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Analysis of Sarawak Bario Rice Diversity Using Microsatellite Markers
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Abstract: Problem statement: There are numerous claims on varieties of Barie daltivars in
Sarawak. Many of them might be synonyms or homonyrhss preliminary study was to differentiate
Bario Rice cultivars using microsatellite molecutaarkers Approach: Microsatellite marker panels
distributed on all 12 chromosomes on rice genomee veeployed to study 8 Bario rice cultivars in
SarawakResults: Current study indicated that the microsatellitegdamere able to differentiate the 8
Bario rice cultivars. A total of 31 alleles werengeated at 12 polymorphic microsatellite loci among
the cultivars using the selected polymorphic SSRi@r pairs with an average of 2.6 alleles per locus
Average PIC value obtained was 0.5204. An UPGMAddegram based on SSR polymorphism
indicated high variation among the rice varietieishvihe coefficient ranging from 0.16 and 0.92.
Genetic diversity determination using cluster asislyshowed differentiation of rice cultivars into 2
major groups and several sub-groupgsnclusion: The SSR markers were useful for differentiating
the genotypes and assessment of genetic relatpmshie to its reproducibility and to multiallelic,
codominant and informative properties.
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INTRODUCTION loci is their hypervariability, which is associatedth
the expansion potential of the SSR motif itselfisTh
Bario rice cultivars are traditional rice of trentl  feature, in combination with the ease of PCR
of the Hornbill (Sarawak) which are planted by loca amplification, the co-dominant profiles and the
ethnic community in the Highlands. Bario rice haspotential for automation, has contributed to the
earned its name as one of the finest rice grainhen widespread use of these markers in a range of igenet
world due to its soft texture, fine elongated gsaiith  studies. SSR has been widely used in various plants
its exquisite taste and aroflaDue to the gaining and in rice alone it has been used to fingerprint
popularity of Bario rice in the market, there haeib accessions, analyze diversity, identify introgressi
irresponsible exploitation of the brand name Bavith in interspecific crosses, trace pedigrees, locatecs
other rice cultivars which are actually cheaper afid and quantitative trait loci on rice chromosomes and
lesser quality than the genuine Bario rice. Eveugih  marker assisted selectfdn
there are numerous claims on varieties of Barie ric The primary objective of this study was to
cultivars in Sarawak, many of them might be synosym differentiate 8 Bario rice cultivars in Sarawak ataed
or homonyms. Hence the need to develop the DNAletermine their genetic diversity.
fingerprinting profile or genotype of genuine Barioe
cultivars by using molecular markers such as MATERIALSAND METHODS
microsatellite markers, random amplified polymorphi
DNA (RAPD) and restriction fragment length Plant material: Seeds of Bario rice cultivars used for
polymorphic DNA (RFLP). this study were either collected from farmers ie th
Microsatellites or Simple Sequence Repeats (SSRjouthern divisions of Sarawak or obtained from the
have become major molecular markers for a widegangDepartment of Agriculture Sarawak (Table 1). DNA
of studies in plants and animals after its emergeagca was extracted by bulking the leaves harvested using
Polymerase Chain Reaction (PCR)-based genetitGF-1 Plant DNA Extraction Kit” from Vivantis
markef!. One of the well established features of SSRTechnologies.
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Table 1: List of Bario rice cultivars analyzed 20 min and de-stained, PAGE gels were visualized
No_Rice cultivar Cultivar code _ Source ' under ultraviolet light using the procedure deseilin
1 Bario B. SD;F;EV‘J;TQN of Agriculture  5ambrook and Russ@ll and documented in gel
> Bario.2 B2 Department of Agriculture  dOCUMeNtation systéfh(Alpha Innotech, USA).
Sarawak
3 Bario Banjal B. Banjal Tatau Molecular analysis. Amplified alleles were visualized
4 Bario Chelum B. Chelum Department of Agriculture 55 pands on gels. Only clear and apparently
Sarawak - : :
5  Bario Halus B. Halus Tatau unambiguous bands present on the pol_yacrylgwde gel
6 Bariolowland  B.Low(M)  Meradong were scorell. Using the allele sizes obtained with each
7 Bario Lowland B. Low (S) Kampung Bunan, Serian ~ SSR marker for 8 Bario rice cultivars the input rixat
8 Bario Sederhana _ B. Sdrhn Tatau for genetic analysis in binary format was prepared.

