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Abstract. Permatasari SE, Salamah A. 2024. Identification and differentiation of rice ferritin gene in two different chromosomes in 
several local Indonesian rice varieties. Biodiversitas 25: 2547-2555. The presence of ferritin protein in rice plants indicates a regulatory 
response to environmental iron stress. It prevents the destructive effects of the chain reaction resulting from Fe2+ accumulation in the cell. 
This study aimed to detect and identify the location of the ferritin gene (OsFER) in eight local rice varieties in Indonesia. OsFER2, as the 
target gene was amplified using PCR, visualized by electrophoresis, and then sequenced. The sequencing results were analyzed using DNA 
Baser, BioEdit, and ClustalX2. The predicted proteins were visualized using the SWISS-MODEL server, Rice Genome Annotation Project 

Database, and chromosome map tools. The results show that all rice varieties studied have 100% alignment similarity and OsFER 
characteristics on chromosome 11 at LOC_Os11g01530 and chromosome 12 at LOC_Os12g01530, which have striking differences. The 
complete protein structure of the complex is found on chromosome 12, while only a portion of alpha-helix ferritin is found on chromosome 
11. Differences in the position of the ferritin gene at different chromosomes impact the functional changes in the ferritin protein as an iron 
homeostasis key role. The two genes show different characteristics and are located at different genomic positions, suggesting a potential 
regulatory impact on the level of iron stress resistance in Indonesian rice varieties. 
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INTRODUCTION 

Iron (Fe) is an essential micronutrient with important 

roles particularly agricultural rice plants (Oryza sativa L.) 

in vital processes like photosynthesis and respiration. Rice 

plants require a precise concentration range 10-4 to 10-9M 

for optimal growth (Harish et al. 2023). Iron deficiency can 

impair chlorophyll and induce chlorosis, disrupting 

photosynthesis, leading to senescence, and reducing rice 

crop production (Li et al. 2021; Kirk et al. 2022). On the 

other hand, excess iron can also cause poisoning when high 
concentrations of reactive iron is found in flooded field 

conditions (Das et al. 2020). Ferrous form iron dominates 

and influences the uptake pathways and cascade damaging 

mechanisms (Chen et al. 2021). 

The toxicity of iron in plants arises due to the 

transformation of the oxidized state of iron, alternation 

from insoluble ferric (Fe3+) to soluble ferrous oxide (Fe2+). 

Ferrous ions could interact with hydrogen peroxide, forming 

highly reactive Hydroxyl radical species ('OH) through the 

fenton reaction (Li et al. 2023). Furthermore, ferrous ions 

produce superoxide radicals (O2'-) (Bou-Abdallah 2010). 

The cascading reactions initiated ultimately generate Reactive 
Oxygen Species (ROS). Excess ROS can disrupt cellular 

metabolism and degrade genetic material by causing 

irreversible oxidative damage to important biomacromolecules 

(Li et al. 2023; Zhang et al. 2023). 

Ferritin plays a vital role in iron homeostasis as a 

reservoir for excess iron and a source of iron availability 

(Huan et al. 2020). Ferritin is conserved across nearly all 

organisms as a polymeric protein equipped to bind, absorb, 

and store iron through diverse mechanisms (Yu et al. 

2017). Structurally, ferritin is a spherical protein composed 

of 12 or 24 subunits, forming a cavity (Pandey et al. 2018). 

Each organism exhibits unique ferritin specifications, 

particularly in subunit architecture. Notably, plants exhibit 

diverse ferritins and each is regulated by distinct genes. 
Four ferritin genes are indicated in Arabidopsis thaliana 

(L.) Heynh., encoding similar structures under diverse 

transcriptional regulations by specific conditions (Reyt et 

al. 2015). Whereas in rice plants, dominance is observed in 

two ferritin genes, identified into two ferritin regulations, 

namely OsFER1 and OsFER2 (Aung and Masuda 2020). 

A comprehensive analysis of the rice whole genome 

identifies the OsFER1 and OsFER2 rice ferritins in duplicated 

regions within chromosomes 11 and 12. The coding sequence 

information of OsFER1 (LOC_11gOs01530) with 537 bp 

length and 792 bp length for OsFER2 (LOC_12gOs01530) 

was provided by the Rice Genome Annotation Project 
(http://rice.uga.edu/). The key distinction between the two 

ferritin genes in rice (OsFER1 and OsFER2) lies in the 

presence of a deletion in OsFER1, two deletions located in 

the 50-UTR and immediately downstream from the start 

codon resulting in 15 single nucleotide changes (Stein et al. 
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2009). This explanation can elucidate the high similarity 

between the rice ferritin genes. 

The specifications of ferritin genes in different locations 

may indicate distinct characteristics. These differences may 

be more pronounced at the variety level, meaning that they 

may be more noticeable between different varieties of the 

same plant species. Evaluating these differences becomes 

more reliable with evidence of variations in gene expression. 

