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ABSTRACT  
 

Connexin-36 (Cx36) is the intercellular channel proteins 

which most commonly found in the brain. The study aims to obtain 

the best primary design for analyzing Cx36 expression in the brain of 

mice using the Quantitative Real Time PCR (qRT-PCR) method. This 

type of research is a true experimental study using mRNA from four 

mice brains as the sample. In silico was analyzed using Primer 3 and 

OlygoAnalizerTM by IDT tools using gen database from NCBI. Three 

primes with the most optimal criteria were then evaluated using the 

qRT-PCR method. The results showed that all of the primers was able 

to amplify the Cx36 gene using qRT -PCR. The best primer, showed 

a single melt curve, is the primes no.5 with the range Tm 80-81°C. 

Comparison results of previously published in silico Cx36 primers 

showed that primer no. 5 also had an optimal value on each criterion. 

So the primary design result that has the optimum specificity and 

effectiveness to amplify the Cx36 gene in the brain of Rattus 

norvegicus rats is primer no.5 (F: 5’-

ATTTCCCGCTTCTACATCATCCAAG-3’ and R: 5‘-

CACAGCAAACACCAGAAAG-3‘). 

Keywords: Primer, Cx36, qRT-PCR, Rattus norvegicus. 

 

 

INTRODUCTION  

Connexin-36 (Cx36) is a protein that 

forms a gap junction channel in granule 

cell axons located in the dentate gyrus. It is 

also the main connexin isoform that forms 

electrical synapses in the brain of adult 

mammals (Rimkute et al., 2018). In 

addition, the gap junction channel played 

an important role in intercellular 

communication of central nervous 

system(Dong, Liu and Li, 2018). This 

protein is encoded by Cx36 gene located on 

chromosome 2 with a transcriptional start 

in exon I (Teubner et al., 2000). The 

expression of Cx36 increases during the 

first two weeks of postnatal development 

(Deepthi Thomas and Joanne Mm Senecal, 

2020).  

The qRT-PCR method is reliable for 

determining the expression of Cx36 at the 

gene level. One of the main components 

that determine the success of qRT-PCR 

method is the highly specific and sensitive 
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primer(Zhu et al., 2020). The primer acts as 

a marker to amplify the specific target of 

DNA fragments (Cahyadi et al., 2018). 

Specific primers should anneal precisely at 

desired gene. If the chosen primer pair do 

not efficiently anneal to the sample RNA 

or anneal to other parts inhibiting to PCR 

reaction, the PCR result will be affected as 

a little or no product yield. Moreover, if the 

primer anneals to non-targeted region, then 

the PCR reaction will amplify undesired 

regions of RNA (Dong, Liu and Li, 2018). 

Therefore, the highly specific primer 

urgently needs to accurately amplify Cx36 

gen using qRT-PCR. 

Several requirements are needed to be 

fulfilled by a PCR primer to obtain a 

successful PCR reaction. The requirements 

are (1) primer length is around 18 to bases, 

(2) melting temperature (Tm) of the primer 

fall between 60-67°C, (3) GC content is 

about 40-60% and relatively similar 

between forward and reverse primer, (4) 

less probability to form secondary 

structures such as hairpins, dimers, 

heterodimers within pairs, and self-

complement (Stujanna et al., 2022). 

Secondary structure is important 

factor to consider when designing a primer 

because the primer may anneal to each 

other much more readily than to the 

template(Cahyadi et al., 2018). Primer may 

anneal to each other, called primer dimer or 

anneal to itself, to form primer hairpins 

(Cahyadi et al., 2018). In silico study using 

some commonly used and free web-based 

design tools may prevent dimerization of 

the primers (Cahyadi et al., 2018). Some 

widely used tools are Primer3Plus, 

OligoAnalyzerTM by IDT, and Primer-

BLAST.  

Study related to the primer design for 

the Cx36 was limited. Therefore, the 

purpose of this study is to design a specific 

primer that could be used to amplify the 

Cx36 gene of rat brains by the qRT-PCR 

method. 

