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Abstract. Sianipar NF, Muflikhati Z, Assidqi K. 2024. Optimization design of tetra-primer ARMS-PCR using SNP lectin gene and in 
silico characterization of lectin protein in rodent tuber (Typhonium flagelliforme) mutant of Bogor accessions. Nusantara Bioscience 
16: 201-209. Rodent tuber plant (Typhonium flagelliforme (G.Lodd.) Blume) contains several anticancer compounds. Mutant plants 
have a higher cytotoxic effect than wild-type plants. This study aimed to devise a tetra-primer ARMS PCR using lectin gene SNPs to 
differentiate T. flagelliforme mutants and wild-type of Bogor accessions. A protein modeling study was also conducted to investigate the 
impact of point mutations on the structure of protein. The tetra-primer ARMS design and in silico protein modeling analysis were based 

on mutation points from previously sequenced lectin genes. A pair of primers was successfully designed using the missense mutation 
type specific to the SNP site that causes amino acid variation. The ARMS lec183 tetra-primer focuses on a 183 bp mutation in the lectin 
gene that converts threonine to arginine to provide a successful lec183 primer. The ARMS lec183 primer pair did not differentiate T. 
flagelliforme mutant plants from wild-type of Bogor accessions. The tetra-primer ARMS lec183 could be amplified successfully in all T. 
flagelliforme samples at a size of 278 bp outer primer and 193 bp inner primer, as determined by primer size. In the mutant protein 
structure, the 183 bp mutation results in amino acid changes that closely match those in wild-type proteins. 

Keywords: In silico lectin protein, lectin gene, specific primer design, tetra-primer ARMS PCR, Typhonium flagelliforme  

Abbreviation: ARMS: Amplification Refractory Mutation System, SNPs: Single Nucleotide Polymorphisms 

INTRODUCTION 

The rodent tuber plant (Typhonium flagelliforme 

(G.Lodd.) Blume) contains anticancer compounds among 

the Indonesian herbs. The gamma irradiation of plants has 

been biotechnology studied to produce mutant plants 

(Sianipar et al. 2017). A T. flagelliforme mutant plant 

contains higher levels of anticancer compounds, such as 

palmitic acid, sitosterol, and stigmasterol than the wild-

type plant (Sianipar et al. 2021, 2022). Sianipar et al. 

(2021) reported that stigmasterol from T. flagelliforme 

mutant plants has an IC50 value of 0.1623 M, which means 

it inhibits the proliferation of MCF-7 cancer cells. The 
Indonesian Ministry of Agriculture granted Plant Variety 

Protection to two stable mutants of these plants in 2020 

(Sianipar et al. 2020b). Specific molecular markers are still 

being identified to distinguish T. flagelliforme mutant 

plants from wild-type ones (Sianipar et al. 2023). 

The plant cell wall contains carbohydrates recognized 

by lectins (Petrova et al. 2021) and several proteins have a 

LecRLK architecture, forming LecRLK-type receptor-like 

kinases with kinases and transmembrane domains 

(Bellande et al. 2017). Proteins without kinase domains are 

LecRLPs, while soluble proteins without kinase and 
transmembrane domains are LecPs. Sianipar et al. (2015, 

2016, 2020a) and Sianipar and Purnamaningsih (2018) 

demonstrate that gamma irradiation can produce superior T. 

flagelliforme mutant plants with higher cytotoxicity than 

the wild-type (control). There is an increase in stigmasterol 

content in T. flagelliforme mutant plants with the 

development of lectin genes linked to increased anticancer 

compounds. At a dosage of 20 g/mL, the compound 

inhibits the proliferation of uterine cancer cells by 50% 

(Alfarabi et al. 2015). These findings can be a basic 

reference to explain lectin gene function in superior T. 

flagelliforme mutant of Bogor accession.  

Single Nucleotide Polymorphisms (SNPs) are highly 
polymorphic and can identify diversity with just one base 

variation (Islam et al. 2015). A unique SNP marker 

developed was the tetra-primer Amplification Refractory 

Mutation System (ARMS). The tetra-primer ARMS-PCR 

method is a high-efficiency, fast, and economical technique 

to find mutations or SNPs in a genome (Ye et al. 2001). 

