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Rice is among the most valuable staple food crops in the world. However, several challenges greatly affect 
production, one of which is the threat imposed by heat stress. To address this, researchers are developing 
varieties that are tolerant to heat stress with the aid of genetic markers. In this study, eight rice genotypes, 
namely Dular, Nagina 22, NSIC Rc 222, Milyang 23, EL15, EL92, EL85, and IR52 were observed for 
agromorphic data, which included plant height, panicle length, filled and unfilled grains, and grain yield. 
Flower samples were collected to determine the effect of heat stress on pollen fertility. Molecular markers 
were designed via in silico analysis based on the nine QTL regions distributed among five chromosomes (1, 
3, 4, 5, and 10). Out of the 90 newly developed markers, Markers 3066 and 2503 showed good potential as 
informative markers among heat tolerance classification. Results showed genotype-specific responses of 
varieties during heat stress and non-heat stress conditions. EL15 had the best agromorphic performance 
and appeared to be the best elite line. Identification of gene-specific SSR markers has proven to be effective 
in understanding heat tolerance for future marker-assisted selection.  

Keywords: high-temperature, marker-assisted selection (MAS), microsatellites, in silico analysis, rice 

Abbreviation: EL—elite lines, GMATA—Genome-wide Microsatellite Analyzing Toward Application, HT—heat-

tolerant, IGV—Integrative Genomics Viewer, MINCER—Micrometeorological Instrument for Near Canopy 

Environment of Rice, NCT—National Cooperative Testing  

INTRODUCTION  

Climate change is caused by increasing the amounts of 

greenhouse gases that serve as a blanket to the earth's 

atmosphere, resulting in global warming (Jain 1993). 

However, warming does not refer to an average but to an 

excessive increase in temperature that creates long-lasting 

changes in all components of the climate system (Jain 

1993). Despite the increasing number of climate change 

mitigation strategies, greenhouse gases have continued to 

accumulate from 1970 - 2010, with more massive absolute 

increases between 2000 and 2010 (IPCC 2014). 

Additionally, it was projected that heat waves and 

extreme temperatures would become more intense, 

frequent, and prolonged than in recent years (Meehl et al. 

2007), which would adversely affect rice production. As 

the most consumed and produced staple, rice provides 

approximately 19% of the daily caloric supply (545 kcal) 

of the world’s population (IRRI 2011). Rice consumption, 

therefore, has a direct effect on people’s health and 

decreasing yields due to high temperatures can have 

enormous consequences.  

The optimum temperature range for the healthy 

development of rice is 27 – 32°C (Peng et al. 2004; Prasad 

et al. 2006; Jagadish et al. 2014; Manigbas et al. 2014). 

Temperatures that are higher than the optimum induce 
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floret sterility thus decrease rice yield (Nakagawa et al. 

2003). Above-optimum temperatures also affect almost 

all growth stages in rice (Shah et al. 2011). Reproductive 

stages such as anthesis and fertilization are the most 

sensitive while the booting stage has a lesser extent of 

susceptibility (Satake and Yoshida 1978; Farrell et al. 

2006). Probable causes are the inhibition of pollen grain 

enlargement, indehiscence of anthers, and inadequate 

release of pollen grains (Matsui et al. 2000; Matsui 2005) 

resulting in fewer pollen grains intercepted by the 

stigma, thereby affecting fertilization and, eventually, 

yield. At the microspore stage, a minimum of 2 d of 

exposure to heat stress is enough to induce spikelet 

sterility and irreversibly deter panicle development 

(Endo et al. 2009). Specifically, high temperatures are 

mainly attributed to the inhibition of anther dehiscence, 

pollen sterility, and failed germination (Jagadish et al. 

2010; Tenorio et al. 2013). However, studies on the effects 

of high temperatures and heat stress on vegetative 

development remain few compared to those on the 

reproductive stage (Prasanth et al. 2012).  

To address this deficiency, breeders and researchers 

are developing varieties that are tolerant to certain types 

of stresses using genetic markers associated with heat 

tolerance. For instance, Marker-Assisted Selection (MAS) 

has been used to improve tolerance to stresses such as 

heat, drought, salinity, insects, and diseases using simple 

sequence repeats (SSR). SSR markers have a huge 

efficiency potential and are preferable for many forms of 

high throughput mapping, genetic analysis, and marker-

assisted plant improvement strategies (McCouch et al. 

1997; Cregan et al. 1999; Coburn et al. 2002). These 

markers are codominant, multi-allelic, and can be reliably 

utilized to analyze both germplasms of Indica and 

Japonica (Harrington 2000; Chen et al. 2002). Uses of SSR 

markers in plant breeding programs include the 

facilitation of the appropriate choice of parents for 

hybridization, the mapping of genes associated with 

economically important traits, and DNA fingerprinting 

(Gupta and Varshney 2000).  

This study was conducted to investigate heat-tolerant 

varieties and three elite rice lines, and observe their 

morphometrics, which include plant height, number of 

productive tillers, panicle length, spikelet fertility, pollen 

fertility, and grain weight. In addition, newly designed 

molecular markers from GMATA were validated, and 

elite rice lines with the highest potential for the varietal 

improvement and broadening of the genetic base were 

recommended. 

MATERIALS AND METHODS  

Plant Materials  

Based on the agromorphic traits such as yield 

performance, grain quality, and potential heat-tolerant 

traits (Selote and Khanna-Chopra 2004; Liu et al. 2006; 

Prasad et al. 2006; Jagadish et al. 2008; Jagadish et al. 

2010), eight genotypes were used for the study: IR 52 

(intolerant check), Nagina 22 or N22 and Dular (tolerant 

checks), Milyang 23 (moderately tolerant), and NSIC Rc 

222 (yield check). Three NCT top elite lines, namely EL-

85 (PR42130-M-1-B-6-2-B-7), EL-15 (PR 40330-4-2-7-1-2-1), 

and EL-92 (PR42132-M(I)-1-B-8-B-B-6), were also 

examined. The elite lines are stable lines from F7 

generations and have heat tolerance backgrounds. The 

varieties’ characteristics are shown in Table 1.  

