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Abstract—In this study, variability of rice landraces in  vyield production and other commercial crops such as
Ratchaburi, Thailand was investigated using seed  sugar cane and rubber tree [3], [7]. To conserve these
morphology and DNA sequences. This information is useful  genetic resources, the appraisal of the genetic variability
for understanding the extent of diverse level of rice g considered as the initial step for management [8]

landraces in order to provide desirable characters for The genetic diversity of rice have been extensively

accomplishing the efficient rice improvement and . . .
conservation program. Collected 9 rice landraces were studied in the morphological characters [9]-[13] and

observed using qualitative (awn presence, awn color, lemma ~ Molecular techniques such as RAPD (random amplified
and palea color, lemma and palea pubescence, sterile lemma  polymorphic DNA) [14], [15], AFLP (amplified fragment
color, sterile lemma length, and seed coat color) and length polymorphism) [16], ISSR (inter simple sequence
quantitative (1000-grain weight, grain length with and  repeat) [14], [17], SSR (simple sequence repeat) and SNP
without husk, grain width with and without husk, and ratio (single nucleotide polymorphism) [15], [18], [19].
length/width with and without husk) characters. Using  Because of the advance of DNA sequencing technology,
cluster _anaIyS|s, all traits divided thgse rice landraces into especially rapid analysis and economical expense [20]-
two major c!usters. Moreover,_these rice Iand_races were also [24], SNP has been extensively used in many organisms
analyzed using single nucleotide polymorphism data based : - - . -

on two putative neutral fragments. This study presented low including plants, animals and fungi [22], [25]-[35]. I_n rice
level of nucleotide diversity for all populations. The  9enome, SNPs are abundant and useful for evaluation of
statistical tests of neutrality indicated significantly positive  genetic diversity and evolutionary process [36]. However,
departure from neutral equilibrium, which suggested the  in western Thailand, the assessment of the genetic
high intermediate-frequency polymorphisms in these rice  variability of rice landraces which may provide the basic
landraces. information for wusing in breeding program and

o ) conservation of genetic resources [2], [37] is still
Index Terms—diversity, DNA sequence, rice landrace, seed unavailable.

morphology
Il.  MATERIALS AND METHODS
I.  INTRODUCTION

Rice landraces (Oryza sativa L.) or traditional rice A Seed Samples of Rice Landraces

varieties are the considerable staple food crop for Seed samples of 9 rice landraces were collected from
indigenous peoples [1] and also the important resources ~ tWo districts in Ratchaburi province, Thailand. There are
of genetic diversity [2]-[4] such as pests and fungal ~ four landraces from Suan Phueng (Khaw Nhew Dum,
resistance [4] and potential adaptation to environment [5], ~ RT101; I-Ngong Yai, RT0Z; I-Ngong Lek, RT03) and the
[6] which are useful for improvement of cultivated rice  Others from Ban Kha (Nang Pang Near, RT04; Pa Choi,
varieties [2], [4], [7]. However, presently, these valuable ~ RT0S; Bueng Wo Boi, RT06; Khaw Dang, RTO07; Chu
rice landraces have been continuously lost by  Purng, RTO8).

replacement of modern rice varieties which provide high- B, Opservations of Seed Morphology

Qualitative (awn presence, awn color, lemma and palea
Manuscript received March 5, 2016; revised November 3, 2016. color, lemma and palea pubescence, sterile lemma color,
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sterile lemma length, and seed coat color) and
quantitative (1000-grain weight, grain length with and
without husk, grain width with and without husk, and
ratio length/width with and without husk) characters were

observed and scored from all rice landraces based on [38].

C. Analysis of Morphological Data and Clustering

Descriptive statistics based on mean, standard
deviation, standard error and coefficient of variation were
analyzed from the quantitative characters. Cluster
analysis was performed using PAST version 3.10 [39]
based on the basic Euclidean distance and unweighted
pair-group average (UPGMA) algorithms.