ARMS-PCR uses tetra-primer primers containing a 3' end 

at the polymorphism and an additional variance at -2 bp to 

the 3' end of the primer. This design promotes greater 

amplification and reduces false positive results due to 

mismatch the primers (Garcés-Claver et al. 2007). 
The ARMS-PCR method has been successfully used to 

Schisandra chinensis (Turcz.) Baill. (Kim et al. 2012) and 
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sweet potato (Meng et al. 2017). It is possible to generate 

mutant and wild-type alleles simultaneously with ARMS-

PCR by using two sets of primers in single PCR tube. 

several studies have been conducted using internal DNA 

controls to investigate various mutations, such as Hou et al. 

(2013), Wang et al. (2014), Cai et al. (2019), and Park et al. 

2020). Ye et al. (1992) developed tetra-primer PCR using 

four primers (two outer and two inner primers) for allele-

specific amplification. Tetra-primer ARMS-PCR was 

created by merging this technique with ARMS in 2001. 
Regardless of gene genotype, outer primers significantly 

amplify target genes in one reaction step. 

Sianipar et al. (2022) reported a sequence for lectin 

gene with a base length of about 500 bp in mutant and 

wild-type T. flagelliforme plants show numerous mutation 

points. The structure of proteins can be altered by point 

mutations that change amino acids (Kimball and Jefferson 

2006). The tetra-primer ARMS analyzes sequence diversity 

through the gene point mutations, and successful ARMS-

PCR requires well-designed primers. This study aimed to 

devise tetra-primer ARMS-PCR based on SNPs in lectin 
gene regions, and characterize lectin proteins in silico to 

identify specific allele differences and amino acid 

arrangement structures of T. flagelliforme mutants and 

wild-type plants. 

MATERIALS AND METHODS 

Plant materials 

DNA samples were collected at Bina Nusantara (Binus) 

University, Jakarta, Indonesia in 2021. In the analysis of T. 

flagelliforme sequences, four mutant clones with sequence 

lengths of approximately 500 bp were compared to the 

wild-type ones (KB-control_61F). It was found that two 
mutant clones were classified as being high anticancer 

(KB-6-2-5-3_61F and BM-8-2_61) and low anticancer 

(KB-6-1-1-2_61F and KB-6-2-6-3_61F) (Sianipar et al. 

2022). Therefore, a tetra-primer ARMS was built on top of 

these sequences, and a lectin protein model was developed.  

The study use DNA template samples of fresh leaf tissue 

from wild-type and 12 mutants of T. flagelliforme (Table 

1). 

Procedures 

Genomic DNA extraction and quality test 

Genomic DNA was extracted using 

Cetyltrimethylammonium Bromide (CTAB) method 

described by Calderón-Cortés et al. (2010). Samples were 

collected from T. flagelliforme mutants and wild-type of 

Bogor accessions. After mixing liquid nitrogen and mortar, 
a 1,000 mL extract buffer was combined with fresh leaf 

tissue. The mixture was incubated in 2 mL microtubes for 

45 minutes and homogenized every 15 minutes. An 800 

mL of isoamyl alcohol chloroform was added to 1.5 mL of 

the tube 0.01% sodium acetate supernatant. During the 

DNA strand examination, the tubes were kept closed. The 

supernatant was removed from the sample with a 

micropipette after 10 minutes of incubation at room 

temperature. 

TE buffer was combined with the leftover DNA pellet 

at room temperature. Then, RNase was added and the 
solution was gently mixed and incubated at 37°C for 30 

minutes. The sodium acetate solution was diluted to one-

tenth by adding the DNA solution and stirring carefully, 

and the DNA was precipitated by processing samples in 

600 mL of 95% ethanol. These samples were gently 

combined after incubation for 45 minutes at 20°C. The 

supernatant was removed from the solution by 

centrifugation for 10 minutes at 13,500 rpm with a 

MiniSpin plus (EU-IVD) (Eppendorf, UK). DNA was dried 

before being rehydrated with 200 L of TE buffer. The 

instrument was calibrated at room temperature using TE 

buffer solution. A260/A280 ratios were determined using a 

Nanodrop Spectrophotometer 2000 manufactured by 
ThermoScientificTMUSA. Moreover, to test the quality 

including purity and concentration of the isolated DNA, 

Thermo ScientificTM USA's NanoDrop 2000 was utilized. 