Pot experiments were conducted from July to 

November 2019 at the Philippine Rice Research Institute 

(PhilRice) in Maligaya, Science City of Muñoz, Nueva 

Ecija. The seeds were sown in seed beds and were 

transplanted to plastic pots (L x W x H = 40 x 30 x 12 cm) 

filled with natural clay loam soil after 15 d. A total of 10 

pots per variety per treatment with three replicates were 

grown in the glasshouse and in the growth chamber (Fig. 

1). These varieties and elite lines are short-day and non-

photoperiod-sensitive. Under glasshouse conditions with 

typically higher temperatures than field conditions, the 

temperature (°C), relative humidity (RH), and dew point 

(°C) were automatically recorded using 

Micrometeorological Instrument for Near Canopy 

Environment of Rice (MINCER) (Fukuoka et al. 2012) set 

to gather data every 2 min for 24 h everyday. The 

recommended fertilizer rate of 90N-60P2O4-60K2O was 

applied in pots with 1 g per pot of complete fertilizer and 
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Table 1. Maturity and yield characteristics of the eight rice 
genotypes used in the study. 

Varieties Classification 
Maturity 
(days) 

Yield 
(th-1) 

Yield  
Potential (th1) 

Dular Heat-tolerant (V) 95 6.0 8.0 

IR52 Heat-intolerant (V) 120 5.0 6.2 

Milyang 23 Moderately tolerant (V) 120 7.5 7.4 

Nagina 22 (N22) Heat-tolerant (V) 95 2.0 5.0 

NSIC Rc 222 Unclassified (V) 120 6.0 8.9 

EL92 Unclassified (EL) 118 5.5 6.9 

EL15 Unclassified (EL) 122 5.8 8.2 

EL85 Unclassified (EL) 116 6.4 7.6 

Source: Philippine Rice Research Institute, NCT trials. Yield values are under NCT trials. V

-variety, EL- Elite line. 
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0.08 g per pot of urea with standing water throughout the 

growth period. In the growth chamber experiment, at 15 

d after sowing, plants were exposed to high temperatures 

for 3 d with 38°C ± 3 and 25°C ± 3 day and night 

temperatures, respectively, and 70 ± 5% relative 

humidity.  

Four young leaves (approximately 4 cm long) from 

each treatment with three replicates each tagged plant 

were collected 5 d after exposure. Leaf samples were 

stored at −20 °C for DNA analysis.  

Data Collection  

Temperature and Relative Humidity 

Air temperature and relative humidity data were 

monitored and collected using MINCER (Fukuoka et al. 

2012) to check the temperature changes in the glasshouse 

setup. This device is a standalone force-ventilated system 

that uses a solar cell-powered ventilator with 

rechargeable batteries and a power control circuit (Fig. 2). 

A data logger placed inside the ventilated radiation 

shield PVC pipe detected and recorded the temperature 

(°C), relative humidity (%), and dew point (%) every 2 

min. MINCER’s air intake was set at the height of 

panicle.  

Agromorphic Data  

Seedling height was measured in one plant per pot per 

treatment with three replicates 5 d after heat exposure. 

Panicle length was measured from the base to the tip 

using a ruler. Grain yield was determined using a 

weighing balance at < 14% moisture content. Spikelet 

fertility was measured by counting the filled and unfilled 

grains. Percentage fertility was calculated using the 

computation by Sarsu (2018):  

Spikelet fertility (%) = (filled grains)/(total number of 

reproductive sites) x 100%) 

Data Analysis  

Mean data were used for the analysis. One-sample t-tests 

were conducted to determine the differences between 

non-stress and stress trials. Analysis of Variance 

(ANOVA) was performed to determine which among the 

genotypes showed good performance. To establish 

relationships between parameters, mean data values 

were subjected to correlation analysis using R Software 

packages version 3.2.2. Tukey’s least significant 

difference (LSD) at probability levels of 5% and 1% was 

used to compare the difference between treatments.  

Pollen Fertility Assay  

Pollen fertility was assessed as described by Virmani et 

al. (1997) and Chhun et al. (2007), with modifications. 

Spikelets were selected from the second or third branch 

from the top on the primary rachis in one plant per pot 

per treatment with three replicates. Three flowers with a 

total of 18 anthers before flowering were collected and 

crushed using forceps to release the pollen and were then 

stained with 10 µL of 1% (v/v) of I2 in 3% (v/v) KI. The 

fertile and infertile pollen were counted using the Infinity 

analyze version 6.5 (Lumenera Corporation) with 10 

fields of view per replicate per variety. Fertile pollens 

were round and black while infertile pollens were stained 

yellow or light red. Percent fertility was computed using 

the following formula: 

Pollen fertility (%) = [(no. of stained round pollen grains)/

(Total number of pollen grains)] x 100%  

Fig. 1.  Growth chamber setup used for the study. 
Environmental system Daihan Labtech Co., LTD. The 
defined environment conditions were maintained 
throughout the three trials. 

Fig. 2.  Micrometeorological 
Instrument for Near Canopy 
Environment of Rice (MINCER) 
placed inside the glasshouse 
used in the three trials. This is 
the instrument used to monitor 
the environmental conditions 
inside the glasshouse. 
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Pollen Data Analysis  

One-way ANOVA was used in comparing the pollen 

viability and agromorphic data among different rice 

varieties. One-sample t-test was performed to identify 

differences between stressed and non-stressed conditions 

from each genotype. Statistical analyses were conducted 

using R Statistical Software (R Package Version 3.5.2, R 

Core team 2018).  

SSR Marker Search and Design 

SSR loci were based on the nine QTLs distributed across 

chromosomes 1, 3, 4, 5, and 10 (Grospe et al. 2016; 

Manigbas et al. 2018). SSR primers were designed using 

search and design tool Genome-wide Microsatellite 

Analyzing Toward Application (GMATA) version 2.0 

(Wang et al. 2013). Graphic GMATA mode was used for 

its easy interface. The input file in this study was the rice 

genome FASTA file with the following accessions: 

NC_029256.1, NC_029258.1, NC_029259.1, NC_029260.1, 

NC_029265.1 (NCBI 2023) for across chromosomes 1, 3, 4, 

5, and 10, respectively. Parameters set were the 

following: primer length of 18 – 28 bp, optimal melting 

temperature of 57 – 60°C, optimum G + C content of 30–

80%, and product size of 100–400 bp. In silico evaluation 

or e-mapping of newly designed SSRs was done using 

GMATA version 2.0. Ninety markers were tested using 

the eight genotypes in this study.  