D. DNA Extraction, PCR Amplification and Direct DNA
Sequencing

Two seeds of each rice landraces were soaked in
distilled water and germinated to 10-day seedling.
Unfortunately, one landrace (I-Ngong Lek) was excluded
from molecular analysis because of no seed germination.
Total young leaves were collected and used for DNA
isolation using the modified Genomic DNA Mini Kit
(Plant) (Geneaid, Taiwan). The primers were developed
from intron flanking-region of gene using EPIC (Exon-
Primed Intron-Crossing) method. Gradient PCR was
performed for selecting the temperature of amplification
(Ta) of each primer. PCR reaction was carried out in a
total volume of 25ul containing 1pl genomic DNA, 2.5ul
of 10X buffer, 1ul of 50mM MgCl,, 0.25ul of 10mM
dNTPs, 0.5ul of each primer (10nmol), 0.3ul of Taq
DNA polymerase (Biotechrabbit, Germany) and 18.95ul
distilled water. Amplification was conducted in a
thermocycler using  following  program; Initial
denaturation at 94<C for 5 min followed by 30 cycles of
94<C for 1 min, Ta for 30s, 72<C for 45s and final
extension at 72<C for 10 min. The annealing temperature
for CatA (Catalase gene) [40] was 59<C and for Pi54
(Uncharacterized protein; F:GTTGCGTATGAAGGACA
TGC, R:AGACCCTCACAGCCTGAAGA) was 59<C.
Then, the amplified products were separated on 1%
agarose gel. PCR products with single band were chosen
for purification using Gel/PCR Purification Kit (Favogen,
Taiwan). The purified PCR products were directly
sequenced in both directions using forward- and reverse-
specific primers by Macrogen Inc. (Korea). Forward and
reverse sequences of each gene fragment were compared
and validated with the retrieved sequence of Oryza sativa
(indica) from the GRAMENE database. The nucleotide
sequences were visually determined between base-calling
and chromatograms. Sequences were aligned and
manually edited using BioEdit version 7.1.9 [41].

E. Analysis of Molecular Data

Data and molecular population genetic analysis were
conducted using DnaSP version 5.10.01 [42]. Nucleotide
diversity was estimated based on 2 parameters, 6,, [43]
and z [44]. Tajima’s D test [45] was measured skews in
the frequency spectrum based on z and 6,, in order to test
the neutrality for each locus following the result of cluster
analysis. Haplotype diversity was also calculated from
each locus.
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I1l.  RESULT

A.  Morphological Data and Cluster Analysis

The observation of quantitative traits were performed
based on seed morphological characters (Table 1), which
are 1000-grain weight, grain length with and without
husk, grain width with and without husk, and ratio
length/width with and without husk. Maximum grain
weight (37.00g) was observed in I-Ngong Yai while
minimum grain weight (21.76g) was observed in I-Ngong
Lek. Maximum grain length (11.13mm) was observed in
Khaw Nhew Dum while minimum grain length (9.08 mm)
was in I-Ngong Lek. Maximum grain length without husk
(8.05mm) was observed in I-Ngong Yai while minimum
grain length without husk (6.55mm) was in Bueng Wo
Boi. Maximum grain width (3.32mm) was observed in
Khaw Nhew Dum while minimum grain width (2.24mm)
was observed in Khaw Dang. Maximum grain width
without husk (2.94mm) was observed in Nang Pang Near
while minimum grain width without husk (2.26mm) was
observed in Khaw Dang.

The dendrogram were divided into two major groups
by cluster analysis based on quantitative and qualitative
traits (Fig. 1). Major cluster (cluster 1) consisted of 5 rice
landraces while minor cluster (cluster 1) consisted of
three rice landraces. In major cluster, 4 rice landraces
were grouped in two sub-groups and one individual
landrace. The first sub-group consisted of 1-Ngong Yai
and Nang Pang Near based on similarity in color and
pubessense of lemma and palea, sterile lemma color,
sterile lemma length, seed coat color, 1000-grain weight,
grain length and grain width. The second sub-group
consisted of Pa Choi and Chu Purng based on similarity
in presence of awn, lemma and palea pubessense, sterile
lemma color, sterile lemma length, seed coat color, 1000-
grain weight, grain length and grain width. Individually,
one landrace was separated by the different seed coat
color. In minor cluster, 3 rice landraces (I-Ngong Lek,
Bueng Wo Boi and Khaw Dang) were grouped based on
similarity in lemma and palea pubessense, sterile lemma
length, seed coat color and 1000-grain weight. Due to the
difference of rice landraces in each population, these
divided groups were further used for molecular analysis.
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Figure 1. Dendrogram of 8 rice landraces from Ratchaburi province
based on the basic Euclidean distance and unweighted pair-group
average (UPGMA) algorithms.

B. Molecular Data Analysis

The nucleotide diversity of 8 rice landraces from Ban
Kha and Suan Phueng populations was evaluated from a
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total of 1,088 nucleotides across 2 non-coding fragments
(Table 11). The total lengths of the studied loci are 541bp
(CatA) and 547bp (Pi54). The polymorphic sites
including 21 single nucleotide substitutions (SNPs) and
three large insertion/deletion polymorphisms (indels)
were observed. Additionally, low level of nucleotide
polymorphism was observed in all studied fragments. For

populations and clusters was consistent. A significant
positive Tajima’s D value from all populations and
clusters indicated an excess of intermediate-frequency
polymorphisms. Haplotype was divided into 3 groups.
For Pi54 gene, nucleotide diversity calculated from
populations and clusters was also consistent and the
excess of intermediate-frequency polymorphisms was