DNA samples were stored at -20°C after diluting to a total 

concentration of 10-15 ng/μL for further use. 
 
 
 

Table 1. Rodent tuber (Typhonium flagelliforme) mutant plants used in the study 
 

No. Accession numbers Accession name Types Source 

1. B1 KB Control (wild-type) Bogor accession Binus collection 
2. B2 BM 8-2 Bogor accession Binus collection 
3. B3 KB 6-2-6-3  Bogor accession Binus collection 
4. B4 KB 6-2-5-3  Bogor accession Binus collection 

5. B5 KB 6-1-1-2  Bogor accession Binus collection 
6. B6 KB 6-1-3-4 Bogor accession Binus collection 
7. B7 BM 8-8 Bogor accession Binus collection 
8. B8 BM 8-4 Bogor accession Binus collection 
9. B9 BM 8-9 Bogor accession Binus collection 
10. B10 KB 6-2-8-2 Bogor accession Binus collection 
11. B11 KB 6-9-3 Bogor accession Binus collection 
12. B12 KB 6-9-5 Bogor accession Binus collection 
13. B13 KB 6-3-3-6  Bogor accession Binus collection 
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Design of tetra-primer ARMS 

Gene-specific tetra-primer ARMS were developed 

based on SNP sites previously identified by Sianipar et al. 

(2022). SNP sites that caused amino acid changes were 

recorded as missense mutations. SNP sites that could be 

developed into tetra-primer ARMS and identified as having 

bi-allelic alternative alleles were then analyzed for primer 

design. Using the online tool Primer1 

(http://primer1.soton.ac.uk/primer1.html) (Ye et al. 2001), 

a set of outer and inner PCR primers was created. The 
specificity of these outer primers, intended for detecting the 

lectin gene, was verified using NCBI BLAST primers. 

Next, a 183 bp position tetra-primer ARMS design was 

carried out with the following parameters: a PCR product 

range of 100-300 bp, a primer concentration of 5μM, a 

primer size range of 20-24 bp, and a primer melting 

temperature range of 62-70°C. 

Tetra-primer ARMS PCR 

Tetra-primer ARMS were designed and T. flagelliforme 

template DNA was used in the PCR machine for 

amplification. Next, 12 μL was used for the reaction 
mixture in the PCR reaction. This PCR mixture included 1x 

MyTaqTMHS Red Mix (Bioline, UK) (containing dNTPs, 

MgCl2, MyTaq HS DNA polymerase, and reaction buffer) 

of 5 μL, 2-5 μL genomic DNA (3-5 ng template DNA), 

primers with a concentration of 10 μM each 0.5 μL, and 

added ddH2O. Palm-Cycler Thermal Cycler PCR machine 

(Corbett, USA) with CG1-96 plates was applied to conduct 

the PCR procedures. The cycle parameters were set up: 4 

minutes of initial denaturation at 94°C, followed by 30 

seconds of denaturation at the same temperature, 30 

seconds of annealing at 65°C, and 30 seconds of extension 
at 72°C. A last extension cycle lasting 5 minutes at 72°C 

made the reaction close. The PCR products were 

subsequently run on a 2% agarose gel (Vivantis.Sdn.Bhd.) 

in Tris Borate EDTA buffer and stained with a Florosafe 

DNA stain (1st BASE). Electrophoresis was run at 75 V for 

85 minutes. DNA ladders (Geneaid Biotech Ltd.) were 

used as standards for estimating the size of the PCR 

product. An Agarose gel was illuminated with UV light 

using a UV transilluminator (Syngene, USA). 

