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Abstract— Global warming is predicted to have a generally negative effect on agriculture activity. High temperatures stress could affect 

plant growth negatively. Developing plants with improved thermal tolerance using molecular genetic approaches could mitigate these 

heat stress effects. Elite palms with better adaptation to heat can be selected from germplasm using molecular markers. Transcriptome 

profiling by RNA sequencing is a way to find molecular markers of a particular trait. The objective of the study was to obtain differential 

expressed genes (DEGs) related to the heat stress effect. RNA sequencing results were displayed using heat maps which were useful for 

visualizing the expression of genes across the high-temperature treatment and control samples. In total, where 1,087 genes were 

identified involved in oil palm heat stress. Sixty-four (64) of them were differentially expressed, consisted of seventeen (17) up-regulated 

and forty-seven (47) down-regulated. The uni-gene was summarized in Gene Ontology (GO) categories, namely: biological process, 

molecular function, and cellular component, subsequently divided into 53 sub-categories. The single organism process, biosynthetic 

process, response to stimulus, oxidation-reduction process, and response stress were the five primary sub-categories. Sixty-four genes 

related to heat stress were found, and eight (12.5%) of them were determined as heat shock protein (HSP) family. The highest 

transcription level was the uncharacterized gene, a member of the heat response sub-category, and the others up-regulated gene 

consisted of HSP family gene, Bcl-2-associated athanogene (BAG) family and HIPP gene, slr0575 gene, CML14 gene, and PARP gene.  
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I. INTRODUCTION

Global temperature has increased by about 

0.74 °C ± 0.18 °C in the last 100 years on average [1]. Some 

Indonesian oil palm plantations have a temperature range 
above the optimum temperature for oil palm. The optimum 

mean range temperature for oil palm growth is 24 - 28 0C, 

while the minimum temperature is 18 0C and the maximum 

temperature is 36 0C [2]. Heat, nutrient deficiencies, drought, 

cold, and salinity, are the major abiotic stresses faced by 

plants. These stresses are often connected, combination or 

individually. The stress will affect plant growth by changing 

biochemical, physiological, and morphological changes that 

adversely affect yield [3]. Moreover, global warming has a 

negative effect on planting growth and development. There is 

a combined function of time, degree of increase in 
temperature, and the intensity of temperature in degrees [4]. 

The molecular mechanism of abiotic stress is predicted 

control and triggering of specific stress-related genes [7]. The 

genes participate in transcriptional control, free radical and 

toxic compound scavenging, signaling, membrane, and 

protein protection due to stress. Heat shock proteins (HSPs) 

are genes induced by heat stress. HSPs have a function as 

molecular chaperones [8]. Induced HSP in tomato heat-

tolerant genotypes was higher compared to susceptible ones 
[5]. Heat stress reduces plant photosynthetic and respiratory 

activity, leading to a shortened life cycle and diminished plant 

productivity. High temperature can modify starch 

accumulation, sucrose synthesis, and carbon metabolism 

enzymes [5]. The initial effects of temperature stress comprise 

decreased enzymes activity and structural change of protein 

complexes of chloroplast [6]. Membrane permeability which 

may alter elongation, differentiation, and extension of cells, 

might change by heat stress.  

Transcriptome profiling of heat stress treatment was 

analyzed in Arabidopsis thaliana, maize, and wheat [7]. 
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Transcriptome profiling analysis showed that the metabolism 

and development-related genes are more highly expressed in 

tomato heat-sensitive genotypes and associated with a lower 

percentage of transcripts affected by heat-tolerant progeny [8]. 

To date, there is no report of the transcriptome profiling of oil 

palm treated with heat stress. Therefore, the objective of this 

study was to obtain the differential expressed genes (DEGs) 

genes related to heat stress in oil palm. This study provided 

insight into the molecular mechanisms of the heat stress 

response in oil palm and may be useful in breeding programs. 

II. MATERIALS AND METHODS 

A. Plant Materials and Field Trials 

Four months old of four seedlings of two oil palm 

progenies were treated with high temperature and control. 

Planting materials were Tenera (DxP) consisted of Progeny A 

and Progeny B as a control oil palms seedling were grown in 

a greenhouse under a controlled temperature condition of 28 

– 30 0C. Heat stress was applied to the treatment samples by 

raising the modified growth chamber temperature to 36 – 45 
0C for 6 hours per day for 14 days. Leaf and root samples were 

collected at 7 and 14 days after treatment (DAT) according to 

Rankine and Fairhurst method’s [9] and put in RNA Later 

(Thermo Scientific, Massachusetts, USA) immediately to 

preserve the RNA. 

