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Abstract

Rice (Oryza sativa L.) is a staple food for more than fifty percent of the world's population. Global food 

production must increase in order to feed the predicted 9.1 billion people by 2050. Many biotic and 

abiotic factors reduces the rice yield. One of such factor is reproductive stage heat stress, rice is 

extremely sensitive to heat stress, and rise in temperature can cause loss of around 10% to 90% of grain 

production. In the current study we attempted to reveal potential allelic variation in heat shock protein 

OsHsp17.7 (LOC_Os03g16040) contains 1 exon with transcript length of 480 bps, through in silico 

analysis based on the sequences available in the Rice SNP-Seek-Database. A set of 201 aus accessions 

from 3K rice genome project were accessed for analyzing the allelic variation. Allelic diversity analysis 

identified 1 SNPs in OsHsp17.7 gene sequence. In this study, two haplotypes (H1 and H2) contributed by 

1 SNPs were identified for OsHsp17.7. 
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1. Introduction
Rice (Oryza sativa L.) is the principal source of carbohydrates for half of the world’s 
population. Food production must expand to support the world's rising population by 2050 
(Carriger and Vallee, 2007) [4]. Global warming and climate change have a detrimental effect 
on food production and are likely to have a greater influence in the coming years (Xu et al., 
2021) [18]. Rising temperature is constantly affecting productivity of agricultural crops 
worldwide. Although rice is a tropical crop cultivated where the average temperature ranges 
between 21 to 37º C, rise in temperature just by 1o C can cause >10% loss in yields and quality 
(Peng et al., 2004) [13]. Increased temperature condition inhibits crop growth and development. 
High temperatures during vegetative stage damage the photosynthetic organelles (Al-Khatib et 
al., 1999) [2], decrease photosynthesis, reduces grain number, and increases sterility (Wardlaw 
et al., 1995; Prasad et al., 2006) [16, 14] resulting in significant grain yield loss (Ferris et al., 
1998; Gibson et al., 1999) [7, 8]. Reproductive and grain filling stage are the most susceptible 
stages for rice productivity (Yoshida, 1981) [17]. High temperatures during reproductive stage 
result in reduced grain filling duration, grain weight reduction, increased chalky grains (Bao, 
2019; Cooper et al., 2006; Ambardekar et al., 2011, Zhou, Yun & He, 2019) [3, 6, 1, 19]. At 
cellular and molecular level, high temperature damages enzymatic activity and denature 
protein (Hu et al., 2020) [9]. Protein maintenance in a functional state is critical for cell survival 
under stress. Precise analysis and identification of differentially expressed protein during 
anthesis were studied with an aim to understand high-temperature-responsive anther proteins 
in rice genotypes at anthesis (Jagadish et al., 2010) [10]. Heat-shock proteins function as 
molecular chaperones to maintain cellular homeostasis under diverse developmental 
conditions. Heat-shock proteins and their function in heat stress had been studied extensively 
(Sato et al., 2008; Chen et al., 2014) [15, 5]. Understanding allelic variation in the heat shock 
protein can help with haplotype breeding as well as developing heat stress tolerant cultivar. 
For the ever-increasing world's population and limited resources, there is an urgent need to 
develop heat-tolerant rice cultivars. 

2. Materials and Methods
2.1 Allelic diversity analysis of OsHsp17.7 in an AUS subset of 3K panel 
To retrieve data on OsHsp17.7, SNPs/INDELs variation among 201 Aus rice lines, the SNP 
seek database was used. Allelic variation of OsHsp17.7 (LOC_Os03g16040) was retrieved 
from the SNP seek database to perform haplotype analysis. SNP seek database was exploited 
to perform haplotype analysis for OsHsp17.7 by adopting default parameters with Calinski 
criteria for k-group determination. Nipponbare was used as the reference genome.
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The ‘3kfiltered’ SNP set available in the SNP seek database 

for the analysis. The filtered dataset was obtained from the 

Base SNP set with alternative allele frequency of at least 0.01, 

proportion of missing calls per SNP as 0.2 (Mansueto et al., 

2016) and this was available in the SNP seek database. Allele 

mining was carried out by selecting only the non-synonymous 

SNPs and INDEL (Insertion deletion). 

 

3. Results and Discussion 

3.1 Allelic diversity of OsHsp17.7 in Aus-subset of 3K Rice 

genome panel 

Allelic diversity analysis of heat shock protein gene 

OsHsp17.7 revealed that the gene contains only one genetic 

polymorphism (1 SNP) among the 201 genotypes surveyed 

(Table 1). The SNP located in the exon 1 of OsHsp17.7 was 

found to be non-synonymous leading to V21F (Table 1). The 

non-synonymous mutations present in the dataset results in 

the modification of individual amino acids (Valine - 

Phenylalanine) (Table 2). We identified a novel variation in 

the first exon of the OsHsp17.7 allele, consisting of one SNP 

(C/A) at chr03-8838450 position. This non synonymous SNP 

formed two haplotypes which comprises 166 and 32 

genotypes respectively. Previous studies on heat shock protein 

OsHsp17.7 had clearly indicated its role in heat and UV 

radiation tolerance in rice germplasm (Chen et al., 2014; 

Murakami et al., 2006) [5, 12]. Studies on protein profiling 

during anthesis had evidently specified upregulation of heat 

shock protein in N22 rice variety (Jagadish et al., 2010) [10], in 

this present study, N22 has shown presence of a SNP in 

comparison with Nipponabre and shown allelic variation.  