In-depth identification is needed in the genomic arrangement 

of both ferritins by understanding the presence, location, 
and characteristics of the OsFER gene within the genome's 

complexity. It leads to predicting breakthrough in the 

appropriate view of the genome by comparing the gene 

product. The presence of ferritin genes on both rice 

chromosomes opens the potential for triggering different 

responses to iron stress. Local rice varieties are preferable 

to use over superior rice varieties giving more suitable for 

investigating alternative varieties with a high potential for 

superior iron toxicity resistance. Therefore, this study aimed 

to detect, identify, and characterize the differentiation of 

the OsFER gene in several local Indonesian rice varieties. 

MATERIALS AND METHODS  

Time and place 

The research was conducted for 6 months period, from 

July to November 2023 in the Molecular Biology Preparation 

Laboratory and Integrated Instrumentation Laboratory, 

Department of Biology, Faculty of Mathematics and Natural 

Sciences, University of Indonesia, Depok, West Java, 

Indonesia. 

Plant materials 

The samples used in this study were eight rice varieties 

consisting of six Java local rice varieties Inpari 42, 
Situbagendid, Wayapo, Ciherang, and Sunggal from Jember, 

Indonesia and Cupatmangu variety from Bandung, Indonesia; 

Kangkung variety from Kalimantan local rice variety; and 

Sigupai variety as Aceh’s local rice variety.  

Procedures 

DNA isolation 

DNA isolation was performed according to the Viogene 

isolation kit. Fresh leaf tissue of 100 mg was ground in 

liquid nitrogen, transferred to microcentrifugation tubes, 

added with buffer PX1 and RNAse, and incubated at 65°C 

for 30 minutes. PX2 buffer was added and incubated on ice 

for 10 minutes before centrifuging at 13,000 rpm for 2 
minutes. The supernatant was collected, PX3 buffer and 

ethanol were added, and the mixture was centrifuged for 1 

min at 10,000 rpm. The supernatant was discarded and WS 

buffer was added twice into the mini-column tube for 

washing before centrifuged for 1 min at 13,000 rpm. Next, 

the mini-column tube was transferred to a new 1.5 mL 

tube, and 20 uL TE buffer was added, allowed to stand for 

5 minutes, and centrifuged at 13,000 rpm for 1-2 minutes to 

elute the DNA. The DNA sample was stored at -20°C. 

DNA amplification and electrophoresis 

Polymerase Chain Reaction (PCR) was used for DNA 

amplification with specific primers for the OsFER2 gene 

fragment, which is about 600 bp in size. The forward 

primer had the base sequence 5'CAGCCATTCGAGGAGCT 

CAA-3' and 5'GCAACGTTGTCACGGTCAAA- 3' as the base 

sequence of the reverse primer (Sequence ID: AF519571.1) 

(Gross et al. 2003). The PCR reaction mixtures were 

performed in a volume of 20 μL containing 10 μL of GoTaq 
Green Master Mix, 7 μL of nuclease-free water, 1 μL of 10 

mM forward primer, 1 μL of 10 mM reverse primer, and 1 

μL of DNA template. GoTaq Green Master Mix is a pre-

mixed solution containing Taq DNA polymerase, dNTPs, 

MgCl2, and reaction buffer. The PCR program consisted of 

a pre-denaturation step for 3 minutes at 95°C; 40 cycles of 

denaturation for 10 seconds at 95°C, annealing for 20 

seconds at 53°C, and extension for 45-30 seconds at 72°C; 

and following by a final extension for 5 minutes at 72°C. 

DNA amplified from PCR products was visualized using 

1.5% agarose gel electrophoresis and run on 75V for 30 

minutes. Furthermore, the electrophoresis result was 
visualized by using a UV transilluminator to determine the 

band size of the target gene.  

DNA sequencing 

The OsFER2 gene fragment was sent to PT Genetika 

Science Indonesia for sequencing. DNA sequence result 

was obtained in the form of the *.abi file and then analyzed 

using some software tools. 

Data analysis 

Raw ferritin gene sequence read from each rice variety 

needs to be adjusted by checking the electropherogram to 

generate the contig. DNA Baser generated consensus 
nucleotide sequences from forward and reverse sequence 

reads, and CLUSTALX2 was used to align the sample 

sequences. Gene characterization and differentiation of the 

obtained sequences were detected and identified using a 

BLAST search of the NCBI GenBank database. BioEdit 

software was used to translate the nucleotide sequences into 

amino acids of the different ferritin sequences. Furthermore, 

based on the obtained amino acid sequences, 3D protein 

structures were visualized using the SWISS-MODEL server 

(https://swissmodel.expasy.org). The chromosomal coordinates 

of the protein sequences were visualized using the Rice 

Genome Annotation Project Database (http://rice.uga.edu/). 

RESULTS AND DISCUSSION 

DNA amplification 

 The OsFER2 gene target was successfully amplified 

using PCR and a specified primer (Figure 1). All varieties 

showed double bands on the electrophoresis visualization 

results. They showed high similarity in both the brightness 

and thickness of the band with a size of 500-600 bp. The 

other band, around 800 bp, appeared more faded, indicating 

the detection of the ferritin gene at a more extended 

sequence length, but at a lower concentration. Therefore, to 

verify whether the two bands, 600 bp and 800 bp, share 
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similarity in sequences, the representative from the Ciherang 

variety was used for sequencing analysis for both DNA 

fragment's lengths (Figure 2). The comparison showed that both 

fragments show similarity, but 800 bp had a longer sequence. 

