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PLANT-ENVIRONMENT INTERACTIONS

Magnesium Oxide nanoparticle effect on the growth, development, and
microRNAs expression of Ananas comosus var. bracteatus
Mark Owusu Adjei , Xuzixin Zhou, Meiqin Mao, Yanbin Xue, Jiawen Liu, Hao Hu, Jiaheng Luo, Huiling Zhang,
Wei Yang, Lijun Feng and Jun Ma

College of Landscape Architecture, Sichuan Agricultural University, Chengdu, People’s Republic of China

ABSTRACT
The use of nanoparticles in the appropriate portion to increase plant growth and development is an
ongoing biological process. However, its exposure in an inconsiderable proportion become stressful
and plant uses diverse regulatory mechanisms such as gene expression and miRNAs regulation to
attain their cellular homeostasis. This study documented the influence of MgO NPs on genes and
miRNAs expression, cell morphology, chlorophyll content, and physiological changes in Ananas
comosus var. bracteatus at different treatment levels. It’s found that as MgO NPs exposed to the
plant’s increased, the average root length, average biomass, and average leaf length significantly
decreased. A low concentration of MgO NPs (1 g/mL) increased the chlorophyll content of leaves,
while 2 and 4 g/mL decreased it significantly. A 4 g/mL of MgO NPs increased the expression of
miR-396 and miR-398 extremely, while repressed the expression of RHS12 and XTH genes
significantly. Furthermore, the number of vascular bundles of root stele decreased obviously under
4 g/mL MgO NPs. 20 nm MgO NPs may have a destructive influence on the growth and
development of Ananas comosus var. bracteatus by inhibiting chlorophyll.
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Introduction

Nanoparticles are an ongoing prospering interdisciplinary
part of research used in various fields (Ditta 2012). They
can empower advanced applications in plants such as
speed up a chemical reaction, pesticide exploitation, additive
to feed, and proficient use as micronutrients (Srilatha 2011).
Nanoparticles have prevalent physicochemical features such
as high surface-to-volume proportion and size structure
attributes (Khot et al. 2012). In effect, they are progressively
applied in plants as an antibacterial agent, disinfectants, and
micronutrients, which serve to improve quality plants (De
et al. 2008). However, research reports have indicated that,
once the nanoparticle is absorbed in an ambient environ-
mental medium, the nanoparticles’ biotransformation may
either improve or pose a menace to living organisms in
that medium (Khan et al. 2019). Nanoparticles may not be
as environmentally friendly as they are sometimes claimed
or perceived to be (Monica and Cremonini 2009). There is
still controversy about whether nanoparticles may serve as
a threat to or somehow disrupt a plant’s biochemical pro-
cesses (Song and Kim 2009). They must still be properly eval-
uated to determine their appropriate mode of application
(Gericke and Pinches 2006). Research publications have
reported on the uptake, influence, and buildup of different
nanomaterials in plants, such as rice, bean, wheat, tomato
(López-Vargas et al. 2018), watermelon (Dimkpa et al.
2018), and model plant tobacco (Liang et al. 2013). Neverthe-
less, knowledge in this area remains undeveloped. Moreover,
the studies above reported the unclear influence of applying
different nanomaterials on the plants (Mehmood 2018). For
instance, the physiological reaction and nitrogen