 

METHOD 

1. In silico Primer Design  

In silico primer design was carried out 

using free web-based bioinformatic tools, 

namely Primer3Plus (Primer3Plus 

(bioinformatics.nl), OlygoAnalyzerTM by 

Integrated DNA Technologies (IDT) 

(OligoAnalyzer Tool - primer analysis | 

IDT (idtdna.com) (IDT), and Primer-

BLAST at the National Center for 

Biotechnology Information (NCBI) 

(National Center for Biotechnology 

Information (nih.gov)), and Molecular 

Evolutionary Genetic Analysis ver11 

(MEGA11).  

The first step was obtaining the Cx36 

gene sequences at the NCBI site in the 

“Gene” sub-search tool. Then, “RefSeq” 

https://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi
https://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi
https://www.idtdna.com/pages/tools/oligoanalyzer?returnurl=%2Fcalc%2Fanalyzer
https://www.idtdna.com/pages/tools/oligoanalyzer?returnurl=%2Fcalc%2Fanalyzer
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
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and "Rattus norvegicus" was selected in 

sequence content and organism option. 

Next, coding sequences of the well-

annotated gene were downloaded in 

FASTA format and used in the  

subsequent steps.The gene sequence 

collected may have several isoforms. 

Hence, multiple sequence alignment was 

done to the genes using MEGA 11 tools to 

obtain the conserved region of the gene 

used in primer design.  The conserved 

sequence was divided into several groups 

of 300 and 200 base lengths. This step 

aimed to obtain pairs of primer with proper 

amplicon lengths to produce specific 

sequences used as the template.  

The first tool used in designing primer 

during this study was Primer3Plus. It was 

started on the "General and Advance 

Setting" menu for the desired primary 

criteria. Primer length was set no more than 

15-30bp, product size was around 150-

250bp, Tm was approximately 55-65°C, 

GC content percentage of 40-60 %. 

Primers which close to optimum value in 

each parameter were then selected for 

further analysis. Further tests with 

OlygoAnalyzerTM by IDT were carried out 

to assess the possibility of the primers 

forming secondary structures, such as 

hairpins, self-dimers, and heterodimers. 

The primers were then analysed with 

Primer-BLAST to determine the 

specificity of the primer to the target gene. 

Then the 3 best primers were selected and 

synthesized by IDT inc. 

2. RNA Isolation of Rat’s brain 

The organs used in this study were 

brain of rats stored in -80°C freezer from 

the previous study. The brains were 

collected from 4 female Rattus norvegicus 

rats with 6 weeks old age and body weight 

of 100-150 grams. The brain was 

homogenized, washed, and purified by 

Promega SV Total RNA Isolation System 

kit manual procedure (Promega, 2004). 

The concentration and purity of the 

isolated RNA were measured by using 

absorbance in 260/280 nm using the 

Thermo Scientific Varioskan-LUX 

multimode reader. 

3. Detection of Cx36 gene using qRT-

PCR method 

The isolated mRNA was used as a 

template for qRT-PCR test. This study 

used two-step qRT-PCR. The first step was 

using Toyobo ReverTra Ace™ qPCR RT 

Master Mix kit with gDNA remover 

(Toyobo, 2004a) to produce cDNA by 

reverse transcription reaction(Toyobo, 

2004b). The process was done in an 

Applied Biosystem Veriti 96-well Thermal 

Cycler instrument. The second step of PCR 

was quantitative PCR which was done 

using Toyobo THUNDERBIRD™ 

SYBR™ qPCR Mix (No and Co, 2004). 
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The process was done in Applied 

Biosystem 7500 Fast Real-Time PCR 

System machine.  

4. In silico study of pre-existing primer  

The primer reference was obtained 

from a relevant article in PubMed 

conducted on June 28, 2022. The pre-

existing primer was collected from 

published articles tested using the same in 

silico tool and then compared to the latest 

primer obtained in this study. 

