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Abstract. Khairatunnisa F, Salamah A, Maryanto AE. 2023. Analysis of performance and gene OsFER1 expression of six rice varieties
with FeSOs stress treatment. Biodiversitas 24: 1391-1399. Efforts to meet rice needs in Indonesia can be made through an
extensification program. New paddy fields generally have a high FeSO4 content, so rice varieties resistant to these conditions are
needed. This study aims to evaluate the growth of lowland rice varieties under FeSQOa stress and to analyze the expression of a gene that
plays a role in iron storage, namely the OsFER1. Six lowland rice varieties, namely Ciherang, Inpari 42, Inpari 30, Sunggal, Logawa,
and Cibogo were grown on media with 0 and 400 ppm FeSQas applications. The plant height, leaf bronzing score, and the number of
filled grains produced were observed to determine the effect of FeSO4 administration on the agronomic performance of rice. The
OsFERL1 gene expression ratio was analyzed using real-time PCR. The best plant height at 400 ppm FeSQO4 was found in the Inpari 30
variety (40.3 + 0.49 c¢m), with a leaf bronzing score was 1. The Inpari 30 also produced grain at 400 ppm FeSO4. Molecular analysis
showed that the highest OsFER1 expression was found in the Inpari 30 grown at 400 ppm FeSOa. Based on morphological and

molecular observations, Inpari 30 is tolerant to FeSQOg stress.

Keywords: Agronomic performance, FeSQOa stress, Inpari 30, OSFER1 gene expression, rice

INTRODUCTION

Rice (Oryza sativa L.) is one of the most important
cereal crops in the world in terms of annual production and
provides the staple food for around half of the world’s
population (GRiSP 2013). As the food needs of the
Indonesian population, rice in Indonesia has never subsided
in production and consumption is increasing from year to
year in accordance with the increase in population (Nizar
and Abbas 2019). The total rice production in Indonesia is
32.07 million tons which have not been able to cover the
needs of the Indonesian people, so Indonesia still imports
326.450 tons of rice (BPS 2022). To meet the food needs of
a population whose numbers continue to increase, efforts to
increase rice production are a top priority in agricultural
development in Indonesia (Suwarno 2016). An effort to
meet the rice demand in Indonesia is needed, such as
extensification, one of which is by utilizing new paddy
fields. Newly opened paddy fields have the characteristics
of high levels of FeSO4, which can inhibit rice growth. So
rice varieties that are resistant to these conditions are
needed (lhsan 2016).

Iron (Fe) toxicity is one of the major mineral disorders
affecting rice production (Rakotoson et al. 2019). High
levels of Fe cause oxidative stress that can cause damage to
several biological macromolecules (Galaris et al. 2019).
Homeostasis of Fe must be tightly regulated in plants. Too
much Fe causes cell death and is toxic to cells. It is

therefore, mandatory for plants to overcome the often-
restricted availability of soil iron through strategies that
increase the mobility of Fe (Schmidt et al. 2020).

Rice genotypes varied in their resistance to excess Fe.
Some rice cultivars rely on evasion mechanisms, limiting
Fe uptake and especially Fe translocation to shoots, while
others are quite tolerant of high leaf Fe concentrations.
Therefore, plants have evolved mechanisms to maintain Fe
homeostasis when Fe concentration is high (Sperotto et al.
2012; Ricachenevsky et al. 2018). One of the proteins that
can maintain homeostasis in this condition is ferritin
protein, an iron storage protein that acts as a buffer for iron
in cells by storing this ion in a non-toxic and bioavailable
form. Furthermore, regulation of ferritin gene expression in
response to iron excess occurs at the transcriptional level in
plants (Kobayashi et al. 2019).

Ferritin contents in rice grains are different for each
variety because genes responsible for ferritin protein
synthesis have a very large family (Nugraha et al. 2016;
Pandey et al. 2018). Ferritin expression is different in each
rice genotype, and the resistance to iron toxicity is related
to Fe translocation and depends on the Fe contained
(Carmona et al. 2021). The differences in the ability of rice
genotypes to express ferritin protein at the molecular level
can be detected by looking at the quantitative frequency of
ferritin gene expression by analysis using gPCR. Previous
research on ferritin genes has only analyzed ferritin gene
sequences of tidal wetlands rice varieties, such as Bakung,
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Siputih, and Serei (Roslim et al. 2013). However, no
research has been found linking the lowland rice genotype
performance for ferritin gene expression on FeSO,
resistance. Hence, the present research aims to evaluate six
lowland rice growth performances (Ciherang, Inpari 42,
Inpari 30, Sunggal, Logawa, and Cibogo) under FeSOa
stress and to analyze their OSFER1 gene expression.

MATERIALS AND METHODS

Time and location of research

The research was conducted from August 2021 until
June 2022 in the Greenhouse, Molecular Biology
Preparation Laboratory, and Integrated Instrumentation
Laboratory, Department of Biology, Faculty of
Mathematics and Natural Sciences, Universitas Indonesia,
Depok, West Java, Indonesia.

Plant materials

The materials used in this study were seeds from 6 rice
varieties, namely Ciherang, Inpari 42, Inpari 30, Sunggal,
Logawa, and Cibogo, which were obtained from the Seed
Source Service Unit (UPBS) of the Agricultural Research
and Development Agency (BPTP), East Java, Indonesia.

Research design

The research design used was a completely randomized
design (CRD) consisting of 2 FeSO, treatments, i.e. 0 and
400 ppm on six rice varieties (12 treatment combinations).
Each treatment consisted of 3 replications, and each
replication consisted of 2 rice plants, with a total of 72
plants used.