photoreduction was improved after rice plants exposed to
10 mg/L of TiO2 nanoparticles (Haider et al. 2017). Alterna-
tively, after the treatment of Eruca sativa with 50 ppm of Ag
NPs to evaluate phytotoxicity, the metabolic modification
increased (Beyene et al. 2017). Moreover, no significant
change in seed germination after the growth medium was
treated with ZnO NPs (Maruthupandy et al. 2017). Interest-
ingly, a nanoparticle’s influence on a particular plant differs
based on species types, environmental conditions, (Imada et
al. 2016) and plant physiological features (Ma et al. 2010).
Overall, around this is a critical quantity of the nanoparticle
required to which the plant will either grow, respond to
growth negatively, or the plant record it as stress (Seil and
Webster 2012). Other results have generally confirmed that
plants exposed to low nanoparticle concentration grew better
than the control (Burklew et al. 2012). Others suffered lethal
effects at higher concentrations (Liu 2006; Rai et al. 2018).
However, there is a healthy relationship between metab-
olism, photosynthesis, plant growth, and nanoparticle con-
centration (Da Costa and Sharma 2016). Ananas comosus
var. bracteatus is a perennial herbaceous monocot plant
from Bromeliaceae’s family and subfamily of Bromelioideae.
It is one of the five varieties of Ananas comosus (d’Eecken-
brugge et al. 2011). Its cultivation is commercially obtained
in the tropics and subtropics (Aradhya et al. 1994). Ananas
comosus var. bracteatus has bright, colorful leaves and attrac-
tive red fruit cultivated as an ornamental plant (Zucchi et al.
2019). Parts are of a high source of quality fiber (Souza et al.
2018). Over the years, Ananas comosus var. bracteatus was
domesticated from the wild and has been studied to monitor
the plant’s bio-physiological growth (Hamad 2009).
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However, less is known about the possible effect of nanopar-
ticles on its growth and environment. Moreover, the tissue-
cultured shoots of Ananas comosus var. bracteatus are not
strong and the leaves look yellow-green. It is important to
make it stronger. Among the enormous types of nanomater-
ials, magnesium oxide nanoparticles (MgO NPs) can be non-
toxic, easy to obtain, and useful to plants (Pugazhendhi et al.
2019). MgO NPs have better antibiotic resistance ability to
reduce contamination and enhance plant tissue growth
(Singh 2018). It has good influence on plant growth features
such as improving photosynthesis ability to increase chloro-
phyll contents (Raliya et al. 2014), bacterial resistance (Cai,
Chen, et al. 2018), and it may improve the quality of the tis-
sue culture shoots of Ananas comosus var. bracteatus. MiR-
156, miR-157, miR-159, miR-162, miR-169, miR-172, miR-
396, miR-397, and miR-398 have already been identified as
influencing plant growth and response to environmental
stress (Plaksenkova et al. 2019). With that, we selected
them to evaluate their regulatory expression level on Ananas
comosus var. bracteatus exposed to MgO NPs stress. We also
assayed stress-related genes, root hair specific, and cell wall
genes to evaluate their expression level on Ananas comosus
var. bracteatus exposed to MgO NPs. In this study, we
measured the impact of MgO NPs delivered by root appli-
cation on Ananas comosus var. bracteatus. We particularly
focused on how the MgO NPs influence the growth and
development of Ananas comosus var. bracteatus and the
expression pattern of the related genes and miRNAs
expression role during the treatment period. To our knowl-
edge, this study is the first to provide a detailed assessment of
the effects of nanoparticles on Ananas comosus var.
bracteatus.

Materials and methods

Characterization of MgO nanoparticles

The MgO NP was synthesized at Beijing Innovative
Microscopy Centre by a colloidal method at room tempera-
ture, according to Martínez-Mera et al. (2007). The particle
size is 20 nm.

Tissue culture plant growth, growth medium, and
treatments

The base part of the complete green of Ananas comosus var.
bracteatus (Figure 1(A)) was first regenerated in Murashige
and Skoog medium (MS, with sucrose 30 g/L and agarose
7 g/L, at pH 5.8). It was supplemented with 6-BA 3 mg/L,

and NAA 2 mg/L to induce callus and the callus was regen-
erate into shoots (Figure 1(B)). The regenerated plantlets
with five to six leaves (Figure 1(C)) were used as material
for the whole experiments.

Subsequently, the shoots (Figure 1(C)) were grown in MS
medium for one week then transferred into a growth med-
ium (Figure 3(B)) with the following measurements of
MgO NPs and control. The MgO NPs were suspended in
100 mL deionized water to obtain the final suspension con-
centration of 1 g/mL (T1), 2 g/ml (T2), and 4 g/ml (T3) for
experimental use. Biases were curbed by measuring an
equal quantity of medium with the designated concen-
trations of MgO NPs measured for each plant pot (Figure
3(B)) in 2.5 in/6 cm standard square plant pot. 50 healthy
of these plants were selected randomly for each treatment
and placed under 16 h day/8 h night cycle at room tempera-
ture for six weeks.