B. RNA Isolation and RNA Sequencing 

According to the manufacturer's instruction, total RNA was 

extracted from the leaf and root sample by Rneasy Plant Mini 

Kit (QIAgen, Hilden, Germany). Extracted total RNA was 
measured using NanoDropTM 2000c Spectrophotometer 

(Thermo Scientific, Massachusetts, USA). Good quality RNA 

was preserved by RNAstable (Biomatrica, California, USA). 

These RNAs were shipped to Novogene Co., Ltd., Beijing, 

China [10].  

The RNA quality was checked using the 2100 Bioanalyzer 

Instrument (Agilent Company, USA). Electrophoresis was 

used as a quality control procedure of biomolecules. The RNA 

parameters were calculated, including RNA concentration, 

rRNA ratio, and RNA integrity number (minimum 6.0). RNA 

was converted into cDNA, and sequencing adapters were 
added. The cDNA was sequenced using the Illumina platform 

[12].  

C. Gene Expression Analysis   

Gene expression analysis was conducted by the RT-qPCR 

method (Applied Biosystems Fast 7500/7500 machine, USA) 

using Quantifast SYBR Green PCR Kit (Qiagen, Hilden, 

Germany) a fluorescent signal. RT-qPCR was applied for the 

uncharacterized LOC105045046 gene, the highest fold 

change DEG in RNAseq data.  

Primer was designed using Primer 3 online software 

(https://www.bioinformatics.nl/cgibin/primer3plus/primer3pl

us.cgi). Gene expressions were analyzed in root and leaf 

samples using relative quantification [11]. Cq and quantity 

value of the sample were obtained automatically from the 

qPCR analysis software v2.0.6 7500, while Relative 

Quantitation (RQ) value was calculated using a formula based 

on Applied Biosystems guidance [12]. 

D. Data Analysis 

The Kallisto software was used as a raw count of RNA 

quantification [13]. Transcript per million (TPM) was used as 

expression normalization. DESeq2 was used for differential 

expressed gene analysis. Plant transcriptional regulatory map 

database was used for gene ontology enrichment analysis [14]. 

Microsoft Excel analyzed the annotation of DEGs with terms 

describing biological processes, molecular functions, and 

cellular components. 

III. RESULTS AND DISCUSSION 

A. Transcriptome Profile  

RNA sequencing results were commonly displayed using 

heat maps useful for visualizing gene expression in treatment 

and control samples [10]. The number of identified genes was 

1,087 DEGs. Heat-map showed that genes were expressed 

differently in particular treatment of both progenies (Figure 

1). Overall, the heat map has shown a contrasting profile 

between treatment and control on 7th and 14th DAT in both 
progenies. Seventeen genes were upregulated, and 67 genes 

were down-regulated in heat-treated samples. Progeny A 

showed a different transcriptome profile with progeny B. 

Progeny B showed higher fold change in some genes than 

Progeny A both at 7th and 14th DAT.  

Plants have different mechanisms for surviving under heat 

stress. The plants' adaptation systems consisted of 

transpiration cooling, alteration of membrane lipid 

compositions, and changing leaf orientation in the short-term 

during the stress period. The early stress signals would trigger 

downstream transcription controls and plant signaling 
processes. They would activate the stress-responsive 

mechanisms to repair the proteins and membranes damages, 

protect, and redevise homeostasis [15]. Insufficient responses 

at several steps within the signaling and gene activation may 

ultimately result in permanent damages in destruction of 

functional and cellular homeostasis, leading to cell death, and 

structural proteins and membranes [16]. 
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Fig. 1 Heat map of transcriptome profile heat stress vs control 

 

 

Fig. 2 Functional categorization of genes related heat stress in oil palm, blue color: biological process; red color: cell component; green color: molecular function 
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Fig. 3 Transcription level of genes responding to heat stress 

 

B. Gene Ontology 

Functional genes related to heat stress were summarized in 

three main GO categories (biological process, cellular 

component, and molecular function) [18] and divided into 53 

sub-categories (Figure 2). The biological process consisted of 
40 sub-categories. The top-five class consisted of a single 

organism process, biosynthetic process, response to stimulus, 

oxidation-reduction process, and response stress response. 

The response stress process sub-category is clustered genes 

that are regulated under stress [19]. The stimulus-response of 

an organism is indicated as a process that causes changes in 

cells activities, secretion, gene expression, enzyme 

production, and cellular responses.  