Procedures
FeSOy-stress treatment and growth performance observation
Rice seeds were sown in containers containing
Lembang soil media. The rice seedling was transferred to
the prepared bucket container after 21 days, then treated
with FeSQ4. There were 2 rice plants in each bucket for
each treatment. Rice plants were maintained in a
greenhouse by controlling the inundation volume to keep it
constant at 1 cm from the surface of the growing media by
adding aquadest. Routine control was carried out to keep
plants pest free. Inorganic fertilizers of NPK 16:16:16 were
given 21 and 42 days after planting (DAP). The growing
media's light intensity, humidity, and pH were measured

Table 1. Classification of 7 levels of leaf bronzing scores
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every weekend during the growing period. There were 3
agronomic characteristics observed, namely: (i) the plant
height per week was measured since the rice was two
weeks old. The final plant height was evaluated at week 10
after planting by measuring the plant height from the
planting boundary of the soil to the tip, (ii) the leaf
bronzing symptoms were scored according to Shimizu et
al. (2005) (Table 1), and (iii) the number of grains per
panicle started to be counted at 143 DAP.

Total RNA Isolation, cDNA synthesis, and real-time PCR

Total RNA isolation and cDNA synthesis from rice
leaf samples were done in the Molecular Biology
Preparation Laboratory and Integrated Instrumentation
Laboratory at the Department of Biology Universitas
Indonesia, Depok. Rice leaves of 10 weeks of plant (30-60
mg) from each treatment were isolated using the Plant
Total RNA Extraction Miniprep System Kit (Viogene)
following the manufacturer’s manual kit. The purity of
total RNA and its concentration were measured with a
NanoPhotometer® and spectrophotometer (Implen). The
integrity of total RNA was checked with 1% agarose gel
electrophoresis stained with GelRed (1 uL/20 mL agarose).
The agarose gel was then visualized under trans-UV light
using a UV light box (Analytikjena).

The cDNA synthesis was carried out according to the
Revertra-Ace gPCR-RT Master Mix protocol with gDNA
Remover [Toyobo] kit by adding 2 pL. RNA template,
NFW 6 pL, and 5X RT Master Mix Il until a total volume
of 10 puL. The cDNA of 0.5 puL was then used in real-time
PCR reaction by adding KAPA SYBR FAST qPCR Master
Mix, 2X of 10 pL, forward primer (10 uM) of 0.4 pL,
reverse primer (10 uM) of 0.4 pL, and NFW until a total
mixing volume of 20 pL. Real-time PCR amplification with
OsFER primers forward 5’TCACTCTTCACCCGCCGCG’3
and reverse 5> TCGACGAACTTTTGCCTAGC ’3 (Stein
et al. 2009) was performed using MyGo mini real-time
PCR machines (IT-IS) by applying enzyme activation for 3
minutes at 95°C and 40-45 cycles of denaturation,
annealing, and extension (data acquisition) for 3 seconds at
95°C, 20 seconds at 53°C, and 20 seconds at 72°C,
respectively. The appropriate number of PCR cycles was
determined for each gene to ensure that amplification
occurred in the linear range. Amplification of o-TUB
cDNA was used to normalize the data (Yang et al. 2015).

Percentage
Score Symptoms of poisoned Slzt/?esls

leaves (%)

1 No symptoms 0 None

2 Growth and formation of tillers are normal, at the tips and old leaves there are reddish or orange spots 1-9 Very light

3 Growth and tiller formation is almost normal, old leaves are reddish brown, purple, or yellow-orange 10-29  Light

4 Slightly stunted growth and tillering, some leaves are brown or reddish or yellow-orange 20-49  Medium

5  Growth and tillering is stunted or stopped and many leaves (almost all leaves) are reddish brown or yellow-orange ~ 50-69  Slightly heavy

6 Almost all plants (leaves) dry up and die 70-89  Heavy

7 All plants (leaves) dry and die 90-100 Very heavy
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Data analysis

Both morphological (plant height and delta growth)
data and molecular (the relative gene expression) levels
were analyzed using two-way ANOVA with Sidak multiple
comparison test at [1=0.05 confidence level to determine
the difference in the treatment of 0 ppm FeSO, and 400
ppm FeSOs or between the two FeSO, treatments.
Statistical analysis was done using PAD-PRISM ver 8. The
average value of amplification efficiencies (E) of all real-
time PCR reactions was used to determine the E for each
target and reference gene. Q-Rex Software 1.1.0
(QIAGEN) calculated the amplification efficiency of each
reaction based on the 4 data points following the take-off
point. The take-off point is the cycle where the run
transitions into the exponential phase (Qiagen 2018).
Calculating quantification cycle (Cq) values start from the
first cycle. Cq threshold fluorescence at 0.1 was determined
to calculate Cq values. The cDNA quantity of each gene
was normalized to a-TUB (reference gene). Levels of
relative gene expression (R) were analyzed using the Pfaffl
method. The ratio of changes in target gene expression
relative (R) to the reference/housekeeping gene in the
method was calculated based on the following formula
(Pfaffl 2001) as follows:

AC
N

(EI‘E’ fE’I‘E’H{‘P)ACT reference

Acq target = Cq control, target ~ Cq treatment, target

Acq reference = Cq control, reference ~ Cq treatment, reference

Where R is the value of the relative gene expression
ratio, Erwrger Shows the amplification efficiency value of the
target gene, and Erererence Shows the value of the efficiency
of reference gene amplification.