The amplification results were visualized by showing 

the DNA bands of internal control and alleles in mutant and 

wild-type T. flagelliforme. Tetra-primer ARMS are 
designed based on lectin gene mutation points that cause 

amino acid changes. Point mutations that cause amino acid 

changes can affect protein structure (Kimball and Jefferson 

2006). Therefore, protein characterization and protein 

modeling can be done to determine the difference in 

protein structure due to missense mutation points. 

Data analysis 

Lectin genes with approximately 500 bp were used to 

characterize the proteins (Sianipar et al. 2022). Using the 

NCBI database, the CDS lectin gene sequence was adjusted 

based on the start codon by Multiple Sequence Alignment 
(MSA). Expasy translate (https://web.expasy.org/translate/) 

was used for translating gene sequences into proteins. This 

stage revealed differences in amino acids. For the 

identification of differences in protein types caused by 

point mutations, we used the Uniprot website 

(https://www.uniprot.org/blast). A manual comparison of 

T. flagelliforme mutant plants with wild-type revealed 

differences and similarities in the lectin proteins. 

The amino acid arrangement was used for protein 

structure modeling through SWISS MODEL 

(https://swissmodel.expasy.org/). Protein data bank (PDB) 

files were downloaded based on the best-selected protein 

templates and further visualized with PyMol 2.0 software. 
Molecular weights and isoelectric points (pl) of mature 

proteins were estimated using the Compute pI/Mw tool 

(https://web.expansy.org/compute_pi/). An alteration in the 

isoelectric point can affect a protein's functional state 

(Kimball and Jefferson 2006). 

RESULTS AND DISCUSSION 

DNA quality 

The test results indicated that the DNA concentration 

varied between 10 and 106.8 ng/μL, and the purity of 

A260/A280 was 1.4 to 2.0. Piskata et al. (2019) suggested 

that the optimal range for a pure DNA sample is from 1.7 
to 2.0. Residual protein may produce higher values, 

whereas lower values represent extremely low DNA 

contents (Ke-xin et al. 2023). The DNA bands obtained in 

this study were reproducible and very clearly performed. 

The results of the DNA quality test showed that all samples 

of T. flagelliforme DNA were suitable for additional PCR 

analysis (Servusova and Piskata 2021).  

Design of tetra-primer ARMS 

The tetra-primer ARMS was successfully designed 

following the point mutation of the lectin gene sequence by 

Sianipar et al. (2022) (Table 2). The 183 bp mutation point 
has a G/C sequence mutation. The tetra-primer ARMS pair 

was constructed using the Primer1 software. ARMS PCR 

pairs with mismatches were designed to improve the 

specificity of alleles (Ye et al. 2001). Several mismatch 

bases were selected based on Little's (1997) guidelines. It 

was most effective to couple mismatches scored as "strong" 

at the 3' end (such as G/A or T/C mismatches) with a 

second mismatch rated as "weak" (such as A/C or T/G). 

A/A, T/T, C/C, or G/G are examples of "medium or 

intermediate" strength pairings that could be employed. 

The ARMS method of detecting small deletions or 

point mutations has quick and accurate results. ARMS-
PCR allows genotype-specific identification in a single 

PCR step, eliminating expensive post-PCR manipulations 

(Ye et al. 2001). ARMS method success largely depends on 

the primer's design and several criteria found to design 

ARMS primers. These criteria include primer base length, 

complementary primers, and the number of percent of GC 

or Tm (Bates 1995). This study calculated primer Tm with 

the web-based program OligoAnalyzerTMTool 

(https://sg.idtdna.com/calc/analyzer). Generally, the Tm 

values of all primer sequences designed in this study are 

fairly significant. 

https://swissmodel.expasy.org/
https://web.expansy.org/compute_pi/
https://sg.idtdna.com/calc/analyzer
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Table 2. A tetra-primer ARMS of lectin genes was used for this study 
 

SNP 

position 

(bp) 

SNP 

variation 

Type of mutation 

in amino acid 

residues 
Primer Id Primer sequences (5'-3') 

Tm 

(oC) 
Product 

Size (bp) 

