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ABSTRACT. Research on the Typhonium Flagelliforme plant, which originally used the
In Vitro and In Vivo methods, is now starting to be synergized with the Bioinformatics
method. The amplification process in the Polymerase Chain Reaction will determine the
discovery of important compounds in herbal medicine. DNA Primer Design is very in-
fluential in the success of the Polymerase Chain Reaction because if the results of the
DNA Primer Design are not accurate, then the results of further processing of the am-
plification process must be repeated so that it is inefficient and ineffective. Tools that are
available and often used in determining DNA Primer Design are NCBI Primer-Blast
and Primer3Plus. The purpose of this study is to compare the results of the two tools
in default setting. The research methodology using the method-comparison is to compare
the results of the two tools with the theory in the literature review on aspects of the re-
quirements for Start Codon, Stop Codon, GC quality, melting temperature, difference in
temperature melting forward and reverse primer and length of DNA Primer base pair.
This research resulted in 5 outputs of base pair options produced by Primer3Plus are
considered less than 50% of the quality aspect of Guanine and Cytosine, while 4 of 10
DNA Primer Design base pair options produced by NCBI Primer-Blast meet the specified
theory of the literature review.

Keywords: DNA Primer Design, NCBI Primer-Blast, Primer3Plus, Method-comparison,
Typhonium Flagelliforme

1. Imtroduction. The Typhonium Flagelliforme plant is being developed into an anti-
cancer herbal ingredient. The results of previous studies have found compounds that con-
tain high antioxidants as anti-cancer ingredients in ethanol compounds, namely tannins,
flavonoids and steroids [1-4], lectins [5,6] and stigmasterols [7]. DNA sequence design has
a vital role in DNA computing to produce useful chemical compounds [19]. The process
of obtaining compounds that have potential as drugs is through a process called the Poly-
merase Chain Reaction which is often abbreviated as PCR, which is a molecular biology
technique to increase the number of copies of a particular DNA chain for further research.
So the purpose of PCR is to meet certain DNA targets so that researchers can analyze
them. However, to be able to obtain DNA strands that can be duplicated, there are cer-
tain requirements in order to be used as a DNA Primer Design. Amplification of target

DOLI: 10.24507 /icicel.16.08.905

905



906 T. SISWANTO, N. F. STANIPAR, H. L. H. S. WARNARS AND H. PRABOWO

DNA sequences with Guanine and Cytosine content exceeding 60% can be an obstacle in
the success of the PCR process. This is further complicated by the high possibility of for-
mation of secondary structures such as hairpins on the DNA template, formation of dimer
primers and primary crosslinking [8]. In addition, genome cloning of high Guanine and
Cytosine content by PCR using long primers may pose additional challenges for the am-
plification process due to the high melting temperature due to the extra hydrogen bonds
between Guanine and Cytosine bases. There are several DNA Primer Design tools that
researchers often use to obtain DNA primer designs from DNA sequence chains, including
Primer3Plus and NCBI Primer-Blast. Both of these tools are Open Sources software that
are free to use in research. The two tools have different technical characteristics, so this
study aims to compare the results of data processing using the two tools which is more
suitable for research needs to obtain DNA primer designs for further processing in PCR
amplification. However, it is very open to make new findings in the application of the
algorithm so as to be able to find the potential for DNA Primer Design which is better
than the two tools tested in this study.

2. Problem Statement and Preliminaries. The problem faced by the researchers is
how to obtain the primary design DNA chain from raw DNA sequence data in FASTA
format so that it can meet the specified requirements. Without DNA primers, the PCR
reaction will not occur even though the enzymes are already available. The nucleotide
base sequence in the DNA Primer Design must be correctly matched to the base sequence
of the target DNA to be amplified and not attached to the non-target region. The good
DNA Primer Design is a base pair length of 18-25, the temperature difference between the
Forward and Reverse Primer melting is not too far max 5°C, and the quality of Guanine
and Cytosine is between 50% to 60% [8,9,17]. The stages of preparation carried out are

a) Raw Data, obtained from research on control plant Typhonium Flagelliforme with file
name 1st_ BASE_4153159_Bogor Control__B1_upper_ OPB18 [10], where research con-
tinues to develop to date and was obtained from the researcher who breeds the Rodent
Tuber or Typhonium Flagelliforme plant which has obtained Plant Variety Protection
certification according to the Decree on Breeding Result Varieties No. 583/PVHP /2018
and No. 584/PVHP /2018 from Indonesian Ministry of Agriculture for Tipobio and Ty-
ponesiaraga plants.

b) The Primer3Plus tool, https://primer3plus.com/cgi-bin/dev/primer3plus.cgi, is an on-
line software that can be accessed via the Internet. This tool has several parameters
that can be set as needed, but in this study the default settings are used.