 
Table 1: Allelic variations in OsHsp17.7 gene for the 3K RG panel- 

Aus subset 
 

Region Position Alleles Sequence polymorphisms Type 

chr03-8838450 Exon 1 1 bp C/A SNP 

 
Table 2: SNP Effect of allelic variation of Aus lines in OsHsp17.7 

 

Position Alt (ANN) Effect (ANN) Gene Name (ANN) HGV S.c (ANN) HGV S.p (ANN) cDNA position (ANN) 

chr03-8838450 A Missense variant LOC_Os03g16040 c.61G>T p.Val21Phe 61/480 

 
A Upstream gene variant LOC_Os03g16020 c.-1G>T - 

 

 
A Downstream gene variant LOC_Os03g16010 c.*2271C>A - 

 

 
A Downstream gene variant LOC_Os03g16030 c.*608C>A - 

 

 
A Downstream gene variant LOC_Os03g16050 c.*1334G>T - 

 
 

4. Conclusion 

Insilico analysis of heat shock protein OsHsp17.7 revealed 1 

non synonymous SNP variant among 3K RG subsets (Aus 

type). Two haplotype clusters were observed by haplotype 

analysis of OsHsp17.7. Phenotypic evaluation of 

representative lines from the allelic groups will shed more 

light on the molecular basis of heat tolerance in rice. The 

findings from this study on allelic variation of OsHsp17.7 can 

be a useful resource for generating knowledge on haplotype-

based breeding which can lead to the development of heat 

tolerant rice varieties that meet future food demands. 

 

5. References 

1. Ambardekar AA, Siebenmorgen TJ, Counce PA, Lanning 

SB, Mauromoustakos A. Impact of field-scale nighttime 

air temperatures during kernel development on rice 

milling quality. Field Crops Research. 2011;122(3):179-

185. 

2. Al‐Khatib K, Paulsen GM. High‐temperature effects on 

photosynthetic processes in  temperate and tropical 

cereals. Crop Science. 1999;39(1):119-125. 

3. Bao J. Rice starch. In Rice. AACC International Press, 

2019, 55-108. 

4. Carriger S, Vallée D. More crop per drop. Rice Today. 

2007;6(2):10-13. 

5. Chen H, Zha J, Liang X, Li J, Wang Z. Effects of the 

human antiepileptic drug carbamazepine on the behavior, 

biomarkers, and heat shock proteins in the Asian clam 

Corbicula fluminea. Aquatic toxicology. 2014;155:1-8. 

6. Cooper NTW, Siebenmorgen TJ, Counce PA, Meullenet 

JF. Explaining rice milling quality variation using 

historical weather data analysis. Cereal chemistry. 

2006;83(4):447-450. 

7. Ferris R, Ellis RH, Wheeler TR, Hadley P. Effect of high 

temperature stress at anthesis on grain yield and biomass 

of field-grown crops of wheat. Annals of Botany. 

1998;82(5):631-639. 

8. Gibson LR, Paulsen GM. Yield components of wheat 

grown under high temperature stress during reproductive 

growth. Crop Science. 1999;39(6):1841-1846. 

9. Hu Y, Li L, Tian J, Zhang C, Wang J, Yu E, et al. Effects 

of dynamic  low temperature during the grain filling 

stage on starch morphological structure, physicochemical 

properties, and eating quality of soft japonica rice. Cereal 

Chemistry. 2020;97(2):540-550. 

10. Jagadish SVK, Muthurajan R, Oane R, Wheeler TR, 

Heuer S, Bennett J, et al. Physiological and proteomic 

approaches to address heat tolerance during anthesis in 

rice (Oryza sativa L.). Journal of experimental botany. 

2010;61(1):143-156. 

11. Mansueto L, Fuentes RR, Chebotarov D, Borja FN, 

Detras J, Abriol-Santos JM, et al. SNP-Seek II: A 

resource for allele mining and analysis of big genomic 

data in Oryza sativa. Current Plant Biology. 2016;7:16-

25. 

12. Murakami T, Matsuba S, Funatsuki H, Kawaguchi K, 

Saruyama H, Tanida M, et al. Over-expression of a small 

heat shock protein, sHSP17. 7, confers both heat 

tolerance and UV-B resistance to rice plants. Molecular 

Breeding. 2004;13(2):165-175. 

13. Peng S, Huang J, Sheehy JE, Laza RC, Visperas RM, 

Zhong X, et al. Rice yields decline with higher night 

temperature from global warming. Proceedings of the 

National Academy of Sciences. 2004;101(27):9971-9975. 

14. Prasad PVV, Boote KJ, Allen Jr LH, Sheehy JE, Thomas 

JMG. Species, ecotype and cultivar differences in 

spikelet fertility and harvest index of rice in response to 

high temperature stress. Field crops research. 2006;95(2-

3):398-411. 

15. Sato Y, Yokoya S. Enhanced tolerance to drought stress 

in transgenic rice plants overexpressing a small heat-

shock protein, sHSP17. 7. Plant cell reports. 

2008;27(2):329-334. 

16. Wardlaw IF, Moncur LJFPB. The response of wheat to 

http://www.thepharmajournal.com/


 

~ 1921 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

high temperature following anthesis. I. The rate and 

duration of kernel filling. Functional Plant Biology. 

1995;22(3):391-397. 

17. Yoshida S. Fundamentals of rice crop science. Int. Rice 

Res. Inst, 1981. 

18. Xu Y, Chu C, Yao S. The impact of high-temperature 

stress on rice: challenges and solutions. The Crop 

Journal. 2021;9(5):963-976. 

19. Zhou H, Yun P, He Y. Rice appearance quality. In Rice. 

AACC International Press, 2019, 371-383. 

http://www.thepharmajournal.com/