Sequence analysis 

 The sequencing results from gene amplification with 

the OsFER2 primer consist of exon 1, intron, and exon 2 

regions and have a high similarity in nucleotide length for 

each rice variety used. The resulting nucleotide sequence 

for the main band is approximately 500 to 600 bp with 579 
bp length for Impari 42, 530 bp for Cupatmangu, 500 bp 

for Situbagendid, 573 bp for Wayapo, 577 bp for Kangkung, 

579 bp for Sigupai, 574 bp for Ciherang, and 500 bp for 

Sunggal. The alignment results showed that all rice varieties 

had complete similarity and did not show any nucleotide 

polymorphism. Furthermore, the alignment of the OsFER2 

gene in each variety showed a coherent alignment (Figure 

3). 

Eight rice varieties were analyzed using the complete 

sequence of chromosomes 11 and 12 in the Oryza sativa 

japonica group. The OsFER2 gene of the varieties Impari 
42, Cupatmangu, Sigupai, and Ciherang had a query coverage 

of 99% using the complete sequence of chromosome 11 

(AP014967.1). In contrast, the varieties Situbagendid, 

Wayapo, Kangkung, and Sunggal had a query coverage of 

100%. The varying percent identity was obtained for each 

rice variety (Table 1). Alignment results with the complete 

chromosome 12 sequence (AP0149968.1) show that each 

variety has two regions with different query coverage and 

percent identity (Table 2). 

According to BLAST NCBI, ferritin in all varieties 

exhibited different attachment positions on chromosomes 

11 and 12. Based on the alignment of all varieties that showed 

complete similarity, the Kangkung variety was selected as 

a representative sample for comparing the ferritin gene 

characteristics on both chromosomes. This decision was 

based on its most extended nucleotide sequence, which had 

a query cover value of 100% and a percent identity 

approaching 100% (Tables 1 and 2). 
 
 
 

 
 
Figure 1. The visualization from electrophoresis on PCR results 
showed that all samples had double bands with the brightest DNA 
band size at 500-600 bp: M. 100 bp DNA ladder; 1. Impari 42; 2. 

Cupatmangu; 3. Situbagendid; 4. Wayapo; 5. Kangkung; 6. Sigupai; 
7. Ciherang; 8. Sunggal, and NTC: Non-Template Control 

 
 

 
 
Figure 2. Alignment of 600 bp and 800 bp fragments of OsFER2 gene from Ciherang variety 
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Figure 3. Multiple alignments of eight Indonesian rice OsFER2 gene with 100% similarity alignment. The nucleotide sequences of exon 
1 are in the yellow box and exon 2 is in the blue box 
 
 

 

The NCBI BLAST alignment graph was used to 

differentiate the character of the attachment of the query 

gene to ferritin, which is located on chromosomes 11 and 

12. The analysis revealed that the Kangkung variety ferritin 

gene is located at the locus LOC_Os11g01530 on chromosome 

11. The ferritin gene on chromosome 11 comprises seven 

exons with six intron sequences and has genome sequences 

ranging from 305,050 to 307,728. The query sequence for 
Kangkung variety overlaps significantly with a portion of 

Exon 1 and the first intron adjacent to exon 2. 

Exon 1 of the ferritin gene on chromosome 11 begins at 

position 307,728 (X1 Start) and ends at position 307,366 

(X1 End) (Figure 4). The Kangkung variety gene query 

overlaps with exon one at position 307,478 (Q-X1 Start) 

and extends to the end of the exon. Additionally, the query 

aligns more with the first intron for 400 bp until the 

beginning of the exon two sequence. Exon 2 of the ferritin 

gene on chromosome 11 begins at nucleotide position 

306,900 and overlaps with the Kangkung variety Query. 
The overlap ends in the middle of exon two at position 

306,883, while the end of exon 2 is at position 306,902. 

The overlap of the Kangkung sequence in Exon 1 is only 

112 nucleotides, with 400 nucleotides in the intron and 64 

nucleotides overlapping with exon 2. 

The ferritin gene is located at the LOC_Os12g01530 

locus on chromosome 12 of the Kangkung variety. It 

extends from nucleotide position 320,871 to 323,630 and 

consists of eight exons with seven intron segments. The 
first exon of the ferritin gene on chromosome 12 extends 

from position 320,871 (start Q-X1) to position 323,630 

(end X1). The ferritin sequence of the Kangkung variety 

can be divided into two alignments: a more extended region 

one alignment and a shorter region two alignment (Figure 

4). The region 1 sequence is 577 bp long and is aligned at 

positions 323,444 to 323,332. The remaining sequence 

overlaps with the intron until nucleotide 323,002, with 112 

bp aligned with exon 1 of the ferritin gene on chromosome 

12. The second region, spanning 135 bp aligns with the 

first intron at position 322,542. It is flanked by exon 2 with 
the start of the exon two sequence at position 322,689. It 
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overlaps with exon 2 for 128 bp because the overlap of the 

alignment with exon 2 ends at position 322,561, whereas 

the end of the exon is located at position 322,542. Therefore, 

region 2 has a 128 bp alignment of the Kangkung gene 

with the ferritin gene on chromosome 12. The Kangkung 

sequence alignment overlapping exons one and two can be 

expressed as a polypeptide sequence that assembles the 

ferritin protein. However, the intron sequence cannot be 

interpreted. 