DNA Preparation and Amplification  

Purified genomic DNA from leaf samples were extracted 

from three replicates per variety using the DNeasy Plant 

Mini Kit (Qiagen, Quick Strat protocol, 2016). DNA 

quality was estimated spectrophotometrically (Thermo 

Scientific NanoDrop Lite Spectrophotometer). 

Polymerase chain reaction (PCR) was carried out in 25 

cycles with annealing temperatures of either 55°C or         

58°C (T100 Thermal Cycler BioRad). PCR Promega 

GoTaq G2 master mix was also used for this procedure.  

Poly-acrylamide Gel Electrophoresis (PAGE)  

PCR-amplified products were loaded into 8% (29:1) poly-

acrylamide gel with TBE buffer with a 50 bp molecular 

weight ladder (Vivantis NL1421). The products were 

electrophoresed at 100 V for 95 min. The products were 

viewed in Molecular Imager® Gel Doc™ XR System with 

Image Lab™ Software for gel imaging and analysis. 

Molecular Marker Validation 

For SSR analysis, 90 pairs of the newly designed SSRs 

were surveyed among 9 genotypes under study. The 10 

primer pairs from nine determined QTL regions 

distributed along chromosomes 1, 3, 4, 5, and 10 for heat 

tolerance were tested and scored according to the 

resulting banding patterns among the identified heat-

tolerant varieties, elite lines, and the traditional variety. 

Polymorphism Information Content (PiC) was calculated 

using the following formula:  

 

 

where n is the total number of alleles detected for a given 

marker locus and Pi is the frequency of the ith allele in the 

set of genotypes investigated (Botstein et al. 1980).  

RESULTS AND DISCUSSSION  

Agromorphic Parameters  

MINCER was used to measure temperature (°C), relative 

humidity (RH), and dew point (°C) under glasshouse 

conditions. Temperature reading from the vegetative to 

the reproductive stage is shown in Fig. 3.  

Seedling height was measured for each variety per 

setup in three replicates. After heat exposure at the 

seedling stage, it was observed that heat stress 

phenotypically reduced plant height (Fig. 4). The main 

symptom of heat stress observed was poor growth, 

manifested through observable yellowing of the leaves, 

stunted height, leaf tip burning, and leaf death in some 

varieties.  

Although the data shows a significant reduction in 

plant height, it is difficult to have a conclusive 

generalization on the effect of heat stress on plant height 

since it differs depending on the variety and the 

experimental setup (i.e., glasshouse or field); however, it 

is known that heat stress mostly affects the reproductive 

stage.  

In terms of the number of productive tillers, the study 

found no significant difference between stress and non-

Fig. 3.  Temperature readings of the 1st glasshouse trial 
covering the dates from the vegetative to the reproductive 
stage of the eight rice genotypes. 
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stress conditions per variety (p > 0.05), similar to the 

findings of Grospe et al. (2016). Although the number of 

productive tillers can also contribute to the possibility of 

having more tillers for panicle formation and eventually 

flowering and grains, these were not established 

parameters known to be linked or associated with heat 

stress, similar to plant height (Fig. 4) and panicle length 

(Fig. 5). However, these parameters can be used for the 

early selection of other types of traits that may also 

eventually affect heat stress. The determination of the 

interactions of such parameters with the various life 

stage of plants with conditions remains to be challenging. 

Heat stress tolerance, for instance, is a polygenic or 

recessive trait whose phenotype is influenced by more 

than one gene or environment. While the reproductive 

stage is said to be the most affected stage, heat tolerance 

improvement requires clear knowledge of the various 

mechanisms and strategies involved during stress.  

In terms of panicle length (Fig. 5), the heat-tolerant 

varieties Dular and Nagina 22 had significant differences 

compared to the control. There was a reduction in length 

for Dular and an increase in panicle length for Nagina 22, 

which indicates that while both are heat-tolerant, they 

differ in their respective responses or adaptations to heat 

stress.  

This stage is crucial for proper grain development as 

it greatly affects the potential yield of varieties. 

Established measurements were used to determine the 

spikelet fertility of the eight varieties under study (Sarsu 

2018). Significant differences (p < 0.05) per stress 

condition were observed in EL92 and IR52 (Fig. 6). 

Comparing the EL lines, EL92 had the lowest percentage 

fertility while EL85 had an increase in percentage fertility 

during stress conditions. EL15 also showed decreased 

fertility under chamber conditions but was not 

significantly different compared to the results from its 

glasshouse trial.  

The high-temperature stress index with 

corresponding values based on the quantification of 

reduced fertility (> 65% = highly susceptible, 25 – 65% = 

intermediate, < 25% = heat-tolerant) (Prasad et al. 2006; 

Rang et al. 2011) was used to interpret the study’s results 

on spikelet fertility reduction as a parameter. It was 

observed that elite varieties EL15 and EL85 were heat-

tolerant and EL92 was intermediate. Moreover, EL15 was 

the only elite line which showed an increase in spikelet 

fertility under chamber and glasshouse conditions.  

Reduction in grain filling can be attributed to the 

possible difficulty in the capacity to mobilize 

carbohydrate reserves from vegetative organs under heat 

stress (Li et al. 2013). Yamakawa and Hakata (2010) 

reported that under heat stress, grain filling is disrupted 

because of the impaired deposition of starch and protein, 

eventually resulting in reduced grain yield.  

Fig. 4.  Seedling height differences among the eight rice 
genotypes when grown in the glasshouse (unshaded bar) 
and growth chamber (shaded bar). * p < 0.05, ** p < 0.01, 
***p < 0.001.  

*

* 

Fig. 5.  Panicle length of the eight rice genotypes grown in 
the glasshouse (unshaded bar) and growth chamber 
(shaded bar) showing a significant difference (p < 0.05) for 
Nagina 22 and Dular (p < 0.01). Error bars represent 
standard errors. 