. . . . . Nei's standard genetic distances were computedyusin
Selection of microsatellite markers. Microsatellite rectangu]ar matrix formed from allelic frequency

marker panels well distributed on all 12 chromossme computations derived using NTSYSpc (version 2.2).

on rice genome were used in this study. These panel

were chosen based on ability to differentiate thescoring of Main Allele Band: The size in nucleotide

Sarawak r?ce cultivars in the preliminary screeningpase pairs (bp) of allele band with highest intiynfsir

performed in our laboratory. each SSR marker was scored as main allele band and
determined based on its migration relative to makee

Polymerase Chain Reaction and Evaluation:  \weight size markéf. An allele that was observed in

Protocols for Polymerase Chain Reaction (PCR) withonly one of the 14 rice cultivars was determinedaas
Taq DNA polymerase was based on the protocoby unique allelé®*!

provided with the “DNA Amplification Kit” from

Vivantis Technologies. PCR was performed in 25 Uly/griication of SSR Primers Used For Analysis of
reaction mixture containing 1 pL of extracted plantGenetic Relationship: To ensure the reproducibility of
DNA, 0.4 pM of each primer, 200 pM dNTP for eachyhe 15 selected highly polymorphic SSR primers and

nucleotide, 50 mM KCl, 10 mM Tris-Cl, 1.5 MM ot verification purpose, PCR amplification of
MgCl, and 2.0 units Tag DNA Polymerase (Vivantis) gitterent batches of DNA sample were performed.
in a 0.2 mL PCR tube. Amplification was carried out

using BIOER XP thermocycler as follows: Initial

denaturation at 95°C for 3 min; denaturation at®#5r

30 sec, primer annealing for 30 sec where the dimgea

temperature varies with the type of primer used
elongation at 72°C for 1 min, follow by 32 cycles o

e e e 4100 indcating h absence of bands, he SQUA
was incorporated in ea.\ch set of PCR amplificationsybprqgram In NYTSYSpc was u_sed (o generate the
conducted to verify the absence of contaminationsImllarlty sequence. Th? data obtained fr_om SlMQUA.L
during PCR and its efficient was later used to e§t|mate.the genetic relatiosship
PCR products (5 MIL) were resolved on2MoNg th_e 8 Bario rice cquvars.. Thg data gathered
: . . : .~ were subjected to cluster analysis using NYTSYSpc
polyacrylamide gel for higher resolution using Mini

PROTEAN 3 Cell gel casting apparatus (BIORAD (version 2.2) to generate a dendrogram by Unwetighte

USA) to achieve high resolution of the baRdsThe Eae'{ho(jé?zﬂ% with - Arithmetic - Averages  (UPGMA)
sizes of amplified .fragments were estimated with Polymoriohism Information Content (PIC) was
FlourChem 55.00 using VC 100 bp plus DNA Iaddercalculated for each marker using the following
(Fermentas, Lithuania) and Ultra Low Range DNAequation'

Ladder (Vivantis Technologies) as the size starglard '

SSR amplified products with expected product size .

above 150 bp was subjected to 5% polyacrylamide gel PIC = 1_2 Pif

electrophoresis at 80 volts for 60 min. Meanwhie f e

expected product size below 150 bp, 6%

polyacrylamide gel was used with 80 volts for 50umi  where, Pij is the frequency of tH4llele for ith marker
After staining in 0.5 pg mt ethidium bromide for and summation extends over n alleles. Cluster aigaly
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Data analysis. Markers were scored based on the band
pattern generated from the gel imaging systemHer t
presence or absence of the corresponding band among
the genotypes. Using the binary coding system, ‘1’
indicating the presence of clear and unambiguond$a



Am. J. Agri. & Bial. i, 4 (4): 298-304, 2009

was performed using NTSYSpc. The resulting distancélalus, Bario Lowland (Meradong) and Bario
matrix data was used to construct the dendrograngus Sederhana. The similarity coefficients ranged betwe
the un-weighted pair-group method with arithmetic~0.39 and 0.92, while the second group (Group Il)
average (UPGMA). consists of only Bario Banjal and Bario Lowland

(Serian), with the genetic coefficients 0.667. Grdu

RESULTS was further sub-divided into several sub-groups.
In group |, there were 2 sub-groups forming

