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CHAPTER I. Genetic Mapping of a loose upper 
panicle Mutant (lup) 

 

ABSTRACT 
 

We identified a loose upper panicle mutant (lup) from a japonica-type rice 

variety, Hwacheongbyeo, treated by Ethyl Methane Sulfonate (EMS). The lup 

mutant displayed an increased distance between spikelets particularly in the 

upper primary branches, and the number of spikelet was reduced. In addition, 

aborted spikelets in the tip of upper primary branches were observed. Besides 

these morphological changes in the panicle, the lup mutant also displayed overall 

reduction in culm length, panicle length, grain weight, and tiller number. On the 

contrary, the chlorophyll content was relatively high in lup mutant in comparison 

to wild-type plants, and displayed a “stay-green” phenotype even after 

physiological maturity. Genetic analysis (using F2 population of lup/M.23) 

revealed that a single recessive gene is involved in the above-mentioned 

morphological changes in the lup mutant. A candidate genomic region was fine-

mapped at an interval of 1.04 Mb flanked by two molecular markers, 18170 and 

D0052, on the long arm of chromosome 8. In this region, we found a total of 348 

mutation points using a slightly modified MutMap method. Based on these 

results, we expect the candidate genomic region containing a putative LUP gene 



2 
 

will provide an important clue in developmental regulation of spikelets and 

panicle in rice. 

Keywords: loose upper panicle, spikelet distance, spikelet number per panicle, 

SNPs, and MutMap. 
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INTRODUCTION 
 

Rice (Oryza sativa L.) is the primary source of calories for more than half of 

the world population (Khush, 2005). However, owing to a gradual decrease in 

farmland area, the average annual increase in rice production has been 

decreasing (He et al., 2010).  It has been suggested that the improvement of rice 

grain yield per unit area is one of the most efficient ways to overcome such 

constraints (Cassman et al., 2003).  

Plant architecture in cereal crops is generally considered to be a major factor 

that influences grain yield through the efficient use of solar radiation and optimal 

partitioning of photosynthesis into organs (Wang and Li, 2008). Among the 

important plant organs determining grain productivity, panicle is the key organ 

which is directly involved in grain productivity, therefore, optimization of 

panicle structure (such as size and shape) has become a priority objective for 

higher yield in many of breeding programs (Sakamoto and Matsuoka, 2004). In 

rice, panicle development is a key event to generate a branched structure that is 

composed of multiple spikelets. It is generally known that the panicle 

development is often negatively regulated by genetic or environmental factors 

and leads to whitish or small size of spikelets accompanied with severe reduction 

in fertility and grain yield (Bai et al., 2015). However, the molecular 

mechanisms to control the panicle development have not yet been widely 
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understood. Spikelet is the basic unit of panicle, and consists of multiple florets 

(each having a lodicule, carpel, and six stamens) that are surrounded by glumes 

(Yoshida and Nagato, 2011). The abortion of spikelet is usually affected by 

degeneration of floral organs, and eventually leads to reduction in grain yield. 

Spikelet degeneration is generally occurred from basal to apical end of the 

panicle, and defective and/or whitish spikelet is observed as a result (Li X et al., 

2009; Cheng et al., 2011). 
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Several studies have reported that the development of rice panicle is possibly 

regulated by common mechanisms that also regulate the tiller formation and 

elongation. For instance, two genes, MONOCULM1 (MOC1) and LAX 

PANICLE1 (LAX1), are known to be involved in these common mechanisms 

(Oikawa et al., 2009; Li X et al., 2003). Those rice plants carrying the mutation 

in one of these genes displayed a reduction either in tiller number or panicle 

branch number (Youlin et al., 2014). In addition, it has been reported that near 

isogenic lines (NILs) carrying mutation in the IDEAL PLANT 

ARCHITECTURE1 (IPA1) genic region displayed reduced tiller number and 

increased panicle branches (Jiao et al., 2010). Besides these, several other genes 

involved in regulation of panicle development also have been identified. For 

instance, DENSE AND ERECT PANICLE 1 (DEP1) was fine mapped from a 

major dominant quantitative trait locus (QTL) responsible for control of panicle 

branches (Huang X. et al., 2009). Grain number 1a/Cytokinin oxidase 2 

(Gn1a/OsCKX2) gene, which encodes a cytokinin oxidase, has been identified 

from a major QTL responsible for improvement of grain number (Li et al., 2013). 

Moreover, ABERRANT PANICLE ORGANIZATION 1 (APO1) had been reported as 

a pivotal gene to regulate primary panicle branch and to control the vascular bundle 

formation, which related to an improvement of harvest index and grain yield in 

rice (Terao et al., 2010). 
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In this study, we identified a loose upper panicle mutant (lup) from a 

japonica-type rice variety, Hwacheongbyeo, which was treated by Ethyl 

Methane Sulfonate (EMS). The aim of this study was to investigate the 

significant differences between lup mutant and wild type from phenotypic and 

genetic perspectives. The phenotypic characterization and genetic analysis of lup 

mutant revealed that the candidate genomic region for LUP gene is located in the 

long arm of chromosome 8 flanked by two molecular markers, 18170 and D0052, 

at an interval of 1.04 Mb. In this candidate region, we identified a total of 348 

mutation points in 51 genes by using a slightly modified MutMap method. The 

results from this study will therefore facilitate the positional cloning and 

functional characterization of the LUP gene. 
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MATERIALS AND METHODS 
 

1. Plant materials 

The loose upper panicle mutant (lup) line was induced by chemical 

mutagenesis of the japonica-type rice variety, Hwacheongbyeo, using Ethyl 

Methane Sulfonate (EMS) treatment. The seeds of the lup mutant were selected 

from M2 generation and fixed in pure line by repetitive self-crossing. For the 

genetic analysis and fine mapping of the lup gene, we constructed two F2 

populations from the cross between lup mutant and Milyang 23 and another 

cross between lup mutant and Hwacheongbyeo. Milyang 23 is a tongil-type 

cultivar from indica/japonica cross. Field plantation, management and 

agronomic data were collected in summer season of 2014 at experimental farm 

station of Seoul National University, Suwon, South Korea. Six plants of each 

parental cultivars were averaged and used as the measurements for each 

agronomic traits. The segregation of apical aborted spikelet in both F2 

populations were counted after heading. Chi-square test was carried out to 

determine the fitness to ratio of 3:1 in both F2 populations.  

2. Characterization of the agronomic traits   

Agronomic traits of the lup mutant and wild-type plants were observed during 

various stages of development, and recorded for further analysis using SAS 9.2 
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(https://www.sas.com/). Panicle related traits and other non-panicle related 

agronomic traits mentioned under were used for lup mutant genotypic analysis. 

(1) Chlorophyll content measurement 

To determine the content of chlorophyll present in plant leaves, measurement 

was done on flag leaf at early reproductive stage of development using Minolta 

Chlorophyll meter, SPAD 502 (Minolta Camera Co., Japan) and designated as 

SPAD value. Five spots/leaf at 3-5 cm intervals was measured and mean value 

was recorded as the amount of chlorophyll content. 

(2) Number of tillers and plant height 

1) Tiller number 

The tillers number per hill for both lup mutant and wild type was measured by 

counting the number of tiller from randomly selected six plants and the mean 

value was recorded. 

2) Plant height, internode length and panicle length 

The height of plant was measured from the ground level to the tip of the 

longest flag leaf using regular ruler and panicle length was also measured from 

the same plant. Internode length was separately measured from six different 

plants.   
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(3) Number of primary and secondary branches per panicle 

The number of primary and secondary branch per panicle was counted for 

each individual sample plants for both wild-type and lup mutant. 

(4) Spikelet distance and fertility 

Spikelet distance was separately measured for spikelet on upper three, middle 

four  and last three primary branches per panicle for both lup mutant and wild-

type plants. Measurement taken from six randomly selected plants. Finally, the 

total number of spikelet per panicle was determined and spikelet fertility 

percentage was calculated based the ratio of the number fully matured grains per 

panicle to total number of spikelet per panicle for lup mutant and wild type 

plants. 

 (5) Grain size and Grain weight 

Harvested grain was air-dried and stored at room temperature before 

measuring. Ten randomly selected, completely matured grains derived from 

mutant and wild-type were used to measure grain length (GL), grain width (GW) 

and grain shape (GS). The GL and GW were measured using digital microscope 

and measuring software. The GS was calculated as grain length divided by grain 

width. Grain weight was measured in grams as the weight of 1,000 fully ripened 

(14% moisture) grains per plant. 
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3. Genetic mapping of the lup locus 

For genetic mapping, two F2 mapping population from the cross between (1) 

lup mutant and Milyang 23 (M.23), and (2) lup mutant and Hwacheongbyo were 

used. The bulk segregant analysis (BSA) was used to identify the candidate 

markers linked to the lup locus. Four mutant and four wild-type plants based on 

their phenotype were selected from lup /M.23 F2 population. A total of 91 

Sequence-Tagged Sites (STS) markers of known chromosomal position 

throughout 12 chromosomes which were designed by Crop Molecular Breeding 

lab (CMB) were selected for BSA approach. Subsequently, phenotype and 

genotype of F2 mapping population were used to determine gene position on the 

chromosome and to conduct fine mapping. Additional STS markers for fine 

mapping were developed based on the differences in sequence between the 

japonica and indica subsepecies (Table 1).  

Genomic DNA was extracted from leaf tissues using the CTAB method (Chen 

and Ronald 1999). The PCR mixture was made with 1 ㎕ DNA (30 ng/㎕), 0.4 

㎕ primers (10 μmol/㎕), 2 ㎕ 10× buffer, 0.4 ㎕ dNTP (10 mmol/L), 0.3 ㎕ Taq 

(5 U/㎕) and 15.9 ㎕ double-distilled water. PCR reaction system was performed 

at predenaturation temperature of 95℃ for 5 min followed by 35 cycles of 
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denaturation at 95℃ for 30 second; annealing at 52–60℃ depending on 

individual markers for 30 second; extension at 72℃ for 40 second; with a final 

extension step at 72℃ for 10 min. The PCR products were separated on 3.0% 

agarose gels which was stained with ethidium bromide and run in 0.5X TBE 

buffer and photographed. 

 

Table 1-1. The PCR-based molecular markers used in fine mapping of the lup 
gene 

STS marker Forward primer sequence (5'-3') Reverse primer sequence (5'-3') 
Size 
(bp) 

S08012b GAAGCCAAAATGGGAGAGAA TTTTGTGCTGCCACTGAAAG 224 

S08032 GTACGAGAACCTGCAGAGCA TTTCCACCTCAACCAAGTCC 208 

AP004396 TACAAGGATGCGGAAAGACC CCACCATTAAAGCAGCACAA 246 

S08060b GGAGAGGAAAGTGGGAGAGG ACCTCGTGATTGGTTGCTTC 223 

182170 CAAAGCTGGGTGTAGGGAGA CTGGTCAAGTTGAGGCACAG 263 

S08070 ACTACATCGTCCGGCTCAAG GGTGCAAGCAAGCAATGAT    143 

S08072b AAATTAATGGATGTACTCTTCTGTTTG CAGCAGCGGATTTGCTATC 265 

S08075 AAACAAGTTTGCGGACCAAG TGAGTGATAAACAACTCACAACAAAA 256 

S08076  TTGCATGTGTCGTCTGTCCT GTTTCAAGCAGTTGGGAAGC 212 

 

4. Whole genome sequencing (WGS) 

Genomic DNA was extracted from young leaves of F2 population (cross 

between mutant and wild-type) by using CTAB method. The extracted DNA was 

pooled from 20 individuals (>5µg) which had shown clear mutant phenotype. 

For Single Nucleotide Polymorphism (SNP) analysis, the bulked genomic DNA 

was sequenced using Illumina HiSeq2500 platform and the raw data of whole 
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genome sequence of Hwacheongbyeo was also used. DNA libraries for Illumine 

HiSeq2500 platform was constructed using the kits (Truseq Nano DNA LT 

sample preparation kit, FC-121-4001). The quantitative Polymerase Chain 

Reaction (qPCR) was conducted using these libraries and then amplified clonal 

clusters were generated and performed pair end sequencing using Illumine 

HiSeq2500 (20 cycles). Base calling was carried out by instrument software Real 

Time Analysis (RTA).  