Morphological parameters

A destructive measurement technique was used to obtain the
physiological data for all the treatments. All the treatments
were conducted with a minimum of three replicates. The
growth features differentiation of the exposed plants; thus,
leaf length, root length, growth rate, and biomass were deter-
mined. The leaf length was measured from the pointy part at
one end of the leaf to where the leaf joins at the other end.
The grid intersects technique was employed for the root
length. Briefly, the root is traced on paper with the help of
a ruler. The growth rate and the biomass were determined,
according to Wang et al. (2013) and Menzel et al. (2009),
respectively.

Chlorophyll content

The leaves of all the exposed plants were used for chlorophyll
determination at the end of the sixth week. The chlorophyll
extraction and detection were conducted as described (Raliya
et al. 2015). The chlorophyll a, chlorophyll b, and total chlor-
ophyll contents were assessed accordingly.

Microscope observation

Mature root, stem, and leaf samples from control and MgO
NPs treated plants were prepared for anatomical observation
under light microscopy by paraffin section. Samples were
soaked in 70% FAA constituting, ethanol formaldehyde,
and acetic acid in their respective compositions. They were

Figure 1. Plant materials of Ananas comosus var. bracteatus used in this study, (A) the base part of the tissue culture shoots used for callus induction, (B) callus with
small shoots, and (C) shoot used for the experiment.
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then dehydrated, embedded in parafilm, and sliced. Finally,
the samples were stained and observed under a microscope
(OLYMPUS Model BX53F, DP80-TOKYO).

Selection of stress-related miRNAs

About nine miRNAs were selected for this work. Many miR-
NAs have been previously been reported to be involved in
responses to stress in different plants. MiRNAs from Ananas
comosus and other plants were reported to function in
response to stress. However, some of these selected miRNAs
were not found in Ananas comosus, so we looked for their
target gene used in other plants and identified the genes in
the Pineapple Genomics Database (http://pineapple.
angiosperms.org/pineapple/html/index.html) and NCBI to
predict these target’s and miRNA’s similar functions in Ana-
nas comosus (Table 1).

RNA extraction

After treated for six weeks, the plants were harvested, kept in
liquid nitrogen, and stored in −80°C freezer for RNA extrac-
tion. MirVana miRNA Isolation Kit (Ambion, Austin, TX)
was used to extract RNA according to the production proto-
col. The quality and quantity of the RNA were measured by
Nanodrop ND-1000 (Nanodrop Technologies).

Analysis of the miRNAs using qRT-PCR

To quantify the miRNAs in Ananas comosus var. bracteatus,
we used a stem-loop real-time PCR, miRNA qPCR Kit
(SYBR Green), according to the manufacturer’s instructions.
In this assay, the mature miRNAs were reverse transcribed
into longer single-stranded cDNA sequences using a
miRNA-specific stem-looped primer, and then, the qRT-
PCR was then performed. In summary, a single-stranded
miRNA cDNA sequence was generated from 1 mg of the
total RNA collected from each treatment. The cDNA was
generated with Mir- XTM miRNA First Strand cDNA Syn-
thesis Reverse Transcription Kit with the miRNA-specific
stem-looped RT primer provided. Tubulin was used as a
reference gene to normalize the expression values on three
replicates for each treatment and gene. Each biological

replicate was strictly duplicated to limit the chances of
error. The results were analyzed using ΔΔCT method. All
graphs of parameters were made using Prism 5.

Data analysis

Statistical evaluation for all parameters was subjected to Gen-
Stat statistical analyzing software. The data were represented
as the mean values ± SD (standard error). The significance
values were tested for each treatment using a one-way
ANOVA test with an LSD posthoc test. All treatments
were tested with a 95% confidence interval.

