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ABSTRACT 

Rodent tuber (Typhonium flagelliforme) is one of the Indonesian herbs that has not yet been developed as an anticancer 

drug. The local name rodent tuber plant has produced superior mutant strains with higher levels and bioactive 

compounds. Compared to the mother plant, GCMS analysis detected four new bioactive compounds. A superior mutant 

rodent tuber ethanol extract was tested in vitro against MCF7 (breast) cancer cells. In previous studies, extracts from 

different rodent tuber varieties showed cytotoxic effects on MCF7 cancer cells at much lower IC50 doses and up to 10-

fold potency than mother plants. The development of the lineage of the rodent tuber plant Bogor has morphological and 

molecular marker characteristics. However, it is unclear whether the activity of the lectin gene is associated with Bogor's 

accession. The purpose of this study was to validate specific primer amplifications associated with lectin gene 

characteristics in the Bogor lineage of rodent tubers. This technique uses PCR amplification with specific primers that 

encode the lectin gene. All mutants and control plants were successfully amplified in sizes in the 500 bp range. The 

PCR products continued to be sequenced and showed significant results with differences in DNA sequences (from the 

5'end reading) in the three regions 59 bp, 183 bp, and 211 bp. It was confirmed that the superior mutant rodent tuber 

plant with high anti-cancer compound had different sequences in the control and the mutant plant with low anti-cancer 

compound. Based on the results, further sequence analysis studies should be conducted on the sequence differences 

between the rodent tuber control plant and the superior mutant plant. Information about lectin compounds in the Bogor 

lineage of rodent tubers can be used as the basis for developing healthcare products, especially cancer treatments. 
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1. INTRODUCTION 

Typhonium flagelliforme is a rodent tuber known as a 

herbaceous plant in Indonesia. This plant has been 

studied and compared with several other types (about 40 

species) as a medicinal plant and distributed in Asia and 

Australia [1]. Rodent tuber is widespread in Indonesia, 

but most of it is not cultivated, so it is possible to have 

variations in the compounds of secondary metabolites 

among these plants. Potential developments in rodent 

tuber plants have been carried out, which are more 

focused on testing plants under various environmental 

conditions. These conditions can certainly affect the 

metabolism and content of secondary metabolites in plant 

cells. This potential is supported by the presence of one 

of the bioactive ingredients that are continuously 

expressed, namely the lectin gene [2].  The herbal 

medicinal product developed based on the lectin gene as 
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a bioactive constituent is Viscum album extract. This 

product has been clinically tested and used in cancer 

treatment via intravenous injection [3].  

The rodent tuber (Typhonium divaricatumL.) from 

China has potential as an anticancer drug. Tubers contain 

lectins that can inhibit the growth of cancer cells [3]. 

Information on rodent tubertubertuber plants that carry 

lectins has not yet been studied in comparison to other 

species of lectins, such as legume lectins. The process of 

lectin biosynthesis in plants is the same as general protein 

synthesis. However, it was distinguished by the migration 

of lectins to storage tissues such as vacuoles after the 

biosynthetic process. For this reason, this lectin is used as 

a protein reservoir in plants [4].  Lectins are also 

classified as secondary metabolites because they also 

serve as seed protection against microorganisms, 

pathogens, herbivores, or predators [5].  

Lectins have a general mechanism of inhibiting 

cancer cell apoptosis and cancer cell growth. As seen in 

legumes (ConA and ConBr), lectins can inhibit the 

growth of cancer cells such as HL60 and MOLT4 cells 

[6]. The biotechnology of rodent tuber plants has been in 

use since 2011. Based on studies Sianipar et al. [7-9] 

rodent tuber mutant plants have higher cytotoxic effects 

on cancer cells than the mother plants. This indicates the 

development of superior mutant plants of the anti-cancer 

compound of the lectin gene, which is associated with 

elevated levels of stigmasterol. Stigmasterol compounds 

as antioxidants can reduce Eric ascites cancer (EAC) by 

lipid peroxidation. A treated concentration of 20 g/ml 

stigmasterol may increase catalase in rat liver of EAC and 

inhibit the growth of uterine cancer cells by 50% [3]. This 

study served as a basis for explaining the linkage of lectin 

genes during biosynthetic processes in the Bogor’s rodent 

tuber varieties. . Approximately seven mutant clones of 

Bogor rodent tubers have high information about 

anticancer drugs or superior mutants (HACs).  