* 
* 

Fig. 6.  Percentage fertility among the eight rice genotypes 
grown in the glasshouse (unshaded bar) and growth 
chamber (shaded bar) showing significant differences for 
EL-92 and IR52 (p < 0.05). Error bars represent standard 
error. 
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In this study, under chamber and glasshouse 

conditions, EL85 had the highest significant decrease in 

grain weight (Fig. 7). This gap between two parameters 

can be attributed to the grain quality of the variety under 

observation. One example is the difference in the size of 

the grain, i.e., a variety having a high percent spikelet 

fertility does not directly translate to having heavier 

grains. There could be many filled spikelets, but the grain 

size is small compared to other varieties.  

A comparison among heat-tolerant varieties (Fig. 8) 

showed a significant difference only for Nagina 22. In 

addition, Nagina 22 had a low percentage of fertile 

pollen under high temperatures despite being under 

stress conditions as compared to Dular and NSIC Rc 222. 

Nagina 22, a heat-tolerant variety, showed a significant 

difference of p = 0.009 (p < 0.01) compared to a more 

controlled condition in the chamber than in the 

glasshouse where temperature is not controlled due to 

the air circulation inside. On the other hand, a known 

heat-tolerant variety, Dular, did not show a significant 

difference between conditions (p = 0.213). This shows that 

Dular seemed to have a more stable response during heat 

stress compared to Nagina 22, even though both are heat-

tolerant varieties. Nagina 22 is, potentially, a good parent 

for the heat-tolerance trait, but its agromorphic 

performance is usually poor compared to other heat-

tolerant varieties used as parents for breeding. 

Specifically, its known potential yield is only 2 t/ha 

(Bahuguna et al. 2014). Moreover, NSIC Rc 222, a high-

yielding check but with no known tolerance to high 

temperature, can be considered as potentially tolerant 

because of its comparably stable performance with Dular 

in terms of pollen fertility.  

Among the elite lines, only EL85 had the lowest 

percent fertile pollen (41%) during heat-stress (Fig. 8). 

From this, EL15 and EL92 could be the best elite lines in 

terms of pollen fertility. Pollen fertility does not directly 

translate to higher yield; however, it is important to note 

that EL92 had fewer fertile spikelets and a lower yield 

compared to EL15. Nevertheless, such a result could give 

vital support for these lines to be prospective donors for 

heat tolerance breeding since higher percent pollen 

fertility could entail the capacity for more viable pollen 

and higher chances of fertilization success. In rice, it is 

essential that 10 or more pollen grains germinate on the 

stigmata to ensure successful fertilization of the rice floret 

(Satake and Yoshida 1978; Matsui et al. 2001).  

In selecting the phenotypes for association studies in 

rice, spikelet fertility has been used as the key phenotype 

for high-temperature (heat stress) tolerance. In most 

cases, finding associated traits for heat tolerance operates 

on the assumption that spikelet fertility is a direct 

tolerance indicator as tested in several studies (Cao et al. 

2008; Jagadish et al. 2010; Xiao et al. 2011; Buu et al. 

2014;). Traits correlated with fertility are most likely 

associated with high-temperature tolerance. 

In Table 2, the traits that correlated with spikelet 

fertility were the number of productive tillers and panicle 

length. Although pollen fertility is not shown to be 

correlated with spikelet fertility, this parameter is known 

Fig. 7.  Grain weight differences among the eight rice 
genotypes grown in the glasshouse (unshaded bar) and 
growth chamber (shaded bar) showing significant 
differences for Dular and EL85 (p < 0.05, α = 0.05).  

Fig. 8.  Percentage pollen fertility of the eight rice 
genotypes grown in the glasshouse (unshaded bar) and 
growth chamber (shaded bar) under non-stress and heat-
stress conditions. 

Table 2. Correlation between spikelet fertility and the          

different key floral development traits of the eight rice         

genotypes. 

Traits 
Spikelet Fertility 

Pearson r P-value 

Plant height 0.02ns 0.7760 

No. of productive tiller 0.21* 0.0270 

Panicle length   0.32** 0.0006 

Pollen fertility 0.11ns 0.2450 

Grain weight 0.06 ns 0.5660 

** correlation is significant at the 1% level (2-tailed)  

*   correlation is significant at the 5% level  
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to contribute to grain weight and yield. A possible reason 

for such a result is that the number of pollens counted is 

only an estimate of pollen fertility and cannot accurately 

explain the number of pollens scattered on the stigma, 

thereby affecting fertilization and, ultimately, grain 

weight. Despite this, pollen fertility has been used in 

plant breeding as a screening parameter for heat 

tolerance (Sarsu 2018). A study by Nakamura et al. (2000) 

found that the number of pollen grains may be the 

primary factor in determining the resistance at the young 

microspore stage in rice cultivars. It was also pointed out 

in the same study that grain weight is insignificant due to 

the differences in the grain quality of each variety. 

Therefore, it is suggested that future studies re-examine 

the difference in the number of pollen grains per 

genotype for all heat-tolerant lines.  

Overall, the result of the study notes that the 

performance of each genotype varies per parameter 

examined. Among the elite lines, EL15 had the highest 

potential as it showed increased grain weight, high 

percent spikelet fertility, and stable percent pollen 

fertility even when exposed to heat stress, thereby 

qualifying it to be classified as tolerant.  

Validation of The SSR Markers Designed by 

GMATA  

Using GMATA, 90 newly designed markers were selected 

for initial validation. These markers were tested among 

the panel of eight Oryza sativa L. varieties for both stress 

and non-stress conditions. All markers having amplicons 

produced sizes within the expected size range (Fig. 9, MK 

2791), thereby supporting the claim that GMATA, as 

previously discussed by Wang and Wang (2016), is an 

efficient tool for primer design and analysis.  

GMATA GFF3 file was used to view the location of 

the markers using the IGV (Integrative Genomics 

Viewer) version 2.3 (Robinson et al. 2017). The observed 

locations fell within the nine QTL regions of the SSR-

designed markers. As the genotypes under study came 

from different genetic backgrounds, linkage was not 

possible; therefore, the 90 marker designs were already 

based on the nine identified QTL regions that were 

previously reported to be linked to heat tolerance 

(Grospe et al. 2016). 