RESULTS AND DISCUSSION

Effect of FeSO4 on plant growth and height

Referring to the weekly rice growth, all 5 varieties at 0
ppm FeSO4 treatment showed an increase in growth based
on plant height measurements up to week 6, except for
Ciherang up to week 7 (Figure 1). In the following week,
plant growth in all rice varieties began to decline, probably
due to the lack of nutrients in the growing media. Rice
treated with 400 ppm FeSO, showed normal growth like
control plants until the third week, then growth decreased
in the fourth week due to the administration of 400 ppm
FeSO, to the growing media carried out in the third week.
This decrease in growth indicates that FeSO. has begun to
be transported into plant tissues and causes toxic effects.
The application of FeSO, made plant growth in each rice
variety slower. There was a significant difference in the
growth height of control plants compared to treatment
plants in 5 varieties except in Logawa, where there was no
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significant difference in delta growth of plant height
between 0 and 400 ppm FeSO, (Table 2 and Figure 1e).

The final plant height was evaluated at week 10 after
planting by measuring the plant height from the planting
boundary of the soil to the tip. The data obtained were
calculated on average in each treatment and seen in the
standard deviation listed in Table 2, and the data is
represented in Figure 1. The results of plant height analysis
showed that the Ciherang variety was the best-growing
variety under control conditions (68.11 ¢cm), while the 400
ppm FeSO4 treatment was Inpari 30 (40.3 cm). The
multiple comparison tests also confirmed that the delta
plant height of 0-400 ppm FeSO, of Logawa was
insignificant between control and FeSO, treated plants,
indicating that the application of FeSO4 did not affect the
growth of the Logawa variety.

Effect of FeSO4 on plant leaf bronzing score

The results of leaf bronzing scores of the 6 rice varieties
used are presented in Table 3, which showed in control
plants, the Ciherang variety did not show symptoms of
stress with a score of 1, while the other 5 varieties showed
very mild stress with a score of 2. In plants treated with
400 ppm FeSOs, the Inpari 30 variety did not show any
stress with a score of 1, Ciherang, Inpari 42, and Sunggal
varieties showed very mild stress with a score of 2.
Varieties with a score of 5 were Cibogo which showed
almost all leaves are yellow-orange. The highest leaf
bronzing was observed in Logawa, with a score of 6 where
all leaves dried up and died. Cibogo and Logawa,
respectively, indicated the presence of moderate and severe
stresses of Fe in the soil.

Effect of FeSO4 on the number of grains per panicle

The effect of FeSO, application during the generative
phase is shown in Table 4 and plants that produce grain are
shown in Figure 2. Based on our observations, the
Ciherang variety begins to flower and produces grain on
day 143 after planting at 0 ppm FeSOs, while the Inpari 30
variety, on the 155th day. Inpari 30 variety flowered and
produced grains on the 171st day after planting at 400 ppm
FeSQ, treated plants.

The plants still produce rice grains even though 70
DAP receive no more water. The Ciherang variety
produced grain at 0 ppm FeSQ,, but could not produce
grain at 400 FeSO, making the variety sensitive. The
Inpari 30 variety produced grains at conditions of 0 ppm
FeSO4 and conditions of 400 ppm FeSO., the so-called
tolerant variety. The Inpari 42, Sunggal, Logawa, and
Cibogo varieties had not yet produced grains at the final
observation, so the varieties were called sensitive to FeSO4
stress. In the generative phase, the Ciherang variety
produced 72 rice grains consisting of 44 filled grains and
28 empty grains in the control treatment. In the treatment
of 400 ppm FeSO, Inpari 30 variety produced 80 grains
consisting of 32 filled and 55 empty grains.
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Figure 1. Plant growth rate per week and delta growth rate per week of six rice varieties
Table 2. Effect of FeSO4 on plant height at 10 weeks after planting
Varieties Plant height (cm) delta plant height A
0 ppm 400 ppm 0 - 400 ppm (%) Significance level
Ciherang 68.112+ 0.68 29.16°+0.20 57.19 falaleled
Inpari 42 47°x 0.69 30.2°+0.23 35.74 *x
Inpari 30 51.71°+1.83 40.32+ 18.24 22.07 *x
Sunggal 51.23°+ 4.04 21.8¢x£0.42 57.45 falaleled
Logawa 35.569+ 0.1 26.6°+0.1 25.20 ns
Cibogo 48.4°+ 2.76 24.49+1.26 49.59 falaiolel

Note: Data is the average of 6 replications. Numbers of * showed the significant difference between treatments using two-way ANOVA
followed by the Sidak multiple comparison test («=0.05), ns = not significant is used to distinguish the height of the same variety
between 0 ppm and 400 ppm. Numbers followed by letters compare plant heights between varieties in each treatment

Table 3. Effect of FeSO4 on the bronzing score in rice varieties Table 4. Effect of FeSO4 on the amount of grain produced
Varieties Score leaf bronzing Number of grains produced
FeSO40 ppm FeSO,4 400 ppm Varieties Filled grains Empty grains
Ciherang 1 2 Oppm 400 ppm  0ppm 400 ppm
Inpari 42 2 2 FeSO4 FeSO4 FeSO4 FeSO4
Inpari 30 2 1 Ciherang 44 0 28 0
Sunggal 2 2 Inpari 42 0 0 0 0
Logawa 2 6 Inpari 30 22 35 19 55
Cibogo 2 5 Sunggal 0 0 0 0
Logawa 0 0 0 0
Cibogo 0 0 0 0
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Figure 2. Grains formed during the generative period: A. Ciherang (0 ppm FeSQOa), B. Inpari 30 (0 ppm FeSO4), C. Inpari 30 (400 ppm FeSOa4)