5. Alignment of the of short reads to reference sequences and 

SNP and InDel calling 

Whole genome sequencing and SNP analysis were performed to identify the 

mutated genomic region. The pre-processing of the whole paired end short reads 

from F2 bulk DNA was carried out using btrim0.2.0 (http:graphics. 

med.yale.edu/trim). The cut off thresholds for low quality base were phred-score 

20 and minimum read length 50. Processed short read were mapped and aligned 

to publicly available Nipponbare genome sequence (build 5 version; http:rgp. 

affrc.go.jp/E/IRGSP/Build5/buil5.html) with clc_ref_assemble (V 4.2104315). 

The whole genome sequence for Hwacheongbyeo was also filtered and 

mapped to Nipponbare followed by same procedures. Subsequently, SNP 

detection and SNP calling were performed by find variations (V 4.21.10435). 

SNP filtering options are read depth of the site ≥ 5, variant frequency of major 



13 
 

base ≥ 0.9. After mapping and SNP calling, causal SNPs and InDels involved in 

the phenotype of mutant were detected by following modified MutMap methods 

(Abe et al., 2012).: (1) Remove the redundant SNPs and InDels between wild-

type and mutant from the list, (2) Calculate SNP index, (3) Pick SNPs and 

InDels (SNP index=1) located in annotated genes in the candidate region 

previously revealed by fine mapping. (4) Remove those SNPs located outside the 

intragenic region, and (5) Remove those SNPs causing a synonymous mutation. 

Finally those Homozygous SNPs which were specific to F2 mutant bulk were 

identified as causal mutation points. SNP index is the ratio between the number 

of reads of a mutant SNP and the total number of reads at the each position. 
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RESULTS 
 

1. Agronomic trait analysis 

The mean values of agronomic traits analysed is displayed in Table 1-2. 

Agronomic traits between lup mutant and wild-type showed significant 

differences, especially on panicle structure after heading (Fig.1-1a). Abortion of 

spikelet on tip of the upper primary branch started to be shown up immediately 

after heading of panicle .The distance between spikelet on the primary branch 

was significantly elongated in lup mutant compared to wild-type. The elongated 

spikelet distance expression had already started at about 7DBH (Fig1-1a). The 

spikelet distance of the upper three primary branches, four middle primary 

branch and last three primary branches were analysed (Fig. 1-2). The result of 

this analysis indicated spikelet distance on upper primary branch in lup mutant 

was significantly different with that of middle and lower primary branch spikelet 

distance: upper (1.0cm), middle (0.84cm), and lower (0.81cm). On the contrary, 

there was no significant difference in spikelet distance in wild-type: upper 

(0.7cm), middle (0.74cm), and lower (0.69cm). In summary, the significant 

differences in spikelet distance between lup mutant and wild-type were only 

observed in the upper primary branch. 

Although the number of secondary branches and spikelet per secondary 

branches did not show any significant differences, the number of primary 
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branches and spikelet per primary branches was significantly reduced compared 

to wild-type. Hence, the total number of spikelet per panicle in lup mutant was 

significantly reduced compared to wild-type. However, the length of the primary 

and secondary branches were not significantly different between lup mutant and 

wild-type(Table1-2). 

 

Fig. 1-1 Comparison of the agronomic traits between wild-type and lup mutant. a 
Panicle structure; a1. mutant after heading ,a2. mutant 4 days before heading(4DBH), a3. 
mutant 7 days before heading(7DBH), a4. wild type 7 days before heading , a5. wild 
type 4 days before heading, a6. wild type after heading  b Plants before heading, c after 
heading, d Internode, and e grain size. Scale bars a 3 cm, b-c 20 cm, d 5 cm, and e 5 
mm. Note the elongated internode of upper primary branch of mutant before heading  

 

Other agronomic traits also showed significant difference between lup mutant 

and wild-type. Culm length (the average of culm length from the base to the neck 

node), panicle length (length from the neck node to the panicle tip), and tiller 
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number were significantly reduced by 2.06 cm, 2 cm and 2.5 respectively 

compared to wild-type. The reduced internode length was one that contributed to 

reduction of culm length in lup mutant (Fig.1-3). Grain length and width was 

also significantly reduced by 0.508 mm and 0.464 mm in lup mutant, 

respectively (Fig. 1-1e). However, there was no significant change in grain shape, 

which was calculated as the ratio of grain length to width. In Consistent with this 

result, the 1,000-grain weight of the lup mutant was significantly reduced 

compared to wild-type, despite the lup mutant displayed stay-green even after 

heading (Fig. 1-1c).



17 
 

 

Table 1-2. Agronomic traits of the lup mutant and wild-type 

Traits 
PBL SBL 

PB SB SPP SPS TSP 
SPF 1000- CL PL 

TN 
GL GW GS 

(cm) (cm) (%) GW (g) (cm) (cm) (mm) (mm) (mm) 

WT 6.8 1.49  9.75  13.75  57.50  37.88  95.37  94.21  26.30  101.50  18.86  11.5 9.14  5.18  1.77  

lup 7.3 1.46  9.20  13.90  49.28  37.38  86.67  66.79  18.67  89.50  16.80  9 8.64  4.71  1.84  

Difference NS NS * NS ** NS * ** * ** ** * * * NS 

Note: PBL Primary branch length, SBL Secondary branch length, PB Number of primary branch, SB Number of secondary branch, SPP Number of spikelet per PB, 
SPS Number of spikelet per SB, TSP Total number of spikelet per panicle, SPF% Spikelet fertility % per panicle, 1000-GW 1000 grain weight, CL Culm length, PL 
Panicle length, TN Tiller number, GL Grain length, GW Grain weight, GS Grain shape. 
*, ** significant at 5 and 1% level of probability and NS represents non-significant difference, respectively. 
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Fig. 1-2 Spikelet distance (SD) variability between lup mutant and WT primary 

branches. SDFPB Spikelet distance of upper primary branch, SDMPB Spikelet 

distance on middle primary branches, and SDLPB Spikelet distance on last 

primary branch. *, ** significant at 5 and 1% level of probability 

 

Fig. 1-3 Internode elongation pattern. a Schematic representation of upper five 

internodes of WT and lup mutant. Bars 5 cm. b Internode length of WT and lup 

mutant. c Contribution of each internode to the culm length. *, ** significant at 5 

and 1% level of probability 
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2. Genetic analysis of lup gene 

We developed F2 populations from the crosses between (1) lup mutant and 

Hwacheongbyeo (japonica), and (2) lup mutant and Milyang 23 (a tongil type 

indica/japonica hybrid cultivar). All F1 exhibited wild-type phenotype. Out of 

262 plants in F2 population, 209 plants showed an appearance of wild-type while 

53 plants were similar as the lup mutant plants. The ratio of this segregation was 

209:53 which correspond with 3:1 Mendelian ratio. Similar result was obtained 

from the F2 population of the cross between lup mutant and M.23 (Table 1-3). 

These results therefore indicated that a single recessive gene, which was 

tentatively designed as lup, was involved in the phenotypic alteration of lup 

mutant. 

Table 1-3. Genetic segregation of lup mutant in two F2 populations.  

Cross combination  Wild type Mutant Total χ2 (3:1) 

lup mutant / Milyang23  357 131 488 0.885 

lup mutant / Hwacheongbyeo(WT)    209 53 262 1.92 

 

3. Fine mapping of lup locus  

To investigate the genomic location of lup gene, fine mapping was conducted 

using the F2 population generated from the cross combination of lup mutant 

(japonica type) and Milyang 23 (a tongil type indica/japonica hybrid cultivar). 

Bulk segregant analysis (BSA) was carried out with 91 polymorphic STS 
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primers that evenly distributed throughout 12 rice chromosomes (Michelmore et 

al., 1991). Consequently, the lup locus was mapped in the long arm of 

chromosome 8 between two STS markers, AP004396 and S08072b (Fig.1-4a). 

Additional STS markers between these two flanking markers were designed 

based on the difference in DNA sequence between indica and japonica varieties 

from databases (http://www.ncbi.nlm.nih.gov/ and 

www.http://www.rgp.dna.affrc.go.jp). Further fine mapping was made and the 

lup gene region was narrow downed to 1.04 Mb using an additional STS markers; 

18217 and D0052 (Fig. 1-4b). For the further narrow downing, modified 

MutMap analysis was performed using bulked lup genomic DNA samples. 
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Fig. 1-4 Bulk segregant Analysis for lup mutant bulk from F2 population; 1: lup 

parent, 2: Milyang 23, 3-4 Mutant bulk, 5-8: wild type bulk 
 

 

Fig. 1-5 Genetic map of panicle tip mutant: a Primary mapping of the lup locus 

on chromosome 8, b the lup locus was fine mapped with the adjacent markers. c. 

Graphical genotype results of fine mapping .W: wild type, M: Mutant, 1: mutant, 

2: wild type, 3: hetero 
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4. Identification of causal SNPs in lup mutant 

The genomic DNA samples isolated from 20 individual lup mutants in 

segregating F2 population (cross between Hwacheongbyeo and lup mutant) were 

pooled and used for whole genome sequencing with depth of more than 10x 

coverage. To identify candidate genes and causal SNP position, the SNP analysis 

was performed with the whole-genome sequencing data of Hwacheongbyeo and 

the bulk of F2 individuals displaying the mutant phenotype. The whole genome 

sequence of lup mutant and Hwacheongbyo were aligned to the reference 

sequence and those SNPs and InDels found to be redundant between lup mutants 

and wild-type were removed from the lists for they were not accounting for the 

expressed mutant phenotypic characters. Subsequently, SNPs and InDels found 

outside the intragenic region were also removed. Finally, we found a total of 348 

SNPs within the candidate lup gene region after removing those synonymous 

mutation points associated with 51 candidate genes (Table 1-4). 
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Table 1-4. Candidate genes comprising SNPs in the lup mutant 

No. Gene Name 
No. of 
SNPs 

z Description No. Gene Name 
No. of 
SNPs 

Size Description 

1 Os08t0384500 3 4161   Similar to PDR-like ABC transporter (PDR3 ABC transporter). 27 Os08t0396500 7 3203   Hypothetical conserved gene. 

2 Os08t0384602 1 2755   Hypothetical gene. 28 Os08t0396700 47 13559   D1 domain containing protein. 

3 Os08t0384700 3 2953   Hypothetical gene. 29 Os08t0397800 6 770   Conserved hypothetical protein. 

4 Os08t0384900 1 4269   Zinc finger, RING/FYVE/PHD-type domain containing protein. 30 Os08t0397900 3 2682   Similar to Holocarboxylase synthetase. 

5 Os08t0385000 1 455   Conserved hypothetical protein. 31 Os08t0398000 9 6202   ABC transporter-like domain containing protein. 

6 Os08t0385400 1 3466   Conserved hypothetical protein. 32 Os08t0398300 3 5664   ABC transporter-like domain containing protein. 

7 Os08t0385900 1 6297   Similar to Transformer-2-like protein. 33 Os08t0398350 73 6346   Similar to ABC transporter family, cholesterol/phospholipid flippase. 

8 Os08t0386700 4 5856   Similar to Avr9 elicitor response protein-like. 34 Os08t0398400 24 4030   Similar to Hypersensitive-induced response protein. 

9 Os08t0386800 1 907   Hypothetical conserved gene. 35 Os08t0398800 2 1703 
  Cleavage and polyadenylation specificity factor, 25 kDa subunit domain containing 
protein. 

10 Os08t0386900 1 2635   Prefoldin domain containing protein. 36 Os08t0398966 2 507   Hypothetical gene. 

11 Os08t0387050 7 2867   Hypothetical conserved gene. 37 Os08t0399300 2 2618   Hypothetical conserved gene. 

12 Os08t0387200 8 7262   Protein of unknown function DUF81 family protein. 38 Os08t0399550 3 1436   Hypothetical conserved gene. 