Results and discussions

The effect of MgO NPs on the growth and
development of Ananas comosus var. bracteatus

The potential effect of nanoparticles on the plant’s biological
processes is gaining ground. MgONPs show a negative influ-
ence on the growth of Ananas comosus var. bracteatus plants
(Figure 2). After six weeks of growth with different concen-
trations of MgO NPs, the exposed plants show an apparent
decrease in the root length, biomass, and leaf length. MgO
NPs affected the leaf length significantly. In the control, the
average leaf length was 25.8 mm, while the average leaf
lengths of T1, T2, and T3 plants were 23.1, 19.3, and
16.00 mm, respectively (Figure 2(A)). As the concentration
of MgO NPs increases, the inhibiting effects on the root
growth increased. For T1 and T2 plants, the average root
length decreased to 14.8 and 12.0 mm, and significantly
lower than that of the control (17.0 mm). The average root
length of T3 exposed plants was only 0.6 mm, significantly
lower than the control, T1, and T2 plants (Figure 2(B)).
When the MgO NPs concentration is higher than 2 g/mL,
the inhibiting effects on the root growth increased appar-
ently. The growth rate of the control group was represented
as 98%. However, the average growth rate of the treatment
groups was represented as 90%, 83%, and 80%, respectively.
MgO nanoparticle supplementary had negative influences on
biomass increase of the plants. The average biomass per plant
for the control group was 18.6 mg, while the three treatment
groups were 16.3, 14.8, and 13.1 mg, respectively (Figure 2

Table 1. List of miRNA used in the research.

MicroRNAs Function (Stress Conditions) Responds Validated/putative targets Plant species Reference

miR-156 Heat/ Salt stress/ Drought
stress

Down Squamosa-promoter-binding protein
TFs /SBP/SPL genes

Ananas comosus/
Arabidopsis

Yew and Kumar (2010); Wu and
Poethig (2006); Arshad et al.
(2018)

miR-157 Boron stress/ Drought stress Down SBP gene, Arabidopsis/ Barley
leaves

Wu et al. (2009); Ozhuner et al.
(2013)

miR-159 Biotic defense/Copper stress Up GAMYBL1 Ananas comosus,
Grapevine

Yew and Kumar (2010); Jiu et al.
(2019)

miR-162 Heat stress responses/
Drought

Down Endoribonuclease Dicer homolog 1
(Dicer-like1)

Ananas comosus/
Arabidopsis

Yew and Kumar (2010); He et al.
(2019)

miR-169 Oxidative stress/ Drought Up CBF/DREBs transcription factors (TFs)
and Cytochrome C Oxidase Subunit
5B

Ananas comosus/
Arabidopsis

Moradi and Khalili (2018); Yew and
Kumar (2010)

miR-172 Drought stress Up 6 AP2-like gene Ananas comosus/Zea
mays/ Arabidopsis

Wu et al. (2009); Yew and Kumar
(2010)

miR-396 Drought stress Up Rhodenase-like protein, kinesin-like
protein B

Ananas comosus Yew and Kumar (2010); Debernardi
et al. (2012)

miR-397 Oxidative stress/salicylic
acid/regulation of
secondary cell wall

Up Laccase Arabidopsis/ Ananas
comosus

Dong and Pei (2014); Avallone et al.
(2003)

miR-398 Oxidative stress/Copper/
Zinc/ Chilling effect

Up Copper SOD enzyme, superoxide
dismutase

Arabidopsis /Ananas
comosus

Ding et al. (2010); Nukuntornprakit
et al. (2015)
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(D)). It is suggested that the application of MgO NPs inhibit
the root growth of Ananas comosus var. bracteatus and this
may result in the decrease of leaf growth and plant biomass.
High concentration titanium dioxide and zinc oxide nano-
particles decreased root length and the physiological appear-
ance of tomato (Raliya et al. 2014) Studies have shown that
the primary mode related to plant introduced to MgO NPs
stress is the root elongation and development (Ma et al.
2010). More importantly, the reduction in root length and
leaves length results were derived from Sargassum wightti
under an increase in MgO NPs concentration (Pugazhendhi
et al. 2019).