183 C/G Missense 
(Threonine-
Arginine) 

Lec183_F_In_G GAGCAGCGGCTCCCAGTCGGACAG  67.5 193 
Lec183_R_In_C ACGGCGGCGTACTTGCCGGG  67.9 129 
Lec183_F_Out ACGGCGAACAGAGGACGGGACTGC  67.0 278 

Lec183_R_Out TGCCGTCGGCGTAGAGGACCTGG  67.0  

Note: Lec183: Primer designed based on the lectin gene with the 183 bp SNP, F: Forward, R: Reverse, In: Inner, Out: Outer  
 
 
 

 
 
Figure 1. Electrophoresis outcomes of tetra-primer ARMS-PCR with different annealing temperatures in 5 T. flagelliforme mutant 
clones: A. 67°C, B. 65°C, C. 60°C. L: 100 bp DNA ladder, B1: KB Control, B2: BM 8-2, B3: KB 6-2-6-3, B4: KB 6-2-5-3, B5: KB 6-1-
1-2, Ta: Annealing temperature 
 
 

 

 
 
Figure 2. Electrophoresis results of inner primer ARMS 
separation in T. flagelliforme clones: A. G allele-specific reaction, 
B. C allele-specific reaction. L: 100 bp DNA ladder, B1: KB 
Control, B2: BM 8-2, B3: KB 6-2-6-3, B4: KB 6-2-5-3, B5: KB 
6-1-1-2, B6: KB 6- 1-3-4, B7: BM 8-8, B8: BM 8-4, B9: BM 8-9, 
B10: KB 6-2-8-2 

Tetra-primer ARMS-PCR 
The ARMS tetra-primer was successfully designed in 

this study. ARMS primer lec183 was used to amplify T. 

flagelliforme mutants and wild-type based on the fragment 

size of the tetra-primer ARMS-PCR product 

(Lec183_F_In_G: GAGCAGCGGCTCCCAGTCGGACAG; 

Lec183_R_In_C: ACGGCGGCGTACTTGCCGGG; 

Lec183_F_Out: ACGGCGAACAGAGGACGGGACTGC; 

Lec183_R_Out: TGCCGTCGGCGTAGAGGACCTGG). 

The tetra-primer ARMS-PCR product was specific for the 

183 bp lectin gene SNP containing 278 bp as internal 

control and 193 bp as the G/Guanin allele. 

Three annealing temperatures were used to obtain 
optimum conditions and detect specific inner alleles 

(Figure 1). An internal control band at 278 bp was 

produced in five samples by the forward outer and reverse 

outer primer pairs. There were only a few samples that 

amplified the inner allele at 67°C. Only five samples 

successfully amplified the inner allele at 65°C and 60°C; 

all samples annealed at 60°C produced smears. The results 

indicate that too high annealing temperatures can cause the 

T. flagelliforme DNA to not adhere to the inner primer, 

while too low annealing temperatures can cause smears 

(Suhda et al. 2016). Different annealing temperatures affect 
the appearance of allele-specific bands in some samples 

(Zabala et al. 2017). Tanha et al. (2015) notes the ARMS-

PCR method's strength is its ability to find the optimal PCR 

program (annealing temperature). According to this study, 

the ideal annealing temperature was 65°C. 

Separating inner forward and inner reverse primers was 

performed to confirm the bands that appeared clearly (Figure 

2). The inner forward/allelic G primer (Lec183_F_In_G: 

A B C 

A 

B 
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GAGCAGCGGCTCCCAGTCGGACAG; Lec183_R_Out: 

TGCCGTCGGCGTAGAGGACCTGG) was successfully 

amplified in all samples at 193 bp according to the product 

size during primer construction (Figure 2.A). In contrast, 

the inner reverse/allele C primer (Lec183_R_In_C: 

ACGGCGGCGTACTTGCCGGG; Lec183_F_Out: 

ACGGCGAACAGAGGACGGGACTGC) was not 

amplified in all samples (Figure 2.B). This is because 

primers designed specifically for the G allele can attach to 

T. flagelliforme DNA, while primers specifically for the C 
allele cannot attach to T. flagelliforme DNA. Medrano and 

de Oliveira (2014) reported that inner reverse primers are 

used to recognize that they have a C sequence near the 3' 

end, which allows non-specific binding to DNA despite 

intentional mismatches.  