 

RESULT 

1. Cx36 in silico Primer Design 

The Cx36 gene of Rattus norvegicus 

was found in NCBI as Gjd2 gene (Gap 

junction protein delta 2) with RefSeq gene 

ID 50564. Coding sequences with the 

accession number NC_051338.1 were 

referred to by the RefSeq page of the gene 

and then used as the template for the next 

step. This gene has two isoforms aligned 

using the MEGA 11 tools to gain the 

conserved sequence. The results of the 

primer design performed using 

Primer3Plus and further analyzed with 

OlygoAnalyzerTM by IDT and Primer-

BLAST are summarized in Table 1. Based 

on the data analysis, primer numbers 5, 8, 

and 7 showed the most optimum value on 

all the criteria 
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Primer no. 5 

 
Primer no. 8 

 
Primer no. 7 

 

Table 1. Cx36 Primer Design Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Accuracy of the primer position also dramatically affects the results. The 

following is an overview of the primer position on the Cx36 gene sequence: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Overview of Primer Position of Cx36 gene 
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2. Isolation of mRNA 

The results of total RNA 

extracted from the rat brain were 

measured for its concentration 

and purity. The isolated RNA 

concentration and its purity are 

shown in table 2. The data 

showed that all samples have 

appropriate purity and 

concentration. 

Table 2. mRNA results and tissue purity 

Organ 
mRNA concentration 

(ng/μl) 
Purity 260/280 

Rat Brain 1 91.51 1.7564 

Rat Brain 2 102.1 1.7867 

Rat Brain 3 56.49 1.6713 

Rat Brain 4 89.93 1.7439 

 

3. qRT-PCR Cx36 gene 

mRNA samples were 

employed as templates for qRT-

PCR test. The best three primers 

(primer number 5, 8, and 7) were 

performed as primers to amplify 

Cx36 gene. Table 3 resumed the 

results of the CT and melted 

temperature of the 3 best pairs of 

primers: 

 

Table 3. PCR results of Cx36 gene 

No Sample CT βactin CT Cx36 Tm1 Tm2 NTC 

Primer 5 

Rat 1 19,185 28,967 81,776 - 

undetermined 
Rat 2 18,065 30,527 79,282 - 

Rat3 18,983 30,484 82,321 - 

Rat 4 18,950 31,777 79,282 - 

Primer 8 

Rat 1 19,185 28,151 81,776 - 

36,938 
Rat 2 18,065 27,394 79,282 - 

Rat 3 18,983 29,342 82,321 - 

Rat 4 18,950 30,592 79,282 - 

Primer 7 

Rat 1 19,185 25,600 74,138 79,984 

25,674 
Rat 2 18,065 24,226 74,761 - 

Rat 3 18,983 25,460 74,839 80,607 

Rat 4 18,950 25,794 74,761 80,607 
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Based on the data above, the 

average β-actin CT value was 

approximately 18-19, while the CT 

value for Cx36 was 24-31. Primer 

number 5 and 8 showed single 

melting temperature which around 

79-82°C. Whereas primer number 7 

showed double melting temperature 

around 74-80°C. Melt curve graphs 

represented the primary specificity in 

amplifying the target gene (Figure 5). 

The single and stream peak was 

performed by β-actin and primer 5. 

Non-Template Control (NTC) was 

performed in this reaction as 

negative control. The NTC results 

were not detected only from primer 

no. 5

. 

Figure 5: Overview of melt curve (a) ß-actin; (b) primary no. 5; (c) primary no. 8; (d) 

primary no. 7
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4. In silico test of pre-existing primer 

Reference examined at PubMed 

on 28th June 2022. The study 

obtained seven relevant articles, and 

then the 3 most relevant articles 

were chosen because they list the 

complete sequences of the Cx36. 

Next, the pre-existing primer was 

compared with primer no.5 in silico. 

Table 4 presents the results of in 

silico analysis between pre-existing 

primer and primer no.5. In silico test 

results showed that the primer no.5 

(d) has fairly close to the optimum 

value for all of the criteria. 

Table 4.  Cx36 Primary Design Reference 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

In silico primer design of this study 

produced 13 pairs of primers (Table 1). All 

primer pairs have nearly close to optimum 

primer and amplicon length (Praja and 

Rosalina, 2021). Optimum primer and 

amplicon length are closely related to lack 

of probability of mispriming risk. 

