matrix correspondence test
(Mantel, 1967) was used to compare cophenetic with similarity matrices to define
the degree of congruence in the estimation of genetic relationships by the SSR
marker. The Mantel matrix correspondence test was carried out using the

MXCOMP procedure in NTSYSpc Version 2.20r N.
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Most informative primers were selected based on the extent of polymorphism.
Botstein er al. (1980) originally introduced the term polymorphism information
content (PIC) into human genetics. It refers to the value of a marker for detecting
polymorphism within a population, depending on the number of detectable alleles
and the distribution of their frequency. In the present study, polymorphism
information content (PIC) was calculated by applying the formula simplified by

Anderson et al. (1993):

Where P; is the frequency of j™ allele for marker i and the summation extends over

n alleles.



CHAPTER 4

RESULTS

4.1 Microsatellite Markers Screening

In order to study the genetic diversity of the rice cultivars, 49 microsatellite
markers were screened and analysed using agarose gel and grouped into two
groups: (a) polymorphic or (b) monomorphic. The results are shown in Table 3.
Four SSR markers were tested for each chromosome except chromosome 3 with
five SSR markers. Twenty-eight SSR markers were found to be polymorphic. The
rest (21 markers) were found to be monomorphic. In chromosome 1, RM1 showed
greater variation in banding pattern compared to RM237 that showed lower
variation in the banding pattern. Banding pattern analyzed in chromosome 2 found
only RM240 to be polymorphic. In evaluating the cultivars at chromosome 3,
microsatellite markers RM22 and RM 489 showed slight polymorphism compared
to the other three SSR markers. However, RM489 showed more distinctiveness in
the banding pattern compared to RM22. It was also found that chromosome 4 had
the same trend as chromosome 3. However, only microsatellite marker RM252

showed polymorphism at chromosome 4.

Chromosome 5 has only one microsatellite marker (RM413) that showed
polvmorphism while RM334 did not show any allele at all. In the preliminary

sCreening at chromosome 6, two microsatellite markers, RM204 and RMS541
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showed polymorphism. Out of the four microsatellite markers screened in
chromosome 7, only one microsatellite marker (RMI11) appeared to be
polymorphic. Threc SSR markers in chromosome 8 were found to be polymorphic

with RM404 showing better diffcrence compared to RM149 and RM152.

Polymorphism of microsatellite markers at chromosome 9 resulted in attaining one
marker that showed polymorphism which is RM316. At the same time,
microsatellite markers for chromosome 10 produced two SSR markers (RM271
and RM333) that showed polymorphic banding patterns. Out of the twelve
chromosomes screened for polymorphic SSR markers, chromosome 11 provides
more choice in selecting polymorphic markers. All four SSR markers screened in
chromosome 11 showed polymorphism with RM206 showing greater competency
in differentiating the cultivars. Only RMI19 in chromosome 12 showed
polymorphic banding pattern. For each chromosome, only one SSR marker
showing polymorphism was selected to be further analyzed. The selected SSR
markers were RM1, RM240, RM489, RM252, RM413, RM204, RM11, RM404,
RM316, RM271, RM206 and RM19 due to their ability to differentiate the

cultivars compared to the other 37 SSR markers.
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Table 3: Preliminary screening of 49 SSR markers and their polymorphism

Polymorphism SSR Markers

RM1, RM237, RM240, RM252, RM413, RM204,

RM541, RM11, RM149, RM152, RM404, RM316,

1 Polymorphic RM271, RM144, RM202, RM206, RM287, RM19,
RM154, RM452, RM22, RM489, RM 161, RM421,

RM138, RM215, RM278, RM333

RM226, RM243, RM207, RM55, RM338, RMS14,

| RM124, RM307, RM335, RM133, RM118, RM125,
2 Monomorphic
RM284, RM105, RM171, RM474, RM235, RM277,

RM463, RNM334, RM162

4.2 Sclected Microsatellite Markers Analysis

Microsatellite markers that were subjected to further analysis after the preliminary
screening were RN, RM240. RM489, RM252, RM413, RM204, RM11, RM404,
RN 16, RM271. RM206 and RM19. A total of 34 alleles were identified and

assessed.




4.2.1 Microsatellite Primer RMI

Five alleles were detected using the microsatellite primer RM1 (Figure 1). Number
of alleles detected per cultivar was one allele per cultivar. The molecular weights
of the alleles ranged from 92 to 129 base pairs. The microsatellite primer RM1 was

considered polymorphic as it can detect and help to differentiate the cultivars

better.