Molecular Marker Survey  

Among the main weak points in using QTLs in plant 

breeding is the quality of markers used during marker-

assisted selection (MAS), resulting in unreliable 

outcomes and ultimately leading to the erroneous 

perception on the failure of MAS to achieve reliable 

breeding improvement. Currently, most studies of MAS 

markers have focused on mapping population while very 

few studies have been conducted to examine their 

reliability in other genetic backgrounds. The most recent 

literature has honed in on the new SNP technologies; 

however, the most common systems used by public 

sector breeding programs are still traditional SSRs 

(Platten et al. 2019). In this study, different varieties and 

elite lines were selected and a traditional variety was 

tested across the developed SSR markers (sample gel 

image, Fig. 10).  

Fig. 9.  Polyacrylamide gel image showing the PCR 
products amplified from MK2791 designed by GMATA. 
Lanes 1–9 represent the PCR amplicons from the DNA of 
rice varieties while lane 10 represents the negative check. 
(1) Dular, (2) IR52, (3) NSIC Rc 222, (4) Milyang 23, (5) 
Nagina 22, (6) EL-85, (7) EL-92, (8) EL-15, (9) Negative, (L) 
Vivantis 50 bp ladder. 

Fig. 10.  Polyacrylamide gel image showing the PCR 
products amplified from MK2709 designed by GMATA. 
Lanes 1–9 represent the PCR amplicons from the DNA of 
rice varieties while lane 10 represents the negative check. 
(1) Dular, (2) IR52, (3) NSIC Rc222, (4) Milyang 23, (5) Nagina 
22, (6) EL-85, (7) EL-92, (8) EL-15 (9) Negative (L) 50bp 
ladder. Vivantis 50 bp ladder. 
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From the 90 designed primers which were used for 

PCR with the eight rice genotypes, five markers were 

visually observed as polymorphic and two were 

identified as potentially informative markers (Table 3). 

For instance, marker 2709 had an absentee band (arrow) 

at approximately 325bp in EL15 and EL85, which is 

present in IR52. The same band, however, is present in 

EL92. This suggests that EL92 may be heat-intolerant 

while EL15 and EL85 may be heat-tolerant.  

Marker 2503 and Marker 3066 were designed from 

the QTL region on chromosome 10 (Fig. 11). These 

showed a higher than 0.5 PiC score, thus indicating good 

discriminatory power (Fig. 12 and 13). This result, 

therefore, will not be able to determine a certain specific 

marker that would in turn differentiate heat-tolerant 

varieties from intolerant ones. However, considering the 

low transferability of the markers, this seems to warrant 

appropriate validation in future studies. Transferability 

and polymorphism depend on the location of the primer 

annealing sites and microsatellite loci in genes, 

respectively. High transferability means that almost all 

markers showed amplicons across genotypes; therefore, 

these may serve as effective markers for future studies 

(Lebedev et al. 2020) and marker-assisted breeding when 

any of the eight genotypes are being used for breeding 

heat tolerance traits.  

Platten et al. (2019) attempted to address the issues 

surrounding the metrics and establish the criteria to 

identify the reliability of markers. Other studies in the 

case of SSRs were used in Molecular Assisted Selection 

(MAS) that were identified from QTL mapping 

populations and were applied to other genetic 

backgrounds — some even attempted to use SSRs in 

diverse germplasm panels. However, they also noted that 

the use of SSRs in diverse germplasm requires very 

stringent false-positive and false-negative rates, and only 

very few exist where some validations of these rates had 

been conducted. This falls under the biological metrics 

which are the most important yet the most difficult to 

estimate. Although their established metrics provided a 

good framework for assessing the accuracy and 

reliability of any specific marker, these are, by no means, 

complete and perfect. The clarity metric, referring to how 

clearly and reliably genotyping data (bands on a gel, 

fluorescence signal clusters on an SNP platform or other 

measures) can distinguish the allelic states of the marker 

(Platten et al. 2019), is still said to be slightly ambiguous. 

Table 3. Prediction of expected size amplicons of the five 
potential markers using Genome-wide Microsatellite            
Analyzing Toward Application (GMATA) version 2.0. 

Marker Forward Reverse 
No. of 
Alleles 

Annealing 
Temp (°C) 

Expected 
Size (bp) 

PiC  

MK 2503 
CTGG-
GAATTATTT
GAGCAAGG 

TCGAT-
TCGGGCAAG
ATACTC 

2 58 392 0.60 

MK 3066 
GGGGTCTT
AGTTTCAGT
CACG 

TTCATTCGTT
TGGGTTAGT
CC 

7 58 374 0.53 

MK 3095 
TTCATTCGT
TTGGGTTAG
TCC 

GGGGTCTTA
GTTTCAGTC
ACG 

7 58 381 0.38 

MK 2709 
CCTGTT-
GCTGCATG
GTTTAT 

CAATTCATAG
GTCCTTAGC
TTCTG 

13 58 392 0.33 

MK 2750 

CTT-
GGACTCTC
CTTTCCTTT
TC 

CACGCCCA-
TAGAAGTCC
CTA 

3 58 388 0.17 

Fig. 11.  Location of SSR markers designed using GMATA 
with IGV Software 2.3. The two SSR markers MK 2503 and 
MK 3066 were designed within the QTL region on 
chromosome 10. 

Fig. 12.  Polyacrylamide gel image showing the PCR 
products amplified from MK2503 designed by GMATA. 
Lanes 1–9 represent the PCR amplicons from the DNA of 
rice varieties while lane 10 represents the negative check. 
(1) Dular, (2) IR52, (3) NSIC Rc222, (4) Milyang 23, (5) Nagina 
22, (6) EL-85, (7) EL-92, (8) EL-15 (9) Negative (L) 50 bp 
ladder. Vivantis 50 bp ladder. Target amplicon is indicated 
by the arrow with PIC values. 
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CONCLUSION 

This study showed the specific responses of selected 

genotypes during heat stress under chamber and 

glasshouse conditions. Among the elite lines derived 

from heat-tolerant parents, only EL15 had the highest 

potential as a donor as it exhibited heat-tolerant 

characteristics. This line can be developed to minimize 

the use of resources as opposed to developing non-

potential lines for heat-tolerant breeding. More 

researches should be conducted using varying stress 

conditions and validating agromorphic performance and 

molecular data. NSIC Rc222 can be a potential donor in 

developing high-yielding and tolerant varieties in the 

future.  

