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Abstract

The genus Elaeis comprises two species, E. guineensis Jacq. and E. oleifera (Kunth) 
Cortés, which are known as the African and the American oil palms, respectively. 
The African oil palm originated from West Africa and is the predominant species 
in commercial plantations. This oilseed crop is the number one source of consumed 
vegetable oil in the World. Several abiotic stressors affect the plant life cycle interfer-
ing with growth and productivity. Salinity and drought are abiotic stresses that affect 
plantations on all continents, resulting in the loss of billions of dollars annually. 
MicroRNAs (miRNAs) are small endogenous noncoding RNAs that impact almost all 
biological processes, affecting either the transcriptional or posttranscriptional regula-
tion of gene expression. Here we describe the R&D initiatives on oil palm miRNAs, 
highlighting the current knowledge on miRNAs’ involvement in oil palm response 
to abiotic stress and postulating possible miRNA-based strategies for the genetic 
improvement of oil palm salinity and drought stresses tolerance.

Keywords: abiotic stress, tolerance, transcription factor, transcriptome, noncoding 
RNA, oil palm, drought stress, salt stress

1. Introduction

Oil palm (Elaeis guineensis Jacq.) is known as the most productive oilseed crop in 
the World, bearing great economic importance due to its large-scale production and 
high efficiency of the extraction and refining processes to obtain palm oil and palm 
kernel oil [1, 2]. In 2021/2022, the World consumed approximately 82 million metric 
tons of palm oil and palm kernel oil, making this oilseed crop the number one source 
of consumed vegetable oil [3].

The oil palm industry faces criticism due to a series of unsustainable practices 
(deforestation and consequent biodiversity loss, increased greenhouse gas emis-
sions, and environmental and aquatic pollution), finding itself under pressure to 
adopt new and innovative procedures that could help this sector reverse this nega-
tive public perception [4]. Darkwah and Ong-Abdullah [5] highlighted some of 
these procedures, such as choice for intensification over extensification, adoption of 
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precision agriculture technologies, support for smallholder farmers, sustainability 
certification, and circular economy.

Oil palm plantations are in areas with tropical forests in the equatorial belt, as they 
need high rainfall throughout the year [6]. In Brazil, for instance, there is an extensive 
area with favorable conditions for cultivating oil palm outside the Amazon rainforest; 
however, those areas experience long periods of drought when oil palm does not meet 
the physiological water requirement to maintain productivity [7], and, consequently, 
need to be artificially irrigated with proper management to avoid soil salinization. 
Approximately 30% of the irrigated land area in the World is affected by salt [8], 
which, to a certain extent, shows a link between drought and salinity stresses.

Studies have shown that the progression of abiotic stresses is limiting global 
agricultural production, with no sign of reversal shortly [9–11], making it necessary 
to develop crops that are resilient to different abiotic stresses, such as drought and 
salinity, ensuring food security. Therefore, it is currently a challenge for plant scien-
tists to develop crops resistant or tolerant to these conditions, capable of withstanding 
climatic instabilities and environmental stresses, especially combinations of these 
stresses. So, the research community aiming to develop knowledge and technology 
to allow oil palm breeding programs in Brazil and elsewhere to breed for superior 
genotypes must consider that.

Plants respond to environmental stimuli in a complex and highly coordinated 
manner at biochemical, physiological, and molecular levels [11–13]. When exposed to 
stress, rapid and effective reprogramming at the molecular level is required to adapt 
to unfavorable conditions [12, 14, 15]. This reprogramming regulates the expression 
of stress-responsive genes, especially at transcriptional and posttranscriptional levels 
[14, 16, 17].

micro RNAs (miRNAs) are posttranscriptional and translational regulators 
frequently correlated with plant stress tolerance and modulating stress response [15, 
18, 19]. miRNAs have enormous potential for crop improvement, being the focus of 
studies by scientists in recent years [18, 20–22].

Therefore, the main objectives of this review are to describe the R&D initiatives 
known to date on oil palm (Elaeis spp.) miRNAs, to report on their biogenesis and 
mode of action, to summarize the current knowledge on miRNAs’ involvement in oil 
palm response to abiotic stress, and to postulate possible miRNA-based strategies on 
the genetic improvement of oil palm’s tolerance to abiotic stress.

2. miRNA biogenesis and mode of action

miRNAs are a class of endogenous, noncoding sRNAs transcribed from introns, 
exons, or intergenic regions [11]. They play a role in posttranscriptional RNA-
mediated gene silencing and expression by complementary interaction with their 
mRNA target site [23, 24]. The biogenesis of plant miRNAs has been reported mainly 
in Arabidopsis thaliana (L.) Heynh. (Figure 1) [25].

Plant miRNAs range from 21 to 24 nucleotides in length [26]. Similar to 
protein-coding genes, miRNA genes (MIRs) are commonly transcribed by RNA 
polymerase II, forming a single-stranded precursor RNA called primary miRNAs 
(pri-miRNAs) that have imperfect self-complementary folding regions. Still in 
the nucleus, the 5′ m7G-cap and 3′ polyadenylation are added to promote better 
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stability. Then the pri-miRNAs are converted into miRNA precursor sequences 
(pre-miRNA) by the action of DICER-LIKE 1 (DCL1) along with other associated 
proteins [15, 27].

Figure 1. 
Biogenesis of plant miRNAs. A miRNA gene is transcribed by RNA polymerase II, giving rise to a primary 
transcript (pri-miRNA), which is then capped and polyadenylated. DCL1 processes pri-miRNA, perhaps in two 
or more steps, and HEN1 methylate it to produce the miRNA/miRNA* duplex. HST transports the duplex to the 
cytosol, and the miRNA strand gets incorporated into RISC. The nuclear export of miRNAs may occur before or 
after RISC assembly. According to the degree of complementarity with the target site, miRISC will either cleave 
the mRNA or inhibit its translation.