Effect of MgO NPs on leaf chlorophyll content

The chlorophyll content of T1 plant leaves increased signifi-
cantly from 0.714 to 0.976 mg/g compared with the control,
similar in chlorophyll a with higher value in T1 than the con-
trol and other treatments. Moreover, the chlorophyll b of T2

increased comparing to the control and other treatment

(Figure 3(A)). Generally, after the exposure of Ananas como-
sus var. bracteatus to 2 and 4 g/mL of MgO NPs for six weeks,
the Chl content decreased compared with the 1 g/mL and con-
trol. The results suggested that a low concentration of MgO
NPs increased the biosynthesis of chlorophyll in leaves whiles
a high concentration decreased the chlorophyll content
(Figure 3(A)). The Chl content was used as an indicator to
evaluate the photosynthetic performance of plants. Mag-
nesium (Mg) is an important component of the chlorophyll
and photosynthesis process, low concentration supply of Mg
has a positive effect but a relatively high concentration inhib-
ited the biosynthesis of chlorophyll (Moynier and Fujii 2017).
Chlorophyll is required during photo-assimilation, photopho-
sphorylation with ATP formation (Cai, Lui, et al. 2018), and
photo-oxidation in leaf tissues and oxygen reactive plant
species (Moynier and Fujii 2017). The interaction of the
NPs with photosystems can then enlarge and create root
pores simultaneously (Martínez-Fernández et al. 2016). Low
concentration supplementary of MgO NPs increased the
light reactions of photosynthesis, and the enhanced

Figure 2. Effects of MgO NPs on the growth and development of Ananas comosus var. bracteatus. Different letters denote statistical significance within p-value <.05.

Figure 3. Effects of MgO NPs on the growth and development of Ananas comosus var. bracteatus. (A) Effect of the different MgO NPs concentrations on the
chlorophyll content of leaves. (B) The phenotype of var. bracteatus plants with MgO NPs treatments. Error bars represent the standard deviation.
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photosynthetic process thereby increased the biomass in pea-
nut (Cai, Chen, et al. 2018).

Effects of MgO NPs on the anatomical structure of
Ananas comosus var. bracteatus

To assess the structural modifications in the Ananas comosus
var. bracteatus plants after exposure to MgO NPs, the samples
of roots, stems, and leaves were used for microscope obser-
vation. Since plants exposed to 4 g/mL MgO NPs for six
weeks showed considerable changes in growth compared
with the control and other treatments, it was selected to
show the anatomical structure changes. In the leaves of the
control (Figure 4(A)) and T3 (Figure 4(B)), the basic structure,
such as upper epidermis, lower epidermis, water storage tissue,
vascular bundles (xylem, phloem), and mesophylls were
intacted (Figure 4(A,B)). The cortex was normal in the stem
of control and T3 treated plants, and parenchyma cells in
the cortex regions are normal. The vascular bundles are dis-
tributed irregularly in the stele and circled by the pericycle.
Adventitious roots were generating from the stele of the
stem (Figure 4(D)). A matured Ananas comosus var. bractea-
tus root structure showed a visible epidermal tissue, cortex,
and stele. The stele is circled by pericycle cells, and the cell
wall of the pericycle cells was thickened and deeply stained
on three sides. Vascular bundles formed a circle in the center
of the roots and the cell wall of the xylem cells was thicken and
deeply stained. The number of vascular bundles in the exposed
roots to 4 g/mL ofMgONPs reduced a lot, and the size of stele
shranked apparently (Figure 4(E,F)). A high concentration of
MgO NPs showed negative effects on the root development of
Ananas comosus var. bracteatus and reduced the number of
vascular bundles and the size of stele apparently, which may
result in the decrease of the growth of the plants (York et al.

1986). There was little or no changes in cell formation of the
root, stem, or leaves treated with 250 µg/mL of MgO NPs in
Nicotiana tabacum indicating the effects of MgO NPs on the
anatomic structure is based on the concentration (Krishnaraj
et al. 2012).