 

 

 
Table 1. BLAST NCBI results of OsFER2 in eight rice samples against Oryza sativa japonica group in Chromosome 11 complete gene 
(AP014967.1) 

 

Description Total score Query cover (%) E value Acc. length Percent identity (%) Range cover 

Impari 42 1430 99 0 579 96.65 1-577; 307.478-306.901 
Cupatmangu 1493 99 0 530 99.81 1-480; 307.429-306.901 
Situbagendid 1439 100 0 500 100 1-500; 307.428-306.929 
Wayapo 1474 100 0 573 99.83 1-573; 307.481-306.900 
Kangkung 1461 100 0 577 99.83 1-577; 307.478-306.902 

Sigupai 1471 99 0 579 99.83 1-577; 307.477-306.901 
Ciherang 1430 99 0 574 99.83 2-573; 307.472-306.901 
Sunggal  1428 100 0 500 100 1-500; 307.428-306.929 

 
 
 
Table 2. BLAST NCBI results of OsFER2 in eight rice samples against Oryza sativa japonica group in Chromosome 12 complete 
sequence (AP014968.1) 

 

Description Total score Query cover (%) E value Acc. length Percent identity (%) Range cover 

Impari 42 1430 99 0 579 95.12 Range 1: 1-444; 323.444-323.002 
Range 2: 441-577; 322.693-322.500 

Cupatmangu 1493 99 0 530 94.78 Range 1: 1-396; 323.395-323.002 
Range 2: 393-529; 322.693-322.560 

Situbagendid 1439 100 3e-170 500 94.76 Range 1: 1-395; 323.394-323.002 
Range 2: 392-500 ; 322.693-322.588 

Wayapo 1474 100 0 573 95.37 Range 1: 1-448; 323.447-323.002 
Range 2: 445-573; 322.693-322.568 

Kangkung 1461 100 0 577 95.34 Range 1: 1-445 ; 323.444-323.002 
Range 2: 442-577 ; 322.693-322.561 

Sigupai 1471 99 0 579 95.33 Range 1: 1-444; 323.443-323.002 
Range 2: 441-577; 322.693-322.560 

Ciherang 1430 99 0 574 95.28 Range 1: 1-440; 323.438-323.002 

Range 2: 437-573; 322.560-322.693 
Sunggal  1428 100 3e-170 500 94.76 Range 1: 1-395; 323.394-323.002 

Range 2: 392-500; 322.693-322.588 

 
 
 

 
 

Figure 4. Alignment Kangkung's sequence (query_100145 - grey bar) among Niponbare's ferritin gene at chromosome 11 (green bar) 
and chromosome 12 (red bar) 
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Figure 5. Alignment of Kangkung's protein sequence and Niponbare's exon 1 and exon 2 ferritin gene at chromosomes 11 and 12 
 
 

The sequence of the Kangkung rice variety overlaps 

with the ferritin gene on chromosomes 11 and 12. Therefore, 

to compare the sequences on chromosomes 11 and 12 

between the Kangkung and Niponbare varieties, the sequence 

of amino acids in exons 1 and 2 was analyzed. The results 

of the polypeptide alignment revealed amino acid 

differences in Niponbare chromosomes 11 and 12 (Figure 
5). Three black boxes (A, B, and C) indicate deletions and 

amino acid changes. In the Kangkung variety, amino acid 

changes have occurred. Aspartic acid (D) becomes glutamic 

acid (E) in chromosome 11 (D black box), and serine (S) 

becomes isoleucine (I) in chromosome 12 (C black box). 

Both chromosomes 11 and 12 in The Kangkung variety 

have a mature region consisting of part of the extension 

peptide in exon one and the fully expressed alpha-helix 

region in exon 2. The ferroxidase diiron center, which is the 

first active site, is located in exon two within the alpha-helix 

region (Nguyen et al. 2022). 
These polypeptide variations do not significantly alter 

the main function of ferritin as they do not affect the active 

site. The Kangkung variety sequence contains an extension 

peptide and an alpha-helix region with a ferroxidase diiron 

center in the exon two alpha-helix region. Therefore, it is 

still possible that the ferritin in the Kangkung variety has 

retained its function. Specifically, the amino acid sequence 

of the Kangkung variety showed the following changes: the 

substitution of aspartic acid (D) with glutamic acid (E) at 

position 214 on chromosome 11 and the substitution of serine 

(S) with isoleucine (I) at position 228 on chromosome 12 

do not impact the mature region of the ferritin protein, which 
includes the extension peptide and the alpha-helix region. 

The Kangkung variety's ferritin protein appears functional, 

as evidenced by the extension peptide, which aids in 

ferritin assembly, and the alpha-helix region, which houses 

the ferroxidase diiron center responsible for iron oxidation. 