Molecular analysis of OsFER1 gene
RNA Isolation and cDNA amplification

Molecular analysis was done to determine gene
expression related to rice resistance to FeSO, stress to
support agronomic character data observed in this study.
The quantification of the total RNA of the rice leaves
sample is shown in Table 5. The isolated RNA samples'
concentration varied, ranging from 121-218 ng/uL to 121-
218 ng/uL. The 260/280 nm ratio ranged from 2.061-2.217,
while the 260/230 nm ratio was 1.860 -2.265, and
commonly ratios of A260/280 and A260/230 as indicators
of RNA purity are ~2.0 and between 1.8-2.2, respectively
(Thermo Scientific 2010). The Quality and purity indices
of all samples together were above 2 (2.138 + 0.04472) for
A280/260 and 2.070 + 0.1358 for A260/230, which were
greater than 1.8, are accepted as suitable indicators of RNA
quality, which shows that the isolated RNA was not
contaminated with protein (Kuang et al. 2018). Cibogo 400
ppm sample has a ratio of A260/230 above 2.2, but when it
was amplified, it remained expressed as a single band
(Figure 3).

The RNA from the six rice varieties was reverse-
transcribed into cDNA. The cDNA was then amplified with
OsFER1 and o-TUB primers, and PCR product results
were separated on agarose gel electrophoresis (Figure 3).

OsFER 1

4 5 6
0 ppm FeSO,

OsFER 1(309 bp)
o-TUB (215 bp)

4 5 6
400 ppm FeSO,

OsFER 1(309 bp)
a-TUB (215 bp)

The OsFER1 and «-TUB genes in all varieties were
successfully amplified in control and FeSO4 400 ppm
treated plants. The size of OsFER1 and «-TUB,
approximately 309 bp and 215 bp, respectively, were
detected in all samples. No differences between the control
and treated FeSO4 samples.

Table 5. Total RNA concentration and purity of six rice varieties

Rice FeSO, RNA _ Absorbance ratio
. treatment  concentrations

variety (ppm) (ng/uL) Azeol Ao Azeol230
Ciherang 0 186 2.217 1.980
400 218 2.112 2.206

Inpari 30 0 121 2.061 1.968
400 154 2.133 2.000

Inpari 42 0 123 2.154 1.890
400 169 2.120 2.202

Sunggal 0 194 2.104 2.184
400 128 2.113 2.163

Logawa 0 127 2.163 1.860
400 177 2.202 2.000

Cibogo 0 129 2.105 2.121
400 185 2.169 2.265

a-TUB

4 5
0 ppm FeSO,

4 5 6 7 8

400 ppm FeSO,

Figure 3. PCR amplification of OSFER1 gene (309 bp) and o-TUB (215 bp) of six rice varieties in control and FeSOu4 treated plants.
Note: 1. DNA ladder 1 kbp; 2. Negative control; 3. Ciherang; 4. Inpari 42; 5. Inpari 30; 6. Sunggal; 7. Logawa; 8. Cibogo
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Table 6. The mean Cq value of the OSFER1 and o-TUB genes

Rice Concentration Average Cq CQ\\//earlaLllgeeof
variety of FeSO, value of OsSFER1 2-TUB
Ciherang 0 ppm 25.977+0.21 25.80%+ 0.22
400 ppm 26.71°+0.25 27.1°+0.14
Inpari 42 0 ppm 31.38°+0.12 27.30°+0.13
400 ppm 33.20°+ 0.44 26.29°+0.13
Inpari 30 0 ppm 28.65"+ 0.07 25.34% + 0,32
400 ppm 25.29°+ 0.04 26.19°+ 0.54
Sunggal 0 ppm 34,789+ 0.36 26.96°+ 0.11
400 ppm 34.309+0.13 26.42° +0.30
Logawa 0 ppm 30.70°+ 0.16 24.58%+ 0.05
400 ppm 29.28+0.43 26.71° +0.16
Cibogo 0 ppm 30.07°+0.48 23.64%+0.49
400 ppm 32.56°+ 0.12 24.56% + 0.13

Note: Letters in a column indicate significant differences based on
the LSD test (o < 0.05) for each variety at the same concentration
of FeSOs
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Figure 4. Relative gene expression ratio of OsFER1 at a
concentration of 0 ppm and 400 FeSO4 in each variety. Note: Data
is the average of 3 replications. Means and SEs were calculated
from three independent samples. Letters ® indicate significant
differences between varieties treated with the same concentration
of FeSOs using one-way ANOVA test with Tukey's multiple
comparison tests (a=0.05), and/or between FeSOs treatments
using a two-way ANOVA with the Sidak multiple comparison
tests (a=0.05)

Quantitative RT-PCR analysis

Quantitative real-time PCR results are obtained in the
form of quantification cycle (Cq) values presented in Table
6. The highest values of Cq OsFER1 at concentrations of 0
ppm and 400 ppm FeSO, were obtained by the Sunggal
(34.78 + 0.36) and (34.30 + 0.13), respectively. The lowest
value of Cq OsFERL1 at a concentration of 0 ppm FeSO,
was the Ciherang (25.97 + 0.21), and at a concentration of
400 ppm, FeSO4 was the Inpari 30 (25.29 £ 0.04). The
highest Cq housekeeping gene «-TUB value at 0 ppm
FeSO, was the Inpari 42 (27.30 £ 0.13), and at 400 ppm,
FeSO4 was the Ciherang (27.1 £ 0.14). In comparison, the

lowest Cq value of the a~-TUB gene (housekeeping) at O
ppm FeSO4 was the Cibogo (23.64 + 0.49) which was not
significantly different from the Logawa, Inpari 30, and
Ciherang varieties, while at 400 FeSO, was the Logawa
variety (24.56 + 0.13).