Recent Advances in Non-Coding RNAs

4

The 3′ end of the initial miRNA/miRNA* duplex is methylated by the nuclear 
protein HUA ENHANCER 1 (HEN1), thus preventing untemplated 3′ polymeriza-
tion that accelerates miRNA turnover [28]. The mature miRNA is then transported 
from the nucleus to the cytoplasm by the HASTY protein (HST), then loaded onto 
AGONAUTE (AGO) proteins and incorporated into an RNA-induced silencing 
complex (RISC), while often the star miRNA molecules (miRNA *) do undergo 
degradation. The AGO/miRISC complex search for RNA molecules through sequence 
complementarity, promoting posttranscriptional gene silencing through endonucleo-
lytic cleavage or translation inhibition [25, 29]. The miRNA mechanisms of biogenesis 
and function are still unclear; however, studies have shown that they are involved in 
several cellular processes, including development, differentiation, division, and cell 
death [11, 26, 30].

An individual miRNA can regulate multiple transcripts, and a single transcript can 
be acted upon by several distinct miRNAs [11]. The miRNA can regulate the expres-
sion of its target gene using three strategies: (a) degradation of a target transcript 
through almost perfect complementarity; (b) inhibition of translation; or (c) DNA 
methylation. Regulation via degradation of the target transcript results in the degra-
dation of intron sequences, and these cleaved sequences generate dsRNA molecules 
with the aid of RDR2 and then produce I-siRNA molecules of 21 and 22 nucleotides. 
Subsequently, the I-siRNA associated with the AGO-RISC complex directs the cleav-
age of the target mRNA sequence [31, 32].

Regarding the regulation via translation inhibition, only the roles of AGO1 and 
AGO10 have so far been understood [33, 34]. On the other hand, the miRNA-medi-
ated inhibition mechanism remains unclear. At last, studies show that miRNAs in A. 
thaliana bind to AGO4, AGO6, and AGO9 to promote transcriptional gene silencing 
of target genes through RNA-directed DNA methylation (RdDM) [27].

3.  miRNAs playing a role in plant response to abiotic-drought and 
salinity-stress

Abiotic stress, such as deprivation or excess of water, high salinity, low or high 
temperature, heavy metals, and ultraviolet radiation, is a negative impact caused by 
nonliving factors on living organisms [35, 36]. They are primary stresses that arise in 
the plantations limiting seed germination, plant growth, and plant development; and, 
in some cases, resulting in the death of the plants.

Salinity and drought are two of the most prevalent abiotic stress worldwide, 
affecting plantations on all continents and resulting in the loss of billions of 
dollars  annually. Plants have developed several mechanisms to combat drought 
stress, and several genes associated with the response of plants to this stress are 
known [12, 37]. One of these responses is the positive and/or negative regulation 
of several transcription factors (TF) related to numerous physiological and cellular 
functions [38].

The dehydration responsive elements (DREB) are TF related to the activation 
of genes responsive to drought stress tolerance, and its overexpression can result in 
tolerance to water deficit in plants. Similarly, the transcription factor MYB regulates 
negatively in plants during drought stress since it is related to stomata opening [11, 
39]. However, the overexpression of other genes associated with drought stress in 
plants did not result in the expected drought tolerance, demonstrating the complexity 
of mechanisms responsible for plant tolerance to water stress [40].
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Several research groups have identified and reported miRNAs responsive to water 
stress in several species, such as rice—Oryza sativa L. [41], soybean—Glycine max 
(L.) Merr. [42], barley—Hordeum vulgare L. [43], and Arabidopsis [44]. Those water 
stress-responsive miRNAs belong to three classes. The first class includes miRNAs 
targeting transcription factors that contribute to the gene regulation of the stress 
response, comprising miR156, miR159, miR165, miR169, miR171, miR172, miR319, 
and miR396 [21, 44, 45].

In the second class, the miRNAs are involved in the direct response to water stress, 
some of which are miR167, which is responsible for directing the auxin response fac-
tors ARF6 and ARF8 [46]; miR168, which targets the ARGONAUTE 1 (AGO1) mRNA 
[47]; and miR393 and miR394, which target F-box protein mRNAs that play roles in 
drought tolerance [45, 48, 49]. The last class contains miRNAs such as miR397 and 
miR408, which have hydrolase and oxidoreductase genes as their target gene [50, 51].

Zhou and colleagues [41] identified 30 miRNAs differentially expressed in rice 
under drought stress, 19 were new miRNAs. Regarding their expression, 14 were 
upregulated (miR159, miR169, miR171, miR319, miR395, miR474, miR845, miR851, 
miR854, miR896, miR901, miR903, miR1026, and miR1125) and 16 downregulated 
(miR156, miR159, miR170, miR171, miR172, miR319, miR396, miR397, miR408, 
miR529, miR896, miR1030, miR1035, miR1050, miR1088 and, miR1126). In soybean, 
upregulation of miRseq13, miR397ab, miR1513c, miR169-3p, and miR166-5p was 
observed in sensitive plants, while the same miRNAs were downregulated on tolerant 
crops [42].

When it comes to salinity stress, several genes are related to the plant’s stress 
response, including those involved in ion channel activation, signal transduction, 
and modification regulated by plant growth factors, especially the morphological 
architecture of the root [52]. In A. thaliana, studies have shown increased expression 
of miRNAs miR156, miR158, miR159, miR165, miR167, miR168, miR169, miR171, 
miR319, miR393, miR394, miR396, and miR397 in response to salt stress, while 
miR398 was downregulated [21].