13 Os08t0388300 1 13132   Hypothetical conserved gene. 39 Os08t0399600 1 1501   Similar to Elongation factor Ts. 

14 Os08t0388900 1 7795   Similar to para-hydroxybenzoate--polyprenyltransferase. 40 Os08t0399900 6 1498   Conserved hypothetical protein. 

15 Os08t0392100 1 1381   2OG-Fe(II) oxygenase domain containing protein. 41 Os08t0400000 2 5349   Similar to Puromycin-sensitive aminopeptidase (EC 3.4.11.-) (PSA). 

16 Os08t0392300 25 2237 
  Similar to Oxidoreductase, 2OG-Fe oxygenase family protein, 
expressed. 

42 Os08t0400200 1 3653   Similar to SET domain protein. 

17 Os08t0392500 25 10744   Hypothetical conserved gene. 43 Os08t0401100 1 3001   Ankyrin repeat containing protein. 
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18 Os08t0392700 8 749   Conserved hypothetical protein. 44 Os08t0401601 4 1958   Hypothetical genes. 

19 Os08t0393600 4 2474   Protein-tyrosine phosphatase-like, PTPLA domain containing protein. 45 Os08t0401800 14 2568   Similar to C2; Peptidase, cysteine peptidase active site. 

20 Os08t0393700 4 1332   Similar to predicted protein. 46 Os08t0402001 4 653   Hypothetical conserved gene. 

21 Os08t0393900 3 640   Hypothetical gene. 47 Os08t0402100 2 1517   Lateral organ boundaries, LOB domain containing protein. 

22 Os08t0394000 6 758   Conserved hypothetical protein. 48 Os08t0402500 2 1151   Conserved hypothetical protein. 

23 Os08t0395300 1 1826   Similar to AP-4 complex subunit sigma-1. 49 Os08t0402600 1 1978   Pentatricopeptide repeat domain containing protein. 

24 Os08t0395700 1 1394   Conserved hypothetical protein. 50 Os08t0402700 7 4088   Similar to 10A19I.7. 

25 Os08t0395800 2 1937   Protein of unknown function DUF247, plant family protein. 51 Os08t0402800 2 5457   Protein of unknown function DUF6, transmembrane domain containing protein. 

26 Os08t0396200 6 698   Hypothetical gene.     
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DISCUSSION 
 

1. The lup mutant and panicle structure 

Panicle structure is one of the most important agronomic traits that critically 

determine the yielding potential of rice. The basic unit of the rice panicle which 

finally is described as yield is known to be the total number of fertile spikelet per 

panicle. The abortion of spikelet usually causes degeneration of floral organs, 

leading to reduction of rice yield. Spikelet degeneration can occur from the basal 

or apical end of the panicle and lead to defective, whitish spikelet, and eventually 

fewer spikelet per panicle (Li. et al., 2009; Cheng et al., 2011). 

The loose upper panicle mutant, lup, has also been observed to cause 

significant reduction to yield related components (Table 1-2). Most of the 

agronomic traits were reduced in lup mutant compared to wild-type. Traits in the 

panicle were the key indicator for lup mutant which identified from wild-type. 

The elongated spikelet distance on the upper primary branch was clearly 

observed during initial panicles exsertion for identifying mutant plant from 

normal one. Subsequently, soon after panicle exsertion, those spikelet found on 

tip of upper three primary branch tend to be bleached gradually and be aborted 

for more clear identification of mutant plants from F2 population.  

Mutant plants had maintained greenness even after attaining physiological 

maturity. However, lup mutant was found to have less number of total spikelet 
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and grain weight. Even though length of primary and secondary branch, number 

of secondary branch and spikelet on secondary branch did not show significant 

difference compared to wild-type, the difference observed in total number of 

spikelet per panicle was significant due to reduced number of primary branch 

and spikelet on primary branch. 

From the result of comparison of the spikelet distance on upper, middle and 

last primary branch of mutant parent, it becomes evident that the upper 3 primary 

branch was affected by lup gene. However, the result of similar comparison 

made in wild-type parent indicate there was no significant difference in spikelet 

distance throughout the three regions of the panicle. On the other hand, the 

comparison of spikelet distance through three region between mutant and wild-

type revealed significant difference only in the upper three primary branches. 

The overall results of agronomic trait analysis indicated that lup mutant had 

shown considerable reduction in spikelet fertility and grain related traits. More 

importantly, mutant exhibited reduction in upper primary branch which mainly 

accounted for overall reduction. Therefore, it could be concluded that lup is a 

gene which is most probably associated with expression of more than one 

panicle related traits that can have meaningful impact on yielding potential of 

rice.  
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2. Isolation of mutation points 

Understanding the genetic mechanism underlying the inflorescence 

architecture is practically important for developing high yield varieties in cereal 

breeding programs. It is known that the inflorescence meristem produces several 

primary branch meristems before the ultimate abortion (Kellogg 2007). Several 

genes including SP1, APO1, MOC1, LAX, RCN1, FZP, FON1, and FON4 have 

been identified as being associated with panicle architecture in rice and as being 

responsible for causing yield loss (Ashikari et al. 2005; Chu et al. 2006; Komatsu 

et al. 2003a; Li et al. 2003, 2009; Moon et al. 2006; Nakagawa et al. 2002). Most 

of the identified genes affecting panicle architecture are involved in the basal 

degeneration of spikelet and/or rachis branches. SP1 is a gene that induce 

reduction in number of grains per panicle due to pre-flowering floret abortion (Li 

et al., 2009). However, the lup mutant in this study has exhibited unique 

morphological characteristics which has been observed only on the upper 

primary branch. Overall agronomic trait analysis indicated that lup is strongly 

associated with panicle related traits. Therefore, identification of a causal 

mutation points has high priority for further analyses to understand the biological 

role of lup gene in panicle development. 

In this study, we had tried to identify mutation points using F2 bulk sequenced 

data and genetic mapping results. Slightly modified MutMap method was used 
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for analysing SNPs in the sequenced data. The MutMap method in the source 

document (Abe et al., 2012) was performed with various programs and several 

stapes to identify causal mutation points where SNP index is near 1. For our case, 

we slightly modified the approach and analysed the SNP data of the whole 

genome sequence and obtained 348 candidate mutation points which are 

included in 51 candidate genes in the flanking region. Among candidate genes, 

23 were hypothetical genes. The remaining 28 genes were expressed proteins with 

specific description mentioned in Table 1-4. 

In conclusion, the result of agronomic trait analysis indicated that lup has been 

involved in different agronomic traits particularly related to the panicle traits. 

With the genetic analysis and fine mapping, lup locus was mapped to the long 

arm of chromosome 8. Further analysis by modified MutMap revealed that there 

were 348 casual mutation points in 51 candidate genes in the flanking region. 

Further researches including cloning and the functional analysis of LUP may 

interpret the mechanism of the phenotypes observed in the lup mutant and 

provide further knowledge of panicle development in rice. 
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CHAPTER II. Characterization of Some African 
Cultivars in Rice 

ABSTRACTS 
 

Cultivated rice consists of two species, Oryza sativa of Asia and Oryza 

glaberrima of Africa. NERICA (New Rice for Africa) varieties were developed 

from the interspecific hybridization of Oryza sativa and Oryza glaberrima to 

increase the rice productivity in Africa. In this study, we characterized 40 rice 

germplasms including some of  rice released in Africa using 11 yield related 

agronomic traits and 96 SNP markers. Three groups of germplasm were 

identified in cluster analysis based on agronomic traits. Genotyping of 

germplasms were conducted with the 96-plex indica/japonica SNP set. 40 

germplasms were divided into two subpopulations in STRUCTURE analysis 

using SNP markers. We identified two distinct cluster, indica-type and japonica-

type, in cluster analysis using SNP markers based on genetic distance. The CG14, 

which belong to Oryza glaberrima, showed admixture type of indica and 

japonica based on 96 SNP markers. The number of secondary branch was the 

only agronomic traits found significantly different between two groups divided 

based on SNP markers. However, groups clustered using 11 agronomic traits, 

showed more than two significant difference in agronomic traits among each 
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groups. The result of this study could provide basic agronomic and genomic 

information of 40 rice germplasms, and would be useful for further varietal 

improvement in rice breeding program. 

 

Key Words: Rice, Africa, Agronomic traits, SNP, Genetic diversity 
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INTRODUCTION 

Cultivated rice is an important cereal crop serving nearly 50% of the global 

population as stable food (Garris et al. 2005). In addition to its use as nutritional 

source, in many developing countries, rice is intimately associated with 

traditional culture and customs in local regions (Lu and Snow 2005). 

Genus Oryza comprises two cultivated and 20 wild species (Vaughan 1989). 

The cultivated rice species (Oryza sativa) is of Asian origin and another 

cultivated rice species (O. glaberrima) is endemic in West Africa. Oryza sativa 

L. is known to consist of two major subspecies, indica and japonica. Japonica 

rice is divided into two subgroups as temperate and tropical japonica, and indica 

has several subgroups adapted to diverse environments (Glaszmann 1987; Oka 

1988; Khush 1997). 

Asian cultivated rice was domesticated from its wild ancestor about 11,500 

years ago (Normile 1997) with wide geographic ranges (Chang 1976). Since the 

putative wild ancestor of cultivated rice O. rufipogon is tremendously rich in 

genetic diversity (Oka 1988), cultivated rice domesticated from different types of 

wild rice populations also contains tremendous genetic diversity. In addition, 

diverse demands by farmers from various regions resulted in greater genetic 

diversity in total rice gene pool (Lu et al. 2002; Zhu et al. 2004). 



32 

Enhancing the production of rice will require improvements of the major yield 

components, such as the number of panicles per plant, the number of spikelet per 

panicle, the seed setting rate, and the weight of each grain. Furthermore, these 

improvements must maintain the balance of yield-related traits like inordinate 

tillering often decreases the grain yield per plant as infertile tillers compete for 

resources with the main fertile shoot and decreasing spikelet fertility or seed 

setting rate (Liu et al., 2013). 

O. glaberrima was independently domesticated from the wild progenitor O. 

barthii ~3,000 years ago, 6,000–7,000 years after the domestication of Asian rice 

(O. sativa) (Vaughan et al,2008). Among the eight other species indigenous to 

Africa, O. glaberrima is known to have been selected and cultivated in parts of 

West Africa for more than 3500 years (Bidaux, 1978; Carpenter, 1978; Jacqout, 

1977). 

Oryza glaberrima has survived without the help and interference from human, 

has developed adaptive and protective mechanisms for resisting major biotic and 

abiotic stresses. It is also very plastic with two major ecotypes: the floating and 

the non-floating, and presents natural hybridization and admixture with its wild 

parents and the Asian cultivated rice Oryza sativa. Several ecotypes showed 

good aptitude in response to climatic change effects such as drought, flood, pests 

and diseases. (Agnoun Y et al, 2012). However, cultivation of O. glaberrima is 
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being increasingly replaced by O. sativa varieties due to low yield-performance, 

high shattering and susceptibility to lodging (Jones et al., 1997). Meanwhile, O. 

glaberrima varieties continued to be grown in areas where Asian O. sativa were 

decimated by disease, pests, and drought or soil problems. 

To contribute to rice intensification, new production and post-harvest 

technologies including new rice varieties among which New Rice for Africa 

(NERICA) were developed by Africa Rice Centre (WARDA) in collaboration 

with the National partners. The NERICA were obtained from the interspecific 

hybridization between the African rice (Oryza Glaberrima) and the Asian rice 

(Oryza sativa) and combine many desirable characteristics from the two species 

including a high yield potential and resistance to many of the biotic and abiotic 

stresses found in the Africa environment .( Marie et al.2008). Oryza sativa was 

introduced to Africa about 500 years ago, however, peasants there have adapted 

it to their rice production systems, developing many local varieties of the Asian 

species and turning Africa into an important secondary source of diversity 

( http://www.grain.org/go/nerica). 