¢) NCBI Primer-Blast tool, https://www.ncbi.nlm.nih.gov/tools/primer-blast/, is an on-
line tool that can be accessed via the Internet. This tool has several parameters that
can be set as needed, but in this study the default settings are used.

3. Main Results. The research methodology used in this research is a method-compari-
son of the results of DNA Primer Design from the two tools to the theory obtained from
the literature review, as shown in Figure 1.

Raw DNA in FASTA format was obtained from a study entitled embryonic calli in-
duction, proliferation, and regeneration of rodent tuber plant (Typhonium Flagelliforme
lodd.) by single node culture [10] which is entered as input data in the Primer3Plus and
NCBI Primer-Blast tools. The results of both processes were recorded for Forward Primer
and Reverse Primer and then added with DNA non-reverse primer, melting temperature
and quality of Guanine and Cytosine. Based on the literature review, the search for DNA
Primer Design characteristics for initial reading of DNA sequences or Start Codon is “AT-
G” [11-15]; Melting Temperature (Tm) in range between 55°C-65°C [16]; Tm difference
<= 5°C [16,18]; composition GC 50%-60% [17]; Length DNA Primer 25 bp [17], 18-22 bp
[18] will be used to analyze the output of the two tools.
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FIGURE 1. Research methodology
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4.1. Raw data. Raw data FASTA format needs to be identified sequence length, compo-
sition of Adenine, Guanine, Thymine and Cytosine as well as non-bases in the raw data,
by using a Python script. Characteristics of raw data can be seen in Figure 2.

print(genome)

In [8]: panjangDNA=len(genome)

Panjang DNA : 479
Jumlah basa : {'A': 118,

In [5]: genome = readGenome('C:/Users/Dell/coding/4153159 Bogor.FASTA")

GCCGGCCGAATGGAATTTGAAGGAATGTGTACTGTCTTTGATAAGNATTCAGTATCGCTAGATCCACCTCTATTAAAGACGCTGTCTGACTACTTAAGATCATCTCTAGTTTTTCTGAGCTATAAGT
GAACTTTTCAACTATAGGGNNGTATTTGTCCACTTCTGATTTGAGAGTTTGGTTTTCAGTAGT TAGAGCTGAAACTTTGCTAGTCATTTTATTTGTTTCATCATTCAGCTTATGGTTTATGATTTTC
AGATTTGACATACTCCTATTCAGTTCAGAAATTTCAGATGGGAGTTNNTCATGTTTCATATTTGATTCTTCACAGTTTTGACTGGACAACTCACGCACTTTAGAGGTAAGGGCACTGCTTTCAGATT
TTAACGAGTCAATGCATGTGTGAGCTTCACTTAGTTGATCATTCAGATTTTTATGCATGCTCTTCATGTCTCTAAATTTCTTAGCTAGCTTAGTAGAG

print('Panjang DNA : *,panjangDNA)
counts = {'A':0,°C':0,'G":0,'T':0, 'N":0}
for base in genome: counts[base] += 1
print(’'Jumlah basa : ',counts)

iCix 8ly Y6192, 'Thn 183, “NY: 5)

FIGURE 2. Characteristics of DNA raw data

DNA raw data has a length of 479 base pairs of which 5 of them are non-base. If it is
calculated as a percentage of 5/479 x 100% = 1.04%, this is relatively small so that it
does not interfere with further processes.

4.2. Primer3Plus. DNA raw data is entered in the source sequence in Primer3Plus
under the default settings as shown in Figure 3.