300 bp -
200 bp -
150 bp -
100 bp -
75 bp -
50 bp - A
Note: 5 % polyacrylamide gel, 80 volt, 45 minutes
M: Ultra Low Range DNA Ladder (10bp) bp: base pairs
1: Adan Sederhana 9: Mamut
2: Bukit Wangi 10:  Mamut 2
3: Buntar B 11: Muyun
4: Empawah 12: Rotan Wangi
5 Empawah Merah 13: Sampangan B
6: Lasak 14: Sia
7 Lemak (Meradong) 15: Tulang
g: LLemak (Roban Area) 16: Wangi

Figure 11 PAGE analysis of selected Sarawak rice cultivars using microsatellite
primer RM|
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4.2.2 Microsatellite Primer RM240

Two alleles were detected using the microsatellite primer RM240. All the cultivars

showed only one allele that was amplified (Figure 2). Their molecular weight

ranged from 113 to 146 base pairs.

-

e Seonl Sl ka S Saed

Note: 5 % polyacrylamide gel, 80 volt, 45 minutes
Ultra Low Range DNA Ladder (10bp)
Adan Sederhana

Bukit Wangi

Buntar B

Empawah

Empawah Merah

Lasak

Lemak (Meradong)

Lemak (Roban Area)

swke g

[e BN e NNV

bp:

9:

10:
11:
12:
13:
14:
15:
16:

base pairs
Mamut
Mamut 2
Muyun
Rotan Wangi
Sampangan B
Sia

Tulang
Wangi

Figure 2: PAGE analysis of selected Sarawak rice cultivars using microsatellite

primer RM240
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4.2.3 Microsatellite Primer RM489

The microsatellite primer RM489 detected two allcles at this locus (Figure 3). The
number of alleles detected from all the cultivars was only one allele per cultivar
and the molecular weights of the alleles ranged from 251 to 315 base pairs. The
expected PCR product size was 271 base pairs. The microsatellite primer RM489
had a slight ability in distinguishing the cultivars except for cultivars, Bukit Wangi,

Buntar B. Empawah and Sampangan B.

400 bp -
300 bp -

200 bp -

100 bp -

Note: 5 % polyacrylamide gel, 80 volt, 50 minutes

M: VC 100 bp DNA Ladder bp:  base pairs

l: Adan Sederhana 9: Mamut

2: Bukit Wangi 10: Mamut 2

3: Buntar B 11: Muyun

4. Empawah 12:  Rotan Wangi
S Empawah Merah 13:  Sampangan B
6: I.asak 14:  Sia

7: LLemak (Meradong) 15: Tulang

8: Lemak (Roban Area) 16: Wangi

I'igure 3: PAGE analysis ol selected Sarawak rice cultivars using microsatellite
primer RM489

(99)
(@]



4.2.4 Microsatellite Primer RM252

Only two alleles were detected using microsatellite primer RM252. Only one allele

was amplified for each of the sixteen cultivars (I'igure 4). Their molecular weight

ranged from 189 to 238 base pairs.

400 bp -
300 bp -

200 bp -

100 bp -

Note: S % polyacrylamide gel, 80 volt, S0 minutes

M: VC 100 bp DNA Ladder bp:
l: Adan Sederhana 9:

2: Bukit Wangi 10:
3: Buntar B 11:
4: Empawah 12:
5: Empawah Merah 13:
6: Lasak 14:
7 Lemak (Meradong) 15:
&: Lemak (Roban Area) 16:

base pairs
Mamut
Mamut 2
Muyun

Rotan Wangi
Sampangan B
Sia

Tulang
Wangi

Figure 4: PAGE analysis of selected Sarawak rice cultivars using microsatellite

primer RM252
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4.2.5 Microsatellite Primer RM413

Three alleles were detected using microsatellite primer RM413 (Figure S). The

number of alleles detected from all the cultivars was only one allele per cultivar

and the molecular weights of the alleles ranged [rom 70 base pairs until 118 base

pairs. The expected PCR product size was 79 base pairs. The cultivars can be

grouped according to the three alleles. Adan Sederhana, Bukit Wangi, Buntar B,

Lasak, Rotan Wangi, Sampangan B and Tulang were detected at the same

molecular weights while Empawah, Mamut, Mamut 2, Muyun and Wangi can be

grouped into one group. Empawah Merah, Lemak (Meradong and Roban Area)

and Sia were found to be in another group.