A clear understanding of genetic diversity is essential for effective 

conservation and utilization of rice genetic resources (Tu et al. 2007).  Genetic 

diversity of crop plants is the key resource for maintaining agricultural 

productivity. This wealth of genetic diversity has been utilized and preserved 
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during the natural process of domestication and cultivation of crop plants. But 

thousands of allelic variations of traits of economic significance remain 

unutilized, many of which are found in traditional cultivars or landraces. 

Developmental activities and increasing land-use are gradually destroying 

natural habitats resulting in the reduction of this diversity. The situation is further 

aggravated by introduction of modern varieties to replace these landraces, which 

has happened in the case of rice cultivars (Yesmin, et al 2014). The success of 

breeding program also depends upon the amount of genetic variability present in 

the population and extent to which the desirable traits are heritable (Ashfaq et al 

2012). 

Study of genetic divergence among the plant materials is an important tool to 

the plant breeders for an efficient selection of the diverse parents for their 

potential use in a rice breeding program for the improvement of the rice 

production. Parents identified on the basis of divergence for any breeding 

program would be more promising (Arunachalam, 1981; Kwon et al., 2002). 

The first generation of NERICA varieties 1 to 11, including the WAB450 

progeny, was developed from crosses of the existing released variety CG14 (O. 

glaberrima S.) and WAB56-104, which belongs to the subspecies japonica of O. 

sativa L., an upland improved variety. On the other hand, NERICAs 12 to 18 are 

progeny of two series of crosses, using the same O. glaberrima (CG 14) parent 
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but two different O. sativa parents (WAB56-50 and WAB181-18). They include 

the series of WAB880 and WAB881 progeny (EA Somado, RG Guei and SO 

Keya, 2008)  

Of various methods for diversity analysis, Morphological, Biochemical, and 

DNA marker have been widely used in different crop species (Paterson et al. 

1991). Morphological markers are a marker system based on phenotypic 

appearance. It is the earliest genetic markers used for assessment of variation and 

still has great importance. Moreover, morphological characters are simple to 

score and inexpensive too. The main disadvantages of this approach are the 

influence of the environment, extra time and resources needed for evaluation in 

the field and greenhouse. Moreover, some morphological traits are observed to 

be very plastic in nature which could be easily affected by environmental change 

and affect the exact relationships of plant species and/or populations (Vithanage 

et al., 1995).  

Biochemical markers are markers based on protein polymorphisms through 

electrophoretic separation of protein molecules. A tissue extract is prepared and 

electrophoresed on a non-denaturing starch or polyacrylamide gel. The proteins 

of this extract are separated by their net charge and size. After electrophoresis, 

the position of a particular enzyme in the gel is detected by adding a colourless 

substrate that is converted in to a dye under appropriate reaction conditions. The 
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main advantages of protein markers are their codominant inheritance and the 

technical simplicity and low cost of the assay. Disadvantages include the 

restricted number of suitable allozyme loci in the genome, the requirement of 

fresh tissue, and the sometimes limited variation (Weising et al., 2005).  

Molecular markers are based on naturally occurring polymorphisms in DNA 

sequences (i.e.: base pair deletions, substitutions, additions or patterns) (Gupta, 

1999). Molecular markers are superior to both morphological and biochemical 

markers because they are relatively simple to detect, abundant throughout the 

genome even in a highly inbred cultivars, completely independent of 

environmental conditions and can be detected at virtually any stage of plant 

development. 

Many agriculturally important traits such as yield, quality and some forms of 

disease resistance are controlled by many genes and are known as quantitative 

traits (also ‘polygenic,’ ‘multifactorial’ or ‘complex’ traits). The regions within 

genomes that contain genes associated with a particular quantitative trait are 

known as quantitative trait loci (QTLs). The identification of QTLs based only 

on conventional phenotypic evaluation is not possible. (Collard et al., 2005) 

In this study, we have included total rice 40 rice germplasms including three 

references. 37 germplasm which were originally obtained from eight different 

sources indicated in the Table 2-1 and introduced to Ethiopian Institute of 
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Agricultural Research by African Rice Centre for the purpose of testing their 

genetic performance under Multi Environmental location. However, the genetic 

variability study among these germplasms materials were not yet conducted. 

Therefore, the current study was conducted for characterization a total of 40 rice 

germplasms including three references (1) based on 11 agronomic traits and (2) 

96 SNPs markers. 
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MATERIALS AND METHODS 

1. Plant materials and data collection 

A total of 40 rice germplasms were used in this study (Table 2-1). These 

germplasms were obtained from Ethiopian Institute of Agricultural Research, 

except for three check cultivars which were obtained from Crop Molecular 

Breeding Lab. of Seoul National University. The 37 Germplasms from Ethiopian 

Institute of Agricultural Research were introduced to the country by African Rice 

Centre from seven different sources for conducting various trials under Multi 

Environmental Trials (METs) project. 18 of these cultivars were originally 

sourced from African Rice Centre (ESMET101, ESMET102, ESMET103, 

ESMET106, ESMET107, ESMET110, ESMET114, ESMET115, ESMET116, 

ESMET118, ESMET120, ESMET121, ESMET122, ESMET126, NERICA4, 

CG4, NERICA L-16, NERICA L-19), 10 from India (AAI R4, AD 04022, 

CB04-110, CB05-501, CB06-505, CB06-541, CB06-550, IET 21119, MTU-

1098, MTU-1115), two from Vietnam (OM5628and OMCF6), two from 

Bangladesh (BRRI dhan 48 and BR7232-6-2-3), two from Pakistan (TAK 

RATIA, TOOR THULLA ), one from Iran (AMOL 1) and two from IRRI 

(IR10N105 and IR70031-4B-R-9-3-1). Three check cultivars, IR64, Nipponbare 

and Malagkit Sinaguing are typical cultivar of indica, temperate japonica and 
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tropical japonica, respectively. In the summer season of 2014, those germplasms 

were planted at seeding rate of one plant per hill and grown by conventional 

cultural practices at the Experimental Farm of Seoul National University in 

Suwon, Korea. 

Table 2-1. List of40 germplasms used in this study. 

 

 

2. Phenotype evaluation of 11 agronomic traits 

A total of 11 agronomic traits such as panicle number per plant (PN), plant 

height (PH), panicle length (PL), number of primary branch (PB), number of 
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secondary branch (SB), number of spikelet per panicle (SP), Spikelet fertility 

(SPF), 1000 grain weight (KGW), grain width (GW), grain length (GL) and 

grain shape (GS) data were collected from  40 germplasms. PN was measured as 

number of panicles in one plant. PH was measured in centimetres from the soil 

surface to the tip of the longest flag leaf. PL was measured in centimetres from 

panicle neck to panicle tip. PB and SB was calculated as the number of primary 

branch and secondary branch per one panicle, respectively. SP was calculated as 

the average number of spikelet per panicle. SPF was calculated as filled grain per 

total number of spikelet in a panicle, expressed as a percentage.  

Harvested rice was air-dried and stored at room temperature before measuring. 

Ten randomly chosen, fully filled grains derived from each germplasm were 

used to measure GL, GW and GS at 0.01 mm precision and the values were 

averaged as the measurements for the plant. The GL and GW were evaluated 

using digital microscope and measuring software. GS was calculated as grain 

length divided by grain width. KGW was measured in grams as the weight of 

1000 fully ripened (14% moisture) grains per germplasm. All agronomic traits 

were recorded after reproductive stages by taking six randomly selected sample 

plants for each traits to each germplasms. 
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3. Statistical analysis of 11 agronomic traits 

All agronomic traits data were subjected to one-way analysis of variance 

(ANOVA) and  least significant difference (LSD)  test was used to detect 

significant differences among the 40 germplasms using Statistical Analysis 

System (SAS) software version 9.2 (https://www.sas.com/). Coefficients of 

variation (CVs %) were determined as indicators of variability. For principal 

component analysis (PCA), correlation matrix from the 11 agronomic traits were 

used to calculate eigenvectors value. Cluster analysis was made using UPGMA 

(Unweighted Pair Group Method with Arithmetic Mean). Similarity matrix and 

distance matrix was calculated based on Pearson’s coefficient using web 

software DendroUPGMA (http://genomes.urv.cat/UPGMA) (Garcia-Vallvé et 

al.,1999). Duncan’s multiple-range test and unpaired, two-tailed Student’s t-test 

were used to detect significances of 11 agronomic traits among subpopulations 

using SAS 9.2 (https://www.sas.com/). Dendrogram was visualized in Molecular 

Evolutionary Genetics Analysis version 6.0; MEGA6 (Tamura et al., 2013) 

4. DNA extraction and SNP genotyping 

The young leaves of rice seedlings were harvested at 3-4 leaf stage. Genomic 

DNA was extracted from young leaf tissue ground in liquid nitrogen using 

modified CTAB method (Causse et al., 1994). DNA concentration and quality 
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were determined using a NanoDrop spectrophotometer (Thermo Scientific, 

Wilmington, USA). DNA stocks were diluted to 50 ng/μl as working solutions.  

The 96-plex SNP set, representing all 12 rice chromosomes, based on the 

difference in DNA sequence between indica and japonica was developed in 

Crop Molecular Breeding Lab., Seoul National University. Genotyping of 96-

plex SNP set was conducted on Fluidigm 96.96 Dynamic Arrays using the 

BioMark HD System (Fluidigm Corp, San Francisco, CA) according to the 

manufacturer’s instruction. Genotypes based on BioMark HD measurements 

were made using the Fluidigm SNP Genotyping Analysis software. 

5. Genotype data analysis  

Major allele frequency (MAF), Number of alleles (NA), Heterozygosity and 

polymorphism information content (PIC) of 96 SNPs, as genetic diversity 

indicator, were analysed using PowerMarker V3.25 (Liu and Muse 2005). A 

model-based Bayesian approach implemented in the software package 

STRUCTURE 2.3.4 (Pritchard et al. 2007) was used to estimate the number of 

subpopulations (k=1 to k=10) given an admixture model with correlated allele 

frequencies. Simulations were run with 100,000 burn-in period and 100,000 

MCMC repeats followed ten independent iterations. The optimal number of 

subpopulations corresponds to the highest peak in the Delta k graph (Evanno, 

2005) and the germplasm with membership probabilities show more than 70% 
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were assigned to each subpopulation. PowerMarker V3.25 (Liu and Muse 2005) 

was used to calculate genetic distance based on CS Chord (1967) and construct 

an un-weighted pair group methods with arithmetic mean algorithm (UPGMA) 

dendrogram, which visualized in Molecular Evolutionary Genetics Analysis 

version 6.0; MEGA6 (Tamura et al., 2013). 
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RESULTS 

1. Diversity of agronomic traits 

The average value and variability of 11 agronomic traits of 40 rice 

germplasms were presented in Table 2-2 and 2-3. All rice germplasms showed 

highly significant morphological and phenotypic variations (variability, P<0.01) 

in all traits. Significant variation in all the traits indicated the presence of high 

phenotypic diversity among 40 germplasms of rice. The highest coefficients of 

variation (CVs) observed within the germplasm was recorded for number of 

secondary branch (39.42%) and number of spikelet per panicle (33.58%). Most 

measured traits had shown under 20% of CVs which ranged from 10.83-29.14% 

for panicle number per plant, plant height, panicle length, number of primary 

branch, spikelet fertility, 1000 grain weight, grain width and grain shape. The 

lowest genetic variability was observed for panicle length (10.83%) (Table 2-2). 

Table 2-2. 11 Agronomic traits of 40 rice germplasm collected on the field in 2014. 