The amplification efficiency value (E) calculation for
all real-time PCR reactions was obtained by dilution 10
times with 5 repetitions for each PCR product in each gene.
PCR efficiency measures the success rate of amplifying the
target DNA molecule fraction in the PCR cycle. The PCR
efficiency was calculated by plotting the correlation
(standard curve) of the Cqg value with the logarithmic
concentration of the cDNA template. The E value of the
OsFER1 and «-TUB genes primer were 1.81 and 1.91,
respectively.

OsFERL1 gene expression

The ratio of target gene expression (OsFER1) to
reference genes (a-TUB) was calculated using the Pfaffl
formula (2001). The ratio values for each variety and
replication were calculated, then analyzed using one-way
ANOVA with the Tukey multiple comparison tests to
determine the differences between the varieties tested at the
same FeSO, concentration. The effect of FeSO,
concentration was analyzed using a two-way ANOVA test
followed by the Sidak multiple comparison test to see the
significance (Figure 4). It was found that at a concentration
of 0 ppm FeSQ,, the Ciherang variety significantly had the
highest OsFER1 gene expression value (1.01 + 0.113),
while at a concentration of 400 ppm FeSQO,, the variety
Inpari 30 had significant OsFER1 gene expression (4.00 £
1.321). The lowest value of the OsFER1 gene expression
ratio at a concentration of 0 ppm FeSO, was observed in
the Sunggal variety (0.03 + 0.003) and the Logawa variety
(0.03 = 0.003). In comparison, at a concentration of 400
ppm FeSO,, the Cibogo variety had the lowest value
OsFER1 gene expression (0.02 + 0.0008). Based on the
average OsFER1 gene expression ratio of all varieties, rice
plants that grew at 0 ppm FeSO4 had lower values (0.28 +
0.086) than plants grown at 400 ppm FeSO, (1.40 + 0.473).

Discussion

The results of plant growth and height analysis showed
that control plant growth was better than plants treated with
400 ppm FeSOa. All varieties treated with 400 ppm FeSO4
showed shorter plant heights than control plants (O ppm
FeS0O,). Research on the resistance of rice varieties under
iron stress conditions has been carried out by Noor et al.
(2012) at a concentration of 200-600 ppm FeSQOs. In
general, the higher concentration of FeSO4, the more
inhibited plant growth. The concentration of FeSO. > 200
ppm significantly decreased plant height compared to
plants at concentrations < 100 ppm. The results supported
Mehraban et al. (2008) that high levels of Fe in plants were
negatively correlated with plant growth. The inhibition of
growth and development of rice plants due to iron stress,
which is caused by disruption of cell division at growing
points covered in iron rust, reduces root spacing, resulting
in the ability of roots to absorb and translocate nutrients to
plant parts. Absorption of excess Fe by the rice plant has
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also been reported to reduce root and shoot growth (Wu et
al. 2014). These effects interfere with metabolic activity
and, ultimately, plant growth shorter, which then plants
will grow stunted (Bidi et al. 2021).

The highest leaf bronzing score, with a score of 6
(almost all leaves were reddish) was observed in Logawa,
while a score of 1 (no leaf reddish) was observed in Inpari
30 of 400 ppm FeSO, treated plants. Bronzing in rice
plants was associated with melanin pigment and
chlorophyll degradation was associated with senescence.
The melanin pigment produced in the bronzing process is
caused by the oxidation of phenolic compounds in the leaf
tissue (Taranto et al. 2017). The tolerant varieties with a
low leaf bronzing score indicated that the leaves could
carry out the normal photosynthesis process. In contrast,
the varieties with a higher leaf bronzing score indicated
that the presence of dissolved Fe affected the ability to
carry out the photosynthesis process. Fe poisoning causes
the photosynthesis process to decrease, which causes the
amount of chlorophyll also decreases (Rout and Sahoo
2015).

Symptoms of Fe toxicity vary in each rice variety
(Turhadi et al. 2019). Generally, purplish brown spots will
appear on the leaves, followed by drying. Typical visual
symptoms are related to Fe toxicity, especially the
accumulation of oxidized polyphenols called bronzing or
yellowing in rice (Noor et al. 2012). Bronzing in rice plants
is associated with melanin pigment and chlorophyll
degradation is associated with senescence. The melanin
pigment produced in the bronzing process is caused by the
oxidation of phenolic compounds in the leaf tissue (Taranto
et al. 2017). The tolerant varieties with a low leaf bronzing
score showed that the leaves could carry out the normal
photosynthesis process. In contrast, in the varieties with a
higher leaf bronzing score, the presence of the dissolved Fe
affected the ability to carry out the photosynthesis process.
Hence, the rate of the photosynthesis process decreased,
and the amount of chlorophyll also decreased (Pereira et al.
2013; Liu et al. 2020).

In this study, the provision of FeSO, caused the growth
of rice plants to be stunted, and only Ciherang and Inpari
30 produced grains. These results supported Audebert and
Fofana (2009) that rice plants that experienced iron
poisoning from the vegetative phase would become
stunted, causing the development in the generative phase to
be also hampered. This poisoning effect causes plants not
to grow normally, resulting in a small number of panicles
and empty grains. These generative phase results are
similar to Sahrawat (2000) that high rice yields were
positively correlated with tolerance to Fe toxicity. The
level of Fe toxicity and grain yield is not only influenced
by environmental conditions but also influenced by the
sensitivity or tolerance of the varieties planted (Noor et al.
2012). The inhibition of growth and development of rice
plants due to iron stress is caused by the disruption of cell
division at the growing point. Iron plaque covers the tips of
the roots, thus affecting changes in root morphology
(Gruber et al. 2013), which causes a decrease in the ability
of roots to absorb and translocate nutrients to plant parts
(Wu et al. 2014). Furthermore, this impact will interfere
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with metabolic activities and plant growth, which in turn
causes plants to grow stunted, and the number of tillers
becomes small (Sahrawat 2000).

