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Abstract: Many elite rice varieties have been developed in the last decades by
Thai rice breeders. No information about the genetic gene pool of these elite
rice varieties is available. This study evaluated the genetic relationship of 15
elite Thai rice cultivars using Indel markers. Of the 133 markers screened, 44
were polymorphic. The PIC scores ranged from 0.06 to- 0.50. By the UPGMA
clustering method, they were separated into three major groups. Several markers
identified specific DNA bands to certain rice cultivars, e.g., RD0305 and Rd0806
detected DNA bands specific for four photoperiod-sensitive rice cultivars. The
gene pool of 15 elite Thai rice cultivars was moderately wide, and some closely
related rice varieties were observed. The clustering result was consistent with
the breeding pedigree. The data of this study can be used for the sustainable
development of elite rice varieties in the future.
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INTRODUCTION

Rice (Oryza sativa), one of the most important cereal crops in the world,
is a staple food and the main source of nutrition of Thai citizens. Thailand has
proposed to expand the area of rice production, by adding 500,000 hectares
to the currently 9.2 million hectares of rice-growing areas. From 2014 to 2017,
Thailand was the second largest rice exporter after India on the world market
(Thai Rice Exporters Association 2018). Although Thailand is one of the largest
rice producers and exporters, the grain yield per area is almost the lowest of all
rice-producing countries, due to many factors, e.g., diseases and environmental
stress (Meyer and Prasertsri 2007). In the past three decades, Thailand has
developed many elite rice varieties to increase the yield and quality of rice
production. However, no information about the population gene pool of these
elite rice varieties developed in Thailand is available. Many of them have the
same parents, indicating that they share the same gene pool. It is very important
to understand the genetic relationships of these developed elite rice varieties
to ensure the sustainability of a rice breeding program.

Genetic diversity plays a major role in plant breeding programs. Knowledge
of the genetic relationships between the different accessions can be extremely
useful in the development of efficient germplasm management and utilization
strategies (Barrett et al. 1998.) The importance of this kind of information has
been demonstrated in genetic fingerprinting and genotype selection programs
(Fufa et al. 2005). Several molecular markers are available for genetic diversity
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studies. Insertion-Deletion (InDel) markers result from the insertion of transposable elements, slippage in simple
sequence replication or unequal crossover events (Britten et al. 2003). InDel polymorphisms can be easily detected
based on polymerase chain reaction (PCR) fragment length polymorphisms (Bhattramakki et al. 2002). InDels are also
deemed a major source of gene defects and a significant source of evolutionary change (Britten et al. 2003). Because
of their high abundance, reproducibility, co-dominant inheritance, and extensive genome coverage, InDels have been
applied successfully for the analysis of genetic diversity and population structure in many plant species (Garcia-Lor et
al. 2012, Ollitrault et al. 2012, Wu et al. 2013). They have also been widely applied for genotyping, QTLs mapping, map-
based cloning, and even marker-assisted selection, including Arabidopsis (Hou et al. 2010), rice (Patel et al. 2014), wheat
(Raman et al. 2006) and citrus (Garcia-Lor et al. 2012). Our objective in this study was to use InDel markers distributed
throughout the 12 rice chromosomes so as to analyze the genetic diversity and relationships of improved Thai rice cultivars.

MATERIAL AND METHODS

Plant materials

Seeds of 15 improved Thai rice cultivars (Table 1) were collected and germinated in a tray filled with soil until the
seedlings were 22 days old. Young and fresh leaf samples were collected for genomic DNA extraction.

Table 1. List of elite rice cultivars and their characteristics

Name PPS!  YR? p3 HT* AC® s PDR’
Rice blast
. IR13146-158-1 / IR15314-43-2-3-3 //
Chainatl N 1993 BKNG995-16-1-1-2 121-130 740 Brcr)]wn plant
opper
IR25393-57-2-3 / RD23 // IR27316- Bag‘;ﬁ:}'@fit ht
Suphanburil N 1994 96-3-2-2 /// SPRLR77205- 120 29 806 Brown plaﬁt
3-2-1-1 / SPRLR79134-51-2-2 hopper
Rice blast
. o . Bacterial blight
Suphanburi3 N 2006 Basmati370*3 / RD7 // IR68 115 - 120 28.30 772 Brown plant
hopper
. CNTLR81122-PSL-37-2-1/ Brown plant
Pissanulok2 N 2000 SPRLRB1041.195.2-1 // IR56 119-121 28.60 807 hopper
Rice blast
Pathumthanil N 2000 BKNA6-18-3-2/PTT85061-86-3-2-1 104-126 15-19 650-774 BaBCte“a' blight
rown plant
hopper
RD31 N 2007  SPRES163-51L2/IRS4017-151 111-118 27.3-298 738745  Bacterial blight
KDML105 S 1959 pure line selection 25 November 12-17 363
RD6 S 1977 radiation 21 November - 666
Rice blast