Note: S % polyacrylamide gel, 80 volt, 45 minutes

M: Ultra Low Range DNA Ladder (10bp) bp:
l: Adan Sederhana 9:

2: Bukit Wangi 10:
3: Buntar B 11:
4: Empawah 12:
5: Empawah Merah 13:
6: Lasak 14:
7: Lemak (Meradong) 15:
8: Lemak (Roban Area) 16:

base pairs
Mamut
Mamut 2
Muyun
Rotan Wangi
Sampangan B
Sia

Tulang
Wangi

Figure 5: PAGE analysis of selected Sarawak rice cultivars using microsatellite

primer RM413
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4.2.6 Microsatellite Primer RM204

Three alleles were detected using microsatellite primer RM204. Most of the
cultivars showed only one allele that was amplified (Figure 6). Their molecular

weights ranged from 109 to 156 base pairs.

Note: 5 % polyacrylamide gel. 80 volt. 50 minutes

M: VC 100 bp DNA Ladder bp:  base pairs

l: Adan Sederhana 9: Mamut

2 Bukit Wangi 10:  Mamut 2

3: Buntar B 11:  Muyun

4: Empawah 12:  Rotan Wangi
S: Empawah Merah 13:  Sampangan B
6: Lasak 14:  Sia

7: Lemak (Meradong) 15: Tulang

8: Lemak (Roban Area) 16: Wangi

Figure 6: PAGE analysis of selected Sarawak rice cultivars using microsatellite
primer RM204



4.2.7 Microsatellite Primer RM11

Only three alleles were detected using microsatellite primer RM11 (Figure 7). The
number of alleles detected from all the cultivars was only one allele per cultivar
and the molecular weights of the alleles range from 127 to 154 base pairs. The
expected PCR product size was at 140 base pairs. The cultivars can be grouped
into three groups according to their banding pattern. The first group consists of
Adan Sederhana, Bukit Wangi, Buntar B, Sia and Wangi. The second group
consists of Empawah, Rotan Wangi, Sampangan B and Tulang. The last group

consists of Empawah Merah, Lasak, Lemak (Meradong and Roban Area), Mamut,

Mamut 2 and Muyun.

Note: 5 % polyacrylamide gel, 80 volt, 45 minutes

M: Ultra Low Range DNA Ladder (10bp) bp: base pairs

1: Adan Sederhana 9: Mamut

2: Bukit Wangi 10: Mamut 2

3: Buntar B 11: Muyun

4: Empawah 12: Rotan Wangi
5: Empawah Merah 13: Sampangan B
6: Lasak 14: Sia

7: Lemak (Meradong) 15: Tulang

8: Lemak (Roban Area) 16: Wangt

Figure 7: PAGE analysis of selected Sarawak rice cultivars using microsatellite
primer RM11
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4.2.8 Microsatellite Primer RM404

Only three alleles were detected across the cultivars where all the cultivars showed
only one allele that was amplified. The alleles could be divided into thrce greups
using their molecular weight which ranged from 204 to 234 base pairs (Figure §).

Most of the alleles were found in between 210 to 230 base pairs.

Note: 5 % polyacrylamide gel, 80 volt, SO minutes

M: VC 100 bp DNA Ladder bp: base pairs

l: Adan Sederhana 9: Mamut

2: Bukit Wangi 10: Mamut 2

3: Buntar B 11: Muyun

4: Empawah 12:  Rotan Wangi
5: Empawah Merah 13: Sampangan B
6: Lasak 14: Sia

7: Lemak (Meradong) 15:  Tulang

8: Lemak (Roban Area) 16: Wangi

Iigure 8: PAGL analysis of selected Sarawak rice cultivars using microsatellite
primer RM404
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4.2.9 Microsatellite Primer RM316

Only two alleles were detected using microsatellite primer RM316 (Figure 9). The
number of alleles detected from all the cultivars was only one allele per cultivar.

The molecular weights ranged [rom 161 to 199 base pairs.

Note: S % polyacrylamide gel, 80 volt, SO minutes

M: VC 100 bp DNA Ladder bp: base pairs

1: Adan Sederhana S Mamut

2: Bukit Wangi 10: Mamut 2

3: Buntar B IRF: Muyun

4: Empawah 12: Rotan Wangi
S: Empawah Merah I3: Sampangan B
6: Lasak 14: Sia

7: Lemak (Meradong) 15: Tulang

8: Lemak (Roban Area) 16: Wangi

Figure 9: PAGE analysis of selected Sarawak rice cultivars using microsatellite
primer RM316
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4.2.10 Microsatellite Primer RM271

Three alleles were detected using this microsatellite primer. All the cultivars

showed only one amplified allele (Figure 10). Their molecular weights ranged

from 94 to 122 base pairs.