Based on molecular analysis, all varieties evaluated in
this study expressed a size band of about 309 bp in the
electrophoresis results (Figure 3). The results showed that
the OsFER1 gene was expressed in all rice varieties
without and with 400 ppm FeSO4 treatment. The Cq value
in the housekeeping gene «-TUB was not significantly
different because the gene was constitutively expressed and
rarely modulated (Farrell 2017). The difference in Cq
values can be caused by many things, such as the
preparation of the PCR reaction in the reaction to be carried
out, such as the conditions of the master mix preparation,
the quality of the reference dyes, the degradation of RNA
or cDNA templates used, contamination of the reaction,
and PCR efficiency (E) (Bustin et al. 2009). The Cq value
cannot be directly used to analyze the gene expression level
in each variety (Vermeulen et al. 2011). Since the E values
of &-TUB (1.91) and OsFER1 (1.81) were different,
therefore Pfaffl's method (2001) was chosen to measure
relative gene expression. The analysis of gene expression
levels without considering the E value causes a bias in the
target gene quantity data and the ratio of target gene
expression to reference genes (Ruiz-Villalba et al. 2021).

The PCR amplification efficiency, E value using the
primer for the OsFER1 gene was 1.81, while for the o-TUB
gene, 1.91. Both E values meet the requirement of the
(MIQE) Minimum Information for Publication of
Quantitative Real-Time PCR Experiments (Bustin et al.
2009). The accepted range for E value is generally 80 to
110% (1.8-2.05), which indicates a good PCR efficiency
value because it is still in the normal range of 1.80-2.05
(Ruijter et al. 2009; Artarini et al. 2016). The E value of the
gPCR obtained in the study indicates that the primer used
was good. Based on Svec et al. (2015), the efficiency of
PCR depends on many factors, one of which is the
sequence and structure of the primer and template.

The mean value of OsFER1 gene expression is in
accordance with Majerus et al. (2007), where there was an
increase in ferritin mMRNA and protein levels in Oryza
glaberrima exposed to a nutrient solution with a high Fe
concentration for 72 hours compared to those not exposed.
The iron storage protein ferritin plays a crucial role in iron
metabolism. Its ability to absorb elements gives ferritin the
dual function of detoxifying iron and storing iron stores.
An oxidative stress of Fe is the accumulation of ferritin
transcripts (Singh and Bhatla 2022). Rice genotypes varied
in their resistance to excess Fe. Iron homeostasis in plants
must be tightly regulated. The overexpressed ferritin gene
is considered a potential source of iron in grain
biofortification studies (Zhu et al. 2017). Overexpression of
these genes also increases plant tolerance to various abiotic
stresses such as temperature and high acidity (Wang et al.
2013) and other abiotic stresses associated with ROS
scavenging (Zang et al. 2017). According to Noor and
Khairudin (2013), tolerant rice varieties are more efficient
for planting in paddy fields than sensitive varieties because
they can hold more Fe in the roots.
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In  conclusion, based on the three agronomic
characteristics of plant height, leaf Bronzing score, and the
number of filled grains produced; and the molecular
analysis of OsFER1 expression, Inpari 30 is a rice variety
that is tolerant to FeSO4 stress compared to the Ciherang,
Inpari 42, Sungal, Logawa, and Cibogo varieties.

ACKNOWLEDGEMENTS

The authors are very grateful to The Directorate of
Research and Development of the Universitas Indonesia
which has provided financial support through the FMIPA
Ul Research Grant 2021 Number: NKB-
005/UN2.F3/HKP.05.00/2021 on behalf of AS. All authors
declare that they have no conflicts of interest.

REFERENCES

Artarini AA, Riani C, Retnoningrum DS. 2016. Plasmid copy number
determination by quantitative polymerase chain reaction. Sci Pharm
84:89-101. DOI: 10.3797/scipharm.ISP.2015.02.

Audebert A, Fofana M. 2009. Rice yield gap due to iron toxicity in West
Africa. J Agron Crop Sci 195 (1): 66-76. DOI: 10.1111/j.1439-
037X.2008.00339.x.

Badan Pusat Statistik [BPS]. 2021. Indonesian Rice Consumption and
Rice Imports. Central Bureau of Statistics. Jakarta. [Indonesian]

Bidi H, Fallah H, Niknejad Y, Tari DB. 2021. Iron oxide nanoparticles
alleviate arsenic phytotoxicity in rice by improving iron uptake,
oxidative stress tolerance and diminishing arsenic accumulation. Plant
Physiol Biochem 163: 348-357. DOI: 10.1016/j.plaphy.2021.04.020.

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M,
Mueller R, Nolan T, Pfafft MW, Shipley GL, Vandesompele J,
Wittwer CT. 2009. The MIQE guidelines: Minimum information for
publication of quantitative real-time PCR experiments. Clin Chem 55
(4): 611-622. DOI: 10.1373/clinchem.2008.1127.

Carmona FdC, Adamski JM, Wairich A. de Carvalho JB, Lima GG,
Anghinoni I, Jaeger IR, Silva PRFd, Terra TdF, Fett JP, Carlos F.
2021. Tolerance mechanisms and irrigation management to reduce
iron stress in irrigated rice. Plant Soil 469: 173-191. DOI:
10.1007/s11104-021-05156-9.