SL00508-3-1-1-4 / IR66738-118-1-2 //
RD49 N 2013 IR68544-29-2-1-3-1-2 - 733 Brown plant

hopper
Rice blast
F1[CNT85059-27-1-3-2 / Suphan-
RD41 N 2009 buri60 // RP217-635-8 105 27.15 722 Brc;]wn plant
opper
. Rice blast
RDA47 N 2010  Suphanburil/IR6A // CNT86074- 104-112 26.81 793 Brown plant
hopper
Jao Hom Nin N - - 95 16 400-700 Rice blast
RD8 S 1978 sanpatong?2 / IR262 23 November - 585
Niaw Ubon1 S 1983 sanpatong?2 / IR262 November - 660
Rice blast
Suphanburi60 N 1987 Leungtongnaprang / C4-63 // IR48 120-122 700 Brown plant
hopper

L PPS: Photo-period sensitivity, being N (Photoperiod-insensitive) and S (Photoperiod-sensitive); 2 YR: Year release; * P: Pedigree; * HT: Harvest time, in day; ® AC: Amylose
content, in %; ° Y: Yield, in kg/rai; 7 PDR: Pest and disease resistance.
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DNA extraction

For each rice cultivar, young leaves of five 3-week-old plants were pooled and used for genomic DNA extraction
according to the modified CTAB method (Doyle and Doyle 1987). The quality and concentration of the DNA samples were
checked by 1% agarose gel electrophoresis and with a NanoDrop spectrophotometer. The DNA samples were diluted to
a final concentration of 50 ng/ul and stored at -20 °C until use.

Indel analysis

A total of 133 InDel primer pairs, which covered 12 rice chromosomes developed by Wu et al. (2013) were used.
The PCR was performed in a total volume of 20 uL as follows: 2 puL PCR buffer (10x), 1.5 uL dNTP mix (2.5 mM each), 0.3
UL Tag polymerase (2.5 U uL?), 2 uL forward primer and reverse primer (10 umol pL? each), 2 uL DNA template (50 ng
uL?), and 12.2 pl ddH,0. The amplification program was as follows: 5 min at 94 °C, 35 cycles at 94 °C for 1 min, 55-60 °C
(depending on the primer) for 1 min, 72 °C for 2 min, and a final extension of 10 min at 72 °C. The PCR products were
separated on 1.5% agarose gel. All InDel markers were repeated at least twice for each DNA sample.

Data and statistical analysis

The presence (1) or absence (0) of amplified DNA
fragments were scored. The discriminatory power of

each InDel marker was determined by calculating the | Sf‘nmm. izmm. Etsnm'_ C;:me, 2E5Rm1 f_:fm‘.
polymorphic information content (PIC). The PIC was  Fuo . Henpose® L rosios T [~ Foose
calculated according to the formula PIC = 1 -3(fi?) where fi -2 L Rootoz: 1" o[ Po0ss .
represents the frequency of the ith allele of each InDel locus :: Bt ) T 50%% L rooeos
(Anderson et al. 1993). The genetic similarity coefficient, &, [ Rooms T L roosos* | roosos*
Nei-Li or Dice coefficient and Jaccard coefficient, with a 60 | |-nootos | |-moocos [T DS -]~ Roceo””
bootstrap analysis of 1,000 for measuring pairwise band 70 ;:2&}8‘3 T Rouzor H- roosaes [T 70
L R . -go | |-RDO108 [ Apozos* | L- Roosos
similarities between individuals was calculated, using [ e [
the NTSYSpc version 2.01 (Rohlf 2000). Cluster analysis i H-noon || o . L] oosts :::x::’ | —
of the rice cultivars based on the genetic distance matrix 110 H-rootz® [~ Ro0212 - Roows S—Roos12 [
was performed with the UPGMA (unweighted pair group ~ ='* [~ Roons  [—Roezis g Roosi2
method based on arithmetic averages) method (Sneath ::: H—RODO115  \—RD0214
and Sokal 1973) using the SAHN function of the NTSYSpc  Fiso [l o016
version 2.01 to illustrate the genetic relationships. Tree 1 U
Plot in Graphics was also used to draw a cluster analysis  £'° t-roon
tree. Nei’s gene diversity was calculated using POPGEN32 CH? cHo cHo CHIO cHit CHi2
version 1.31 (Yeh and Yang 1999). Analysis of molecular o p—roorort F—rosscz  F—RD0!  F—ADI0Z® (- RD1OI* (- RD1201
variance (AMOVA) was performed to justify the suitability £ % A el ¢ el | [
of group classification using program GenAIEx, version 6.5 —2 ~—Hm:w: IH— RDog0s T corios
(Peakal and Smouse 2012). w0 [~ Rooros | o [T [[E5%e FO1105.