According to Ding and colleagues, when analyzing corn variants tolerant and 
sensitive to salt stress, members of the miR396, miR167, miR164, and miR156 families 
downregulated, while miRNAs miR474, miR395, miR168, and miR162 upregulated 
in the tolerant ones [18]. In radish (Raphanus sativus), 22 new and 49 already known 
miRNAs appeared under salt stress [53]. In young oil palm plants under saline stress, 
27 new and 52 already known miRNAs appeared [15]. When analyzing the expression 
profile of these miRNAs, 72 of them showed negative differential expression and the 
remaining seven had no significant differential expression [15].

Recent studies allowed a better understanding of the mechanisms of action of 
miRNAs and their relationship in response to different abiotic stresses [38, 54, 55]. 
It is necessary to highlight that miRNAs are species-specific and present different 
expression levels when analyzed in distinct plant species or within a specific one 
under the same stress [15, 24].

4. miRNAs in oil palm (Elaeis spp.)

Despite many advancements in the prediction and characterization of miRNAs 
in plants, there are only a few studies where researchers report the identification 
and characterization of miRNAs in oil palm, either under abiotic stress conditions 
or not. Currently, there are 10 published studies reporting miRNAs identification 
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and characterization in oil palm [15, 30, 56–63]. Considering the great economic 
importance of oil palm, the number of miRNA studies reported on this oilseed crop is 
relatively low (Table 1).

Nasaruddin and colleagues found five potential miRNA encoding sequences in 
oil palm by a combined homology and structural analysis approach, having roles 
in regulating the auxin response, floral development, and basal transcription [30]. 
Mehrpooyan, Othman, and Harikrishna [56] identified in oil palm six paralogs 
of miR172, a regulator of the APETALA2 (AP2)-like family transcription factors. 
Their results suggested that the expression of different miR172 precursor paralogs is 
tissue-specific and showed that each of the two mature miR172 isoforms had different 
expression patterns during floral development.

Low and colleagues identified 14 miRNAs in contigs assembled from sequences 
generated from the hypomethylated or gene-rich regions in the genomes of both spe-
cies from the Elaeis genera [57]. Target prediction of these miRNAs identified just one 
putative target gene, similar to the Rab21-family small GTPase, a small GTP-binding 
protein of the Ras superfamily. Silva and colleagues identified 57 mature miRNAs 
in E. guineensis and 52 in E oleifera, respectively, revealing that majority of them are 
transcription factors involved in the plant development process [58].

According to Somyong et al. [59], miRNA159 is related to the determination of 
females in oil palm trees, which is directly related to the higher production of oil 
palm trees, since palm oil with high number of female inflorescence and of clusters 
is most favorable. Noting that no expression of EgmiR159a was found in male flow-
ers in their study, confirming its role in female sexual differentiation (Table 1). Ho 
and colleagues identified 15 oil palm-specific miRNA candidates when investigating 
microRNA expression in female inflorescence at two stages of floral [60].

In Gao et al. [61], the micro RNA EgmiR179 regulates the biosynthesis of metabo-
lites through the negative regulation of its target gene NDT1, increasing oil content in 
palm oil [61]. Zheng and colleagues identified 452 microRNAs (miRNAs), including 
170 conserved miRNAs and 282 new miRNAs, when gaining insights into the oil palm 
regulatory mechanisms of lipid and fatty acid metabolism. They found 37 fatty acid 
synthesis-related genes as putative miRNA-target genes and indicated that 22 con-
served miRNAs and 14 new ones might be involved in fatty acid metabolism path-
ways. Tregear et al. [63] reported finding 30 previously unreported oil palm miRNA 
genes in a molecular study of the process of sexual differentiation in the immature 
inflorescence of oil palm.

Our research group reported prospecting and characterizing miRNAs in oil 
palm plants under salinity stress (Table 1) [15]. That was the first step in a study 
prospecting and characterizing miRNAs in oil palm plants under salinity [64] or 
drought stress and looking for insights on commonalities—miRNAs and putative 
miRNA-target genes—on the molecular response of young oil palm plants to these 
two abiotic stresses.

We did find 81 miRNAs—52 known ones and 29 new ones (Figure 2)—and 
139 differentially expressed putative miRNA-target genes [15, 64]. In Salgado et al. 
[15], miR166, miR169, miR319, miR396, miR529, and egu-miR24sds showed altered 
expression profiles in young oil palm plants subjected to salt stress, both targeting 
TF, indicating a miRNA-dependent posttransitional regulation during the plant’s 
response to the environment.

All miRNAs identification and characterization studies done so far in oil palm 
allowed the identification of 55 miRNA families or groups of miRNAs that derive 
from a common ancestor (Figure 3).
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Technology Condition miRNA Species Oil palm 

material

Publication

Small 

RNA-seq

Normal miR159a E. guineensis Female flower Somyong et 

al. [59]

3730 

sequencing 

technology/

Blast

Normal miR2911, miR2916, miR156j, miR2914, miR2910, miR319f, miR167g, 

miR319e, miR845a, miR845b

E. guineensis and 

E. oleifera

Leaf Low et al. [57]

Blast Normal miR156, miR157, miR159, miR160, miR164, miR166, miR167, miR168, 

miR169, miR171, miR172, miR319, miR390, miR393, miR394, miR395, 

miR396, miR397, miR398, miR399, miR528, miR529, miR530, miR535, 

miR815, miR1428, miR1432, miR2118, miR2275, miR5148, miR5179, 

miR5532, miR5801

E. guineensis and 

E. oleifera and 

Phoenix dactylifera

Genome da Silva et al. 