300 b - [
200 bp - [
150 bp - B
100 bp - (&5
75 bp -

50bp- g
Note: 5 % polyacrylamide gel, 80 volt, 45 minutes

M: Ultra Low Range DNA Ladder (10bp) bp:
1: Adan Sederhana £

2: Bukit Wangi 10:
3: Buntar B 11:
4: Empawah 12:
S Empawah Merah 13:
6: Lasak 14:
7: Lemak (Meradong) 15:
8: Lemak (Roban Area) 16:

base pairs
Mamut
Mamut 2
Muyun

Rotan Wangi
Sampangan B
Sia

Tulang
Wangi

Figure 10: PAGE analysis of selected Sarawak rice cultivars using microsatellite

primer RM271
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4.2.11 Microsatellite Primer RM2006

Three alleles were detected using microsatellite primer RM206 (Figure 11). The
number of alleles detected from all the cultivars was only one allele per cultivar
and the molecular weights of the alleles ranged from 133 base pairs until 174 base
pairs. The expected PCR product size is at 147 base pairs. Most of the alleles’ sizes

were found to be between 150 to 160 base pairs.

9 10 I1 12 13 14 15 16

Note: S % polyacrylamide gel, 80 volt, 45 minutes
M: Ultra Low Range DNA Ladder (10bp) bp:  base pairs

1: Adan Sederhana 8 Mamut

2: Bukit Wangi 10:  Mamut2

3: Buntar B 11: Muyun

4: Empawah 12:  Rotan Wangi
5: Empawah Merah 13:  Sampangan B
6: Lasak 14: Sia

7 Lemak (Meradong) 15: Tulang

8: Lemak (Roban Area) 16: Wangi

Iigure 11: PAGE analysis of selected Sarawak rice cultivars using microsatellite
primer RM206



4.2.12 Microsatellite Primer RM19

Microsatellite primer RM 19 detected three alleles (Figure 12). The number of
alleles detected per cultivar was from one to two alleles. Only Buntar B rice
cultivar had two alleles while the remaining cultivars had only one alleles. The

alleles’ molecular weights ranged from 212 to 308 base pairs.

M 1 2 3 4 5 6 7 8 M 9 10 11 12 13 14 15 16
400 bp - b Nend ) Vet ,
mwvu uU w -
= uuu b u uuu 1%

\ }'r ;

100 bp - [
Note: 5 % polyacrylamide gel, 80 volt, 50 minutes

M: VC 100 bp DNA Ladder bp:  base pairs

l: Adan Sederhana 9: Mamut

2: Bukit Wangi 10:  Mamut?2

3: Buntar B 11:  Muyun

4: Empawah 12:  Rotan Wangi
5: Empawah Merah 13:  Sampangan B
6: Lasak 14:  Sia

7: Lemak (Meradong) 15: Tulang

8: Lemak (Roban Area) 16: Wangi

Figure 12: PAGE analysis of selected Sarawak rice cultivars using microsatellite
primer RM19
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4.3  Allele Number and Allele Frequency

Table 4 summarizes the results obtained based on the analysis of the sixteen
cultivars using twelve selected polymorphic microsatellite markers. A total of 34
alleles were detected at the twelve microsatellite loci evaluated in the sixteen
cultivars. The number of alleles per microsatellite primer ranged from two to five
alleles. The highest number of alleles detected in this study came from
microsatellite primers RM1 with five alleles identified. Three alleles were found
using microsatellite primer RM413, RM204, RM11, RM404, RM271, RM206 and
RM19. Microsatellite primer RM240, RM489, RM252 and RM316 detected only

two alleles each. The average number of alleles per locus was 2.83.

4.4 SSR Analysis

The polymorphism information content (PIC) values are a reflection of allele
diversity and frequency among the cultivars and varies from one locus to another.
The PIC values are recorded in Table 4. The PIC value ranged from 0.375
(RM489) 10 0.703 (RM1). The most polymorphic microsatellite marker detected in
this study was RM1 with PIC value of 0.703 and five alleles identified. The second
highest was RM19 that found three alleles with the PIC value of 0.651. It was
followed by RM413, RM11 and RM206 with a total of three alleles found and PIC
value of 0.648 each. Meanwhile, RM404 detected three alleles with PIC value of
0.602. Microsatellite markers RM271, RM252, RM204, RM240 and RM316 had

PIC values below 0.6, which are 0.594, 0.500, 0.477, 0.469, and 0.430,
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respectively. The lowest PIC value of 0.375 was detected by RM489, which

showed only slight polymorphism in polyacrylamide gels.