Plants reacted to heat stress through synthesizing of HSPs. 

The heat shock domain was indicated by the existence of the 

carboxylic terminal [17]. The molecular weights of HSPs 
were ranged from 10 to 200 kDa. HSPs act as chaperones in 

their participation in signal induction during heat stress [18]. 

Furthermore, HSPs divided into 3 clusters based on their 

molecular weight consisted of high molecular weight (80–114 

kDa), HSP70 (69–71 kDa), and low molecular weight (15–30 

kDa). HSPs were consisted of six structurally conserved 

distinct classes including HSP100, HSP90, HSP70, HSP60 

(Chaperonins), small HSPs (sHSPs), and ubiquitin (8,5 kDa) 

[19]. Major HSPs were synthesized in eukaryotes [20].  

Based on transcriptome data, heat shock protein (HSPs) 

family was determined as top seventeen rank of transcription 

level consisted of 18.1 kDa class I heat shock protein 

(HSP18.1), 18.1 kDa class I heat shock protein-like, 16.9 kDa 

heat shock protein 2, 18.1 kDa class I heat shock protein, 

small heat shock protein chloroplastic-like (Figure 3). 

C. Gene Expression   

According to transcriptomics data, 64 DEGs were obtained 

consisted of 17 up-regulated and 47 down-regulated. 

Interestingly, eight (12.5%) out of 64 genes were belongs to 

heat shock protein (HSP) family. While the highest transcript 

was uncharacterized LOC105045046 gene, (Figure 3). The 

function of this gene in response to heat stress not well 

characterized. 

The expression level of uncharacterized LOC105045046 at 

14 DAT was validated using RT-qPCR (Figure 4). This gene 

was upregulated in leaf and root of progeny A, and down 

regulated in root of progeny B. This indicated that heat stress 
is affected of oil palm gene expression profiles. In another 

study, five genes consisted of OsGSK1, TT1, HSP70-OsEnS-

45, OsHSP74.8 and OsHSP70 were shown differential 

expression between rice heat tolerant genotypes Nagina 22 

(N22) and Dular [21]. 
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Fig. 4 Uncharacterized LOC105045046 gene expression at 14 DAT 

 

Transcription’s level of gene-related heat stress was varied. 

Fifty percent (50%) of the 17 up-regulated genes were the 
member of HSP gene family. Extreme temperatures can 

trigger some defense mechanisms. All of the plant organs 

were reacted to heat stress on the molecular level [22]. HSPs 

plays for the regulation of the changes during heat stress 

condition [23], such as enhancing of synthesis especially 

unexpected changes in genotypic expression. 

The general function of HSP100 gene family is in protein 

aggregation and protein denaturation protection [24]. HSP 90 

family consists of proteins that have a highly conserved amino 

acid sequence. The main functions of HSP90 are signaling 

transduction networks, cell cycle control, trafficking, control 
protein folding, and protein degradation. HSP70 families are 

intensely induced by heat shock and cellular stress, highly 

maintained through evolution, and constitutively expressed. 

HSPs70s have important roles under un-stressful conditions. 

Protein folding and assembly of the subunit is assisting by the 

highly conserved of approximately 60 kDa protein of HSP60 

and chaperons. The small HSPs (sHSPs) family is the most 

abundant group. The abundance and heterogeneity of sHSPs 

probably have specific physiological functions. Ubiquitin (8.5 

kDa) is low molecular weight protein, highly conserved, and 

located in eukaryotic cells [25]. 

All 17 top-rank HSPs genes are a member of low molecular 
weight (LMW-HSP, 15–30 kDa) or small HSPs. The small 

HSPs are split into six classes based on their cellular 

compartmentalization, sequence alignments, and 

immunological cross-reactivity [19]. Class I, II, and III are 

localized in the cytoplasm or the nucleus, while the other three 

(IV, V, VI) are located in the chloroplast, the endoplasmic 

reticulum, and the mitochondria [26]. Three of 18.1 HSPs 

genes are a member of class I and localized in the cytoplasm. 

A 16.9 HSP is a member of class II and is localized in the 

cytoplasm. A small heat shock protein chloroplast-like is 

including in class IV and localized in the chloroplast. 
The other genes contribute to heat sub-categories 

consisting of BAG-6 gene, chlp-sHSP gene, PHOT-2 gene, 

and RBOHC gene. The BAG family was a chaperone that 

regulates diverse cellular pathways consist of programmed 

cell death and stress response. This gene was controlled by 

BAG family molecular chaperon regulator protein [27]. 