Marker survey and analysis showed that the two 

new markers developed, MK 2503 and MK3066, have 

good potential in identifying the tolerant and intolerant 

rice varieties or elite lines due to their low transferability 

and good discriminatory characteristics and can be 

added to the list of useful markers upon the use of the 

eight genotypes for breeding.  

Further studies using other known tolerant and 

intolerant rice varieties may be conducted as the banding 

patterns between heat stress and non-heat stress 

conditions vary. Standards on testing the reliability of 

markers including transferability, technical, biological, 

and breeding metrics should also be employed for proper 

validation.  

REFERENCES CITED  

BAHUGUNA RN, JAGADISH KSV, COAST O, 

WASSMANN R. 2014. Plant abiotic stress: 

temperature extremes. In Van Alfen NK, editor. 

Encyclopedia of agriculture and food systems. 

Academic Press. p. 330-334.  

BOTSTEIN D, WHITE RL, SKOLNICK M, DAVIS RW. 

1980. Construction of a genetic linkage map in man 

using restriction fragment length polymorphisms. Am 

J Hum Genet [accessed 2019 June 14];32(3):314-331. 

https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC1686077/pdf/ajhg00189-0020.pdf.  

BUU BC, HA PTT, TAM BP, NHIEN TT, HIEU NV, 

PHUOC NT, MINH LT, GIANG LH, LANG NT. 2014. 

Quantitative trait loci associated with heat tolerance 

in rice (Oryza sativa L.). Plant Breed Biotech. 2(1):14-

24. doi:10.9787/PBB.2014.2.1.014.  

CAO YY, DUAN H, YANG LN, WANG ZQ, LIU LJ, 

YANG JC. 2009. Effect of high temperature during 

heading and early filling on grain yield and 

physiological characteristics in Indica rice. Acta Agron 

Sin.35(3):512-521. doi:10.1016/S1875-2780(08)60071-1.  

CAO YY, DUAN H, YANG LN, WANG ZQ, ZHOU SC, 

YANG JC. 2008. Effect of heat stress during meiosis on 

grain yield of rice cultivars differing in heat tolerance 

and its physiological mechanism. Acta Agron Sin. 34

(12):2134-2142. doi:10.1016/S1875-2780(09)60022-5.  

CHEN X, CHO Y, MCCOUCH SR. 2002. Sequence 

divergence of rice microsatellites in Oryza and other 

plant species. Mol Genet Genomics. 268(3):331-343. 

doi:10.1007/s00438-002-0739-5.  

CHHUN T, AYA K, ASANO K, YAMAMOTO E, 

MORINAKA Y, WATANABE M, KITANO H, 

ASHIKARI M, MATSUOKA M, UEGUCHI-TANAKA 

M. 2007. Gibberellin regulates pollen viability and 

pollen tube growth in rice. Plant Cell. 19(12):3876-

3888. doi:10.1105/tpc.107.054759.  

COBURN J, TEMNYKH S, PAUL EM, MCCOUCH SR. 

2002. Design and application of microsatellite marker 

panels for semi-automated genotyping of rice (Oryza 

sativa L.). Crop Sci. 42(6):2092-2099. doi:10.2135/

cropsci2002.2092.  

CREGAN PB, JARVIK T, BUSH AL, SHOEMAKER RC, 

LARK KG, KAHLER AL, KAYA N, VANTOAI TT, 

LOHNES DG, CHUNG J, ET AL. 1999. An integrated 

genetic linkage map of the soybean. Crop Sci. 39

(5):1464-1490. doi:10.2135/cropsci1999.3951464x.  

ENDO M, TSUCHIYA T, HAMADA K, KAWAMURA S, 

YANO K, OHSHIMA M, HIGASHITANI A, 

WATANABE M, KAWAGISHI-KOBAYASHI M. 2009. 

High temperatures cause male sterility in rice plants 

Fig. 13.  Polyacrylamide gel image showing the PCR 
products amplified from MK3066 designed by GMATA. 
Lanes 1–9 represent the PCR amplicons from the DNA of 
rice varieties while lane 10 represents the negative check. 
(1) Dular, (2) IR52, (3) NSIC Rc222, (4) Milyang 23, (5) Nagina 
22, (6) EL-85, (7) EL-92, (8) EL-15 (9) Negative (L) 50 bp 

SSR Markers for Rice (Oryza sativa L.) Genotypes  Monaliza B. Magat et al. 

https://pas.cafs.uplb.edu.ph    |   Philipp Agric Scientist (2023)106(1):75-86 



84  

 

with transcriptional alterations during pollen 

development. Plant Cell Physiol. 50(11):1911-1922. 

doi:10.1093/pcp/pcp135.  

FARRELL TC, FOX KM, WILLIAMS RL, FUKAI S. 2006. 

Genotypic variation for cold tolerance during 

reproductive development in rice: screening with cold 

air and cold water. Field Crop Res. 98(2-3):178-194. 

doi:10.1016/j.fcr.2006.01.003.  

FUKUOKA M, YOSHIMOTO M, HASEGAWA T. 2012. 

Varietal range in transpiration conductance of 

flowering rice panicle and its impact on panicle 

temperature. Plant Prod Sci. 15(4):258-264. 

doi:10.1626/pps.15.258.  

GROSPE JL, ABELLA EA, MANIGBAS NL. 2016. 

Quantitative trait loci for high-temperature tolerance 

in rice (Oryza sativa L.). Philipp Agric Scientist. 

[accessed 2019 March 24]; 99(1):7-18. https://

pas.cafs.uplb.edu.ph/download/quantitative-trait-loci

-for-high-temperature-tolerance-in-rice-oryza-sativa-

l/.  

GUPTA PK, VARSHNEY RK. 2000. The development and 

use of microsatellite markers for genetic analysis and 

plant breeding with emphasis on bread wheat. 