[58]

Blast Normal miR156, miR157, miR159, miR160, miR854 E. guineensis Genome Nasaruddin et 

al. [30]

RNA-seq Normal miR5179 E. guineensis Fruit Gao et al. [61]

Small 

RNA-seq

Salt stress miR156, miR391, miR395a, miR536, miR156, miR160, miR166, miR167, 

miR169, miR171, miR172, miR395, miR396, miR399, miR528, miR156, 

miR159, miR166, miR319, miR393, miR535, miR156, miR162, miR169, 

miR529, miR530, miR168, miR319, miR159. egumiR01, egumiR02, 

egumiR03, egumiR04, egumiR05, egumiR06, egumiR07, egumiR08, 

egumiR09, egumiR10, egumiR11,egumiR12, egumiR13, egumiR14, 

egumiR15, egumiR16, egumiR17, egumiR18, egumiR19, egumiR20, 

egumiR21, egumiR22, egumiR23, egumiR24, egumiR25, egumiR26, 

egumiR27.

E. guineensis Leaf Salgado et al. 

[15]

Small 

RNA-seq

Normal miR1432, miR160, miR163, miR166, miR168, miR172, miR1859, miR1873, 

miR2199, miR2654, miR396, miR4365, miR528, miR535, miR827, miR835, 

miR858, miR894, egumiR3, egumiR5, egumiR6, egumiR7, egumiR8, 

egumiR9, egumiR10, egumiR11, egumiR12, egumiR13, egumiR14, 

egumiR15.

E. guineensis 

Tenera hybrid 

palms (Dura × 

Pisifera)

Female 

Inflorescence

Ho et al. [60]
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Technology Condition miRNA Species Oil palm 

material

Publication

Small 

RNA-seq

Normal miR156, miR160, miR164, miR172, miR444, miR5179, miR528, miR167, 

egumiR259, egumiR223, egumiR218, egumiR255, egumiR43, egumiR132, 

egumiR172, egumiR113, egumiR273, egumiR158, egumiR275, egumiR138, 

egumiR59, egumiR201, egumiR209, egumiR116, egumiR129, egumiR211, 

egumiR7, egumiR210, egumiR274.

E. guineensis Mesocarp Zheng et al. 

[62]

Small 

RNA-seq

Normal miR319, miRN1, miR168, miR482, miR2118, miR159, miR171, miR167, 

miR397, miR160, miR156, miR535, miR396, miR536, miR169, miR319, 

miR179, miR166, miR394, miR399, miR172, miR164, miRN4, miR390, 

miR393, miRN5, miRN6, miR162, miR827, miR398, miRN7, miR395, 

miRN8, miRN9, miRN10, miR408, miR528, miRN11.

E. guineensis Immature 

Inflorescence

Tregear et al. 

[63]

Blast Normal miR172 E. guineensis Inflorescence Mehrpooyan 

et al. [56]

Table 1. 
Summary of miRNA studies reported on oil palm.
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5. miRNA-based strategies to improve oil palm tolerance to abiotic stress

In the last decade, due to the recent advances in high-throughput sequencing 
techniques, vis-à-vis the empowerment of bioinformatics tools, much progress has 
been made in characterizing and understanding miRNAs mechanism of action, and 
predicting their target genes [65–68].

The possibility of the involvement of miRNAs in the regulation of genes directly 
related to the modulation of the impact of abiotic stress on plants has enabled 
researchers to take the next step by altering the expression levels of miRNAs, either 

Figure 2. 
Structure of the 29 new miRNAs identified in oil palm (Elaeis guineensis) plants exposed to abiotic  
stresses—salinity and drought (Source: [15, 64]).

Figure 3. 
Families of miRNAs found in oil palm, and the amount of members per family.
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by overexpression or knocking down strategies. This step attempts to gain further 
insights that could allow the development of distinct ways to generate superior geno-
types harboring tolerance to those stresses, either by vertical or horizontal transfer of 
genes or even by genome editing [8].

According to Hajyzadeh et al. [69], the overexpression of miR408 in chickpea 
(Cicer arietinum L.) resulted in improved drought tolerance. Plants overexpressing 
the pre-miR408 from A. thaliana were without wilting and drying after 8 days of 
undergoing the drought treatment, unlike the control plants [69]. Arabidopsis plants 
overexpressing miR408 showed resilience to multi-stress environments—salinity and 
drought [70]. Through biochemical analysis and fluorescence imaging with measures 
of the photosystem efficiency, it was reported tolerance of the transformants com-
pared to control ones [70].

Transgenic lines of creeping grass (Agrostis stolonifera L.) overexpressing rice pre-
miR393 showed a better tolerance response to saline stress (at 250 mM for 10 days), 
drought (15 days), and heat (40°C at day, 35°C at night, 13 days), confirming that 
miR393 is a potent candidate to confer resistance to multiple stresses [71]. According 
to Baek and colleagues, the overexpression of miR399f in Arabidopsis promoted 
greater tolerance to salinity and treatment with abscisic acid (ABA) [72]. Arabidopsis’ 
putative miRNA-target genes—ABF3 and CSP41b—had low expression levels in 
transgenic plants, and these genes are related to stress due to their participation in 
ABA signaling [72].

Although the strategy of overexpression of miRNAs is dominant among the 
studies to obtain plants resistant to different stresses, the inhibition approach is 
also being promoted through the use of the short tandem target mimic (STTM) 
approach, causing loss of function [11]. Although there has been an increase in 
 studies on the use of miRNAs to obtain plants resistant to multi-stress, there is still a 
long way to go.

According to Ferdous and colleagues, the overexpression of Hv-miR827 in barley 
(H. vulgare cv. “Golden Promise”) influenced the grain weight and allowed the plants 
to recover after drought treatment, in addition to providing an improvement in the 
efficiency of the use of water [73]. Such behavior is also in transgenic Arabidopsis 
plants overexpressing the miRNA Ath-miR827 [74, 75].

miR319 is one of the oldest and most conserved miRNA families in plants, respon-
sive to several stresses, including drought and salinity, based on high-throughput 
sequencing [76]. Studies have shown that its overexpression in transgenic creeping 
grass resulted in tolerance to salt and drought stresses; and it was linked to downregu-
lation of at least four putative target genes of miR319 (AsPCF5, AsPCF6, AsPCF8, and 
AsTCP14) [77].