Based on the comparison of polypeptide alignment, 

there are differences in the amino acid sequence (Figure 5). 

However, they do not significantly affect the main function 

and structure of the ferritin. In addition to overlapping 

sequences with Nipponbare's exon one and exon 2, the 

Kangkung variety also contains fewer extension peptide 
regions and entire alfa-helix regions with two amino acids 

as active sites (ferroxidase diiron centers), which is supported 

by the protein structure visualization generated using the 

SWISS-Model Server program (Figure 6). 

Visualization using SWISS-Model on the full cds-

ferritin on chromosomes 11 and 12 of Nipponbare reveals 

significantly different structures. The ferritin protein on 

chromosome 11 consists of six exons and lacks the complex 
channel structure present in ferritin on chromosome 12, 

which has seven exons. A complete complex ferritin channel 

comprises a total extension peptide, a four-helix region 

with the ferroxidase diiron center, a ferrihydrite nucleation 

center, and an iron ion channel, all supporting the overall 

ferritin protein channel complex. In contrast, even though 

chromosome 11 ferritin possesses an extension peptide and 

a four-helix region, it only has one active site, the 

ferroxidase diiron center. 

The protein structure of the Kangkung variety on 

chromosome 11 is not much different from the structure of 
the ferritin protein on chromosome 12, which can be seen 

in the overlapping sequences of exons 1 and 2. In essence, 

the polypeptide sequences of Kangkung on both chromosomes 

have similar exon 1 and exon 2 components, even to the 

point of being identical. The only minor difference is in the 

shorter extension peptide, and both have a complete coiled 

helix structure (Figure 6). Both also have the active site 

ferroxidase diiron center in the longer coiled alfa-helix. 

Discussion 

The critical role of iron (Fe) in rice plants occurs in a 

proper proportional system that is not deficient or excessive. 

Deficiency can lead to ferroptosis and premature senescence, 
while in excessive conditions, it can lead to iron toxicity 

(Pradhan et al. 2020). It is crucial to control the amount of 

ferrous ions in cells. By producing ferritin, cells can 

establish iron homeostasis by maintaining the dynamic 

balance of iron as iron release-reservoir and avoiding the 

toxicity from iron ion reactivity (Guo et al. 2022; Li et al. 

2023). Organisms need to retain the ferritin gene in response 

to Fe stress, predominantly plants, which are often exposed 

to more sensitive ferrous forms when there is excessive 

waterlogging (Pandey et al. 2018; Pais et al. 2023). 
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Complete rice ferritin gene on 
chromosome11 

Exon 1 and exon 2 ferritin gene on 
chromosome11 in nipponbare variety 

Range 1 and range 2 ferritin gene on 
chromosome 11 in kangkung variety 

 
 

  

Complete rice ferritin gene on 
chromosome12 

Exon 1 and exon 2 ferritin gene on 
chromosome 12 in nipponbare variety 

Range 1 and range 2 ferritin gene on 
chromosome 12 in kangkung variety 

 
Figure 6. The visualization of the structure of ferritin protein on chromosomes 11 and 12 in the Nipponbare and Kangkung varieties 

 
 
 

Ferritin in rice plants is well-regulated at the subspecies 

level, as demonstrated by the lack of significant differences 

in the characteristics of the ferritin gene among the rice 

varieties sampled (Pandey et al. 2018). The double bands 
obtained from the electrophoresis result from PCR product 

(Figure 1) indicate that the OsFER gene is a gene family in 

which two genes have some conserved sequence part(s). 

The band sizes obtained were approximately 600 bp for the 

short band and approximately 800 bp for the longer band. 

Based on a Rice Genome Annotation Project, the ferritin 

genome in Oryza sativa indica group has a size of 2448 bp 

on chromosome 11 and 3958 bp on chromosome 12. Similar 

results were also found in the multi-band electrophoretic 

analysis of the rice ferritin gene in the study by Stein et al. 

(2009). This phenomenon could be an example of partial 
gene duplication, which has also been found in japonica 

rice but with a slightly different ferritin gene length. The 

difference in length of the ferritin gene sequence could be 

an indicator of partial duplication of a gene, which is a 

common occurrence in plants. 

The result of multiple alignment sequences of OsFER2 

gene from eight Indonesian rice varieties shows 100% 

similarity (Figure 3), indicating that they have the same 

nitrogen base sequence and tend to be expressed into the 

same product, ferritin. The alignment of the polypeptide 

sequence of the Kangkung variety with Nipponbare's 

reference sequence also yields a similar result. Notably, 

there are several differences in amino acid readings, 

particularly in the second exon. For instance, aspartic acid 
(D) changes to glutamic acid (E) in alignment with 

Nipponbare's ferritin on chromosome 11, and serine (S) 

changes to isoleucine (I) (Figure 5). Despite the presence of 

amino acid changes, the structure and function of ferritin 

remain unaffected as these changes are not located in the 

active site, suggesting that the ferritin gene is well 

conserved in rice plants. Ferritins are a group of proteins 

responsible for maintaining iron homeostasis in all living 

organisms except yeast (Briat et al. 2010; Chikoti et al. 2020). 