[0 | B st ROD1107 1 st
RESULTS AND DISCUSSION o [T [ roeas  H—roomme® [T~ 01"

EZ :::3:: [ Fooeee U o~ RD1009* —_— [~ RD1208"
InDel marker polymorphism = H-rooros* L rooent o H- Rp1200°

A total of 133 InDel markers distributed throughout =" [ hooreer oo U

12 rice chromosomes were screened with 15 improved [, = f0on
Thai rice DNA samples. Of these, 14 InDel markers were ~ F10
located on rice chromosome 1. Ten InDel markers were £
located on rice chromosome 2. Five, nine, nine, nine, ::
eleven, eight, six, seven, seven and five markers were s

located on rice chromosome 3, 4, 5, 6, 7, 8,9, 10, 11 and Fi 1 Link howing th ition of 99 InDel "
. . . . igure 1. Linkage map showing the position o nDel markers
12, respectively (Figure 1). Ninty-nine markers (74.44 %) that can amplify the genomic DNA of rice cultivars used in this

successfully amplified rice genomic DNA and resulted in  study (modified from Wu et. al. 2013). * polymorphic markers.
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Table 2. Polymorphism in 15 rice cultivars revealed by InDel
primers

Chromosome Primer .?I?e.lzz No. of E:mr:orphic PIC
1 RD0101 2 2 0.41
RD0102 2 2 0.12
RD0103 2 2 0.32
RDO111 2 2 0.23
RD0112 2 2 0.12
2 RD0201 2 2 0.28
RD0202 2 2 0.48
RD0208 2 2 0.46
RD0211 2 2 0.28
3 RD0301 2 2 0.32
RD0302 2 2 0.32
RD0304 2 2 0.39
RD0305 2 2 0.39
4 RDO0401 2 2 0.44
RD0410 2 2 0.12
5 RD0504 2 2 0.12
RD0506 2 2 0.50
RD0508 2 2 0.46
RD0510 2 2 0.44
6 RD0601 2 2 0.12
RD0602 2 2 0.12
RD0605 2 2 0.48
RD0607 2 2 0.12
RD0610 2 2 0.12
7 RD0701 2 2 0.32
RD0702 2 2 0.12
RD0703 2 2 0.13
RD0707 2 2 0.15
RD0708 2 2 0.50
RD0709 2 1 0.06
8 RD0806 2 2 0.39
RD0807 2 2 0.48
RD0812 2 2 0.12
9 RD0904 2 2 0.44
RD0909 2 2 0.48
10 RD1002 2 2 0.49
RD1008 2 2 0.44
RD1009 2 2 0.23
11 RD1101 2 2 0.12
RD1106 2 2 0.28
RD1111 2 2 0.49
12 RD1202 2 1 0.29
RD1208 2 1 0.48
RD1209 2 2 0.32
Total 88 85
Average 2 1.9 0.3

151 clearly visible bands. Of 99 InDel markers, 44 (44.44%)
were polymorphic and identified a total of 88 bands and on
average 2 bands per marker (Table 2). Our result was similar
to that reported by Patel et al (2014), with an average
number of 4.42 DNA bands for colored and white rice.
The InDel PIC scores ranged from 0.06 to 0.50, with an
average of 0.30 and the genetic similarity values ranged
from 0.64 to 1.00 (Table 2). The frequency of each amplified
band ranged from 0.06 (present in 1 of 15 cultivars) to
0.93 (present in 14 of 15 cultivars) (Figure 2). Since rice
is a self-pollinating species, most genes are normally in
the homozygous form. Twelve of 99 InDel loci were found
to contain heterozygous genotypes, which may be due to
pollen contamination in the rice seeds. Among these 12
InDel loci, rice cultivar Chinatl is heterozygous in 10 loci.
This result suggested that the purity of Chinatl, used in
this study, was unsatisfactory. Almost half (44/99) of the
InDel markers used in this study detected polymorphic
DNA bands that were suitable for diversity studies. The
discriminating power of the PIC scores of InDel markers
was considered high and the markers were informative
to discriminate the samples from each other. There were
13 InDel markers that produced specific DNA bands to
one rice cultivar. The InDel markers RD0102 and RD0410
identified specific DNA bands to Jao Hom Nin; RD0112 to
RD8, RD0211; RD0305 to Chainatl; RD0504 to Supanburi3;
RD0607 to RD41, RD0601, RD0602; RD0610 to Supanburi6;
and RD0707 and RD1101 to Pathumtanil (Figure 2). These
markers can be used to identify a variety or for hybrid
screening in a rice breeding program.