  
PN 

 

PH 

(cm) 

PL 

(cm) 

PB 

 

SB 

 

SP 

 

SPF  

(%) 

KGW 

(g) 

GL 

(mm) 

GW 

(mm) 

GS 

 

Average 13.32** 111.02** 24.28** 12.08** 35.62** 189.18** 74.54** 24.71** 7.68** 2.90** 2.71** 

SD 3.83 19.29 2.59 1.48 13.85 62.74 11.82 5.73 0.92 0.41 0.51 

Min. 5.00  82.33  17.33  9.33  14.00  87.67  48.27  14.27  6.27  2.29  1.90  

Max. 21.67  176.00  32.67  15.67  67.67  340.67  97.31  42.88  10.23  4.09  3.92  

CV % 29.14  17.60  10.83  12.43  39.42  33.58  16.06  23.46  12.09  14.31  19.00  

PN=panicle number per plant; PH=plant height; PL=panicle length; PB=number of primary branch; 

SB= number of secondary branch; SP=number of spikelet per panicle; KGW=1000 grain weight; 

SPF=spikelet fertility; GL=grain length; GW=grain width; GS=grain shape; SD=standard deviation, 

Min.=minimum, Max-maximum, CV %=(standard deviation/average)*100 
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The frequency distribution of 11 agronomic traits in 40 germplasms are shown 

in Fig 2- 1. Out of 40 germplasm, 14 of them were observed to possess spikelet 

fertility of over 84 % and 14 of them owns the spikelet fertility percentage of 

bellow mean value (74.54). 23 of germplasm had been observed to have high 

number of spikelet ranging 200-350. Among all traits, the frequency distribution 

of spikelet fertility assume normal destribution implying nearly 50% germplasm 

had performed over and bellow the mean value. 
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Fig. 2-1 Frequency distribution of 11 agronomic traits in 40 germplasms 
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Table 2-3. Evaluation of 11 agronomic traits in 40 rice germplasms. 
 

Code Germplasm 
PN 

(cm) 
PH 

(cm) 
PL 

(cm) 
PB 

 
SB 

 
SP 

 
SF 

(%) 
KGW 
(gm) 

GL 
(mm) 

GW 
(mm) 

GS 
 

1 AAI R 4 5.3 108.7 21.7 12.0 55.7 251.3 48.3 14.3 6.72 2.55 2.64 

2 AD 04022 11.3 96.3 21.3 10.3 31.7 156.3 78.5 18.1 6.79 2.70 2.52 

3 AMOL 1 15.3 101.7 24.8 10.7 32.3 186.7 73.8 25.1 8.66 2.53 3.44 

4 CB04-110 17.3 108.3 24.0 14.3 55.7 307.7 76.4 18.0 7.34 2.29 3.20 

5 CB05-501 10.3 100.7 22.3 13.7 64.3 326.0 62.4 15.2 6.37 2.45 2.60 

6 CB06-505 12.7 111.3 24.7 12.7 48.3 226.7 74.2 23.4 6.27 3.25 1.93 

7 CB06-541 11.3 107.0 28.0 12.7 52.3 260.7 83.0 22.8 6.30 3.22 1.96 

8 CB06-550 13.7 120.3 24.7 12.7 56.3 276.3 66.8 16.0 6.60 2.94 2.25 

9 IET 21119 18.3 100.0 24.3 9.3 26.3 134.0 80.9 23.2 8.04 2.42 3.33 

10 MTU-1098 13.3 134.7 25.3 11.3 29.7 139.0 83.4 31.2 7.75 2.77 2.80 

11 MTU-1115 13.0 100.0 24.7 13.3 67.7 340.7 53.5 15.1 6.43 2.48 2.59 

12 OM 5628 7.3 93.3 22.8 12.7 55.0 302.7 54.7 16.0 6.41 2.81 2.28 

13 OMCF 6 17.0 93.0 23.0 9.3 24.0 123.0 67.6 26.9 8.25 2.71 3.05 

14 BRRI dhan 48 14.3 105.0 24.7 12.0 33.3 180.0 78.6 23.4 8.13 2.77 2.93 

15 BR7232-6-2-3 15.3 121.7 27.0 15.0 53.0 277.3 53.4 27.2 7.42 3.25 2.29 

16 TAK RATIA 15.3 95.7 23.0 10.7 23.0 134.0 56.7 22.1 8.45 2.58 3.28 

17 TOOR THULLA 13.3 115.7 23.2 11.0 27.3 141.3 72.1 27.1 8.66 2.81 3.09 

18 IR 10N105 10.3 164.0 32.7 14.7 41.0 224.3 63.7 27.7 8.12 3.00 2.72 

19 ESMET101 12.7 105.0 21.3 12.7 19.3 136.3 70.6 24.0 8.54 2.42 3.57 

20 ESMET102 14.3 136.7 23.0 14.7 33.7 181.7 85.7 33.1 8.51 2.97 2.87 

21 ESMET103 16.7 108.3 23.7 11.7 25.3 150.7 81.4 24.1 8.47 2.48 3.42 

22 ESMET106 8.0 116.7 22.0 11.3 17.3 122.7 91.8 36.4 7.76 4.09 1.90 

23 ESMET107 14.3 106.7 26.0 12.0 34.0 170.7 71.4 26.3 8.36 2.81 2.98 

24 ESMET110 16.7 110.0 25.3 13.0 36.3 190.7 67.8 22.1 7.49 2.54 2.95 

25 ESMET114 12.3 103.0 24.3 12.0 42.0 208.7 63.9 25.9 8.40 2.86 2.94 

26 ESMET115 14.0 105.7 23.0 11.7 24.3 140.7 67.8 24.3 7.62 2.86 2.68 

27 ESMET116 16.0 98.7 29.7 12.0 45.7 195.7 61.5 22.7 7.48 2.96 2.54 

28 ESMET118 16.3 100.0 21.8 15.7 51.0 242.7 79.7 22.1 8.04 2.58 3.12 

29 ESMET120 13.7 97.3 23.5 12.0 36.0 178.7 94.1 22.0 7.07 2.72 2.60 

30 ESMET121 16.0 90.0 22.7 12.0 31.3 184.0 87.0 24.2 6.85 3.15 2.18 

31 ESMET122 21.7 137.7 28.5 11.7 30.3 169.3 86.6 25.6 6.75 3.50 1.93 

32 ESMET126 18.7 136.0 23.7 9.7 18.3 87.7 97.3 27.2 7.26 3.35 2.17 

33 IR70031-4B-9-3-1 8.7 84.7 23.7 11.3 30.3 165.3 78.2 32.3 7.11 3.49 2.04 

34 Nerica4 9.7 107.0 23.0 13.0 34.7 206.7 89.0 27.3 7.86 2.87 2.74 

35 CG14 20.7 139.3 27.8 10.7 16.3 124.3 85.1 23.4 7.54 2.86 2.64 

36 Nerica L-16 12.7 109.0 25.8 13.0 30.0 173.3 77.0 24.5 7.26 2.60 3.44 

37 Nerica L-19 6.0 82.3 24.0 12.0 31.3 171.0 72.7 30.9 8.93 3.49 2.08 

38 IR64 12.0 103.2 22.7 11.0 31.0 162.7 81.3 28.4 9.75 2.49 3.92 

39 Nipponbare 12.0 110.2 17.3 10.0 14.0 95.7 74.6 26.0 7.26 3.45 2.10 

40 
Malagkit 
Sinaguing 

5.0 176.0 26.0 11.7 15.0 120.3 88.8 42.9 10.23 3.84 2.67 
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2. Correlation analysis of agronomic traits 

The result for correlation test of 11 agronomic traits is displayed in the Table 

2-4. Of all agronomic traits analysed, panicle number per plant did not have 

significant correlation with all other traits. Though panicle length and plant 

height had shown strong positive correlation, both traits did not have any more 

significant relation with other agronomic traits. The number of primary branch 

and secondary branch were having strong positive correlation with each other 

and also with number of spikelet per panicle. However the number of primary 

branch was not having any more correlation with other traits. While, the number 

of secondary branch showed significant negative correlation with spikelet 

fertility, 1000 grain weight and grain length. The 1000 grain weight had 

significant positive correlation with not only spikelet fertility but also grain 

width and grain length. In addition, 1000 grain weight showed significant 

negative correlation with number of secondary branch and number of spikelet 

per panicle. Grain shape had significant negative and positive correlation with 

grain width and grain length, respectively.  
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Table 2-4. Correlation coefficients among 11 agronomic traits of 40 
germplasms. 
Traits  PN PH PL PB SB SP SPF KGW GW GL 

PH 0.29 
         

PL 0.27 0.55** 
        

PB -0.19 0.2 0.17 
       

SB -0.29 -0.13 0.1 0.63** 
      

SP -0.3 -0.11 0.09 0.69** 0.97** 
     

SPF 0.31 0.2 -0.08 -0.24 -0.55** -0.52** 
    

KGW -0.01 0.25 0.11 -0.14 -0.64* -0.62** 0.50** 
   

GW -0.2 0.19 0.22 -0.08 -0.23 -0.23 0.34* 0.65** 
  

GL 0.24 0.1 -0.03 0.08 -0.56** -0.53** 0.11 0.48** -0.22 
 

GS 0.29 -0.09 -0.2 -0.01 -0.19 -0.16 -0.15 -0.15 -0.81** 0.74** 

PN=panicle number per plant; PH=plant height; PL=panicle length; PB=number of primary branch; SB= number of 

secondary branch; SP=number of spikelet per panicle; KGW=1000 grain weight; SPF=spikelet fertility; GL=grain 

length; GW=grain width; GS=grain shape. Level of significance **= is significant at P<0.01, *= significant at 

p<0.05  
 

3. Principal component and cluster analysis  

Principal component analysis (PCA) is a statistical procedure that uses an 

orthogonal transformation to convert a set of observations of possibly correlated 

variables into a set of values of linearly uncorrelated variables called principal 

components (https://en.wikipedia. org/). Therefore, the traits that are supposed to 

have high loading value in each PC is supposed to have significant correlation 

with other traits for PC representing the agronomic traits variables. 

  Out of 11 principal components which correspond to each agronomic treats, the 

highest loading value for strongly correlated treats were addressed in PC1 and 

PC2 (Table 2-5). Moreover, the scree plot value (Fig.2-2) also dictates PC1 and 

PC2 are better for representing agronomic trait variables and estimating 
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variability in 40 cultivars. PC1 with eigenvalue of 3.82 has estimated about 35% 

of variables and the second PC2 estimated about 23% of trait variability. 

Therefore using these two principal components, 58% of trait variability was 

estimated (Table 2-6).  

Table 2-5. List of loading value of each traits in Individual principal components PCs. 

 Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 

PN 0.366 -0.267 0.508 -0.585 0.186 0.302 -0.258 0.024 -0.016 0.002 -0.001 

PH 0.231 0.298 0.769 -0.015 0.025 -0.5 -0.104 0.061 0.011 0.002 0.001 

PL 0.004 0.361 0.756 -0.117 -0.395 0.205 0.288 -0.05 -0.006 0.001 0.001 

PB -0.574 0.111 0.447 0.495 0.396 0.094 -0.072 -0.204 -0.023 -0.016 0.001 

SB -0.955 0.101 0.123 0.022 0.084 0.082 0.021 0.189 0.017 -0.112 0.009 

SP -0.951 0.094 0.145 0.073 0.139 0.08 0.021 0.137 0.021 0.125 -0.009 

SPF 0.657 0.248 -0.032 -0.189 0.621 -0.005 0.284 0.033 0.042 -0.003 -0.001 

KGW 0.76 0.364 0.041 0.473 0.023 0.139 -0.033 0.137 -0.159 0.005 0.000 

GW 0.331 0.888 -0.124 0.153 -0.063 0.142 -0.143 0.006 0.125 0.014 0.039 

GL 0.588 -0.563 0.252 0.482 -0.07 0.112 -0.018 0.065 0.134 -0.013 -0.034 

GS 0.132 -0.947 0.209 0.172 0.028 -0.018 0.084 0.031 -0.006 0.021 0.058 
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Fig. 2-2 Scree plot of Eigenvalue 

Table 2-6. Eigen values and percent of variation for 11 principal 

component (PC) in 40 germplasms. 