In achieving its function as a key role in iron 

homeostasis, ferritin in rice is regulated by the OsFER 
genes. There are two types of ferritin in rice plants, namely 

OsFER1 and OsFER2 (Briat et al. 1999; Stein et al. 2009; 

Nguyen et al. 2022). OsFER1 and OsFER2 have a difference 

of 15 nitrogen bases due to two deletions at two sites in 

OsFER. According to Stein et al. (2009), the two genes are 

regulated in different locations, specifically on rice 

chromosomes 11 and 12. So far, there is no clear indication 

of the specification of ferritin on chromosomes 11 and 12 

that refers to the characteristics of OsFER1 or OsFER2. 

Based on the BLAST alignment of ferritin in all eight rice 



 BIODIVERSITAS 25 (6): 2547-2555, June 2024 

 

2554 

varieties studied, there is a tendency gap to identify specific 

characteristics of ferritin on different chromosomes. 

Regardless of the designation of OsFER1 and OsFER2, 

the comparison of characteristics showed differences in the 

ferritin product on chromosomes 11 and 12. Chromosome 

11 has eight exons, with a shorter sequence while chromosome 

12 has eight exons with a longer DNA sequence (Figure 4). 

Complete exon ferritin comprises a terminal peptide region 

and a mature region. Mature regions can be categorized 

into extension peptide and helix regions (A, B, C, D, and E 
helix regions) (Nguyen et al. 2022). The extension peptide 

on chromosomes 11 and 12 of all rice varieties studied is 

on exon 1 and then the first helix region starts from exon 2 

in the form of a coiled alfa-helix region. Within the alfa-

helix region in exon 2, there is an active site at the 

polypeptide sequence 102 in the form of glutamic acid (E) 

and 109 in the form of tyrosine (Y). These two amino acids 

are the ferroxidase diiron center, which plays a role in the 

function of oxidizing ferrous ions (Fe2+) into the more 

stable ferric form (Fe3+) (Pullin et al. 2021). By preserving 

its amino acid sequence, the ferritin ferroxidase center retains 
its essential function of oxidizing metal ions, ensuring 

proper iron homeostasis (Huan et al. 2020). 

Based on the results of the comparison of the 

characterization of ferritin on different chromosomes, the 

different active sites are responsible for the differences in 

structure and function. Ferritin on chromosome 11 has a 

simpler structure than that expressed on chromosome 12 

(Figure 6). Ferritin on chromosome 12 appears to be a 

collection of many ferritins on chromosome 11 that form a 

pore or channel. The complex structure of ferritin on 

chromosome 12 could be formed due to a complete active 
site. The main active site is amino acids that act as an iron 

ion channel. Meanwhile, the ferroxidase diiron center for 

stabilizing iron reactivity catalyzed ferrous ions' oxidation 

(Mehlenbacher et al. 2017). Furthermore, the presence of 

the ferrihydrite nuclease center supports the last stages of 

iron binds and sequestration by transforming ferric iron 

intermediates into mineral ferrihydrites (Zhang et al. 2021; 

Masison and Mendes 2023). The complete function of 

ferritin, composed of sequences encoded amino acids that 

act as an iron ion channel, supported the ferrihydrite nuclease 

center and the ferroxidase diiron center. These three sites 

work together to store, absorb, and bind iron in various 
mechanisms (La et al. 2018; Blankenhaus et al. 2019). 

The ferroxidase diiron center active site was found in 

all eight varieties studied and all sequences overlapped 

with ferritin on chromosomes 11 and 12 (Figure 5). Based 

on the identification of ferritin in Nipponbare variety on 

chromosome 11, it only has the active site of the ferrihydrite 

nucleation center (Kawahara et al. 2013; Sakai et al. 2013). 

However, the results obtained in this study found the active 

site of the ferroxidase diiron center, which should not be 

owned by ferritin on chromosome 11 based on the gene 

bank. The result obtained from the eight Indonesian rice 
varieties used here aligns with the research by Nguyen et 

al. (2022), which compared various ferritin variations that 

showed OsFER1 and OsFER2, which have ferroxidase 

diiron centers. So, there is an indication of a change in the 

characterization of the same gene at different chromosome 

locations (Hahn et al. 2006). The results of this study can 

confirm that ferritin on chromosome 11, in addition to the 

active site of the ferrihydrite nucleation center, also has the 

ferroxidase diiron center. Meanwhile, the complete complex 

ferritin forms the ferritin channel architecture with full 

function as a key role protein in iron homeostasis in cells. 

In conclusion, specificity potential of ferritin gene 

variation using OsFER2 primers at different chromosomal 

locations especially at chromosomes 11 and 12 in eight rice 

varieties was obtained. The placement of the ferritin gene 
on different chromosomes might influence plant functions 

beyond iron regulation. Since genes are often not isolated 

entities and are able to interact with other genes or factors 

to produce various effects and environmental cues, the 

chromosomal location could alter these interactions, 

potentially leading to unforeseen consequences. As for the 

potential for other genes or factors to interact with the 

ferritin gene and impact its function. This is an important 

area of research that should be explored further. This study 

offers valuable knowledge on plant iron uptake and storage 

mechanisms, paving the way for future research on broader 
applicability across crops and environments. 