Number of alleless Using 12 SSR primers with clusters of loosely related varieties. The firdb-guoup
polymorphic loci which were fully distributed onl éhe  consists of Bario, Bario-2 with similarity coeffait of
rice genomes that had been pre-screened, a to@l of 0.833. Another cluster comprised of Bario Chelum,
alleles were detected among the 8 Bario rice @iiv Bario Halus and Bario Lowland (Meradong). Bario
(Table 2 and Fig. 1). The average number of allplgs Sederhana was quite diverted from the rest of the
locus was 2.6 alleles with 2 alleles in 6 mark8ralleles  cultivars. Bario Halus and Bario Lowland (Meradong)
in 5 markers and 4 alleles in 1 marker. The ovesialk  were highly similar with the similarity coefficientf
of amplified products ranged from 79 bp (RM413) t00.917.
236 bp (RM404). A total of 2 unique alleles were
detected at 4 SSR loci (RM11, RM404, RM271 andsSR markers in rice studies. Presences of stutter

RM206). The SSR primer pairs used for the genetihands were detected in this study. Stutter band are
diversity analysis, the number of alleles for e&3R  minor products amplified in PCR that have lower
locus and PIC values are shown in Table 2. intensity than the main allele and normally lacks o
has extra repeat unfts. Although stutter bands were
Polymorphism of SSR markers: All of the 12 SSR  very common and more serious in di-nucleotide SSR,
primer pairs used for analysis of genetic diversitd it was observed in tri-nucleotide SSR such as in RM
relationship in this study generated polymorphiod®@ 19 as well (Chromosome 12) and in tandem repeat

among the cultivars. The PIC value for the SSR loCksequence such as RM 316 (Chromosome 9) but was
ranged from 0.3750 to 0.6563 with an average oOfess serious.

0.5204 (Table 2). The highest PIC value was obskrve
for primers RM 204 and RM271 (0.6563). The PICtapje 2: Aliele variation and PIC values for SSRi identified in 8

values for the remaining SSR loci were 0.5938 or Bario rice cultivars
lower. Expected No. of
Chromosome SSR PCR product No. of unique PIC
Cluster analysis The input matrix for genetic analysis -P2Stn Qﬁrlker 131'§e (bp) Zageles alleles OZZQZQ
among the rice cultivars were prepared from theisgo 5 RM240 132 20 0.4688
of main alleles obtained. A dendrogram was generate3 RM489 271 2.0 0.3750
by UPGMA to show the genetic relationships of the4 RM252 216 2.0 0.4688
RM413 79 3.0 0.4939
Bario rice cultivars studied. The cluster analysis®
6 RM204 169 3.0 0.6563
generated showed a significant genetic variatiooragn - RM11 140 3.0 1 0.5938
the rice cultivars studied, with similarity coeféats 8 RM404 236 3.0 1 0.5938
ranging between 0.16 and 0.92. The dendrogrard RM316 192 2.0 0.4688
revealed 2 distinct groups (I and 1) at the simija 19 RM271 158 4.0 L 0.6563
11 RM206 147 3.0 1 0.5313
coefficient of 0.16 (Fig. 2). 12 RM19 226 2.0 0.4688
The first group (Group 1) consists of 6 Bario rice Total 31.0 4 6.2444
cultivars, namely Bario, Bario Chelum, Bario-2, Bar Mean 2.6 0.5204
RM352 RM404 RM3I6

100 bp —>

Fig. 1: Polymorphic SSR bands of 8 Bario rice eaits amplified by RM252, RM404, RM316 (M1-VC 100 bp
DNA Ladder)
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Fig. 2: Dice’ similarity coefficient based on 12 B#nakers showing the relationships among 8 Sard&eaio rice
cultivars (Dendrogram derived from UPGMA clustealysis)

This was in agreement with Cheb al.™!, where SSR locus basis the average of 2.6 alleles were corbfeara
loci with di-nucleotide repeat motifs tended toed#t with the average of 2.0-5.5 alleles per locus farious
greater number of alleles than with tri-nucleotmied ~ classes of SSRs reported by Chb al.*® This is
tandem repeats sequence. Based on the study significantly lower than the average number oflafie
Olejniczak and Krzyzosidk!, stutter bands were reported by other research&ts®?® However, these
produced by the slippage of the polymeraseauthors used much larger numbers of rice cultivars
amplification and the factors that influence the(176, 92, 33 and 38 cultivars respectively) and E&R
proportion of stutter band to the main allele wdre (24, 19, 25 and 111 SSR, respectively).

repeat number, number of PCR cycles, length and the According to Liet al.”™, polymorphism in the SSR

characteristics of the repeat sequence. could also be due to changes in the SSR regioli, itse
caused by the expansion or contraction of SSRs, or
DISCUSSION interruption.