So far, no studies are known reporting on successfully horizontally transferring 
(or editing) miRNAs to or from oil palms aiming at achieving tolerance to abiotic 
stresses. Our research group prospected stress-responsive miRNAs and putative 
target genes that are good candidates for such endeavor [15, 64]. miRNAs and their 
putative target genes responsive to both stresses at once are the priority candidates for 
further studies.

Among putative target genes responsive to both stresses identified by our group 
in oil palm, there are some lncRNAs. Several studies have shown that lncRNAs play 
essential roles and different functions in the biological processes of plants. They can 
play a role as sRNA precursors to produce sRNAs, such as miRNAs and siRNAs. In 
response to different stresses, lncRNAs also play a role in the RNA-directed DNA 
methylation (RdDM) pathway [78–80].
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6. Conclusions and future perspectives

Due to a series of unsustainable practices used by the oil palm industry, there is 
criticism pressuring it to adopt new and innovative procedures, including getting 
away from the tropical rain forests.

Predictably, primary stresses (abiotic and biotic) will arise once the industry 
establishes itself in those new areas for oil palm cultivation, forcing it to search for 
tools to deal in an economically sustainable way with them. Salinity and drought are 
on the top of such a list of primary abiotic stresses. Many studies report successful 
attempts to increase plants’ tolerance to such stresses by altering the expression levels 
of miRNAs, either by overexpression or knocking down strategies. Despite the great 
economic importance of oil palm, we found only 10 published studies reporting miR-
NAs identification and characterization in this oilseed crop. When considering abiotic 
stresses, the scenario is even worst; only one published study so far. In this sense, it 
is clear that further studies are necessary on the role of miRNAs - and their putative 
target genes - in oil palm’s response to abiotic stress. Besides that, as candidate genes 
become available from those studies, it will be necessary to validate their potential as 
tools to generate superior genotypes harboring tolerance to those stresses, either by 
vertical or horizontal transfer of genes or even by genome editing.

Acknowledgements

The author(s) disclosed receipt of the following financial support for the research, 
authorship, and/or publication of this article: The grant (01.13.0315.00 - DendêPalm 
Project) for this study was awarded by the Brazilian Innovation Agency—FINEP.

Conflict of interest

The authors declare no conflict of interest.



Recent Advances in Non-Coding RNAs

12

Author details

Fernanda Ferreira Salgado1, Priscila Grynberg2 and Manoel Teixeira Souza Junior3*

1 Universidade Federal de Lavras (UFLA), Lavras, MG, Brazil

2 Embrapa Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil

3 Embrapa Agroenergia, Brasília, DF, Brazil

*Address all correspondence to: manoel.souza@embrapa.br

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



The Role of Noncoding RNAs in the Response of Oil Palm Plants to Abiotic Stresses
DOI: http://dx.doi.org/10.5772/intechopen.105898

13

References

[1] Priscilla AS, Vanessa SC, Kátia CBR, 
Kelly SCD, Fábio ML, Roberto LC, et 
al. Drought tolerance in two oil palm 
hybrids as related to adjustments in 
carbon metabolism and vegetative 
growth. Acta Physiologiae Plantarum. 
2017;39(58):1-12

[2] Le W, May L, Baoqing Y, Gen HY.  
Genes, pathways and networks 
responding to drought stress in 
oil palm roots. Scientific Reports. 
2020;10(1):1-13. DOI: doi.org/10.1038/
s41598-020-78297-z

[3] Statista. 2022. The Statistics Portal. 
Available from: www.statista.com/
statistics/263937/vegetable-oils-global-
consumption [Accessed: May 10, 2019]

[4] Matin Q , Kibrom TS, 
Hermanto S, Ingo G. Environmental, 
economic, and social consequences 
of the oil palm boom. Annual 
Review of Resource Economics. 
2020;12:321-344. DOI: 10.1146/
annurev-resource-110119-024922

[5] Dickson OD, Meilina OA. 
Sustainability of the oil palm industry. In: 
Elaeis guineensis. London: IntechOpen; 
2021. DOI: 10.5772/intechopen.100156

[6] Furumo PR, Aide TM. Characterizing 
commercial oil palm expansion in 
Latin America: Land use change 
and trade. Environmental Research 
Letters. 2017;12(2):024008. 
DOI: 10.1088/1748-9326/aa5892

[7] Sérgio JC, Eduardo ALE, Taynar COT, 
Joedna S. Respostas fisiológicas de 
dendê submetidas ao estresse hídrico 
em condições do Cerrado. Revista 
Brasileira de Agropecuária Sustentável. 
2018;8(4):92-99. https://doi.
org/10.21206/rbas.v8i4.3055

[8] Vinay K, Tushar K, Varsha S,  
Shabir HW. Plant small RNAs: The 
essential epigenetic regulators of gene 
expression for salt-stress responses 
and tolerance. Plant Cell Reports. 
2018;37(1):61-75. DOI: 10.1007/
s00299-017-2210-4

[9] Petronia C, Maria GA, Giovanni P, 
Amodio F, Pasqualina W. Salinity Stress 
and Salt Tolerance. London, UK: Intech; 
2012. p. 13. DOI: 10.1039/C7RA00172J%

[10] Khaled MH, Jonathan MF,  
David N, Alain L, Khaled M, 
Khaled MAA. Prospects for the study 
and improvement of abiotic stress 
tolerance in date palms in the post-
genomics era. Frontiers in Plant Science. 
2020;11(March):1-13. DOI: 10.3389/
fpls.2020.00293

[11] Xu J et al. Exploring MiRNAs for 
developing climate-resilient crops: 
A perspective review. Science of the 
Total Environment. 2019;653:91-104. 
DOI: 10.1016/j.scitotenv.2018.10.340