ACKNOWLEDGEMENTS 

We thank all parties who have contributed to support 

this research activity. This research was funded by the 

PUTI Postgraduate Research Grant 2023 Universitas 

Indonesia, Depok, Indonesia for AS with contract number 

NKB-219/UN2.RST/HKP.05.00/2023. 

REFERENCES 

Aung MS, Masuda H. 2020. How does rice defend against excess iron? 

Physiological and molecular mechanisms. Front Plant Sci 11: 1102. 

DOI: 10.3389/fpls.2020.01102. 

Blankenhaus B, Braza F, Martins R, Bastos-Amador P, González-García I, 

Carlos AR, Mahu I, Faisca P, Nunes JM, Ventura P, Hoerr V, Weis S, 

Guerra J, Cardoso S, Domingos A, López M, Soares MP. 2019. 

Ferritin regulates organismal energy balance and thermogenesis. Mol 

Metab 24: 64-79. DOI: 10.1016/j.molmet.2019.03.008. 

Bou-Abdallah F. 2010. The iron redox and hydrolysis chemistry of the 

ferritins. Biochim Biophys Acta 1800 (8): 719-731. DOI: 

10.1016/j.bbagen.2010.03.021. 

Briat J-F, Lobréaux S, Grignon N, Vansuyt G. 1999. Regulation of plant 

ferritin synthesis: How and why. Cell Mol Life Sci 56 (1-2): 155-166. 

DOI: 10.1007/s000180050014. 

Briat J-F, Ravet K, Arnaud N, Duc C, Boucherez J, Touraine B, Cellier F, 

Gaymard F. 2010. New insights into ferritin synthesis and function 

highlight a link between iron homeostasis and oxidative stress in 

plants. Ann Bot 105 (5): 811-822. DOI: 10.1093/aob/mcp128. 

Chen H, Ma L, Zhang Y. 2021. Ferritin-catalyzed synthesis of ferrihydrite 

nanoparticles with high mimetic peroxidase activity for biomolecule 

detection. RSC Adv 11: 26211-26217. DOI: 10.1039/d1ra03816h. 

Chikoti YF, Supriadi, Duangkhet M, Chungopast S, Tajima S, Ma JF, 

Nomura M. 2020. Effect of ferritin on nitrogen fixation in Lotus 

japonicus nodules under various iron concentrations. J Plant Physiol 

252: 153247. DOI: 10.1016/j.jplph.2020.153247. 

Das U, Rahman MM, Roy ZR, Rahman MM, Kabir AH. 2020. Morpho-

physiological retardations due to iron toxicity involve redox imbalance 

rather than photosynthetic damages in tomato. Plant Physiol Biochem 

156: 55-63. DOI: 10.1016/j.plaphy.2020.08.034. 



PERMATASARI & SALAMAH – Identification and differentiation of rice ferritin gene 

 

2555 

Gross J, Stein RJ, Fett-Neto AG, Fet JP. 2003. Iron homeostasis related 

genes in rice. Genet Mol Biol 26 (4): 477-497. DOI: 10.1590/S1415-

47572003000400012. 

Guo G, Xiao J, Jeong BR. 2022. Iron source and medium pH affect 

nutrient uptake and pigment content in Petunia hybrida 'madness red' 

cultured in vitro. Intl J Mol Sci 23: 8943. DOI: 10.3390/ijms23168943. 

Hahn Y, Bera TK, Pastan IH, Lee B. 2006. Duplication and extensive 

remodeling shaped POTE family genes encoding proteins containing 

ankyrin repeat and coiled coil domains. Gene 366 (2): 238-245. DOI: 

10.1016/j.gene.2005.07.045. 

Harish V, Aslam S, Chouhan S, Pratap Y, Lalotra S. 2023. Iron toxicity in 

plants: A review. Intl J Environ Clim Change 13 (8): 1894-1900. 

DOI: 10.9734/ijecc/2023/v13i82145. 

Huan H, Jiang Q, Wu Y, Qiu X, Lu C, Su C, Zhou J, Li Y, Ming T, Su X. 

2020. Structure determination of ferritin from Dendrorhynchus 

zhejiangensis. Biochem Biophys Res Commun 531 (2): 195-202. 

DOI: 10.1016/j.bbrc.2020.07.069. 

Kawahara Y, de la Bastide M, Hamilton JP et al. 2013. Improvement of 

the Oryza sativa nipponbare reference genome using next generation 

sequence and optical map data. Rice 6 (1): 4. DOI: 10.1186/1939-

8433-6-4. 

Kirk GJD, Manwaring HR, Ueda Y, Semwal VK, Wissuwa M. 2022. 

Below ground plant-soil interactions affecting adaptations of rice to 

iron toxicity. Plant Cell Environ 45: 705-718. DOI: 10.1111/pce.14199. 