Polymorphism in SSR markers: Highest PIC values Intra and Inter-Cultivar Variation, Synonyms and
were observed for SSR primers RM204 and RM271Homonyms. There were cases of rice cultivars with the
(0.6563). PIC value is reflection of allele divéysand same name (Bario Lowland) but collected from
frequency among the cultivars. The higher the PICifferent locations that do not exhibit the samenda
value of a locus, the higher the number of allelegpattern and were not clustered together. The ptebab
detected. This observed pattern was consistenttivth explanation was that there were cases of misladpelin
findings of Lapitanet al.'”) According to Akkaya and during the establishment of rice germplasm colecti
Buyukunal-B&f?, high PIC value can be attributed to or that the cultivars came from different source bu
the use of more informative markers. The PIC vétwe given the same name by the farmers.
the remaining SSR loci were all below 0.65 with an The rice itself is a self pollinating plant; hovesv
average of 0.4875. there is presence of heterozygosity. According to
From the results, a total of 31 alleles were detec Garlandet al.*, intra cultivar polymorphism was due
among the 8 Bario rice cultivars (Table 2). Therage to presence of heterozygous sample. They alsodstate
number of alleles per locus was 2.6 alleles withrege  heterogeneity may be explained by a high mutatte r
of 2 to 4 alleles (RM204). Jalaluddénal *® studied on  where the alleles were unstable within cultivathié
22 cultivars with 5 SSR markers also reported gean mutation rate was sufficient. Jalalludinal .*® reported
of 2-4 alleles which is similar to this study. Orpar  that heterogeneity might be due to use of many rice
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varieties for cultivation by the farmers and the Sarawak may well have aided in promoting the geneti
production of the seeds by the farmers themselwveklic diversity of rice in Sarawak.

enhance the varietal mixtures and promoting natural
cross pollination among cultivars in surroundinglds

to maintain a stable yield.

An example of synonyms in this study was the The microsatellite marker panel used for the
grouping of Bario Halus and Bario Lowland analysis of 8 Bario rice cultivars in Sarawak was
(Meradong). These cultivars probably came from thenformative and useful for differentiating the sied
same source but were given different names by theultivars. SSR marker RM204 and RM271 showed the
farmers. Intra-cultivar variation was observeddamg  highest PIC value (0.6563), while the average PIC
cultivars with the same name which was clusterea to Value was 0.5204. From this study, it was found tha
distinct group such as Bario Lowland (Meradong) and/ice cultivars with the same name (Bario Lowland) b
Bario Lowland (Serian). Omraet al.?¥ also reported ~ collected from different location may not necessaey
similar cases which may be due to homonyms an e same qultlvar. This probably reflects the .dseer
misidentification during germplasm collection. The practices with respect to cultural aspects,_seamga
unexpected variation is also most likely due to $nasand seed exchange that could have contributedeto th

selection and selection of the rice seeds as auneixt genetic diversity of Bario rice germplasm in Sarawa

: : o iy The identification and differentiation of the
representing acceptable properties within a culfiva Sarawak Bario rice cultivars studied using
. . . _ . microsatellite markers was achieved. The markers
Genetic Relationship among the Rice Cultivars.  reported here is of value in ongoing efforts to

Dendrogram obtained using UPGMA method reveale¢gnsiruct a database in breeding programs and

CONCLUSION

cultivars that are derivatives of genetically samitype

characterization of other Bario rice cultivars tlaae

clustered together which explains the relationshimot included in this study.

among the 8 Sarawak Bario rice cultivars. The
coefficient ranging between 0.16 and 0.92 indicated
great variation among the rice cultiifs Chakravathi
and Naraveffi” state that the larger range of similarity
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Bario and Bario-2 are considered to be genetically
closely related and clustered together with a genet

similarity of 0.833. High degree (0.917) of geneticl.

similarity among Bario Halus and Bario Lowland
(Meradong) was obtained in this study. Such casge w
probably due to the selections made by farmers faom
single land rad®’ or attributed to several genotypes in
the development of traditional Bario rice plantgdtbe

ethnic community in Sarawak. According to
Chakravarthi and Naravan&fli high similarity

coefficients indicates cultivars belonging to samil 2.

genetic background. This scenario could be caused b

occasional outcrossing events that may occur

spontaneously or selectively between the cultiars
According to Tuet al.* in the distribution of

genetic diversity and relationship of Yunnan rice3.

germplasm, the cultural habits of exchanging seeds
among farm families, villages or regions might have
contributed to the enhancing of rice genetic ditgrs
within the region by adding different genotypestlie
local rice gene pool. Such practices by the logals
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