[12] Banerjee S, Sirohi A, Ansari AA, 
Gill SS. Role of small RNAs in abiotic 
stress responses in plants. Plant Gene. 
2017;11:180-189. DOI: 10.1016/j.
plgene.2017.04.005

[13] Woodrow P et al. Ttd1a promoter 
is involved in DNA-protein binding by 
salt and light stresses. Molecular Biology 
Reports. 2011;38(6):3787-3794

[14] Djami-Tchatchou AT, Sanan-Mishra N, 
Ntushelo K, Dubery IA. Functional 
roles of microRNAs in agronomically 
important plants-potential as 
targets for crop improvement and 
protection. Frontiers in Plant Science. 
2017;8(March)



Recent Advances in Non-Coding RNAs

14

[15] Salgado FF et al. Expression analysis 
of MiRNAs and their putative target 
genes confirm a preponderant role of 
transcription factors in the early response 
of oil palm plants to salinity stress. 
BMC Plant Biology. 2021;21(1):1-17. 
DOI: 10.1186/s12870-021-03296-9

[16] Sun G. MicroRNAs and their diverse 
functions in plants. Plant Molecular 
Biology. 2012;80(1):17-36

[17] Sunkar R. MicroRNAs with macro-
effects on plant stress responses. 
Seminars in Cell and Developmental 
Biology. 2010;21(8):805-811. 
DOI: 10.1016/j.semcdb.2010.04.001

[18] Ding D et al. Differential expression 
of MiRNAs in response to salt stress 
in maize roots. Annals of Botany. 
2009;103(1):29-38

[19] Sunkar R, Chinnusamy V, Zhu J, 
Zhu JK. Small RNAs as big players in 
plant abiotic stress responses and 
nutrient deprivation. Trends in Plant 
Science. 2007;12(7):301-309

[20] Denver JB, Ullah H. MiR393s 
regulate salt stress response pathway 
in arabidopsis thaliana through 
scaffold protein RACK1A mediated 
ABA signaling pathways. Plant 
Signaling and Behavior. 2019;14(6):1-7. 
DOI: 10.1080/15592324.2019.1600394

[21] Liu HH et al. Microarray-based 
analysis of stress-regulated MicroRNAs 
in arabidopsis thaliana. RNA. 
2008;14(5):836-843

[22] Yu Y et al. Overexpression of 
soybean MiR169c confers increased 
drought stress sensitivity in 
transgenic arabidopsis thaliana. Plant 
Science. 2019;285(February):68-78. 
DOI: 10.1016/j.plantsci.2019.05.003

[23] Basso MF et al. MicroRNAs and new 
biotechnological tools for its modulation 

and improving stress tolerance in 
plants. Plant Biotechnology Journal. 
2019;17(8):1482-1500

[24] Wang J et al. Non-coding RNAs 
and their roles in stress response in 
plants. Genomics, Proteomics and 
Bioinformatics. 2017a;15(5):301-312. 
DOI: 10.1016/j.gpb.2017.01.007

[25] Ding J, Zhou S, Guan J. Finding 
MicroRNA targets in plants: Current 
status and perspectives. Genomics, 
Proteomics and Bioinformatics. 
2012;10(5):264-275. DOI: 10.1016/j.
gpb.2012.09.003

[26] Sun X, Lin L, Sui N. Regulation 
mechanism of MicroRNA in plant 
response to abiotic stress and 
breeding. Molecular Biology Reports. 
2019;46(1):1447-1457. DOI: 10.1007/
s11033-018-4511-2

[27] Borges F, Martienssen RA. The 
expanding world of small RNAs in plants 
filipe. Nature reviews. Molecular Cell 
Biology. 2015;16(12):727-741

[28] Li J et al. Methylation protects 
MiRNAs and SiRNAs from a 3′-End 
Uridylation activity in arabidopsis. 
Current Biology. 2005;15(16):1501-1507

[29] Wang et al. Non-coding RNAs and 
their roles in stress response in plants 
Wang J et Al/MiRNA and LncRNA in plant 
stress response. Genomics, Proteomics 
and Bioinformatics. 2017b;15(5):301-312. 
DOI: 10.1016/j.gpb.2017.01.007

[30] Nasaruddin M, Nadirah, et al. 
Computational prediction of MicroRNAs 
from oil palm (Elaeis Guineensis Jacq.) 
expressed sequence tags. Asia-Pacific 
Journal of Molecular Biology and 
Biotechnology. 2007;15(3):107-113

[31] Arribas-Hernández L et al. The 
slicer activity of ARGONAUTE1 is 



The Role of Noncoding RNAs in the Response of Oil Palm Plants to Abiotic Stresses
DOI: http://dx.doi.org/10.5772/intechopen.105898

15

required specifically for the phasing, 
not production, of trans-acting short 
interfering RNAs in arabidopsis. Plant 
Cell. 2016;28(7):1563-1580

[32] Meng Y, Shao C, Ma X, Wang H. 
Introns targeted by plant MicroRNAs: 
A possible novel mechanism of gene 
regulation. Rice. 2013;6(1):1-10

[33] Li S et al. MicroRNAs inhibit the 
translation of target MRNAs on the 
endoplasmic reticulum in arabidopsis. 
Cell. 2013;153(3):562-574

[34] Shan Q et al. Multiplex and 
homologous recombination–mediated 
genome editing in arabidopsis and 
nicotiana benthamiana using guide 
RNA and Cas9. Nature Biotechnology. 
2013;31(8):686-688

[35] Gull A, Lone AA, Wani NUI. Biotic 
and Abiotic Stresses in Plants. In: de 
Oliveira A, editor. Abiotic and Biotic 
Stress in Plants. London: IntechOpen; 
2019. 6p. https://doi.org/10.5772/
intechopen.85832