DNA fragments of wild-type T. flagelliforme with three 

mutants were produced in the same reaction [all outer and 

inner primers (G/C)] and two specific alleles [inner primer 

of allele G (G) and inner primer of allele C (C)] were 

amplified separately to obtain the specific allele (Figure 3). 

The three mutant samples represent the results of 
amplifying all samples on the outer and inner primers of 

allele G. The outer primer pair (Lec183_F_Out: 

ACGGCGAACAGAGGACGGGACTGC; Lec183_R_Out: 

TGCCGTCGGCGTAGAGGACCTGG) was successfully 

produced in all samples at 278 bp according to the primer 

preparation. All samples with the inner forward primer or 

allele G (G) amplified separately showed bands at 193 bp. 

Both T. flagelliforme wild-type (control) and mutant 

were successfully amplified and showed clear DNA bands 

in all samples. Three standalone PCR reactions were 

performed to examine reproducibility: one with an 
outer/internal control primer, one with an inner primer 

specific for the G allele, and one with an inner primer for 

the C allele. When amplified separately, the C allele (C) 

showed no bands (Figure 3). It has been suggested by 

Garcés-Claver et al. (2007) that the high variability in the 3' 

end UTR region may result in the absence of specific 

fragments from the inner allele primer. G allele data 

showed a 193-bp band when the inner forward primer is 

amplified separately. This G allele band is clearer than the 

mixing reaction (G/C). Zabala et al. (2017) reported that 

DNA fragments between two specific alleles can be 

separated if the amplicons have a minimum size of 50 bp. 
Two outer primers can produce DNA fragments of 

different sizes, serving as a non-specific internal control 

band for allele detection. Combining the fragments with 

two allele-specific inner primers allows simultaneous 

amplification. The inner primers are asymmetrically 

located around the common primer, designed to anneal in 

opposite orientations, enabling the separation of wild-type 

and mutant amplicons by standard gel electrophoresis 

(Zabala et al. 2017). In this study, the designed tetra-primer 

ARMS lec183 was unable to differentiate the wild-type 

from the mutant. However, the ARMS lec183 tetra-primer 
was successfully amplified in all T. flagelliforme samples. 

Tóth et al. (2023) suggested that not all SNPs may be 

compatible with allele-specific methods due to limitations 

in primer design or challenging optimization. 

Tetra-primer ARMS-PCR is used for genotyping SNPs. 

This method is considered more convenient than other 

techniques like PCR-RFLP (Restriction Fragment Length 

Polymorphism) because it does not require restriction 

enzyme incubation (Alvarez et al. 2016). In addition, tetra-

primer ARMS only requires a small DNA concentration of 

10-15 ng/μL. Tetra-primer ARMS-PCR comes with its own 

set of benefits and drawbacks. It is not suggested to use this 

method for SNP present in DNA sections that are abundant 

in guanine and cytosine. Also, it is not recommended to use 
it for unpurified DNA samples. However, this method has 

been successfully utilized in several applications, such as 

diagnosing human spinal muscular atrophy when SMN1 

and SMN2 deletions were simultaneously identified (Baris 

et al. 2010). A similar approach has also been used to 

evaluate the diversity of Panax species (Yang et al. 2023), 

assess pork quality (Chai et al. 2010), and design cultivar 

markers for Capsicum species (Rubio et al. 2008). Tetra-

primer ARMS are designed based on point mutations that 

cause amino acid changes (missense mutations). 

Additionally, Kimball and Jefferson (2006) associate 
missense mutation points in the genome with the protein 

structure associated with the change. 