Table 4: Polymorphism information content (PIC) of the selected simple sequence
repeat (SSR) markers

| SSR markers | Chromosome :;)e']gsf PIC value Repeat Motif

' RM1 1 5 0.703 (AG)2

' RM240 2 2 0.469 (CT)zy

| RM489 3 2 0.375 (ATA)s

| RM252 4 2 0.500 (CT)o

' RM413 5 3 0.648 (AG)11

| RM204 6 3 0.477 (CT)a4

| RM11 7 3 0.648 (GA)17

| RM404 8 3 0.602 (GA)33
(GT)s-

! RM316 9 @ 0.430 (TG)o(TTTG)a(TG)s

| RM271 10 3 0.594 (GA)s

| RM206 11 3 0.648 (CT)y

' RM19 12 3 0.651 (ATO)10

| Total 34

|

| Mean 2.83 0.562

Note: SSR: Simple sequence repeat (microsatellite markers);
PIC: Polymorphism information content

4.5 Genetic Relatienship between Rice Cultivars

Data on presence (1) or absence (0) of alleles detected across cultivars and
microsatelite markers were constructed (Table 5). This data is important for
generating the genetic similarity values among the rice cultivars (Table 6), and
subsequent construction of the dendrogram presented in Figure 13. At a 26.21%
level of similarity, the UPGMA cluster diagram showed two main clusters, A and
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B with additional sub-clusters within each group. This dendrogram revealed the
cultivars, which are genetically similar. Cluster A contained ten cultivars which are
Adan Sederhana, Empawah Merah, Lasak, Lemak (Meradong, Roban Area),
Mamut, Mamut 2, Muyun, Sia and Wangi. The similarity coefficients between any
two rice cultivars in this cluster ranged from 50 to 75%. This cluster could be
further divided into two groups. Group 1 clustered at a similarity coefficient of
about 50%, consisted of six cultivars which were Adan Sederhana, Empawah
Merah, Lasak, Lemak (Meradong, Roban Area) and Sia. Group 1 was further
divided into two subgroup at similarity coefficients of 63.89%. In this subgroup,
cultivars with the same designation called Lemak, but from two different areas
(Meradong and Roban) were clustered as 100% similar. Empawah was also found
to be 75% similar to both Lemak cultivars. From the dendrogram, Lasak was
shown to be 66.67% similar to Sia. Adan Sederhana did not cluster closely with

any of the cultivars in Group 1.

Group 2 was less diverse than the first group and was clustered at a similarity
coefficient of about 50%, which consist of four cultivars (Mamut, Mamut 2,
Muyun and Wangi). In this group, Wangi cultivar was only 50% similar to other
cultivars in Group 2. At 58.33% similarity, it further divided the remaining
cultivars into another smaller group. Muyun was found to be 58.33% similar to

Mamut and Mamut 2. Mamut was found to be 75% similar to Mamut 2.

The second main group, cluster B was clustered at similarity coefficients of
53.21%. This cluster had six cultivars which were Bukit Wangi, Buntar B,

Empawah, Sampangan B, Rotan Wangi and Tulang. The cluster could be further
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subdivided into two subgroups with varying levels of similarity. Group 3
consisting of Bukit Wangi and Buntar B were clustered at a similarity coefficient
of 72%. Group 4. the sccond subgroup, in Group B consists of Empawah,
Sampangan B, Rotan Wangi and Tulang arc 00.42% similar. Empawah and
Sampangan B were further clustered at 66.67% while Rotan Wangi and Tulang

were clustered at 83.33% similarity.

4.6  Matrix Comparison

Estimation of genetic relationship between the similarity matrix obtained by the
SSR analysis and corresponding dendrogram to define the degree of congruence
revealed a cophenetic correlation of 0.78. This estimation showed that the genetic

relationships of the cultivars studied using the SSR markers was 78% reliable.
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Table 5: Present (1) - absent (0) data according to molecular weights for selected Sarawak rice cultivars

Present (1) or Absent (0) Data

Rice Cultivars*

16

15

14

13

12

11

10

0
0
0
0

0
1
1

0
0

1
0
1
0
0

1

0
0

1

0

Marker

RMI

RM]1

RM1

RMI1

RM1

RM240

RM240

RM489

RM489
RM252

RM252

RM413

RM413

RM413

RM204

RM204

RM204

RMI1

RM11

RM11
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Table 5: (Continued)