La A, Nguyen T, Tran K, Sauble E, Tu D, Gonzalez A, Kidane TZ, 

Soriano C, Morgan J, Doan M, Tran K, Wang C-Y, Knutson MD, 

Linder MC. 2018. Mobilization of iron from ferritin: New steps and 

details. Metallomics 10 (1): 154-168. DOI: 10.1039/c7mt00284j. 

Li H, Zang J, Xia X, Wang Z, Wang L-S, Ei-Seedi HR, Xu X, Zhao G, Du 

M. 2023. Oyster ferritin can efficiently alleviate ROS-mediated 

inflammation attributed to its unique micro-environment around 

three-fold channels. Free Radic Biol Med 204: 28-37. DOI: 

10.1016/j.freeradbiomed.2023.04.013. 

Li M, Zhang P, Adeel M, Guo Z, Chetwynd AJ, Ma C, Bai T, Hao Y, Rui 

Y. 2021. Physiological impacts of zero valent iron, Fe3O4 and Fe2O3 

nanoparticles in rice plants and their potential as Fe fertilizers. 

Environ Pollut 269: 116134. DOI: 10.1016/j.envpol.2020.116134. 

Masison J, Mendes P. 2023. Modeling the iron storage protein ferritin 

reveals how residual ferrihydrite iron determines initial ferritin iron 

sequestration kinetics. PLoS One 18 (2): e0281401. DOI: 

10.1371/journal.pone.0281401. 

Mehlenbacher M, Poli M, Arosio P, Santambrogio P, Levi S, Chasteen 

ND, Bou-Abdallah F. 2017. Iron oxidation and core formation in 

recombinant heteropolymeric human ferritins. Biochemistry 56 (30): 

3900-3912. DOI: 10.1021/acs.biochem.7b00024. 

Nguyen NK, Wang J, Liu D, Hwang BK, Jwa N-S. 2022. Rice iron 

storage protein ferritin 2 (OsFER2) positively regulates ferroptotic 

cell death and defense responses against Magnaporthe oryzae. Front 

Plant Sci 13: 1019669. DOI: 10.3389/fpls.2022.1019669. 

Pais IP, Moreira R, Semedo JN, Ramalho JC, Lidon FC, Coutinho J, Maçãs 

B, Scotti-Campos P. 2023. Wheat crop under waterlogging : Potential 

soil and plant effects. Plants 12: 149. DOI: 10.3390/plants12010149. 

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. 

Pradhan SK, Pandit E, Pawar S, Pradhan A, Behera L, Das SR, Pathak H. 

2020. Genetic regulation of homeostasis, uptake, bio-fortification and 

efficiency enhancement of iron in rice. Environ Exp Bot 177: 104066. 

DOI: 10.1016/j.envexpbot.2020.104066. 

Pullin J, Bradley JM, Moore GR, Le Brun NE, Wilson MT, Svistunenko 

DA. 2021. Electron transfer from haem to the di-iron ferroxidase 

centre in bacterioferritin. Angew Chem Intl Ed Engl 60 (15): 8376-

8379. DOI: 10.1002/anie.202015965. 

Reyt G, Boudouf S, Boucherez J, Gaymard F, Briat J-F. 2015. Iron and 

ferritin-dependent reactive oxygen species distribution: Impact on 

Arabidopsis root system architecture. Mol Plant 8 (3): 439-453. DOI: 

10.1016/j.molp.2014.11.014. 

Sakai H, Lee SS, Tanaka T, Numa H, Kim J, Kawahara Y, Wakimoto H, 

Yang C-C, Iwamoto M, Abe T, Yamada Y, Muto A, Inokuchi H, 

Ikemura T, Matsumoto T, Sasaki T, Itoh T. 2013. Rice Annotation 

Project Database (RAP-DB): An integrative and interactive database 

for rice genomics. Plant Cell Physiol 54: e6. DOI: 10.1093/pcp/pcs183. 

Stein RJ, Ricachenevsky FK, Fett JP. 2009. Differential regulation of the 

two rice ferritin genes (OsFER1 and OsFER2). Plant Sci 177 (6): 563-

569. DOI: 10.1016/j.plantsci.2009.08.001. 

Yu H-Z, Zhang S-Z, Ma Y, Fei D-Q, Li B, Yang L-A, Wang J, Li Z, 

Muhammad A, Xu J-P. 2017. Molecular characterization and functional 

analysis of a ferritin heavy chain subunit from the eri-silkworm, Samia 

cynthia ricini. Intl J Mol Sci 18: 2126. DOI: 10.3390/ijms18102126. 

Zhang H, Song J, Dong F, Li Y, Ge S, Wei B, Liu Y. 2023. Multiple roles 

of wheat ferritin genes during stress treatment and TaFER5D-1 as a 

positive regulator in response to drought and salt tolerance. Plant 

Physiol Biochem 202: 107921. DOI: 10.1016/j.plaphy.2023.107921. 

Zhang R, Chen L, Liang Q, Xi J, Zhao H, Jin Y, Gao X, Yan X, Gao L, 

Fan K. 2021. Unveiling the active sites on ferrihydrite with apparent 

catalase-like activity for potentiating radiotherapy. Nanotoday 41: 

101317. DOI: 10.1016/j.nantod.2021.101317. 

  