Lectin characterization and protein modeling 

Lectins were characterized by translating DNA bases 

into protein amino acids and amino acid alignment by 

translating DNA bases into protein amino acids and 

aligning amino acids based on sequences of the lectin 

genes presented by Sianipar et al. (2022). The results of the 

alignment of lectin amino acids showed changes in amino 

acids due to point mutations (Figure 4). The amino acid 

change occurred from threonine (T) to arginine (R) (red 
box). Threonine is an amino acid with an uncharged closed 

R group, while arginine is a basic amino acid. BLAST 

results of the T. flagelliforme protein show that the T. 

flagelliforme mutant and wild-type lectins are highly 

similar to the bulb-type lectin domain-containing protein in 

Colocasia esculenta (red box) (Figure 5). This indicates 

that although there are differences in amino acids due to the 

mutation point, there is no change in the type of lectin 

protein in T. flagelliforme mutant and wild-type ones. 

Protein modeling was performed to calculate the effect 

of mutations in the T. flagelliforme lectin sequence on the 

tertiary structure of the mature protein. Protein modeling 
showed no change in the tertiary structure of the wild-type 

lectin protein with the mutant despite the amino acid 

changes (Figure 6). The residue of amino acid in the wild-

type lectin is threonine (T) and in the mutant lectin protein 

is arginine (R) at the 61st amino acid (red box). This 

indicates that lectin point mutations can change amino 

acids even though protein structure remains unchanged. 

The wild-type and mutant lectin proteins have the same 

estimated isoelectric value of 5.16 and molecular weight of 

31.5 kDa. This study's results are similar to those of 

Alfarabi et al. (2015) which states that the molecular 
weight of lectins in T. flagelliforme is around 10-30 kDa. A 

similar claim was made by Luo et al. (2007), stating that 

lectins in T. divaricatum have a molecular weight of 12-48 
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kDa. This study's lectins of T. flagelliforme mutants are 

similar to those of T. flagelliforme (Alfarabi et al. 2015). 

Proteins known as lectins have at least a single non-

catalyzed domain that reversibly binds to particular 

carbohydrate molecules, and structurally, lectins consist of 

4 types, namely merolectin, hololectin, chimerolectin, and 

superlectin (Peumans and van Damme 1995). Each type of 

lectin is distinguished by the number of domains that bind 

to carbohydrates. Mutant and wild-type T. flagelliforme 

have bulb-type lectin domain-containing protein. This type 
of lectin can bind specifically to mannose, a simple sugar 

C-2 epimer of glucose (Peumans and van Damme 1995). 

Through protein structure modeling, it is possible to 

determine an individual's protein type (Holle et al. 2017). 

Modeling of lectin proteins has also been carried out on 

Acacia farnesiana (L.) Willd. (AFAL) (Abrantes et al. 

2013) and potatoes (van Damme et al. 2004).  

Point mutation of the 183 bp lectin gene reported by 

Sianipar et al. (2022) affects amino acid translation. The in 

silico protein modeling analysis is based on the 

arrangement of amino acids that have changed due to point 

mutations. From this analysis, we can model the protein 

structure, molecular weight, and isoelectric point prediction 

due to point mutation changes that cause amino acid 

changes. Point mutations that cause changes in amino acids 

can affect protein structure (Kimball and Jefferson 2006). 

Protein structures that are naturally from wild-type 

sequences can be altered due to mutations in the protein 

sequence (Taverna and Goldstein 2002; Kimball and 
Jefferson 2006). the location of the mutation differs from 

the location of function, however, Yang et al. (2016) and 

Mitternacht and Berezovsky (2011) also found an 

impairment of function or changes at the level of 

functionality. These studies suggest that while the structure 

of the mutant protein closely resembles the structure of the 

wild-type protein, the topology of the mutant protein may 

be altered at locations far from the mutation site 

(Rajasekaran et al. 2017). 
 