MgO NPs accumulation in Ananas comosus var.
bracteatus tissues

The decrease of the average root length (Figure 2(B)) and root
vascular bundle numbers (Figure 4(F)) suggested that MgO
NPs affect root growth and development apparently. To reveal
the absorption and transportation of MgO NPs, microscopic
analysis of the leaf, stem and root of the control and T3 groups
were done as described (Imada et al. 2016). No trace of MgO
NPs content was observed in the leaf, stem, and root of control
plants (Figure 5(ACE). In the T3 treated plant tissues, almost
no trace ofMgONPs contentwas observed in the leaves (Figure
5(B)) and little traces were observed in the stem (Figure 5(D)),
while obvious traces of MgO NPs content was observed in the
root (Figure 5(F)). This suggested that the MgO NPs particles
were absorbed by the roots and accumulated in the roots, a little
was transported to the stem and almost no was transported to
the leaves. The accumulation ofMgONPs in the roots affected
the structure development and growth of the roots, which
affected the absorption function of the roots. More dominant,
the accumulation of MgO NPs observed in the lateral ends of
the roots was higher (Figure 5(D)). The accumulation of
MgO NPs in the xylem and pith tissues of tomato leading to
the outgrowth of parenchyma cells (Imada et al. 2016). The
accumulation rate of the NPs by the plant roots was influenced
by the properties of theNPs and the environmental conditions.
The changes in the anatomical structure of the root system
(Figure 4(F)) and the inhibition of the growth and elongation

Figure 4. Microscopic observation images (cross-sections) of the Ananas comosus var. bracteatus leaves (A, B), stems (CD), and root (EF) exposed to 4 g/mL (T3)
(BDF) of MgONPs and Control (ACE). Scale bar ABCD=100 μm, EF = 50 μm.
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of the roots (Figure 2(B))maybe causedby the accumulationof
the MgO NPs in the roots. Other studies, confirmed that NPs
can accumulation in the wheat root then distribute through
whole plant tissue (Krizkova et al. 2008) and the accumulation
rate by the root (Schwab et al. 2016) can be influenced by the
environmental condition (Moynier and Fujii 2017).

Changes in gene expression in MgO NPs exposed
plants

In this study, we analyzed the expression levels of stress-
related genes, root and cell development genes, such as
APX6, ADH, and RHS12, XTH, respectively. The expression
of APX6 was upregulated 1.72 fold under T1 and 2.71 fold
under T2, and then slightly decreased to 2.44 fold under
T3 compared to the control (Figure 6(A)). The upregulated
expression of the APX6 gene gave the plants the ability to
withstand the nanoparticle stress suggested in Arabidopsis
thaliana (Li et al. 2019). The expression of ADH upregulated
to 1.36 fold and 3.59 fold under T1 and T2 respectively but
decreases to 1.72 fold under T3 (Figure 6(B)). For both stress
genes APX6 and ADH, the fold change was statistically sig-
nificant, with which the genes expression at 2 g/mL showed
a massive increase compared to the control and the other
treatments (Figure 6). Previous studies have provided

evidence that over-expression of these stress tolerance
genes could aid plant growth under nanoparticle stress
(Babitha et al. 2013). We can therefore predict that APX6
and ADH gene is helpful for the tolerance of Ananas comosus
var. bracteatus plant growth under MgO NPs stress. XTH
gene expression extremely increased 5.6 folds at 1 g/mL
compared with the control, however at 2 and 4 g/mL, it
decreased significantly at 1.8 and 2.4 folds, respectively
(Figure 6(C)). It can be observed that the transcript level of
the XTH gene up-regulated under the MgO NPs stress, pro-
posing the change in the root cell structure in Figure 4(F),
thereby change in Ananas comosus var. bracteatus morpho-
logical structure. The exposure to the NPs penetrates to the
cell wall plasma membrane of the epidermal layer of the
root and to the vascular tissues (Tang et al. 2018). It is
suggested that the higher expression of xyloglucan under
1 g/mL might open up the primary and secondary cell wall
to absorb more sunlight for the photosynthesis process
hence increase in chlorophyll content (Figure 4(A)). The
expression of RHS12 was upregulated 4.2 folds in T1 and
T2 but downregulated at 4 g/mL. More importantly, at 4g/
ml of MgO NPs exposed plants, the expression of RHS12
expressed significantly lower at −1.5 fold than the control
(Figure 6(D)). These findings suggested that Ananas comosus
var. bracteatus exposing to MgO NPs experienced a