PC Eigenvalue Difference 
Individual  

% variation 

Cumulative  

% variation 

1 3.815 1.296 34.7 34.7 

2 2.519 0.736 22.9 57.6 

3 1.783 0.631 16.2 73.8 

4 1.152 0.382 10.5 84.3 

5 0.770 0.312 7.0 91.3 

6 0.458 0.181 4.2 95.4 

7 0.276 0.148 2.5 97.9 

8 0.128 0.066 1.2 99.1 

9 0.063 0.033 0.6 99.7 

10 0.029 0.023 0.3 99.9 

11 0.006  0.0 100.0 
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The two dimensional distribution of germplasm in the PCA analysis is shown 

in Fig. 2-3. As result of UPGMA cluster analysis, three groups which possess 

more similarity within the group with regard to their agronomic traits as an 

indicator of genetic variability were identified. Accordingly, G1 includes nine 

germplasms; BR7232-6-2-3, CB04-110, CB06-541, OM 5628, MTU-111, 

CB06-550, CB05-501, ESMET118 and AAI R 4. G2 includes 25 germplasms ; 

AD 04022, Nerica4,  Nerica L-16, Nerica L-19, IET 21119 , AMOL 1, OMCF 6, 

TAK RATIA, BRRI dhan 48, TOOR THULLA, IR 10N105, CB06-505, 

ESMET103, ESMET107, ESMET110, ESMET114, ESMET115, ESMET116, 

ESMET120, ESMET121, ESMET122, IR70031-4B-R-9-3-1, ESMET102, IR64, 

ESMET101, and the remaining 6 germplasms were included in G3; CG14, 

ESMET106, ESMET126, Malagkit Sinaguing, Nipponbare and MTU-1098 

(Table 2-1 and Fig.2-3) 
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Fig. 2-3 2D scatter diagram of principal component analysis (PCA) of 40 

germplasms based on 11 agronomic traits. The colour of each germplasm 

corresponds to three subpopulations clustered in UPGMA dendromgram (G1, 

blue; G2, green; G3, red). 
 

Average value of each PCA groups are represented in Table 2-7. G1 consisted 

of 9 germplasm which showed big panicle characteristic; with the highest 

number of primary branch (13.56±1.22), number of secondary branch 

(56.78±5.58) and spikelet number per panicle (287.26±33.93). Although, G1 had 

big panicle, spikelet fertility (64.24±12.87), 1000 grain weight (18.51±4.48), 

grain length (6.85±0.61), grain width (2.73±0.35) and grain shape (2.55±0.41) 

showed lowest value among three groups. G2 comprised of 25 germplasms with 

no significantly outstanding value among 11 agronomic traits. G3 consisted of 6 

germplasms which had the tallest plant height (135.47±23.03) and small panicle 

characteristics with lowest number of primary branch (10.78±0.81), number of 

secondary branch (18.44±5.71) and number of spikelet per panicle 

(114.95±19.34). Although, G3 showed small panicle, those spikelet fertility 
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(86.84±7.78), 1000 grain weight (31.17±7.30), grain length (7.97±1.13) and 

grain width (3.39±0.52) represented highest value. Six agronomic traits 

identifying G3 from remaining two groups are PH, SB, SP, SFP, KGM and GW 

which significantly different. 

 

 

Table 2–7. Average value and standard deviation of each groups clustered 
based on 11 agronomic traits.  
Group   PN 

 

PH 
(cm) 

PL 
(cm) 

PB 
 

SB 
 

SP 
 

SPF 
(%) 

KGW 
(gm) 

GL 
(mm) 

GW 
(mm) 

GS 
 

G1 average 12.22a 106.67b 24.11a 13.56a 56.78a 287.26a 64.24c 18.51c 6.85b 2.73b 2.55a 

(9) S.D. 4.05  9.50  2.24  1.22  5.58  33.93  12.87  4.48  0.61  0.35  0.41  

G2 average 13.81a 106.71b 24.47a 11.85b 32.12b 171.69b 75.29b 25.39b 7.91a 2.84b 2.85a 

(25) S.D. 3.27  17.43  2.56  1.31  6.95  28.19  9.32  3.39  0.82  0.33  0.54  

G3 average 12.94a 135.47a 23.69a 10.78b 18.44c 114.95c 86.84a 31.17a 7.97a 3.39a 2.38a 

(6) S.D. 6.02  23.03  3.70  0.81  5.71  19.34  7.78  7.30  1.13  0.52  0.37  

Means within columns with the same letters were not significantly different at P<0.05. Significance was 

calculated using Duncan's mutiple range test. The number in parenthesis indicates the number of 

germplasms included in subgroup. 
 
 

The result of Cluster analysis made using UPGMA (Unweighted Pair Group 

Method with Arithmetic Mean) software is displayed in the Fig 2-4. The 

UPGMA dendrogram showed three distinct subgroups, G1, G2 and G3. The 

germplasms belong to each subgroups were denoted by three colours. 
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Fig. 2-4 UPGMA Dendrogram of 40 germplasm based on 11 agronomic traits. 

The colour of each germplasm corresponds to three subpopulations (G1, blue; 

G2, green; G3, red). 

 

4. SNP genotyping 

A total of 40 germplasms were genotyped with the 96-plex indica/japonica 

SNP set using Fluidigm BioMark HD system. The 96-plex indica/japonica SNP 

set was developed to assay variation between indica and japonica based on single 

nucleotide polymorphism between two subspecies. The SNP markers were 
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evenly distributed across the 12 rice chromosomes, with the number of SNP 

markers per chromosome varying from 7 (chromosome 7, 9, 10, 11 and 12) to 11 

(chromosome 1) and average SNP interval of chromosome varying 3.8Mb 

(chromosome 9) to 5Mb (chromosome 11). A total of 96 SNP covered 96.2% of 

rice 12 chromosomes varying from 90% (chromosome 7) to 99% (chromosome 12) 

(Fig. 2-5, Table 2-8). 

 

 

Fig. 2- 5. Physical location of 96-plex indica/japonica SNP genotyping set on 

the rice genome. Vertical bar on the each chromosome indicates position of SNP 

marker. 
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Table 2-8. Distribution of 96-plex indica/japonica SNP set.  

  
 Tot

al 

Chr.

1 

Chr.

2 

Chr.

3 

Chr.

4 

Chr.

5 

Chr.

6 

Chr.

7 

Chr.

8 

Chr.

9 

Chr.1

0 

Chr.1

1 

Chr.1

2 

No. of 

SNPs 
96 11 9 9 8 8 8 7 8 7 7 7 7 

Average 

interval 

(Mb) 

4.38 4.42 4.52 4.51 4.76 4.08 4.5 4.6 3.9 3.8 3.9 5 4.6 

Coverag

e (%) 
96.2 98.2 98.4 96.6 92.3 95.1 98 90 96 96 97 96 99 

 

96-plex indica/japonica SNP set was developed based on single nucleotide 

polymorphism, which almost showed bi-allele, between indica and japonica. 

Hence the average number of allele was 2.04 among 40 rice germplasms. 

Although most SNPs had two alleles, four SNPs (id2004617, id2009889, 

id4007882, id7001998) showed three alleles. Because those SNPs had some 

missing data. To determine the efficiency of the SNPs for genetic diversity and 

population structure analysis, each SNP marker was calculated for information 

content in 40 germplasms. The major allele frequency per SNP ranged from 

0.500 (id10000113) to 0.950 (id1010652, id3007541, id4003524, wd8001250, 

id8004111, id12005212), with an average value of 0.834 per SNP. Of the 96 

SNP, the overall PIC value ranged from 0.0905 (id1010652, id3007541, 

id4003524, wd8001250, id8004111, id12005212) to 0.4023 (id4007882), with an 

average value of 0.2145. Almost all SNPs showed no heterozygosity with an 

average value of 0.096 and id4007882 showed highest heterozygosity (0.300) 
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(Table 2-9). Most of the SNP tended to show high major allele frequency rather 

than intermediate frequencies. This high major allele frequency level resulted in 

frequency distribution that was skewed to left (Fig 2-6). In case of PIC, the 

frequency distribution was less skewed than that of major allele frequency. PIC 

approximately centered around the mean of 0.2145. 
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Table 2-9. Genotype summary of 96-plex indica/japonica SNP set based on 40 
germplasms.  

No. Chr. SNP ID Positiona 
Major 
allele 

frequency 

No. of 
alleles 

Hetero- 
zygosity 

PICb 

1 1 id1000223 422,620 0.550  2 0.000  0.3725 
2 1 id1004256 5,332,883 0.875  2 0.000  0.1948 
3 1 id1007185 9,670,523 0.925  2 0.000  0.1291 
4 1 id1009557 14,573,814 0.900  2 0.000  0.1638 
5 1 id1010652 19,264,312 0.950  2 0.000  0.0905 
6 1 id1012784 24,199,706 0.875  2 0.000  0.1948 
7 1 id1015984 29,381,536 0.900  2 0.000  0.1638 
8 1 id1018870 33,063,515 0.875  2 0.000  0.1948 
9 1 id1022407 37,298,045 0.900  2 0.000  0.1638 
10 1 id1024836 40,892,591 0.825  2 0.000  0.2471 
11 1 id1028304 44,672,306 0.625  2 0.000  0.3589 
12 2 id2000007 9,619 0.925  2 0.000  0.1291 
13 2 id2002293 4,361,466 0.900  2 0.000  0.1638 
14 2 id2004617 9,582,164 0.875  3 0.000  0.2075 
15 2 id2005923 14,795,354 0.825  2 0.000  0.2471 
16 2 id2007512 20,027,495 0.713  2 0.025  0.3258 
17 2 id2009889 24,835,540 0.800  3 0.050  0.2887 
18 2 id2012773 29,130,590 0.850  2 0.000  0.2225 
19 2 id2014575 33,610,265 0.775  2 0.000  0.2879 
20 2 id2016199 36,199,294 0.900  2 0.000  0.1638 
21 3 id3000695 1,086,244 0.875  2 0.000  0.1948 
22 3 id3003462 5,920,066 0.900  2 0.000  0.1638 
23 3 id3005168 10,023,081 0.900  2 0.000  0.1638 
24 3 id3007541 15,548,178 0.950  2 0.000  0.0905 
25 3 id3009433 20,673,413 0.700  2 0.050  0.3318 
26 3 id3010700 24,305,190 0.900  2 0.000  0.1638 
27 3 dd3000535 28,481,283 0.675  2 0.000  0.3425 
28 3 id3015453 32,981,871 0.900  2 0.000  0.1638 
29 3 id3018439 37,181,952 0.738  2 0.025  0.3122 
30 4 id4001096 2,456,955 0.938  2 0.025  0.1103 
31 4 id4002718 6,997,191 0.900  2 0.000  0.1638 
32 4 id4003524 11,312,866 0.950  2 0.000  0.0905 
33 4 id4004185 14,389,955 0.913  2 0.025  0.1469 
34 4 id4005704 19,826,416 0.600  2 0.000  0.3648 
35 4 id4007882 24,379,789 0.575  3 0.300  0.4023 
36 4 id4009823 30,014,981 0.538  2 0.025  0.3736 
37 4 id4012434 35,843,455 0.750  2 0.000  0.3047 
38 5 id5000043 101,950 0.925  2 0.000  0.1291 
39 5 id5002497 4,734,427 0.875  2 0.000  0.1948 
40 5 id5004086 8,028,641 0.900  2 0.000  0.1638 
41 5 cmb0511.1 11,127,260 0.925  2 0.000  0.1291 
42 5 id5005882 14,387,882 0.825  2 0.000  0.2471 
43 5 id5008218 20,019,740 0.875  2 0.000  0.1948 
44 5 id5010886 24,121,914 0.875  2 0.000  0.1948 
45 5 id5014265 28,700,370 0.875  2 0.000  0.1948 
46 6 id6000073 243,274 0.838  2 0.025  0.2351 
47 6 id6003373 4,756,949 0.525  2 0.000  0.3744 
48 6 id6005608 8,725,792 0.888  2 0.025  0.1797 
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49 6 id6008118 13,653,907 0.850  2 0.000  0.2225 
50 6 id6009699 18,066,599 0.900  2 0.000  0.1638 
51 6 id6011555 23,136,975 0.675  2 0.000  0.3425 
52 6 id6015530 27,381,493 0.875  2 0.200  0.1948 
53 6 id6016941 31,686,494 0.550  2 0.000  0.3725 
54 7 ud7000187 2,563,993 0.900  2 0.000  0.1638 
55 7 id7001155 7,019,781 0.900  2 0.000  0.1638 
56 7 id7001998 11,588,122 0.875  3 0.000  0.2075 
57 7 id7002392 15,667,894 0.900  2 0.000  0.1638 
58 7 id7003072 20,321,276 0.800  2 0.000  0.2688 
59 7 id7004645 25,682,560 0.850  2 0.000  0.2225 
60 7 id7006027 29,931,834 0.900  2 0.000  0.1638 
61 8 id8000140 416,700 0.925  2 0.000  0.1291 
62 8 id8001426 4,363,186 0.900  2 0.000  0.1638 
63 8 wd8001250 8,424,668 0.950  2 0.000  0.0905 
64 8 id8003584 11,798,820 0.625  2 0.000  0.3589 
65 8 id8004111 15,352,572 0.950  2 0.000  0.0905 
66 8 id8005186 19,436,398 0.925  2 0.000  0.1291 
67 8 id8006751 23,740,826 0.900  2 0.000  0.1638 
68 8 id8007764 27,921,569 0.900  2 0.000  0.1638 
69 9 id9000045 438,538 0.900  2 0.000  0.1638 
70 9 id9000884 4,288,667 0.775  2 0.000  0.2879 
71 9 id9002419 8,513,936 0.738  2 0.025  0.3122 
72 9 id9003183 12,505,826 0.825  2 0.000  0.2471 
73 9 id9004072 15,394,586 0.900  2 0.000  0.1638 
74 9 id9006953 20,044,954 0.900  2 0.000  0.1638 
75 9 id9007784 23,484,844 0.900  2 0.000  0.1638 
76 10 id10000113 587,669 0.500  2 0.050  0.375 
77 10 ud10000265 3,982,886 0.900  2 0.000  0.1638 
78 10 id10002069 6,305,120 0.563  2 0.025  0.3711 
79 10 id10002842 10,730,617 0.750  2 0.000  0.3047 
80 10 id10003706 14,754,458 0.875  2 0.000  0.1948 
81 10 wd10003790 19,917,460 0.925  2 0.000  0.1291 
82 10 id10007384 23,690,908 0.900  2 0.000  0.1638 
83 11 id11000131 680,665 0.863  2 0.025  0.2091 
84 11 id11002336 5,628,396 0.825  2 0.000  0.2471 
85 11 wd11000649 9,670,517 0.875  2 0.000  0.1948 
86 11 id11004341 15,215,162 0.875  2 0.000  0.1948 
87 11 id11006897 21,212,729 0.875  2 0.000  0.1948 
88 11 id11008929 25,372,661 0.800  2 0.000  0.2688 
89 11 id11011607 31,063,738 0.925  2 0.000  0.1291 
90 12 id12000076 264,373 0.750  2 0.000  0.3047 
91 12 id12002113 4,662,617 0.763  2 0.025  0.2966 
92 12 id12003700 9,135,012 0.850  2 0.000  0.2225 
93 12 id12005212 14,646,923 0.950  2 0.000  0.0905 
94 12 id12006155 18,468,907 0.875  2 0.000  0.1948 
95 12 id12007742 23,031,189 0.800  2 0.000  0.2688 
96 12 id12010130 27,582,487 0.875  2 0.000  0.1948 