 The bioactivity against cancer cells was about 19.113 

µgml, whereas the ethyl acetate fractionated variant 

KB6336 plants showed about 1.06 µg/ml bioactivity 

against breast cancer cells (MCF7). [9,10] Based on this 

information, it can be efficiently, quickly, and accurately 

provide information on the differences between rodent 

tuber mutant plants, especially those with the lectin gene. 

The development of processed products from rodent 

tuber plants in the future is needed. The development of 

biotechnology selection methods using molecular 

markers is increasing in line with the needs of people in 

both food and health disciplines. The superior mutant 

rodent tuber plant Bogor lineage molecular markers were 

performed using RAPD markers and field morphological 

studies [9, 11]. (These results were obtained with highly 

anti-cancer compounds in several mutant strains of 

rodent tubers registered as superior mutant plants, 

including KB6336 and KB6112 in of the Ministry of 

Agriculture, Republic of Indonesia. However, the lectin 

gene approach was not performed in a particularly mutant 

selection process due to the lack of available information 

on the sequence of rodent tuber mutant plant that carries 

the lectin gene. This study aimed to determine and select 

rodent tuber plants carrying the lectin gene in the superior 

superior mutant rodent tuber Bogor accession 

(Typhonium flagelliforme) based on PCR amplification 

and PCR analysis in both control plants.  

2. MATERIALS AND METHODS 

2.1. Genetic material 

The plant material used in this study consisted of five 

accessions of superior mutant Bogor rodent tuber and 

control rodent tuber as a comparison (Table 1). The part 

of the plant used for molecular analysis is the fresh leaf. 

Table 1. List of rodent tuber plant varieties used in this 

study 

No. 
Accession 

Name 
Origin 

Type of Rodent 

Tuber  

(Stigmasterol) 

1. KB Control 
Binus 

Collection 
Control plant 

2. KB 6-1-1-2 
Binus 

Collection 

Mutant with high 

anticancer 

content (HAC) 

3. KB 6-2-6-3 
Binus 

Collection 

Mutant with high 

anticancer 

content (HAC) 

4. KB 6-2-5-3 
Binus 

Collection 

Mutant with low 

anticancer 

content (LAC)  

5. BM 8-2 
Binus 

Collection 

Mutant with low 

anticancer 

content (LAC) 

2.2. DNA isolation 

The preparation of rodent tuber variants and control 

plant DNA was performed by CTAB 

(cetyltrimethylammonium bromide)-based extraction 

[12]. The samples used were four superior mutant clones 

of rodent tuber leaves, Bogor control, and rodent tuber. 

The leaves were beaten with a mortar, and 1000 liters of 

extraction buffer was added to liquid nitrogen. The leaf 

grind was placed in a 2 ml microtube, then placed in a 
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water bath for 45 min (homogenized every 15 min), 

followed by an 800 L chloroform-isoamyl alcohol 

solution in the tube. The solution was homogenized and 

centrifuged at a rate of 12,000 rpm for 15 min. The 

supernatant of 500 L was transferred into a 1.5 L tube, 

the solution was added with 500 L of cold isopropanol 

solution and 0.1X Vol of Sodium acetate (NaOAC). The 

supernatant slowly inverted. The tuber was tightly closed 

while observing the presence of DNA strands. The 

samples were then incubated at room temperature for 10 

min. The supernatant was removed with a micropipette, 

and the DNA pellet was then added with 250 L of TE 

buffer at room temperature. RNase was added into 1/100 

of the volume of the solution, mixed slowly, and then 

incubated for 30 min at 37 °C. NaOAC was added to the 

solution as much as 1/10 of the volume of the DNA 

solution and mixed slowly. Ethanol (cold) 95% solution 

was added as much as 600 L, the samples were then 

mixed slowly and incubated at 20 °C for 45 min to 

precipitate DNA. The solution was centrifugated at 

13500 rpm for 10 min, discarded the supernatant, and 

dried the DNA pellet at room temperature (overnight). 

After the DNA dried, it was added 200 L of TE buffer 

and leave until the DNA dissolves. 