Farrell RE. 2017. RNA Methodologies: Laboratory Guide for Isolation
and Characterization. 5th ed. Elsevier Inc., London.

Galaris D, Barbouti A, Pantopoulos K. 2019. Iron homeostasis and
oxidative stress: An intimate relationship. Biochim Biophys Acta Mol
Cell Res 1866 (12): 118535. DOI: 10.1016/j.bbamcr.2019.118535.

GRIiSP, Global Rice Science Partnership. 2013. Rice Almanac, 4th
edition. International Rice Research Institute, Los Banos.

Gruber BD, Giehl RFH, Friedel S, von Wirén N. 2013. Plasticity of the
Arabidopsis root system under nutrient deficiencies. Plant Physiol
163: 161-179. DOI: 10.1104/pp.113.218453.

lhsan GT, Arisanty D, Normelani E. 2016. Farmers' efforts to increase rice
production in Tabihi Village, Padang Batung District, Hulu Sungai
Selatan District. Jurnal Pendidikan Geografi 3 (2): 11-20.
[Indonesian]

Kobayashi T, Nozoye T, Nishizawa NK. 2019. Iron transport and its
regulation in plants. Free Radic Biol Med 133: 11-20. DOI:
10.1016/j.freeradbiomed.2018.10.439.

Kuang J, Yan X, Genders AJ, Granata C, Bishop DJ. 2018. An overview
of technical considerations when using quantitative real-time PCR
analysis of gene expression in human exercise research. PLoS ONE
13 (5): e0196438. DOI: 10.1371/journal.pone.0196438.

Liu H, Yang L, Li N, Zhou C, Feng H, Yang J, Han X. 2020. Cadmium
toxicity reduction in rice (Oryza sativa L.) through iron addition
during primary reaction of photosynthesis. Ecotoxicol Environ Saf
200: 110746. DOI: 10.1016/j.ecoenv.2020.110746.

Majerus V, Bertin P, Swenden A, Fortemps A, Lobreaux S, Lutts S. 2007.
Organ-dependent responses of the African rice to short-term iron

BIODIVERSITAS 24 (3): 1391-1399, March 2023

toxicity: Ferritin regulation and antioxidative responses. Biol Plant
51: 303- 312. DOI: 10.1007/s10535-007-0060-6.

Mehraban P, Zadeh AA, Sadeghipour HR. 2008. Iron toxicity in rice
(Oryza sativa L.) under different potassium nutrition. Asian J Plant
Sci 7: 251-259. DOI: 10.3923/ajps.2008.251.259.

Nizar J, Abbas T. 2019. Factors influencing Indonesia’s rice imports.
Jurnal  Ekonomi  Pertanian Unimal 2 (1): 31-47. DOI:
10.29103/jepu.v2i1.1793. [Indonesian]

Noor A, Khairuddin. 2013. lIron poisoning in rice: Ecological and
physiological-agronomical aspects. Seminar Nasional Inovasi
Teknologi Pertanian 305-318. Badan Litbang Pertanian, Jakarta.
[Indonesian]

Noor A, Lubis I, Ghulahamdhi M, Chozin MA, Anwar K, Wirnas D.
2012. Effect of iron concentration in nutrient solution on symptoms of
iron poisoning and growth of rice plants. Jurnal Agronomi Indonesia
40 (2): 91-98. [Indonesian]

Nugraha Y, Wahyuning S, Ghulamahdi M, Suwarno S, Aswidinnoor H.
2016. Generation mean analysis of leaf bronzing associated with iron
toxicty in rice seedlings using digital imaging methods. SABRAO J
Breed Genet 48 (4): 453-464.

Pandey H, Swamy HVV, Rachappanavar VK, Mishra S. 2018. Ferritin
isolation from different genotype of rice and its biochemical
characterization. J Pharmacogn Phytochem 7 (4): 1538-1541.

Pereira EG, Oliva MA, Rosado-Souza L, Mendes GC, Colares DS,
Stopato CH, Almeida AM. 2013. Iron excess affects rice
photosynthesis through stomatal and non-stomatal limitations. Plant
Sci 201-202: 81-92. DOI: 10.1016/j.plantsci.2012.12.003.

Pfaffl MW. 2001. A new mathematical model for relative quantification in
real-time RT-PCR. Nucleic Acids Res 29 (9): 2002-2007. DOI:
10.1093/nar/29.9.e45.

Qiagen. 2018. Q-Rex  Software  User Manual, Qiagen.
https://www.qgiagen.com/us/spotlight-pages/ias/q-rex-software/

Rakotoson T, Ergezinger L, Rajonandraina T, Razafimbelo T, Wu, LB,
Frei M. 2019. Physiological investigations of management and
genotype options for adapting rice production to iron toxicity in
Madagascar. J Plant Nutr Soil Sci 182 (3): 485-495. DOI:
10.1002/jpIn.201800621.

Ricachenevsky FK, de Aradjo Junior AT, Fett JP, Sperotto RA. 2018. You
shall not pass: root vacuoles as a symplastic checkpoint for metal
translocation to shoots and possible application to grain nutritional
quality. Front Plant Sci 9: 412. DOI: 10.3389/fpls.2018.00412.