Euphytica. 113:163-185. doi:10.1023/A:1003910819967/.  

HARRINGTON S. 2000. A survey of genetic diversity of 

eight AA genome species of Oryza using 

microsatellite markers [master’s thesis]. [Ithaca (CU)]: 

Cornell University.  

[IPCC] Intergovernmental Panel on Climate Change. 

2014. Climate change 2014: synthesis report. In: 

Pachauri RK, Meyer LA, editors. Contribution of 

Working Groups I, II and III to the fifth assessment 

report of the Intergovernmental Panel on Climate 

Change. Geneva, Switzerland. p. 151.  

[IRRI] International Rice Research Institute. 2011. World 

rice statistics online query facility; [accessed 2019 

January 18]. http://ricestat.irri.org:8080/wrs2/

entrypoint.htm.  

JAGADISH KSV, CRAUFURD P, SHI W, OANE R. 2014. 

A phenotypic marker for quantifying heat stress 

impact during microsporogenesis in rice (Oryza sativa 

L.). Func Plant Biol. 41(1):48-55. doi:10.1071/FP13086.  

JAGADISH SVK, CAIRNS J, LAFITTE R, WHEELER TR, 

PRICE AH, CRAUFURD PQ. 2010. Genetic analysis of 

heat tolerance at anthesis in rice. Crop Sci. 50(5):1633-

1641. doi:10.2135/cropsci2009.09.0516.  

JAGADISH SVK, CRAUFURD PQ, WHEELER TR. 2008. 

Phenotyping parents of mapping populations of rice 

for heat tolerance during anthesis. Crop Sci. 48

(3):1140-1146. doi:10.2135/cropsci2007.10.0559.  

JAIN PC. 1993. Greenhouse effect and climate change: 

scientific basis and overview. Renew Energ. 3(4-

5):403-420. doi:10.1016/0960-1481(93)90108-S.  

LEBEDEV VG, SUBBOTINA NM, MALUCHENKO OP, 

LEBEDEVA TN, KRUTOVSKY KV, SHESTIBRATOV 

KA. 2020. Transferability and polymorphism of SSR 

markers located in flavonoid pathway genes in 

Fragaria and Rubus species. Genes 2020. 11(1):11. 

doi:10.3390/genes11010011.  

LI H, CAI J, JIANG D, LIU F, DAI T, CAO W. 2013. 

Carbohydrates accumulation and remobilization in 

wheat plants as influenced by combined 

waterlogging and shading stress during grain filling. 

J Agron Crop Sci, 199: 38–48. 

LIU JX, LIAO DQ, OANE R, ESTENOR L, YANG XE, LI 

ZC, BENNETT J. 2006. Genetic variation in the 

sensitivity of anther dehiscence to drought stress in 

rice. Field Crop Res. 97(1):87-100. doi:10.1016/

j.fcr.2005.08.019.  

MANIGBAS NL, GROSPE JL, MADRID LB. 2018. Meta-

comparison of associated agronomic traits and QTLs 

with high-temperature tolerance in rice (Oryza sativa 

L.). Philipp Agric Scientist. 101(1):7-19. [accessed 2020 

February 16]; 101(1):7-19. https://

pas.cafs.uplb.edu.ph/download/meta-comparison-of-

associated-agronomic-traits-and-qtls-with-high-

temperature-tolerance-in-rice-oryza-sativa-l/.  

MANIGBAS NL, LAMBIO LAF, MADRID LB, 

CARDENAS CC. 2014. Germplasm innovation of 

heat tolerance in rice for irrigated lowland conditions 

in the Philippines. Rice Sci. 21(3):162-169. doi:10.1016/

S1672-6308(13)60180-8.  

MATSUI T, OMASA K, HORIE T. 2000. High 

temperatures at flowering inhibits swelling of pollen 

grains, a driving force for thecae dehiscence in rice 

(Oryza sativa L.). Plant Prod Sci. 3(4):430-434. 

doi:10.1626/pps.3.430.  

MATSUI T, OMASA K, HORIE T. 2001. The difference in 

sterility due to high temperatures during the 

flowering period among Japonica-rice varieties. Plant 

Prod Sci. 4(2):90-93. doi:10.1626/pps.4.90. 

SSR Markers for Rice (Oryza sativa L.) Genotypes  Monaliza B. Magat et al. 

  |   Philipp Agric Scientist (2023)106(1):75-86 https://pas.cafs.uplb.edu.ph  



 85 

 

MATSUI T. 2005. Function of long basal dehiscence of the 

theca in rice (Oryza sativa L.). Pollination Under Hot 

and Humid Condition. Phyton. 45:401-407.  

MCCOUCH SR, CHEN X, PANAUD O, TEMNYKH S, 

XU Y, CHO YG, HUANG N, ISHII T, BLAIR M. 1997. 

Microsatellite marker development, mapping 

applications in rice genetics and breeding, Plant Mol 

Biol. 35:89-99. doi:10.1023/A:1005711431474.  

MEEHL GA, COVEY C, DELWORTH, T, LATIF M, 

MCAVANEY B, MITCHELL JFB, STOUFFER RJ, 

TAYLOR KE. 2007. The WCRP CMIP3 multimodel 

dataset: a new era in climate change research. B Am 

Meteorol Soc. 88(9):1383-1394. doi:10.1175/BAMS-88-9

-1383.  

NAKAGAWA H, HORIE T, MATSUI T. 2003. Effects of 

climate change on rice production and adaptive 

technologies. In: Mew TW, Brar DS, Peng S, Dawe D, 

Hardy B, editors. Rice science: innovations and 

impact for livelihood. Proceedings of the International 

Rice Research Conference; 2002 Sep 16-19; Beijing, 

China. p. 635-658.  

NAKAMURA T, CHIBA M, KOIKE S, NISHIYAMA I. 

2000. Number of pollen grains in rice cultivars with 

different cool-weather resistance at the young 

microspore stage. Plant Prod Sci. 3(3):299-305. 

doi:10.1626/pps.3.299.  

[NCBI] National Center for Biotechnology Information. 