2.3. DNA amplification 

DNA amplification was performed using the access 

samples listed in Table 2. Each sample was PCR using 

two replications (encoded by a and b). The sample 

amplification process was performed with a total reaction 

of 20 L containing a 25 ng DNA template up to 2 L. 1x 

MyTaq red reaction buffer (Bioline, UK) 4 L; 

concentration 10 M 0.8 L, 0.16 L Using primers of My 

Taq HS Red DNA polymerase [5u/µL], sterile ddH2O 

was added. Amplification was performed using the 

primer pair Primer Forward (Fbase61). 

GTAGGCACCAACTACCTGCTGT and vice versa 

(Rbase551); TTGGACTGCCACCCGTACTT was 

edited based on a literature study of the NCBI lectin gene 

(ID: MK904840.1). The PCR reaction was performed on 

the PCR machine T100 thermal cycler T1 thermocycler 

(Biorad, USA) using the following PCR profile. The first 

denaturation was performed at 94 °C for 5 min, followed 

by a 35 cycle denaturation process at 94 °C. Annealing 

(binding step) primer for 1 min at 55 ° C for 30 seconds 

and extension (base extension) for 2 min at 72 ° C. The 

PCR reaction was completed with a final extension cycle 

(final stage of base extension) at 72 ° C for 5 min. The 

PCR results were electrophoresed on a 2% agarose gel 

containing 0.5x TBE (Tris Borate EDTA) buffer at a 

voltage of 100 V for 35 min. The agarose gel was then 

stained with ethidium bromide and visualized under UV 

light using a UV transilluminator (Biorad, USA). 

 

 

2.4. Sequencing 

Sequence analysis of rodent tubers was performed on 

five rodent tuber samples such as control, HAC, and 

LAC. Sequencing is performed by the service provider 

First BASE Laboratory (Singapore). Sequencing data is 

output in the form of a Fasta format DNA sequence. This 

must be done by paired sequences and sequence 

alignment before the bioinformatics analysis process. 

2.5. Bioinformatic analysis of differences in 

rodent tuber sequences 

The results of further sequencing need to be seen the 

differences in the sequences of HAC, LAC, and control 

plants. The analysis process begins with the pairwise 

sequence between forward and reverse sequences with 

Bioedit software, then proceeds with sequence alignment 

with Clustel W software (https://www.ebi.ac.uk/Tools/) 

or the Bioedit software. The sequencing results were 

analyzed bioinformatically by comparing the sequences 

of the test samples. The similarity of the test sequences 

to the organisms' sequences is confirmed in the NCBI 

(National Centre for Biotechnology Information) 

database based on their genetic similarity [13].  

3. RESULT AND DISCUSSION 

3.1. PCR product amplification 

Product amplification in the superior mutant rodent 

tuber plant, Bogor, was successfully amplified, indicated 

by the presence of DNA band fragments at a size of about 

500 bp. Confirmation of the size can be seen in Figure 1. 

 

 

 

 

Figure 1 PCR visualization of lectin products in five 

test samples (each two replicate samples). Ld100: DNA 

base size marker 100 bp, 1a,b; Control plants, 2a,b; 

HAC (KB6112), 3a,b; HAC (K6253), 4a,b; LAC (KB 

6263) and 5a,b; LAC (BM82). 

Based on Figure 1, visualization of DNA band 

fragments is an essential step in seeing the match of 

primers that have been designed based on database 

information. Figure 1 shows the success of these primers 

attaching to the DNA strands of rodent tuber mutant and 

control plants. The fragments formed in the sample 

ranged from 500 bp to all accessions of mutant plants and 

control plants so that there was no visible variation using 

this primer. This condition indicates that the primer used 
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is a specific primer consistent in various plants. However, 

this condition can be continued with the sequencing 

analysis stage, which can be done by looking at the 

sequence of DNA bases in each test sample. The 

sequence of DNA bases can be seen as differences 

between the mutant and control plants. Based on this, the 

sample used for sequencing is the sample coded A for 

each representative of the accession. Burns et al. [14] 

reported that there are several interpretation techniques in 

analyzing PCR results when getting data that is still 

difficult to interpret, as shown in Figure 1. One of the 

existing techniques can be applied to compare the PCR 

product sequence with sequencing and specific primers 

on the sequence target. The technique is carried out direct 

the unique sequence of each sample is obtained. 