Genetic relationship analysis

Forty-four InDel markers, used to analyze the
genetic relationships, allowed the discrimination and
identification of 14 of 15 rice cultivars. Two cultivars
(KDML105 and RD6) could not be distinguished from each
other. One possible explanation for this is that RD6 was
developed from KDML105 by gamma radiation mutation.
Genetically they were more than 99% identical. RD6 has
almost the same genetic background as KDML105, except
that RD6 is glutinous and KDML105 non-glutinous rice.
The waxy (Wx) gene regulates the quantitative level of the
Wx protein and the amylose content. RD6 has a low (0%)
but KDML a high amylose content (16%) (Wanchana et al.
2003). The genetic relationships among all rice cultivars
were analyzed and observed by cluster analysis (UPGMA)
based on Euclidean distances, by which dissimilarities
between the studied rice cultivars were highlighted.
Three major groups consisted of 2, 9 and 4 rice cultivars,
separated at a similarity index value of 0.758 (Figure 3).
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Figure 2. Allele frequency distribution of 99 InDel markers on 12 rice chromosomes.

The first major group consisted of two cultivars, namely Chainatl and Suphanburi3, which were clearly divergent
from the rest. The second major group consisted of nine cultivars with two sub-groups. Sub-group A consisted of
three cultivars, i.e., Suphanburil, RD31 and RD41. Sub-group B consisted of six cultivars, including Pissanulok2,
RD49, RD47, Pathumthanil, Suphanburi60 and Jao Hom Nin. The third major group was formed by four cultivars,
which were KDML105, RD6, RD8 and Niaw Ubon1. The rice cultivars RD8 and NeawUbon1 were placed close to
each other, with a genetic similarity of 0.83. The reason is that these two rice cultivars were generated from the
same parental cross, Niawsaphatong2 and IR262. Nei’s gene diversity index among cultivars was 0.3542, which
indicated the moderate level of gene diversity. The gene diversity within cultivars could not be calculated because

each cultivar was represented by pooled DNA.
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Figure 3. Dendrogram of the relationships of InDel markers of 15 Thai rice cultivars based on UPGMA cluster analysis.
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Figure 4. Principal component analysis (PCA) for InDel markers of 15 Thai rice cultivars.

The InDel markers RD0O305 and RD0806 detected DNA bands specific to rice cultivars in major group 3, which were
photoperiod-sensitive and can only be harvested once a year (main-season rice) (Rice Department of Thailand 2017).
The major genes Ehd1 (located on chromosome 3 between microsatellite markers RM3230 and RM3372) and Hd1
(located on chromosome 6 near microsatellite marker RM8225 (Subudhi et al. 2018) control the response to photoperiod
in rice (Yano et al. 2001, Subudhi et al. 2018). In this study, InDel marker RD0302 could detect the polymorphism for
Ehd1 gene and RD0O605 the polymorphism for Hd1 gene. However, Analysis of Molecular Variance (AMOVA) showed
that the genetic diversity between cultivars (94%) was much higher than when the rice cultivars were classified by the
photoperiod response (6%). This result suggested that even though these InDel markers could be used to identify rice
cultivars based on their photosensitivity, they do not reflect the level of genetic diversity within the group. Our result
demonstrated that InDel markers could be used for the screening or selection of genes controlling trait of interests in
rice breeding programs.

InDel marker RD0605 detected a specific DNA band to rice cultivars in the major group 2. InDel marker RD0302
detected a specific DNA band to sub-group A in the major group 2 and RD0103 a specific DNA band to sub-group B in
the major group 2. Principal component analysis (PCA) was performed to discriminate the rice cultivars and to further
confirm the clustering pattern derived from the phylogenetic tree (Figure 4). The first two axes explained 72.11% of the
cumulative molecular variance among accessions, with PCO 1 accounting for 64.35% and PCO 2 for 7.76%. Our overall
results confirmed that InDel markers are useful and can be used successfully for the genetic analysis of rice. The genetic
variation information generated from this study will serve as important information for the sustainable rice breeding
program in Thailand.
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