Roslim DI, Herman, Nugraha F, Ardila YP, Wahibah NN. 2013. Partial
Ferritin Gene Sequence of Riau Rice Variety Related to Iron
Homeostasis on Tidal Wetlands. In: Herlinda S, Lakitan B, Sobir,
Koesnandar, Suwandi, Puspitahati, Syafutri MI, Meidalima D (eds).
Intensification of suboptimal land management in support of national
food independence. Proceedings of the National Seminar on
Suboptimal Lands. Palembang, 20-21 September 2013. [Indonesian]

Rout GR, Sahoo S. 2015. Role of iron in plant growth and metabolism.
Rev Agric Sci 3: 1-24. DOI: 10.7831/ras.3.1.

Ruijter JM, Ramakers C, Hoogaars WMH, Karlen Y, Bakker O, van den
Hoff MJB, Moorman AFM. 2009. Amplification efficiency: Linking
baseline and bias in the analysis of quantitative PCR data. Nucleic
Acids Res 37 (6): e45. DOI: 10.1093/nar/gkp045.

Ruiz-Villalba A, Ruijter JM, van den Hoff MJB. 2021. Use and misuse of
Cq in gPCR data analysis and reporting. Life 11: 496. DOI:
10.3390/1ife1106049.

Sahrawat KL. 2000. Elemental composition of rice plant affected by iron
toxicity under field conditions. Commun Soil Sci Plant Anal 30:
2819-2827. DOI: 10.1080/00103620009370630.

Schmidt W, Thomine S, Buckhout TJ. 2020. Editorial: Iron Nutrition and
Interactions in  Plants. Front Plant Sci 10: 1670. DOI:
10.3389/fpls.2019.01670.

Shimizu A, Guerta CQ, Gregorio GB, Ikehashi H. 2005. Improved mass
screening of tolerance to iron toxicity in rice by lowering temperature
of culture solution. J Plant Nutr 28 (9): 1481-1493. DOI:
10.1080/01904160500201352.

Singh N, Bhatla SC. 2022. Heme oxygenase-nitric oxide crosstalk-
mediated iron homeostasis in plants under oxidative stress. Free Radic
Biol Med 182: 192-205. DOI: 10.1016/j.freeradbiomed.2022.02.034.

Sperotto RA, Ricachenevsky FK, de Waldow VA, Fett JP. 2012. Iron
biofortification in rice: It”s a long way to the top. Plant Sci 190: 24-
39. DOI: 10.1016/j.plantsci.2012.03.004.

Stein RJ. 2009. Excesso de ferro em arroz (Oryza sativa L.): efeitos
toxicos e mecanismos de tolerancia em distintos gen6tipos.


https://doi.org/10.29103/jepu.v2i1.1793
https://doi.org/10.1080/01904160500201352

KHAIRATUNNISA et al. — FeSO4 effect on rice OSFER1 expression

Suwarno. 2016. Increasing rice production towards sustainable food
security. Pangan 19 (3): 233-243. [Indonesian]

Svec D, Tichopad A, Novosadova V, Pfaffl MW, Kubista H. 2015. How
good is aPCR efficiency estimate: recommendation for precise and
robust qPCR efficiency assessments. Biomol Detect Quantif 3: 9-16.
DOI: 10.1016/j.bdg.2015.01.005.

Taranto F, Pasqualone A, Mangini G, Tripodi P, Miazzi MM, Pavan S,
Montemurro C. 2017. Polyphenol oxidases in crops: biochemical,
physiological and genetic aspects. Intl J Mol Sci 18 (377): 1-16. DOLI:
10.3390/ijms18020377.

Thermo Scientific NanoDrop Spectrophotometers. 2010. Nucleic Acid.
Thermo Fisher Scientific Inc. USA.

Turhadi T, Hamim H, Ghulamahdi M, Miftahudin M. 2019. Iron toxicity-
induced physiological and metabolite profile variations among
tolerant and sensitive rice varieties. Plant Signal Behav 14 (12). DOI:
10.1080/15592324.2019.1682829.

Vermeulen J, de Preter K, Lefever S, Nuytens J, de Vloed F, Derveaux S,
Hellemans J, Speleman F, Vandesompele J. 2011. Measurable impact
of RNA quality on gene expression results from quantitative PCR.
Nucleic Acids Res 39 (9): 1-12. DOI: 10.1093/nar/gkr065.

1399

Wang GF, Li WQ, Li WY, Wu GL, Zhou CY, Chen KM. 2013.
Characterization of rice NADPH oxidase genes and their expression
under various environmental conditions. Intl J Mol Sci 14: 9440-
9458. DOI: 10.3390/ijms14059440.

Wu LB, Shadi M, Gregorio G, Matthus E, Becker M, Frei M. 2014
Genetic and physiological analysis of tolerance to acute iron toxicity
inrice. Rice 7, 1-12. DOI: 10.1186/s12284-014-0008-3.

Yang Z, Chen Y, Hu B, Tan Z, Huang B. 2015. Identification and
validation of reference genes for quantification of target gene
expression with quantitative real-time PCR for tall fescue under four
abiotic  stresses. PLoS ONE 10 (3): 1-15. DOl
10.1371/journal.pone.0119569.

Zang X, Geng X, Wang F, Liu Z, Zhang L, Zhao Y, Tian X, Ni Z, Yao Y,
Xin M, Hu Z, Sun Q, Peng H. 2017. Overexpression of wheat ferritin
gene TaFER-5B enhances tolerance to heat stress and other abiotic
stresses associated with the ROS scavenging. BMC Plant Biol 17: 14.
DOI: 10.1186/512870-016-0958-2.

Zhu D, Fang Y, Gao K, Shen J, Zhong TP, Li F. 2017. Effects of nitrogen
level on structure and physicochemical properties of rice starch. Intl J
Mol Sci 18 (2). DOI: 10.1021/acs.jafc.6b03173.



	INTRODUCTION