 

 
 

Figure 3. Electrophoresis results with mixing and separation ratio of outer primer and inner primer reactions in T. flagelliforme clones: 
G/C: All four primers in the same reaction, G: Guanine allele reaction, C: Cytosine allele reaction, L: 100 bp DNA ladder, B1: KB 
Control, B11: 6-9-3 KB, B12: 6-9-5 KB, B13: 6-3-3-6 KB 
 
 

 
 

Figure 4. Alignment of lectin amino acids in wild-type ones and T. flagelliforme mutant. Amino acid residue substitutions in T. 
flagelliforme mutant (red box); the "*" mark indicates the position of a highly conserved residue; the "." mark indicates one of the 
conserved weak groups 
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Figure 5. BLAST results of T. flagelliforme lectin protein. A. Lectin protein of T. flagelliforme wild-type, B. Lectin protein of T. 

flagelliforme mutant 
 
 

 
 

Figure 6. Predicted stereo structure models of lectin proteins. A. Superimposition of wild-type lectin protein (green) on the model 
protein of Mannose-specific lectin 2 (A5HMM7.1.A), B. Superimposition of mutant lectin protein (green) against the Mannose-specific 

lectin 2 protein model (A5HMM7.1.A; blue). Amino acid residue differences in mutant and wild-type lectins and (red squares) disulfide 
bonds (magenta) 
 
 

Overall, the mutation point-based design of the tetra-

primer ARMS lectin gene led to its effective amplification 

in both mutant and wild-type T. flagelliforme plants. The 

difference in mutation points in the 183 bp lectin gene is 

due to gamma irradiation treatment at six Gy doses 

(Sianipar et al. 2016, 2017; Sianipar and Purnamaningsih 
2018). The lectin gene can impact environmental factors, 

such as temperature, light, and soil composition. These 

factors can influence the expression of the lectin gene, 

potentially affecting the plant’s growth, development, and 

production of bioactive compounds (Mishra et al. 

2019). The expression of lectin genes in T. flagelliforme 

mutants has not been directly studied. Protein structure 

modeling studies with similarities with the wild-type show 

the possibility of the same gene expression as the wild-
type. Changes in point mutations that cause changes in 

protein structure can affect gene expression (Kim et al. 

2004). This study's mutant protein structure is very similar 

A 

B 

A B 
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to the wild-type. The significance of lectin genes in 

producing T. flagelliforme plants has been reported by 

Alfarabi et al. (2015). The study stated that lectin isolates 

were successfully obtained and could inhibit breast cancer 

cells. The difference between T. flagelliforme mutants and 

wild-types in this study could not be obtained through the 

lectin gene approach. This allows the expression of the 

wild-type lectin gene to be very similar to the mutant, but 

the approach to genes controlling other anticancer 

compounds may differ.  
In conclusion, tetra-primer ARMS lec183 

(Lec183_F_In_G: GAGCAGCGGCTCCCAGTCGGACAG; 

Lec183_R_In_C: ACGGCGGCGTACTTGCCGGG; 

Lec183_F_Out: ACGGCGAACAGAGGACGGGACTGC; 

Lec183_R_Out: TGCCGTCGGCGTAGAGGACCTGG) 

was successfully designed based on the 183 bp point 

mutation of the lectin gene. Although the tetra-primer 

ARMS lec183 could not distinguish T. flagelliforme 

mutants from wild-type, the primer pair was successfully 

amplified in all T. flagelliforme samples at 278 bp outer 

primer and 193 bp inner primer G allele according to the 
product size during primer preparation. Amino acid 

variations based on the 183 bp mutation point of the lectin 

gene show that the mutant protein structure is very similar 

to the structure of the wild-type protein, which is a bulb-

type lectin domain-containing protein. Therefore, research 

on primer design through genes encoding other anticancer 

compounds can be carried out to obtain molecular markers 

that differentiate T. flagelliforme mutants from wild-type 

plants. 
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Tóth T, Csaba Á, Bokor A, Ács N. 2023. Variable Fragment Length 

Allele-Specific Polymerase Chain Reaction (VFLASP), a method for 

simple and reliable genotyping. Mol Cell Probes 69: 101910. DOI: 

10.1016/j.mcp.2023.101910.  
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Zabala AS, Gomez MEV, Álvarez MF, Siewert S. 2017. Tetra primer 

ARMS PCR optimization to detect Single Nucleotide Polymorphism 

of the KLF14 gene. Open Access Libr J 4: e4145. DOI: 

10.4236/oalib.1104145.  

 