Present (1) or Absent (0) Data

Marker Rice Cultivars*
1 2 |3 4 S 6 7 8 9 10 11 12 13 14 15 16
RM404 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
RM404 0 1 0 1 0 0 0 0 1 1 0 1 1 0 1 0
RM404 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 1
RM316 0 1 1 1 1 0 0 0 1 1 1 1 1 0 1 1
RM316 1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0
RM271 0 1 1 1 0 0 0 0 1 0 1 0 1 0 0 0
RM271 0 0 0 0 1 0 1 1 0 1 0 1 0 1 1 1
RM271 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
RM206 0 1 0 0 0 0 ! 1 0 1 0 0 0 0 1 0
RM?206 1 0 1 0 1 1 0 0 0 0 0 1 1 0 0 1
RM206 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0
RM19 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0
RM19 0 0 0 0 0 0 1 1 0 0 1 1 1 0 1 I
RM19 1 0 1 0 1 1 0 0 0 1 0 0 0 1 0 0
Note: 1: Presence of alleles 0: Absence of alleles

*Rice cultivars:

1: Adan Sederhana 6: Lasak 11: Muyun 16: Wangi

2: Bukit Wangi 7: Lemak (Meradong) 12: Rotan Wangi

3: Buntar B 8: Lemak (Roban Area) 13: Sampangan B

4: Empawah 9: Mamut 14: Sia

5: Empawah Merah 10:  Mamut 2 15:  Tulang




9%

Table 6: Genetic similarities between the selected Sarawak rice cultivars

?lift?vars‘ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
1 1.0000

2 0.1667 | 1.0000

3 0.4000 | 0.7200 | 1.0000 o

4 0.0000 | 0.6667 | 0.4800 | 1.0000

s 0.5000 | 0.1667 | 0.3200 | 0.0833 | 1.0000

6 0.6667 | 0.1667 | 0.3200 | 0.0000 | 0.6667 | 1.0000

7 0.4167 | 0.1667 | 0.0800 | 0.0000 | 0.7500 | 0.5833 | 1.0000

8 0.4167 | 0.1667 | 0.0800 | 0.0000 | 0.7500 | 0.5833 | 1.0000 | 1.0000

9 0.1667 | 0.5833 | 0.4000 | 0.6667 | 0.4167 | 0.3333 | 0.3333 | 0.3333 | 1.0000

10 0.2500 | 0.5000 | 0.3200 | 0.4167 | 0.5833 | 0.4167 | 0.5000 | 0.5000 | 0.7500 | 1.0000

11 0.2500 | 0.2500 | 0.2400 | 0.3333 | 0.5833 | 0.5833 | 0.5833 | 0.5833 | 0.6667 | 0.5000 | 1.0000

12 0.2500 | 0.5000 | 0.4000 | 0.5833 | 0.3333 | 0.2500 | 0.2500 | 0.2500 | 0.4167 | 0.5000 | 0.2500 | 1.0000

13 0.1667 | 0.5833 | 0.5600 | 0.6667 | 0.1667 | 0.1667 | 0.0833 | 0.0833 | 0.3333 | 0.2500 | 0.2500 | 0.7500 | 1.0000




Ly

Table 6: (Continued)

fu'lclf\m_s, I s s | s o 7 8 9 10 T 12 13 14 s 16
14 0.5000 0.1667[0‘24000 0.0833 | 0.6067 | 0.6667 | 0.6667 | 0.6667 | 0.3333 | 0.4167 | 0.5833 | 0.1667 | 0.0000 | 1.0000
1S 0.1667 | 0.6667 | 0.4000 | 0.5000 | 0.3333 [ 0.2500 | 0.4167 | 0.4167 | 0.5000 | 0.6667 | 0.3333 | 0.8333 | 0.5833 | 0.2500 1.0000 |
|

16 10.5000 O.ZSOOi 0.2400 | 0.2500 | 0.5833 | 0.4167 | 0.5000 | 0.5000 | 0.4167 | 0.5000 | 0.5833 | 0.5000 | 0.2500 | 0.5000 | 0.4167 | I.OOOO;
Note: *Rice cultivars:

l: Adan Sederhana 9: Mamut

2: Bukit Wangi 10:  Mamut 2

3: Buntar B 11: Muyun

4: Empawah 12: Rotan Wangi

S: Empawah Merah 18 3 Sampangan B

6: Lasak 14: Sia

7: Lemak (Meradong) 15: Tulang

8: Lemak (Roban Area) 16: Wangi
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Figure 13: Genetic relationship between 16 selected Sarawak rice cultivars
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CHAPTERSS

DISCUSSION

5.1 SSR Analysis

High levels of polymorphism and numbers of alleles were expected for rice
microsatellite markers. Out of the 49 markers, 28 markers were found to be
polymorphic and 21 markers were monomorphic. Although all the 49
microsatellite markers were selected according to high PIC values reviewed from
the literature, 21 markers were found to be monomorphic markers. These
monomorphic markers are probably not suitable to assess the genetic diversity of
the rice cultivars in Sarawak due to differentrice accession origins compared to the

ones in the literature.