Figure 5. Microscope detection of the accumulation of MgO NP in the leaf, stem, and root of Ananas comosus var. bracteatus. Leaves, stem, and root of control
plants (ACE) and var. bracteatus under 4 g/mL MgO NP for six weeks (BDF). Bar: 100 μm.
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suppressing homeostatic phosphate enzymes action effect.
Early response to nanoparticles in Arabidopsis inhibited
root-hair development and reduction in root formation
(García-Sánchez et al. 2015). Aside from these, the decreas-
ing expression of RHS12 and XTH genes in Ananas comosus
var. bracteatus under MgO NPs stress could be attributed to
the accumulation of MgO NPs in the root. In Arabidopsis,
the nanoparticle transported in the cell wall and found accu-
mulated at plasmodesmata in the root thereby reduced the
growth (Geisler-Lee et al. 2012).

MgO NPs changed microRNAS expression in Ananas
comosus var. bracteatus

Plants specifically respond to environmental stress through
their molecular pathways such as miRNAs. In plants, the
miRNAs are post-transcriptional regulators and mediators
of gene expression (Ding et al. 2013). The key mediatory fac-
tor of miRNAs in gene expression is the ability to respond to
stress (Atkinson and Urwin 2012). At 1 g/mL/T1, all the
tested miRNAs were upregulated except miR-159, and
miR-162, which downregulated (Figure 7). However, at T2

and T3 all the selected miRNAs upregulated except miR-
396. The expression level of miR-159 and miR-162 were
downregulated significantly in response to low (1 mg/L)
MgONPs exposure (Figure 7(CD)). However, the expression
of the remaining miRNAs listed increased in fold change at
4 mg/L MgO NPs treatment except for miR-397. Under
4 g/mL of MgO NPs, miR-398 and miR-396 showed greater
fold change than other treatments with an average fold
change in expression of 6.4 and 13.8 respectively (Figure 6
(GI)). In T2, miR-397 and miR-398 show a much greater
change in fold than all the other miRNAs (Figure 7(HI)),
but miR-396 was downregulated compare to control. Many
biological functions in plants were the results of miRNAs

expression and stress responses. These miRNAs regulated
the expression of a specific target gene by the demands for
growth and responses to stress, such as drought (Ding
et al. 2013), salinity (Xie et al. 2015), and heavy metals
around the plant growth environment (Zhou et al. 2008).
In this study, the miRNAs expression results show that
miR-159, miR-162, miR-169, miR-397, and miR-398 signifi-
cantly upregulated as MgO NPs concentration increased,
thus the expression level was dependent on the concen-
tration of the nanoparticles. At 1 g/mL of MgO NPs, miR-
159, and miR-162 downregulated, but miR-172, miR-157,
miR-398, and miR-156 upregulated with the greatest change
in fold representing 4.2, 1.5, 1.6, and 1.9, respectively. These
miRNAs high expression levels indicate there may be some
molecules or pathways responding to MgO NPs stress in
Ananas comosus var. bracteatus. MiR-159 is known to
respond to drought during seed germination (Reyes and
Chua 2007). Seeds imbibe water to reduce the abscisic acid
level to help the seed take water to initiate germination (Ye
et al. 2012). The presence of drought increased ABA level
then germination is denied. miRNA-159 targeted two MYB
transcription factors (MYB101, MYB33), and ABA
expression is suppressed making the Arabidopsis seedlings
hypersensitive (Reyes and Chua 2007). The decrease
expression of miR-156 produced fewer leaves in Arabidopsis
(Wu and Poethig 2006). The high expression level of miR-
156 in all the MgO NPs treatments leads to less leaf length
in var. bracteatus (Figure 2). In miRNA biogenesis,
miRNA-162 target Dicer-Like 1 protein during miRNAs
maturation process, the Dicer protein cleave to pri-miRNA
into pre-miRNA to become mature miRNA (Kidner and
Martienssen 2005). Interestingly, miR-169 was downregu-
lated to enhance drought tolerance in tomato stomata to
reduce transpiration (Zhang et al. 2011). Overexpression of
miR-172 altered leaf morphology and roots phloem