3.2. Sequencing products 

The product of the sequencing analysis is a product of 

DNA base sequences in the form of sequences of the 

Bogor rodent tuber mutant plant. The sequences have 

been successfully analyzed and can figure out in Figure 

2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Sequencing data analysis of the superior mutant 

rodent tuber plant in Bogor processed using Bioedit 

software version 7.2.5 [15]. 

Based on the results sequence analysis results in Fig. 

2, a comparison of the five Bogor rodent tuber mutant 

plants reveals that the DNA sequences vary. Each plant 

consisted of a control rodent tuber, HAC rodent tuber 

mutants (KB6112 and KB6263), and LAC rodent tuber 

mutants (KB6253 and BM82). The results of this analysis 

were confirmed to be correct based on the alignment of 

the forward sequence pair and the installation of the 

reverse sequence, which is not included in Figure 2. The 

analyzed sequence was aligned (alignment sequence), 

and the left and right ends (5 '3') were cut off during the 

reading process. Based on data processing, the base 

length is about 375 bp and the test pattern has three 

different areas. This study found a missing sequence in 

sample KB6263 caused by a gap/insertion in another 

individual who caused an absence sequence. This is 

consistent with the statement by Frohme et al. [16], 

several factors can cause DNA sequence loss, including 

suboptimal binding process/gap closure at the end of the 

sequencing phase, gaps during the amplification process 

due to biological factors, and variations in the 

amplification process that prevented successful cloning, 

especially in the sequencing phase of each sequence. 

DNA sequences with base sizes of approximately 59 bp, 

183 bp, and 211 bp distinguish between superior mutant 

plants with high anti-cancer compounds (HAC) and 

plants with low anti-cancer compounds and their 

controls.  

The superior mutant plants were dominated by 

theguanine bases (59 bp and 211 bp) containing the high 

anti-cancer compounds compared to the control samples 

and the variants containing the low anti-cancer 

compounds. Based on this, the control plant KB6253 

(LAC) had two guanine bases, and the mutant plants of 

HAC KB6112, KB6263, and the LAC BM82 had an 

adenine base at 59 bp. The base size of the control plant 

was 183 bp, and two HAC plants and one LAC plant 

(BM82) had the same base, cytosine, but guanine was 

used for the sample KB6253 plant. In addition, the HAC 

plant had a guanine base at 211 bp in both samples, while 

the control and LAC samples had different bases. This 

indicates that the mutant HAC plants in the three regions 

have similar sequences and consistency, while the 

controls and LACs have different sequences in each 

region.   

 HAC plants can be significantly correlated with the 

lectin gene based on the sequence consistency of HAC 

plants using lectin-specific primers. Based on a study by 

Kellis et al. [17] the different sequences identification of 

yeast species associated with genes and their 

bioprocesses. The results of this study provide a robust 

and general approach for species comparative sequence 

analysis to identify functional elements. The 

evolutionary process of living organisms constantly 

optimizes genome sequences and tests the results by 

natural selection. The characterization should be 

characterized by a higher degree of conservation of the 

associated species. This approach has the advantage that 

rodent tuber plants receive a high degree of information 

on the physiological and agricultural differences between 

species. Recent studies have shown the LAC, and control 

plants. Heterogeneous conservation was previously used 

to identify these lectin genes that can be further 

developed for other plant species of high health and 

economic value.  

The linkage of the lectin gene in rodent tuber mutant 

plants with superior HAC was successfully carried out, 
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indicated by the amplification of DNA band fragments at 

a size of 500 bp in all samples. This amplification was 

done by using specific SSR primers for the lectin gene. 

Furthermore, the sequencing analysis results were carried 

out to obtain differences in HAC, LAC, and control. 

These results succeeded to differentiate the sequences 

region of the plants. The first and second regions at 

positions 59 bp and 211 bp have a guanine base (G). The 

third region at 183 bp size has a cytosine base (C). The 

existence of this lectin compound is expected to be 

developed in the future in a rapid detection process with 

lectin primers that have a relationship with anticancer 

compounds in rodent tuber mutant plants.  
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