    Mean   0.834  2.04 0.010  0.2145 

a Physical position of IRGSP buil5, b polymorphism information content 
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Fig. 2-6 Frequency distribution of major allele frequency (MAF) and 

polymorphism information content (PIC) of 96 SNPs. 

 

5. Population structure and genetic diversity analysis based on 96 

SNPs  

To identify the population structure of 40 germplasms, STRUCTURE analysis 

was conducted based on 96 SNP genotype. In the model-based grouping analysis, 

Ln P(D) exhibited a high turning point at k = 2 and remained relatively flat from 

k = 2 to k =10 (Fig. 2-7A). Evanno’s Delta k also exhibited a sharp peak at k = 2 

(Fig. 2-7B). Both Ln P(D) and Delta k values indicated two distinctly divergent 

groups most possibly among 40 germplasms. At k = 2, most of the germplasms 

(87.5%) were classified into one of the two groups. This subdivision corresponds 

to the very distinct separation between indica type and japonica type germplasm. 

However, there were one germplasm (CG14) showing a membership probability 

of less than 70% (Fig. 2-7). CG14 is belongs to African rice (Oryza glaberrima), 
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which is not typical indica or japonica of Asian rice (Oryza sativa). The two 

germplasms, ESMET115 and Nerica4 were clustered into japonica type with 

temperate japonica, Nipponbare and tropical japonica, Malagkit Sinaguing. 

 

Fig. 2-7 STRUCTURE analysis of 40 rice germplasm based on 96 SNPs. (A) 

plot of Ln P(D), (B) plot of Delta k with K=1-10, (C) population structure of 40 

germplasms at K=2.  

 

The genetic distance based on 96 SNP markers in 40 germplasms was 

calculated for phylogenetic analysis. The Chord genetic distance between 

pairwise comparisons of all the 40 germplasms ranged from 0.005 to 0.900 with 

an average of 0.233 and a majority (81.5%) having a value less than 0.45 (Fig. 2-

8, 2-9). In the heatmap of genetic distance, four germplasms (ESMET115, 

Nerica4, Nipponbare, Malgkit Sinaguing) showed distinct dark red line (Fig. 2-9). 

Those four germplasms were clustered into japonica type in STRUCTURE 
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analysis and showed high genetic distance with that of indica type while 

pairwise distance among indica type was relatively low. However, still three 

germplasms, ESMET 106, TAK RATIA and TOOR THULLA, slightly bright 

colored were also distantly related with other Indica groups. 

 

Fig. 2-8 Pairwise heat map based on Cavalli-Sforza Chord (1967) genetic 

distance using 96 SNPs (Germplasms in bright colours are distantly related to the 

other germplasms). 
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Fig. 2-9 Frequency distribution of pairwise CS Chord (1967) genetic distance 

based on 96 SNPs. 

 

A UPGMA dendrogram of 40 germplasms was constructed based on CS 

Chord (1967) genetic distance using 96 SNP markers (Fig. 2-10). It revealed 

genetic relationships fairly consistent with the STRUCTURE-based membership 

assignment. The UPGMA dendrogram showed that the rice germplasm could be 

well differentiated according to their subspecific genomic composition, i.e., 

indica type of japonica type.  
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Fig. 2-10 UPGMA dendrogram based on CS Chord (1967) genetic distance 

using 96 SNP markers. The colour of each germplasm corresponds to 

subpopulation assignment by STRUCTURE (indica type, red; japonica type, 

green; admixed ancestry, grey; Reference Cultivars are 38, 39 and 40). 

 

A total of 40 germplasms were differentiated to two subspecific type of Asian 

rice (Oryza sativa), except CG14, which is African rice (Oryza glaberrima) and 

showed admixed ancestry. Average value of 11 agronomic traits in each 

genotype was represented in Table 2-10. Indica type showed more tiller number, 

shorter plant height, longer panicle length, more number of primary branch, and 
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more number of secondary branch, more number of spikelet panicle, less spikelet 

fertility, less 1000 grain weight, longer grain length, shorter grain width and 

slender grain shape. However, there are no significant difference of agronomic 

traits between japonica-type and indica type, except for number of secondary 

branch (p<0.05).  

 

Table 2–10. Average value and standard deviation of each groups clustered 
based on the 96 SNPs. 
Group   PN PH PL PB SB* SP SF KGW GL GW GS 

(cm) (cm) (%) (gm) (mm) (mm) 

japonica  
Average 10.17 124.71 22.33 11.58 22 140.84 80.05 30.12 8.24 3.25 2.55 

type 

(4) SD 3.87 34.25 3.62 1.23 9.64 47.59 10.61 8.59 1.35 0.48 0.3 

indica 
Average 13.68 109.5 24.49 12.13 37.13 194.56 73.92 24.11 7.62 2.86 2.73 

type 

(35) SD 3.77 17.35 2.46 1.53 13.7 63.3 12.09 5.24 0.87 0.4 0.53 

* indicates significance between japonica-type and indica-type at 5% level by unpaired Student's t-test. 
The number in parenthesis indicates the number of germplasms included in subgroup. 
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DISCUSSION 

 

1. Extent of Genetic Variability 

Information concerning the extent and nature of genetic diversity within the 

germplasm is required for efficient breeding program, characterization and 

determination of the breeding potential of cultivars (Asare et al. 2011). In this 

study we categorized 40 rice germplasms based on their 11 agronomic traits and 

96 SNP markers which were evenly distributed across the 12 rice chromosomes. 

The observed highly significant agronomic traits variability among 40 

germplasms indicated the existence of potential of germplasm for crop 

improvement program. Moreover, in SNP markers used for genotyping of  40 

germplasms, the variability of value MAF and PIC  ranged from 0.5- 0.95 and 

0.095-0.4023 with an average of 0.834 and 0.2145, respectively indicating  the 

existence some degree of    genetic variability within the germplasm under 

consideration. Several studies (e.g. Bhatt, 1970; Ariyo 1987; Peeters and 

Martinelli, 1989; Souza and Sorrells, 1991) pointed out that crosses designed 

between genetically distant genotypes should produce higher variances in 

segregating populations than crosses between related genotypes. 

Saleem et al., (2010); Kahan et al., (2009); Vange, (2009); M. Ashfaq et al., 

(2012) reported some of morphological traits do negative and/or possibly 
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positive correlation for advancement of high yielding potential of verities. In this 

study, we also identified secondary branch number had highly significant and 

strong positive correlation with number of spikelet and highly significant 

negative correlation with spikelet fertility, grain weight, and grain length (Table2 

-3). Number of spikelet also has positive correlation with number of primary and 

secondary branch while it has negative correlation with spikelet fertility, grain 

weight and grain length. Therefore it is imperative to think of which cultivar is 

possessing which trait before selection is made for parental combination. 

2. Genetic variability addressed by agronomic traits  

When genetic diversity was analysed using rice agronomic traits, all 

germplasms were mainly clustered according to their morphological characters. 

Accordingly, there was three clearly identified groups based on PCA analysis 

and clustering analysis using UPGMA program. There was 100% overlap of 

number groups and individuals in the group as estimated by PCA and clustering 

analysis (Fig. 2-3, Fig.2-4). In the PCA, germplasms included under group one 

were sharing common agronomic traits which is significantly different from the 

other two groups like possession of high number of primary and secondary 

branch as well as high number of spikelet and  low spikelet fertility and grain 

length which contributed to possession of small seed size (Table 2-2). Like 

germplasms in group 1, group three members also share agronomic traits which 
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differentiated them from the other gruops. This group was significantly different 

from G1 and G2 by having high spikelet fertility percentage, longer plant height 

and higher grain weight, larger grain width besides having low number 

secondary branch (Table 2-7). Germplasm in group two seems lying between 

group one and group three as most traits’ value for number of primary and 

secondary branch as well as spikelet number per panicle were lower than group 

one but higher than group three and some of the trait values were shared  

between the two groups. 

All germplasms in G1 had shown the highest number of spikelet and 

secondary branch. The lowest spikelet fertility (48.27%) was also recorded in 

this group in addition to low total spikelet fertility observed with in this group 

(61.62%, average of the group) as compared to the other two groups. Though 

this group owns the highest number of spikelet per panicle only two  cultivars; 

CB06-505 and CB06-541 were maintained  spikelet fertility of over 70%  

associated with higher number of spikelet per panicle;[226.67(74.23%) and 

260.67(82.96%) respectively] (Table 2- 3). OM-5628, MTU-1115 and CB05-501 

had set the maximum number of spikelet per panicle as compared to the whole 

germplasms but the spikelet fertility percentage was less than 70% 

[302.6(54.69%), 340.67(53.54%) and 326.0(62.37%) respectively].   
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G2 included 25 germplasms where IR64 (indica check cultivar) was included. 

Except ESMET188, G1, and CG14, ESMET106, and ESMET 126, G3, all ARC 

sourced germplasms were placed in G2. Among the group member, NERICA L-

16, which is the cross of Oryza gaberima and indica rice (TOG5681/3*IR64) 

was also included in this group. Relatively larger number of germplasms were 

included in this group owing the group to possess more diversity of traits. 