2023. Oryza sativa (Asian cultivated rice); [accessed 

2020 February 17]. https://www.ncbi.nlm.nih.gov/

genome/10.  

PENG S, HUANG J, SHEEHY JE, LAZA RC, VISPERAS 

RM, ZHONG X, CENTENO GS, KHUSH GS, 

CASSMAN KG. 2004. Rice yields decline with higher 

night temperature from global warming. Proc Natl 

Acad Sci USA. 101(27):9971-9975. doi:10.1073/

pnas.0403720101.  

PLATTEN JD, COBB JN, ZANTUA RE. 2019. Criteria for 

evaluating molecular markers: comprehensive quality 

metrics to improve marker-assisted selection. PLoS 

One. 14(1):e0210529. doi:10.1371/

journal.pone.0210529.  

PRASAD PVV, BOOTE KJ, ALLEN JR. LH, SHEEHY JE, 

THOMAS JMG. 2006. Species, ecotype and cultivar 

differences in spikelet fertility and harvest index of 

rice in response to high temperature stress. Field Crop 

Res. 95(2-3):398-411. doi:10.1016/j.fcr.2005.04.008.  

PRASANTH VV, CHAKRAVARTHI DVN, VISHNU 

KIRAN T, VENKATESWARA RAO Y, PANIGRAHY 

M, MANGRAUTHIA SK, VIRAKTAMATH BC, 

SUBRAHMANYAM D, VOLETI SR, SARLA N. 2012. 

Evaluation of rice germplasm and introgression lines 

for heat tolerance. Ann Biol Res. [accessed 2020 

February 16]; 3(11):5060-5068. https://

www.scholarsresearchlibrary.com/articles/evaluation

-of-rice-germplasm-and-introgression-lines-for-heat-

tolerance.pdf.  

RANG ZW, JAGADISH SVK, ZHOU QM, CRAUFURD 

PQ, HEUER S. 2011. Effect of high temperature and 

water stress on pollen germination and spikelet 

fertility in rice. Environ Exp Bot. 2011; 70(1):58-65. 

doi:10.1016/j.envexpbot.2010.08.009.  

ROBINSON JT, THORVALDSDÓTTIR H, WENGER AM, 

ZEHIR A, MESIROV JP. 2017. Variant review with the 

Integrative Genomics Viewer (IGV). Cancer Res. 77

(21):e31-e34. doi:10.1158/0008-5472.CAN-17-0337.  

SARSU F. 2018. Screening protocols for heat tolerance in 

rice at the seedling and reproductive stages. In: Sarsu 

F, Ghanim AMA, Das P, Bahuguna RN, Kusolwa PM, 

Ashraf M, Singla-Pareek SL, Pareek A, Forster BP, 

Ingelbrecht I. Pre-field screening protocols for heat-

tolerant mutants in rice. Springer, Cham. p. 9-23.  

SATAKE T, YOSHIDA S. 1978. High temperature-

induced sterility in Indica rices at flowering. Jpn J 

Crop Sci. 47(1):6-17. doi:10.1626/jcs.47.6.  

SELOTE DS, KHANNA-CHOPRA R. 2004. Drought-

induced spikelet sterility is associated with an 

inefficient antioxidant defence in rice panicles. 

Physiol Plantarum. 121(3):462-471. doi:10.1111/j.1399-

3054.2004.00341.x.  

SHAH F, HUANG J, CUI K, NIE L, SHAH T, CHEN C, 

WANG K. 2011. Impact of high-temperature stress on 

rice plant and its traits related to tolerance. J Agr Sci. 

149(5):545-556. doi:10.1017/S0021859611000360.  

TENORIO FA, YE C, REDOÑA E, SIERRA S, LAZA M, 

ARGAYOSO MA. 2013. Screening rice genetic 

resources for heat tolerance. SABRAO J Breed Genet. 

[accessed 2020 April 22]; 45(3):371-381. https://

www.cabdirect.org/cabdirect/abstract/20143209027.  

VIRMANI SS, VIRAKTAMATH BC, CASAL CL, 

TOLEDO RS, LOPEZ MT, MANALO JO. 1997. 

Hybrid rice breeding manual. Los Baños, Laguna 

(Philippines): International Rice Research Institute. p. 

155.  

SSR Markers for Rice (Oryza sativa L.) Genotypes  Monaliza B. Magat et al. 

https://pas.cafs.uplb.edu.ph    |   Philipp Agric Scientist (2023)106(1):75-86 



86  

 

WANG X, LU P, LUO Z. 2013. GMATA: a novel tool for 

the identification and analysis of microsatellites in 

large genomes. Bioinformation. 9(10):541-544. 

doi:10.6026/97320630009541.  

WANG X, WANG L. 2016. GMATA: an integrated 

software package for genome-scale SSR mining, 

marker development and viewing. Front Plant Sci. 

7:1350. doi:10.3389/fpls.2016.01350.  

XIAO Y, PAN Y, LUO L, ZHANG G, DENG H, DAI L, 

LIU X, TANG W, CHEN L, WANG GL. 2011. 

Quantitative trait loci associated with seed set under 

high temperature stress at the flowering stage in rice 

(Oryza sativa L.). Euphytica. 178:331-338. doi:10.1007/

s10681-010-0300-2.  

YAMAKAWA H, HAKATA M. 2010. Atlas of rice grain 

filling-related metabolism under high temperature: 

joint analysis of metabolome and transcriptome 

demonstrated inhibition of starch accumulation and 

induction of amino-acid accumulation. Plant Cell 

Physiol. 51(5):795-809. doi:10.1093/pcp/pcq034.  

YE C, TENORIO FA, ARGAYOSO MA, LAZA MA, KOH 

HJ, REDOÑA ED, JAGADISH KSV, GREGORIO GB. 

2015. Identifying and confirming quantitative trait 

loci associated with heat tolerance at flowering stage 

in different rice populations. BMC Genet. 16,41. 

doi:10.1186/s12863-015-0199-7.  

 

 

SSR Markers for Rice (Oryza sativa L.) Genotypes  Monaliza B. Magat et al. 

  |   Philipp Agric Scientist (2023)106(1):75-86 https://pas.cafs.uplb.edu.ph  