Correspondingly, the Tm number of all 

primer pairs showed quite close to optimal 

value. It means that the primer has proper 

capability to produce a good PCR product 

(Cahyadi et al., 2018). On the other hand, 

GC content of all primer pairs most likely 

different between forward and reverse 

primer. Different GC content potentially 

reduced the effectiveness of primer 

annealing process on the qRT-PCR (Dong, 

Liu and Li, 2018). The three best primers 

were selected based on the closest to the 

optimal value on all criteria and the least 

possibility of conforming to secondary 

structures. The best chosen primers are 

primer no. 5, primer no. 8 and primer no. 

7. These three primers would be further 

evaluated using qRT-PCR. 

All total extracted RNA from Rat’s 

brains were used as the sample templates 

for qRT-PCR reaction. The recommended 

optimum value of RNA purity is 1.7-2.0 

260/280 absorbance value (Lusian, 2021). 

Table 2 shows that all the extracted RNA 

in this study has sufficient concentration 

and is free of protein contaminants as well. 

Therefore, it could be used for subsequent 

experiments.   

Based on qRT-PCR result, all the 

samples presented amplification plots on 

the Cx36 and ß-actin genes (data not 

shown). Table 3 shows the CT values of ß-
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actin and Cx36 genes. The CT values 

showed the cycle that gene amplified 

through the threshold line (Zhu, Korabeˇ 

and Neuˇ, 2020). It proved that all three 

primers were able to amplify the gene 

using qRT-PCR method. Those data have 

not confirmed whether the amplified gene 

was the desired gene or not. It could be 

evaluated by analyzing the melting 

temperature graphs and values. Highly 

specific primer has single and sharp peak 

of melt curve. The sharper single peak 

performed, the more specific primer 

observed (Rahardianti and Nur, 2017). On 

the other hand, the Tm value of the probe 

played an important role in primer 

specificity. Concretely, Tm probe 6-10°C 

higher than Tm of primers is recommended 

(Simon et al., 2019). This study showed 

that primer no. 5 and no.8 have a single 

peak with probe Tm range of 80-83°C. On 

the contrary, the primer no.7 has double 

peaks with different Tm values. 

Non-template control (NTC) was 

important to set up to reduce the false 

positive on qRT-PCR. The false positive 

might come from technical error, 

contaminated primer, or other reagent 

stocks (Cahyadi et al., 2018). Ideally, NTC 

should not be detected or undetermined in 

qRT-PCR reaction. For example, NTC of 

primer no.8 showed CT value at 36,938 

cycles. However, NTC of primer no.5 was 

undetermined. It means that primer no.5 

was relatively free from contamination 

compared to primer no.8. Therefore, it was 

assumed that primer no.5 is the best primer 

compared with the two other primers.  

In silico study was conducted to 

obtain more convincingly results for Cx36 

primer no.5. Fortunately, primer no.5 

showed better results compared to the 

previously published Cx36 pre-existing 

primer in silico. Based on Beheshti's 

research, 2017 (Beheshti, Zeinali and 

Esmaeili, 2017); Calabrese, 

2003(Calabrese et al., 2003) and 

Nicholson, 2001 Cx36 primary sequences 

have relatively different Tm and %GC 

between forward and reverse. Therefore, it 

potentially affected the low specificity and 

effectivity of primer. In addition, primer 

no.5 has lower probability of conforming 

secondary structure compared with pre-

existing primers. The secondary structure 

probability of primer is closely related to 

the occurrence of misspiming (non-

specific sticking the primer) and primer 

dimer (primer sticked to its fellow). Once 

the primer is attached, it could be stronger 

and difficult to separate (Handoyo and 

Rudiretna, 2001). Therefore, primer no.5 

designed in this study is expected to have 

higher specificity and effectiveness 

compared with pre-existing primer in 

silico. 

 

CONCLUSION  

As the conclusion, the primer 

designed in this study, especially primary 

no.5 (F: 5'-

ATTTCCCGCTTCTACATCATCATCC

AAG-3' and R: 5'-

CACAGCAAACATGAACACCAGAAA

G-3'), have good specificity and sensitivity 

to amplify the Cx36 gene of Rattus 

norvegicus’ brain. Therefore, this primer is 

recommended for Cx36 gene amplification 

by using qRT-PCRR method.   

SUGGESTION 

Further research to detect the 

expression of the Cx36 gene in other 

organs or rat derived cell line is suggested 

to obtain maximum Cx36 expression 

results. 
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