The 12 SSR markers detected moderate levels of polymorphism among these rice
cultivars with at least two alleles identified at all loci and highest number of alleles
obtained from RM1 locus where five alleles were observed. These allele numbers,
as well as the average allele number per locus in this study were less than those
reported by Jayamani er al. (2007) who observed an average of 7.7 per locus over
SSR loci and as many as 16 alleles at one locus. Ni et al. (2002) used 111
microsatellite markers to evaluate 38 rice cultivars and found an average of 6.8
alleles. ranging from one to 17 alleles per marker. However, the number of alleles

and the average number of alleles obtained in this study were higher than the
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average of 2.6 alleles per locus reported by Joshi and Behera (2007). Lower allelic
diversity may be caused by the cultivars’ genotypes that have similar sequence at

the specific locus of the chromosome (Joshi and Behera, 2007).

PIC value is a reflection of allele diversity and frequency among the varieties, but
in the present study, it was not uniformly high for all the SSR loci tested. The
average PIC value was 0.562 and it ranged from a low of 0.375 (RM489) to a high
0.703 (RM1). The PIC values are dependent on the genetic diversity of the
accessions chosen and this study had a high proportion of closely related cultivars,
which would have an effect on the PIC values. Several studies had assessed the
allelic diversity of the same markers used in this study. Panaud et al. (1996) and
Olufowote er al. (1997) assessed marker RM1 and both found very similar
numbers of alleles and obtained slightly higher PIC values than in this study. Blair
et al. (2002) also found PIC value of 0.88 in 59 rice cultivars using microsatellite
primer RM1. As for marker RM240 in chromosome 2, the PIC value found in this
study was 0.469 which was lower than the PIC value found by Lapitan er al.
(2007) and Ram et al. (2007). They found PIC values of 0.750 and 0.832 in 24 and
35 rice cultivars respectively. Marker RM489 showed a low PIC value of 0.375
even though it was listed in the panel of 50 rice SSR marker recommended by the
Gramene database. Although Blair et al. (2002) and Lapitan er al. (2007) found
PIC values 0f 0.943 and 0.900 using marker RM252, the PIC value obtained in this
study was much lower (0.500). A PIC value of 0.648 found with marker RM413
was lower than the value of 0.770 reported by Thomson er al. (2007). In

chromosome 6, RM204 was assessed and the PIC value of 0.477 was obtained.
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This PIC value was slightly lower than the 0.551 that was obtained by Ram et al.

(2007).

The PIC value obtained from RMI1 in the present study was 0.648, lower value
than the one reported by Alvarez et al. (2007) and Thomson et al. (2007). They
reported PIC values of 0.76 and 0.82, respectively. Lapitan et al. (2007) reported a
PIC value of 0.85 when assessing RM404 across 24 rice cultivars. In this study,
marker RM404 assessed gave a PIC value of 0.602, which is lower than that
reported by Lapitan e al. (2007). Meanwhile, RM316 and RM271 gave PIC values
0f 0.430 and 0.594. The marker RM316 was considerably not very polymorphic in
this study as it had the second lowest PIC value among the 12 SSR markers
assessed. The study conducted by Lapitan et al. (2007) and Ram et al. (2007)
obtained higher PIC values with marker RM206. They reported PIC values of 0.87
and 0.891 respcctively, which was higher than the one obtained in this study
(0.648). For RM19, the observed PIC value of 0.651 was also lower than the PIC
value of 0.75 reported by Olufowote et al. (1997). According to De Woody et al.
(1995), markers with PIC values 0.5 or higher are highly informative for genetic
studies and are extremely useful in distinguishing the polymorphism rate of a
marker at a specific locus. Therefore, markers RM1, RM252, RM413, RM204,
RMI11, RM404, RM271, RM206 and RM19 would be useful in the genetic studies.
Out of the 12 markers, RM1 and RM19 were the better markers to assess genetic

diversity of rice cultivars as they had the highest PIC values.