[36] Zhang H, Zhu J, Gong Z, et al. 
Abiotic stress responses in plants. Nature 
Reviews. Genetics. 2022;23:104-119. 
DOI: 10.1038/s41576-021-00413-0

[37] Shinozaki K, Yamaguchi-Shinozaki K.  
Gene networks involved in drought 
stress response and tolerance. Journal of 
Experimental Botany. 2007;58(2): 
221-227

[38] Ayubov MS et al. Role of MicroRNAs 
and small RNAs in regulation of 
developmental processes and agronomic 
traits in gossypium species. Genomics. 
2019;111(5):1018-1025. DOI: 10.1016/j.
ygeno.2018.07.012

[39] Kumar R. Role of MicroRNAs in 
biotic and abiotic stress responses in 
crop plants. Applied Biochemistry and 
Biotechnology. 2014;174(1):93-115

[40] Ferdous J, Hussain SS, Shi BJ. 
Role of MicroRNAs in plant drought 
tolerance. Plant Biotechnology Journal. 
2015;13(3):293-305

[41] Zhou L et al. Genome-wide 
identification and analysis of drought-
responsive MicroRNAs in oryza sativa. 
Journal of Experimental Botany. 
2010;61(15):4157-4168

[42] Kulcheski FR, de Oliveira LF, 
Molina LG, Almerão MP, Rodrigues FA, 
Marcolino J, et. al. Identification of 
novel soybean microRNAs involved 
in abiotic and biotic stresses. BMC 
genomics. 2011;12(307):1-17. https://doi.
org/10.1186/1471-2164-12-307 

[43] Deng P et al. Global identification 
of MicroRNAs and their targets in 
barley under salinity stress. PLoS One. 
2015;10(9):1-20

[44] Sunkar R, Zhu J-K. Novel and 
stress-regulated MicroRNAs and 
other small RNAs from arabidopsis. 
2004;18(August):957

[45] Jones-Rhoades MW, Bartel DP. 
Computational identification of plant 
MicroRNAs and their targets, including 
a stress-induced MiRNA. Molecular Cell. 
2004;14(6):787-799

[46] Mahdavi-Darvari F, Noor NM, 
Ismanizan I. Epigenetic regulation and 
gene markers as signals of early somatic 
embryogenesis. Plant Cell, Tissue and 
Organ Culture. 2014;120(2):407-422. 
Available from: https://www.scopus.
com/inward/record.uri?eid=2-s2.0-
84921809786&doi=10.1007%2Fs11240-
014-0615-0&partnerID=40&md5=9558f
1d988ad53c4638fdf1142f417d2

[47] Vaucheret H, Vazquez F, Crété P, 
Bartel DP. The action of ARGONAUTE1 
in the MiRNA pathway and its regulation 
by the MiRNA pathway are crucial 



Recent Advances in Non-Coding RNAs

16

for plant development. Genes and 
Development. 2004;18(10):1187-1197

[48] Jain M et al. F-Box proteins in rice. 
Genome-wide analysis, classification, 
temporal and spatial gene expression 
during panicle and seed development, 
and regulation by light and abiotic stress. 
Plant Physiology. 2007;143(4): 
1467-1483

[49] Navarro L, Dunoyer P, Jay F, 
Arnold B, Dharmasiri N, Estelle M, 
et al. A plant miRNA contributes to 
antibacterial resistance by repressing 
auxin signaling. Science. New York, N.Y. 
2006;312(5772):436-439. https://doi.
org/10.1126/science.1126088

[50] Apel K, Hirt H. Reactive oxygen 
species: Metabolism, oxidative stress, 
and signal transduction. Annual Review 
of Plant Biology. 2004;55:373-399

[51] Kimura M et al. Analysis of hydrogen 
peroxide–independent expression of 
the high-light–inducible ELIP2 gene 
with the aid of the ELIP2 promoter–
luciferase fusion. Photochemistry and 
Photobiology. 2003;77(6):668

[52] Ku YS et al. Small RNAs in plant 
responses to abiotic stresses: Regulatory 
roles and study methods. International 
Journal of Molecular Sciences. 
2015;16(10):24532-24554

[53] Sun X et al. Preparation and 
luminescence properties of Sr2EuxLa1-
XAlO5 phosphor. Journal of 
Luminescence. 2015;157:197-200

[54] Kord H, Fakheri B, Ghabooli M, 
et al. Salinity-associated microRNAs 
and their potential roles in mediating 
salt tolerance in rice colonized by the 
endophytic root fungus Piriformospora 
indica. Funct Integr Genomics. 
2019;19:659-672. https://doi.org/10.1007/
s10142-019-00671-6

[55] Xu J, Chen Q, Liu P, Jia W, Chen Z, 
Xu Z. Integration of mRNA and miRNA 
Analysis Reveals the Molecular 
Mechanism Underlying Salt and Alkali 
Stress Tolerance in Tobacco. International 
journal of molecular sciences. 
2019;20(10):1-18, 2391. https://doi.
org/10.3390/ijms20102391

[56] Mehrpooyan F, Othman RY, 
Harikrishna JA. Tissue and temporal 
expression of MiR172 paralogs and 
the AP2-like target in oil palm (Elaeis 
Guineensis Jacq.). Tree Genetics and 
Genomes. 2012;8(6):1331-1343

[57] Low ET, Rosli R, Jayanthi N, 
Mohd-Amin AH, Azizi N, Chan KL, et al. 
Analyses of hypomethylated oil palm 
gene space. PloS one. 2014;9(1):1-15, 
e86728. https://doi.org/10.1371/journal.
pone.0086728

[58] da Silva A, Cunha, et al. Computational 
identification and comparative analysis of 
MiRNA precursors in three palm species. 
Planta. 2016;243(5):1265-1277