After selecting Pick Primer, 5 pairs of DNA Primer Design appear and what appears
in Figure 4 is Pair-1 of the 5 pairs produced. The first shaded pair is Left Primer-1 or
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FIGURE 4. Forward and Reverse Primer of Pair-1 Primer3Plus

Forward Primer and the second shaded pair is the pair before the reverse, after the reverse
it will appear in the Right Primer-1 or Reverse Primer.

4.3. Output and analysis of DNA Primer Design of Primer3Plus. The complete
Primer3Plus processing results from Pair-1 to Pair-5 are made as shown in Table 1 with
information on melting temperature and quality of Guanine and Cytosine as well as
additional DNA pair data before being reversed. Based on the quality of GC, from Pair-1
to Pair-5, the two primary pairs are always below 50% so they do not meet the required
conditions. Based on the difference in melting temperature, everything is less than 1°C
and this is in accordance with the provisions. Based on the ATG Start Codon, there are
only Pair-4 and Pair-5, while based on the TAA, TAG and TGA Stop Codon all Pairs
meet the requirements.

4.4. NCBI Primer-Blast. DNA raw data is entered into the FASTA sequence field in
the NCBI Primer-Blast with the default setting conditions as shown in Figure 5.

4.5. Output and analysis of DNA Primer Design of NCBI Primer-Blast. After
getting primer, 10 DNA Primer Design options appear that can be considered for use
in the amplification process for PCR. The result of Pair-1 looks like in Figure 6, which
consists of Forward Primer, Reverse Primer, base pair length, Start and Stop Codon
starting from the start number position and ending at the stop number position, melting
temperature and GC quality.
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TABLE 1. Processed results of Pair-1 to Pair-5 from Primer3Plus

Pair | Primer DNA Primer Design Length | Tm | GC
1 | Forward | CCACTTCTGATTTGAGAGTTTGG 23 60.2 | 43.5%
Reverse | GCGTGAGTTGTCCAGTCAAA 20 59.9 | 50%
TTTGACTGGACAACTCACGC
2 | Forward | CCACTTCTGATTTGAGAGTTTGG 23 60.2 | 43.5%
Reverse | TGAAAGCAGTGCCCTTACCT 20 59.9 | 50%
AGGTAAGGGCACTGCTTTCA
3 | Forward | CCACTTCTGATTTGAGAGTTTGG 23 60.2 | 43.5%
Reverse | CTGAAAGCAGTGCCCTTACC 20 599 55%
GGTAAGGGCACTGCTTTCAG
4 | Forward | CCGAATGGAATTTGAAGGAA 20 59.9 | 40%
Reverse | CCAAACTCTCAAATCAGAAGTGG 23 60.2 | 43.5%
CCACTTCTGATT TGAGAGTTTGG
5 | Forward | TTGTTTCATCATTCAGCTTATGG 23 59.1 | 34.8%
Reverse | CTGAAAGCAGTGCCCTTACC 20 1599 55%
GGTAAGGGCACTGCTTTCAG

U.S. National Library of Medicine

National Center for Biotechnology Information
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FIGURE 5. DNA raw data in NCBI Primer-Blast

Primer pair-1

Sequence (5-»3) Template strand Length Start Stop Tm GC%  Self complementarity
Forward primer CCGGCCGAATGGAATTTGAA Plus 20 2 21 59.19 50.00 6.00
Reverse primer AAGTGCGTGAGTTGTCCAGT Minus 20 354 335 5982 50.00 200
Product length 353

FIGURE 6. Pair-1 output results of DNA Primer Design of NCBI Primer-Blast
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TABLE 2. Pair-1 to Pair-5 DNA Primer Design result of NCBI Primer-Blast process