The chloroplast sHsp (chlpsHsp) specifically acts as a 

Photosystem II (PSII) electron transport protector and oxygen 

evolution during heat stress [28]. An isoform of the smallest 

chlpsHsp is localized in the thylakoid lumen. They are related 

to the oxygen-evolving complex (OEC) during heat stress 

[29].  The activity of PSII is protected from heat stress damage 

by the chlpsHsp. They did not reactivate heat-denatured PSII 

[30]. The chlpsHsp gene could be accumulated in high light 

under non-heat stress conditions [31].   

Furthermore, phototropin was blue light receptors that 

control some responses to optimize plant photosynthetic 

efficiency. In higher plants, phototropin (phots) are mediated 

by chloroplast movements and control other light acclimation 

responses [32]. Phototropins contains two lights, oxygen and 

voltage (LOV) domains related to PER-ARNT-SIM (PAS) 
domains. They were presented at the N- and C-terminal of 

each phototropin [33].  Plants have two phototropins consist 

of PHOT1 and PHOT2. The functions of them are 

overlapping.  

Reactive oxygen species (ROS) was identified as signal 

transduction role in cells. ROS involved in the responses to 

environmental stimuli, development and cell death, and 

regulation of growth. Respiratory burst oxidase homologs 

(RBOHs) were identified as signaling nodes in the ROS gene 

network of plants. RBOH was integrating a multitude of 

signal transduction pathways with ROS signaling [5]. ROS 
was the ability to integrate protein phosphorylation and 

calcium signaling. Their coupled involvement in a lot of 

biological processes. RBOHs are located at the cells' ROS 

network center. RBOH activity could be elevated by abiotic 

stress stimuli (heat, cold, nutrition, salinity), wounding, and 

pathogens [36]. Heat stress could induce the activity of the 

RBOH gene and elevated the level of expression of this gene 

in Arabidopsis thaliana [34]. 

Heavy metal-associated isoprenylated plant proteins 

(HIPP), slr0575, CML14, and PARP were also identified as 

the top seventeen up-regulated genes during heat stress on oil 
palms. (HIPPs) has an important role in plant response to 

environmental changes such as extreme temperature [27]. 

Metallochaperone is a key protein for metallic ions transport 

in the cell [35]. The relative expression of HIPPs was elevated 

in response to heat stress on oil palm.  Slr0575 gene has roles 

in regulating the expression of thylakoid membrane protein. 

The thylakoid membrane is the location of the conversion of 

light to chemical energy by the photosynthesis process. 

Chlorophyll was located in the thylakoid membrane. Heat 

stress stimulates changes in photosynthesis and respiration 

[36]. However, increasing temperature will change in the 

thylakoid membrane. In this study, Slr0575 gene has relative 
expression of the 35.51-fold increase in response to high 

temperature.  

Furthermore, a CML14 gene has a role for the regulation 

of calmodulin-like proteins. These proteins do not have 

catalytic activity. They act as sensor relays that regulate 

downstream targets. Several proteins with Ca2+ binding 

domains have evolved, such as calmodulin (CaM) and 

calmodulin-like proteins (CMLs) [37]. These ions were 

participated in environmental response and development 

processes in plants.  PARP has an important function in many 

biological processes including transcription, epigenetic 
regulation, and DNA repair. PARP family expression was 

12.15 fold increase response to high temperatures and is 

linked to abiotic stress response including heat, drought, 

salinity in Arabidopsis thaliana [38]. 
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IV. CONCLUSION 

RNA sequencing analyzed was identified 1,087 genes 

involved in oil palm heat stress. Sixty-four (64) of them were 

differentially expressed, consisted of seventeen (17) up-

regulated and forty-seven (47) down-regulated. Interestingly, 

12.5% out of 64 genes belonged to heat shock protein (HSP) 

family genes. Uncharacterized LOC LOC105045046 
expression level was validated with qPCR. This gene was 

highly expressed in the leaf of both progenies tested and down 

expressed in the root of progeny B. The functions and roles of 

This gene in oil palm heat stress need further characterization 

together with other differentially expressed genes. 

NOMENCLATURE 

cDNA complementary-deoxyribonucleic acid 
DAT day after treatment 

DEG       differential expressed genes 

GO        gene ontology 

RNA     ribonucleic acid 

rRNA ribosomal ribonucleic acid 

TPM      transcript per million 

 

Greek letters 
 degree celcius  
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