CatA gene, nucleotide diversity calculated from also observed. Haplotype was divided into only 2 groups.
TABLE I. DESCRIPTIVE STATISTICS OF 9 RICE LANDRACES FROM RATCHABURI PROVINCE, THAILAND
Trait Minimum Maximum Mean SD SE mean CVv
1000-grain weight (g) 21.76 37.00 30.81 5.35 1.89 0.17
Grain length with husk (mm) 9.08 11.13 10.02 0.71 0.25 0.07
Grain length without husk (mm) 6.55 8.05 7.25 0.50 0.17 0.06
Grain width with husk (mm) 2.24 3.32 3.06 0.35 0.12 0.11
Grain width without husk (mm) 2.26 2.94 2.45 0.22 0.07 0.09
Ratio I/w with husk 2.90 4.38 3.31 0.46 0.16 0.14
Ratio I/w without husk 2.66 3.32 2.96 0.22 0.07 0.07
SD = Standard Error; SE mean = Standard Error of Mean; CV = Coefficient of Variation
TABLE Il. SUMMARY OF NUCLEOTIDE DIVERSITY AND NEUTRALITY TEST
Locus Sample category n H Hd S T By D
CatA Total landraces 28 3 0.613 15 0.0131 0.0071 2.75105***
Ban Kha 20 0.505 12 0.0117 0.0065 2.84498***
Suan Phueng 8 0.727 15 0.0145 0.0095 2.20252*
Cluster | 20 0.674 15 0.0139 0.0081 2.63069***
Cluster Il 8 0.571 12 0.0132 0.0089 2.42331***
Pi54 Total landraces 28 2 0.508 6 0.0087 0.0044 2.83562***
Ban Kha 20 0.505 6 0.0087 0.0048 2.52571***
Suan Phueng 8 0.571 6 0.0098 0.0066 2.24509*
Cluster | 20 0.505 6 0.0087 0.0048 2.52571***
Cluster 11 8 0.571 6 0.0098 0.0066 2.24509*

n = Number of sequences used; H = Number of haplotype; Hd = Haplotype diversity; S = Number of segregating sites, = = the average number of
difference between all pairs of sequences sampled; &y = the number of segregation sites among the investigated sequences; D = Tajima’s D test; *, P

< 0.05; **, P <0.02; *** P <0.01

IV. DISCUSSION

The observations of quantitative and qualitative traits
observed in 9 rice landraces from Ratchaburi were quite
low diversity when compared to rice landraces from West
Bengal, India [12]. Seed coat colors of Indian rice
landraces (white, light brown, golden yellow and red)
were more diverse than rice landraces of Ratchaburi
(light brown and purple). Most of rice landraces from
India showed the presence of aroma while all rice
landraces from Ratchaburi were not observed. However,
grain sizes (grain length and grain width) of Indian rice
landraces were quite smaller than rice landraces of
Ratchaburi. These basic facts of rice diversity could be
used as the important resources of desirable characters for
conservation and rice improvement program [2].

The relatively low level of nucleotide polymorphism
was observed in both studied fragments. Nucleotide
variation of CatA was higher than nucleotide variation of
Pi54. For CatA locus, the nucleotide diversity in this
study (= = 0.0131) was similar to Oryza sativa ssp. indica
(r = 0.0122), Oryza rufipogon (z = 0.0151) and Oryza
barthii (= = 0.0164) as well as was higher than Oryza
sativa ssp. japonica (z = 0) [40]. Haplotype network of
CatA showed three groups of sequences; haplotype 1
consisted of 3 rice landraces (Khaw Nhew Dum, Khaw
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Dang and Chu Purng), haplotype 2 consisted of 1 rice
landrace (I-Ngong Yai) and haplotype 3 consisted of 3
rice landraces (Nang Pang Near, Pa Choi and Bueng Wo
Boi). For Pi54 locus, low genetic variation was observed
in all groups (Ratchburi, Ban Kha, Suan Phueng, cluster |
and cluster 11) with small range (z = 0.0087 to 0.0098).
Haplotype network of Pi54 showed two groups of
sequences; haplotype 1 consisted of 3 rice landraces
(Khaw Nhew Dum, Khaw Dang and Chu Purng),
haplotype 2 consisted of 4 rice landrace (I-Ngong Yai,
Nang Pang Near, Pa Choi and Bueng Wo Boi). Both
haplotype networks showed no relation to the result of
cluster analysis. Moreover, the significant positive D
value in all loci suggested the excess of intermediate-
frequency polymorphisms which might indicate
bottleneck during domestication process of these rice
landraces [40]. Because this study is only the initial
information, more samples and gene locus are required
for further analysis.
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