m Forward & Reverse Primer -m Raw DNA Data

CCGGCCGAATGGAATTTGAA 59.19° | 50.00
AAGTGCGTGAGTTGTCCAGT 59.82 50.00
ACTGGACAACTCACGCACTT

2 TTGACTGGACAACTCACGCA 59.82 50.00
GCTCACACATGCATTGACTCG 60.20 52.38
CGAGTCAATGCATGTGTGAGC

3 CGGCCGAATGGAATTTGAAGG  60.20 52.38
AGTGCGTGAGTTGTCCAGTC 60.25 55.00
GACTGGACAACTCACGCACT

4 CCGGCCGAATGGAATTTGAAG 60.20 52.38
TGAAAGCAGTGCCCTTACCT 59.23  50.00
AGGTAAGGGCACTGCTTTCA

5  GACTGGACAACTCACGCACT 60.25  55.00
AGCTCACACATGCATTGACTC 58.92 47.62
GAGTCAATGCATGTGTGAGCT

10 DNA Primer Design options results of NCBI Primer-Blast process are shown in
Table 2 by adding a base pair before being reversed to ensure the position in the DNA
raw data. Pair-1 to Pair-5 based on the difference in melting temperature not more than
1.33°C, this meets the requirements. Based on GC quality only Pair-5 does not meet the
requirements below 50%. However, if completed based on the ATG Start Codon and TAA
or TAG or TGA Stop Codon, only Pair-4 meets the requirements.

Based on Table 3, Pair-6 to Pair-10 based on the difference in melting temperature not
more than 2.85°C, this meets the required conditions. Based on GC quality only Pair-7
and Pair-9 do not meet the requirements below 50%. However, if completed based on the
Start Codon ATG and Stop Codon TAA or TAG or TGA there are 3 Pair-6, Pair-8 and
Pair-10 that meet the requirements.

4.6. Result analysis. If it is identified how many “ATG” Start Codons are in the raw
data, 11 codons are found as shown in Figure 7, so that the NCBI Primer-Blast looks
more suitable to be used as a DNA Primer Design tool; however, out of 10 (10/11 = 91%)
obtained only 4 (4/10 = 40%) meet the theoretical requirements. From these results, it
is still possible for a new algorithm model to be able to obtain up to a maximum of 11
codons as shown in Figure 7.

5. Conclusions. Based on the default settings without parameter changes and with raw
data DNA FASTA 1st_ BASE 4153159 Bogor Control__B1_upper_ OPB18 of Typhonium
Flagelliforme plant, it can be concluded:

1) With the Primer3Plus tool, 5 DNA Primer Design options are generated, although the
Start and Stop Codon and the melting temperature difference meet the requirements,
the quality aspect of the GC is still below 50%.

2) With the NCBI Primer-Blast tool, 10 DNA Primer Design options are generated, 4 of
the 10 options meet the requirements of all requirements, namely Pair-4, Pair-6, Pair-8
and Pair-10.
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TABLE 3. Pair-6 to Pair-10 DNA Primer Design result of NCBI Primer-

Blast process

GCCGGCCGAATGGAATTTGA 61.66 55.00
GCCCTTACCTCTAAAGTGCGT 60.07 52.38

ACGCCTTTAGAGGTAAGGGC

GGCCGAATGGAATTTGAAGGA  58.90 47.62
TGCCCTTACCTCTAAAGTGCG 60.07 52.38

CGCACTTTAGAGGTAAGGGCA

CGGCCGAATGGAATTTGAAG 57.81 50.00
AAAGCAGTGCCCTTACCTCT 58.93 50.00

AGAGGTAAGGGCACTGCTTT

GGCCGAATGGAATTTGAAGGAA 59.50 45.45
TGAAAGCAGTGCCCTTACCTC 60.27 52.38

GAGGTAAGGGCACTGCTTTCA

GGCCGAATGGAATTTGAAGG 57.42  50.00
TCTGAAAGCAGTGCCCTTACC 60.27 52.38

GGTAAGGGCACTGCTTTCAGA

[n

[6]: # start Codon ATG

genome = readGenome('C:/U

# print({genome)
t = "ATG’
naive(t, genome)

sers/Dell/coding/4153159 Bogor.FASTA")

posisi ATG = naive(t, genome)
print("Position:",posisi_ATG)

vjumlah=len(posisi ATG)
print{"Count:",vjumlah)

Position: [9, 24, 238, 245, 291, 304,

Count: 11

392, 306, 433,

437, 446]

FIGURE 7. Number of Start Codon “ATG”
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3) The potential to find DNA Primer Design through NCBI Primer-Blast was 91%, while
with Primer3Plus it was 45%. There are still opportunities for further research to
improve accuracy through algorithm improvements.
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