While genetic diversity of the accessions chosen would have an effect on the PIC

values. other hypotheses including residual heterozygosity, accidental seed
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mixtures, and mutation and outcrossing may have also contributed to the observed
polymorphism (Jain et al., 2004). Higher number of allelcs (2.83) and average PIC
values (0.562) according to Joshi and Behera (2007) and De Woody et al. (1995)
detected in the present study indicates that the Sarawak rice cultivars are a good

source of genctic variability to be explored.

'h
N

Genetic Relationship between Rice Cultivars

The cluster analysis showed a significant genetic variation among the rice cultivars
studied with genetic similarities between any two cultivars varying between 0.0800
to 1.000. Cultivars found to be poorly related were Adan Sederhana and Empawah,
Adan Sederhana and Sia, and Empawah with Lasak and both of cultivars of
Lemak. Two cultivars, which had 100% similarity, are Lemak from the different
areas; Meradong and Roban. SSR markers detected them as cultivars with the
same genotype. No other pairs of cultivars except Rotan Wangi and Tulang
obtained similarity above 80%. Meanwhile, Mamut and Mamut 2 have almost
similar name and they are 75% genetically similar. This indicates that they
probably belong to similar genetic background, which can be explained by
Brondani ¢r al. (2006), where old variety after years of successive cultivation
would generate populations with a genetic constitution difterent trom original
genotype due to adaptations to different environments. Tu et al. (2007) also
remarked that variation in geographic and climate conditions, diverse farming
practices and diversified utilization of rice may result in loss of identity of the

varieties grown and attributes to the genetic differentiation and diversity. All this
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supports the argument by Ni er al. (2002) that information on genetic diversity of
rice for specific chromosomes are very useful in rice breeding programs especially

for gene mapping and application of marker-assisted selection (MAS).

The dendrogram created using UPGMA method produced two main clusters at
26.21% similarity. The rice cultivars sampled in this study had higher genetic
diversity compared to Lapitan er al. (2007), who assessed 24 cultivars using 56
SSR markers and clustered three main groups at 40% level of similarity. This may
be contributed by geographic conditions in addition to local cultural customs.
According to Lapitan e al. (2007), distinct geographic distribution may contribute
to the genetic differentiation of the cultivars studied. Meanwhile, traditional
farmers in Sarawak know the value of maintaining a high genetic diversity in fields
(Teo, 2007). They practiced planting a few varieties of rice in the field to avoid
major crop damage due to pests and disease. This practice helped to conserve the
genetic diversity that is lost in many rice growing Asian countries (Teo, 2007). As
mentioned by Deb (1999), tendency to replace traditional varieties with high
yielding varieties assists in the erosion of genetic diversity. With vast genetic
diversity, the knowledge and correct determination of genetic varieties is important

in rice breeding programs, allowing selection of the desired rice cultivars tor

crossing.
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5.3  Matrix Comparison

According to Silva ef al. (2007), a cophenctic correlation coefficient of more than
0.8 indicates a dendrogram that well reflccts the original data but clustering results
need to be carefully checked if values obtained were lower than 0.8. Meanwhile,
Rohlf (2005) stated that the cophenetic correlation could be used as a measure of
degree of fit for a cluster analysis where the degree of fit can be interpreted
subjectively as follows: r > 0.9 very good fit; 0.8 <r < 0.9 good fit, 0.7 <r < 0.8
poor fit, and r < 0.7 very poor fit. Therefore, the cophenetic correlation (r = 0.78)
obtained between the similarity matrix and corresponding dendrogram in this study
was fairly poor fit compared to 0.92 reported by Giarroco et al. (2007) but higher
than the one reported by Ravi et al. (2003). This was probably due to a large
number of pairwise genetic similarity coefficients with intermediate values, which
allows for a number of similar variants for dendrogram branching (Maras et al.,

2008).
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CHAPTER 6
CONCLUSION

The present study provides an overview of the genetic diversity among the selected
Sarawak rice cultivars. The rice SSR markers used in genetic diversity analysis
enabled grouping of cultivars according to their genotypes. Since the SSR markers
are neutral and co-dominant, they are powerful tools to assess and identify the
genetic variability of the closely related rice cultivars in Sarawak. At least one
marker in this study uniquely distinguished all varieties except for Lemak. The
cultivar Lemak from Meradong and Roban areas are believed to have a common

origin.

Understanding of the rice genetic diversity is a prerequisite for future studies
aimed at improving rice quality and other breeding programs. Screenings of further
markers are recommended in order to develop a suite of markers that are
polymorphic between closely related varieties for use in variety identification,

gene tagging and plant breeding.
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