[59] Somyong S et al. ACC oxidase and 
MiRNA 159a, and their involvement 
in fresh fruit bunch yield (FFB) via 
sex ratio determination in oil palm. 
Molecular Genetics and Genomics. 
2016;291(3):1243-1257

[60] Huili H, Gudimella R, Ong-Abdullah M, 
Harikrishna JA. Expression of microRNAs 
during female inflorescence development 
in African oil palm (Elaeis guineensis 
Jacq.). Tree Genetics and Genomes. 
2017;35(13):1-17. https://doi.org/10.1007/
s11295-017-1120-5

[61] Gao LC et al. EgmiR5179 from the 
mesocarp of oil palm (Elaeis Guineensis 
Jacq.) regulates oil accumulation by 
targeting NAD transporter 1. Industrial 
Crops and Products. 2019;137(October 
2018):126-136. DOI: 10.1016/j.
indcrop.2019.05.013



The Role of Noncoding RNAs in the Response of Oil Palm Plants to Abiotic Stresses
DOI: http://dx.doi.org/10.5772/intechopen.105898

17

[62] Zheng Y, Chen C, Liang Y, 
Sun R, Gao L, Liu T, et al. Genome-
wide association analysis of the lipid 
and fatty acid metabolism regulatory 
network in the mesocarp of oil palm 
(Elaeis guineensis Jacq.) based on small 
noncoding RNA sequencing. Tree 
Physiology. 2019;39(3):356-371.  
DOI: doi.org/10.1093/treephys/tpy091

[63] Tregear JW, Richaud F, Collin M, 
Esbelin J, Parrinello H, Cochard B, et 
al. Micro-RNA-regulated SQUAMOSA-
PROMOTER BINDING PROTEIN-
LIKE (SPL) gene expression and 
cytokinin accumulation distinguish 
early-developing male and female 
inflorescences in oil palm (Elaeis 
guineensis). Plants (Basel, Switzerland). 
2022;11(5):1-16, 685. https://doi.
org/10.3390/plants11050685

[64] Salgado et al. The early response of 
oil palm (Elaeis guineensis Jacq.) plants to 
water deprivation: Expression analysis of 
miRNAs and their putative target genes, 
and similarities with the response to 
salinity stress. Unpublished

[65] Chuammitri P, Vannamahaxay S,  
Sornpet B, Pringproa K, Patchanee P.  
Detection and characterization of 
microRNA expression profiling and 
its target genes in response to canine 
parvovirus in Crandell Reese Feline Kidney 
cells. PeerJ. 2020;8:1-25, e8522. https://doi.
org/10.7717/peerj.8522

[66] Khaksefidi, Reyhaneh Ebrahimi 
et al. 2015. “Differential expression 
of seven conserved MicroRNAs in 
response to abiotic stress and their 
regulatory network in helianthus 
annuus.” Frontiers in Plant Science 
6(September): 1-14.

[67] Zhang B, Wang Q. MicroRNA, a new 
target for engineering new crop cultivars. 
Bioengineered. 2016;7(1):7-10. DOI: 
10.1080/21655979.2016.1141838

[68] Zhu QH, Wang MB. Molecular 
functions of long non-coding RNAs in 
plants. Genes. 2012;3(1):176-190

[69] Hajyzadeh M, Turktas M,  
Khawar KM, Unver T. MiR408 
overexpression causes increased 
drought tolerance in chickpea. Gene. 
2015;555(2):186-193. DOI: 10.1016/j.
gene.2014.11.002

[70] Ma C, Burd S, Lers A. MiR408 is 
involved in abiotic stress responses 
in arabidopsis. Plant Journal. 
2015;84(1):169-187

[71] Zhao J et al. Transgenic creeping 
bentgrass overexpressing osa-MiR393a 
exhibits altered plant development 
and improved multiple stress 
tolerance. Plant Biotechnology Journal. 
2019;17(1):233-251

[72] Baek D et al. A role for arabidopsis 
MiR399f in salt, drought, and ABA 
signaling. Molecules and Cells. 
2016;39(2):111-118

[73] Ferdous J et al. Drought-inducible 
expression of Hv-MiR827 enhances 
drought tolerance in transgenic barley. 
Functional and Integrative Genomics. 
2017;17(2-3):279-292

[74] Aukerman M. Drought tolerant 
plants and related constructs and 
methods involving genes encooing 
MIR827. 2013;1(61)

[75] Aukerman M, Park W. Drought 
tolerant plants and related constructs 
and methods involving genes encoding 
MiR827. 2008;1(19). Available from: 
https://patents.google.com/patent/
US20090165168A1/en

[76] Sunkar R, Zhu JK. Novel and stress-
regulated MicroRNAs and other small 
RNAs from. Arabidopsis Plant Cell. 
2004;16(August 2004):2019



Recent Advances in Non-Coding RNAs

18

[77] Man Z, Hong L. Role of 
microRNA319 in creeping bentgrass 
salinity and drought stress response. 
Plant Signaling and Behavior. 
2014;9(4):e28700, DOI:10.4161/
psb.28700

[78] Raj KJ, Swati M, Urmila B, 
Muhammad HR, Nat NVK. Genome wide 
identification and functional prediction 
of long non-coding RNAs responsive 
to sclerotinia sclerotiorum infection in 
brassica napus. PLoS One. 2016;11(7):1-
19. DOI: 10.1371/journal.pone.0158784

[79] Matzke MA, Rebecca AM. 
RNA-directed DNA methylation: 
An epigenetic pathway of increasing 
complexity. Nature Reviews Genetics. 
2014;15(6):394-408. DOI: 10.1038/
nrg3683

[80] Wierzbicki AT. The role of long 
non-coding RNA in transcriptional 
gene silencing. Current Opinion in 
Plant Biology. 2012;15(5):517-522. 
DOI: 10.1016/j.pbi.2012.08.008