However, the group hold uniformity in having relatively higher number of 

secondary branch and total number of spikelet per panicle (33.59, 180.04 

respectively) as compared to group three. The lowest spikelet number in the 

group was 123 (OMCF 6) and the highest was 307.67 (CB04-110).  The spikelet 

fertility percentage of group two was 75.29% which was better than spikelet 

fertility in Group one. Over 70% spikelet fertility and over 170 spikelet per 

panicle was recorded by CB04110 (307.67, 76.44%), ESMET118 (242.67, 

79.69%), AMOL1 (186.67, 73.84%), ESMET107 (170.67, 71.37), ESMET120 

(178.67, 94.12%) and NERICA 16 (173.33, 77.02%). 

Both temperate and tropical japonica cultivars were included in G3.  One 

African rice included in this group, CG14 is the glaberima rice. The highest 

spikelet fertility (97.31%) was recorded in this group. Except Nippombare 

(74.6%) the remaining member of this groups possess spikelet fertility of over 
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80%. However, the highest number of spikelet per panicle was 139 (MTU-1098) 

and lowest was 87 (ESMET126).  

 

3. SNP Markers estimating genetic variability 

The genetic diversity analysis made using 96 SNPs markers with coverage of 

96.2% of cultivars genome indicated the existence of slight genetic variability 

unlike that of agronomic traits which was highly divers across 40 germplasms. 

As per the model-based structural analysis for determining the number of 

subpopulation(K) through 40 germplasm, both Ln P(D) and delta k value 

indicated germplasms could be grouped in to two groups (japonica type and 

indica type) as K=2 (Fig. 2-7). Under this grouping, 87.5% of germplasms were 

categorised in indica type.  Similarly, a UPGMA dendrogram constructed based 

on Chord genetic distance using 96 SNPs clearly identified 35 germplasms as 

indica type and four germplasms (ESMET115, Nerica4, Nipponbare, Malgkit 

Sinaguing) were brightly colored as an indicator of high genetic distance from 

indica and hence were japonica type. The remaining one germplasm, CG14 was 

placed in between indica-type germplasms and japonica-type germplasm. Jones 

et al (1997) described CG14  is one of the parental O. glaberrima accession used 

in the generation of the 'New Rice for Africa' cultivars that revolutionized rice 

cultivation in west Africa by combining the high-yielding traits of Asian rice 
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with the adaptive traits of west African rice. Therefore, the genetic analysis made 

clearly identified CG14 which was purely African origin germplasm as separate 

individual between japonica-type and indica-type.    

Beside this, the pairwise comparison of 40 germplasm based on CS Chord 

genetic distance averaged to be 0.45 also clearly identified four germplasms 

(ESMET115, Nerica4, Nipponbare, Malgkit Snagging) which was also Identified 

by structural analysis and dendrogram was distantly related to indica germplasm 

groups. Among four japonica germplasms, two were check japonica and two of 

them were ARC sourced rice (ESMET115 and Nerica4).The pedigree of Nerica4; 

WAB 56-104 / CG 14//2*WAB 56-104, indicated it was designed to have high 

genetic composition of japonica parent WAB 56-104 as it was two times 

backcrossed to japonica parent and hence its placement in japonica seems 

perfect grouping. In addition to CG14, five germplasms which showed less than 

70% membership probability in structure analysis to japonica group; ESMET 

106, SEMET107, BR7232-6-2-3, TAK RATIA and TOOR THULLA had been 

placed in indica group. Among these five germplasms, ESMET 106, TAK 

RATIA and TOOR THULLA was distantly related with other indica germplasms 

as brightly coloured CS chord genetic distance value indicated, Fig. 2-7.  

 

4. Conclusive remark and selection of parental lines  
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From the result of genetic diversity analysis made using 11 morphological 

characters, two japonica rice (Nippombare and Malgkit Snagging) were 

categorized in G3. Moreover, from the analysis made for comparing the variation 

of traits between two groups identified using 96 SNPs, high number of secondary 

branch in indica group was found significantly different from that of japonica 

group. (Table 2-10). Similarly the result of analysis for comparing rice characters 

among three PCA and cluster identified groups revealed high number of 

secondary branch which was  peculiar character shared between group one and  

group two  were significantly different from group three (where those japonica 

reference  germplasms in included).  However, when genetic diversity was 

assessed by SNPs markers, the 37 germplasms and three reference cultivars were 

not clustered according to their rice morphological characters. Wang et al. (2013) 

have suggested that different result of clusters based on rice characters and SSR 

markers might be caused by different purposes and diversified habitats during 

the breeding period. Accordingly, difference in result of genetic diversity based 

on rice characters and that of SNPs markers in this study could have been caused 

by the selection pressure in the process of crop improvement and local 

environment conditions under which it has been grown for influencing the 

genetic performance of each germplasm. 
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Shahidullah et al. (2009) reported the genetic divergence among the rice 

genotypes on the basis of their agronomic traits could take part in the selection of 

the diverse genotypes for the further improvements of the rice varieties through 

breeding.  Association of panicle related traits with yield were reported by Liu et 

al., 2007. Ashrafuzzaman et al. (2009) observed similar findings, who reported 

that the variation in 1000–grain weight might be due to the varietal differences. 

Satytajit (2013) and Jeng et al. (2009) found the similar result with respect of 

1000-grain weight. Hosain et al. (2014) reported that BRRI dhan48 produced the 

highest grain yield (3.51 t/ha) among different varieties. 

As conclusive remark of these study, we have identified a good number of 

germplasms on the basis of morphological traits and SNPs markers by giving 

special focus on those traits which had been observed to have significant 

difference among groups for identifying individual lines from closely related 

indica groups. Although it is believed that combination of parental cultivars from 

each different  individuals attribute more for getting better advantage of heterotic 

combination, we had focused on those cultivars that had shown better 

performance with regard to particular trait for  those   analysis made by rice 

character and aligned the result with sorting of germplasm made using SNP 

markers. Accordingly, genetically distantly related germplasms of Japonica type, 

Nerica4 and ESMET115 and Indica type Cultivars, ESMET 106, TAK RATIA 
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and TOOR THULLA and CG14 as glaberrima rice were identified. The reaming 

Indica germplasms were more closely related genetically. Therefore, for 

selecting individual germplasms with outstanding trait performance from these 

groups, agronomic trait variability among them were considered. Therefore, 

based on their secondary branch number, spikelet number and percent of spikelet 

fertility, we have identified CB06-505, CB06-541 CB04110 and ESMET118 for 

they had associated higher number spikelet (>200) with over 70% spikelet 

fertility as superior cultivars within  indica group. ESMET121 which maintained 

highest percent spikelet fertility associated with relatively high number of 

spikelet per panicle (184, 87%) was also identified as cultivars with better 

agronomic performance. Thus, based on their genetic distance and agronomic 

tarit performance, we have identified two japonica type, 3 distantly related 

indica type and five additional germplasms from remaining indica type rice and 

one O. glaberrima rice germplasm as individual germplasm with distinct genetic 

and agronomic trait performing cultivars among 37 germplasm released for 

Africa .CG14, glaberima, was the tallest germplasm with highest number of 

panicle and high spikelet fertility. Nerica4 had associated high spikelet fertility 

percentage with relatively high number of spikelet. ESMET115, TAK RATIA 

and TOOR THULLA besides their genetic distance, they possess the panicle 

number which is above the overall mean value. ESMET 106 possesses peculiar 
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trait performance with the highest percent spikelet fertility (92%) in addition to 

its genetic distance to other indica groups. 

 Rice yield potential is determined by PN, SP, SPF and KGW (Lee et al., 

2015). We calculated yield potential per plant for PCA identified three groups 

using the equation [PN*SP*(SPF/100)*(KGW/1000)]. Accordingly,G2 showed 

the highest grain yield potential per plant (45.33g) within the three groups (G1, 

41.74g; G3, 40.26g), despite with no significantly outstanding value among 11 

agronomic traits. IR64 (indica reference), all NERICA cultivars and almost ARC 

originated germplasm were clustered in the G2 (Table 2- 1 and Fig2-3). Those 

germplasms belong to G2 were considered to be developed for high yield 

potential in Africa. 

The result of genetic diversity analysis using 11 agronomic traits and 96 SNP 

markers, indicated ARC originated germplasms had shown high yielding 

potential. Thus, the results of this study could provide basic agronomic and 

genomic information of 40 rice germplasms, and would be useful for further 

varietal improvement in rice breeding program. 
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초  록 

성긴 이상 상단 돌연변이 벼의 유전자 지도 작성 

본 연구에 사용된 loose upper panicle (lup) 돌연변이체는 자포니카형 품종인 

화청벼에 Ethyl Methane Sulfonate (EMS)를 처리함으로써 획득할 수 있었다. 

이 lup 돌연변이체에서는 일차지경에 형성되는 화의 수가 줄어들었을 뿐

만 아니라, 이삭의 가장 끝부분에 위치하는 일차지경에서는 형성된 화간

의 간격이 매우 벌어졌으며, 이들 화는 기형의 표현형을 보이고 있었다. 

이 밖에도 간장, 수장, 천립중, 분얼 수 등 많은 농업적 형질들이 화청벼에 

비해 열등하게 나타났다. 반면, 생육 전반에 걸쳐 엽록소 함량은 화청벼 대

비 높게 나타났으며, 이는 양생장이 끝난 이후 단계까지도 lup 돌연변이

체가 녹색을 유지하는데 기여했다. 화청벼와 lup 돌연변이체 간의 F2 교배 

집단의 분리비가 3:1로 분리하는 것으로 보아 앞서 언급한 표현형들이 단일 

열성 유전자에 의해 조절되고 있음을 확인하 다. BSA를 통하여 LUP 유전

자가 8번 염색체의 긴 팔 부위에 위치하고 있음을 확인했으며, 계속해서 

fine-mapping을 진행한 결과 18170과 D0052 마커 약 1.04Mb 사이로 후보 유

전자 역을 특정화 할 수 있었다. 이 역 내에는 총 348개의 SNPs가 존재

하고 있으며, 이는 개선된 MutMap 방법을 통하여 확인할 수 있었다. 본 연

구는 벼의 이삭 및 화 발달 조절 기작에 대한 새로운 단서들을 제공 할 것

으로 기대한다. 
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쌀의 일부 아프리카 품종 특성 

  재배벼는 아시아의 Oryza sativa와 아프리카의 Oryza glaberrima 두 종으로 

이루어져 있다. NERICA (New Rice for Africa) 품종들은 아프리카에서의 벼 

생산성 향상을 위해 Oryza sativa와 Oryza glaberrima의 종간교잡을 통해 육

성되었다. 본 연구에서는 11개 수량관련 농업형질과 96개 SNP 마커를 사용

하여 아프리카에서 출시된 몇 가지 벼를 포함한 40개 벼 유전자원의 특성을 

확인하 다. 농업형질을 이용한 군집분석에서는 세 그룹의 유전자원을 확

인할 수 있었다. 유전자원의 유전자형은 96개로 구성된 인디카/자포니카 

SNP 세트로 분석하 다. SNP 마커를 이용한 STRUCTURE 분석에서 40개 

유전자원은 두 하위집단으로 나누어졌다. 유전적 거리에 기초하여 SNP 마

커를 이용한 군집분석에서는 인디카형과 자포니카형으로 구별되는 두 군

집을 확인하 다. Oryza glaberrima에 속하는 CG14은 96개 마커를 기반으로 

인디카와 자포니카의 혼합형을 보 다. SNP 마커를 기반으로 나누어진 두 

그룹 사이에서 이자지경수만 유의한 차이를 보이는 농업형질이었다. 하지

만, 11개 농업형질을 이용하여 나누어진 그룹들 사이에서는 두 개 이상의 

유의한 차이를 보이는 농업형질이 있었다. 본 연구의 결과는 40개 유전자원

의 기본 농업적, 유전적 정보를 제공하여, 향후 벼 육종에서 품종개량에 유

용하게 활용될 수 있을 것이다. 
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