Figure 6. Average fold changes in expression of stress, root hair and cell wall related genes in Ananas comosus var. bracteatus plants exposed to MgO NPs. Error
bars represent standard errors.
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development (Tang et al. 2018). The great changes of miR-
172 expression may function in the alternation of the root
morphology and structure at high MgO NPs stress.

Moreover, miR-396 is known to function in cell prolifer-
ation and drought tolerance in Arabidopsis (Rodriguez et al.
2010) and tobacco (Yang and Yu 2009), respectively. In

Figure 7. Average miRNAs fold changes in expression in Ananas comosus var. bracteatus response to MgO NPs treatments (0/CTL, 1 g/mL/T1, 2 g/mL/T2, and 4 g/
mL/T3). Values are mean of replicates with SD. Statistical significance is denoted by letters a–d. Changed in the letters denote statistical significance.
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Arabidopsis, the expression of miR-396 and TCP4 increased,
then the deceleration of cell proliferation decline in the seed-
lings’ growth and development (Rodriguez et al. 2010). Simi-
larly, miR-396 was upregulated to drought stress in tobacco,
leading to reduced leaves stomatal index. The upregulation
of miR-396 in Ananas comosus var. bracteatus plants under
4 g/mL of MgO NPs stress may be attributed to the decrease
of root cell proliferation (Figure 4(F)), roots, and leaves
length (Figure 2(AB)). In many cases, such as photosynthetic
electron transport in the chloroplast, drought stress, and
inadequate nutrient response, miR-397 is beneficial in
these areas in plant growth (Abdel-Ghany and Pilon 2008).
Copper starvation decreased the growth rate while miR-
397 was upregulated in Arabidopsis seedling (Burkhead
et al. 2009). It can be deduced that miR-397 might play a
similar role in Ananas comosus var. bracteatus, as it is upre-
gulated under MgO NPs treatments. Furthermore, at 1 g of
MgO NPs stress, the upregulation of miR-397 may function
in the chlorophyll content increasing in T1 plants (Figure 3
(A)). miR-398 upregulated at 4 g/mL of MgO nanoparticles
with 13.8 fold significantly higher than other treatments
(Figure 7(I)). Similar results in Arabidopsis of dynamic regu-
lation of miR398 in response to ABA and salt stress (Jia et al.
2009). Similar results Arabidopsis that copper treatment
increased plant biomass and miR-398 expression level
(Zhu et al. 2011). It is suggested that the expression changes
of these miRNAs may play important roles in the growth and
development change of var. bracteatus under MgO NPs
stress.

Conclusion

This study suggested that MgO NPs treatments had negative
effects on the growth and development of Ananas comosus
var. Bracteatus. The supplementary of MgO NPs downregu-
lated the chlorophyll content of the leaves and decreased the
growth of the leaf and root. The MgO NPs is absorbed by the
roots and mostly accumulated in the roots after six weeks of
culture. A high concentration of MgO NPs inhibited the vas-
cular bundle formation of the roots. The expression of the
resistance-related, root development-related miRNAs chan-
ged significantly under MgO NPs treatment specifically at
4 g/mL. We Future research can be performed to clarify
the biochemical mechanisms of nanoparticle impact on
plant chlorophyll degradation, cell degranulation, and sev-
eral gene expression from the treated plants.
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