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ABSTRACT 

Optimization of polymerase chain reaction (PCR) using two kinds of primers of gene cytochrome oxidase 

subunit I (COI), which are the universal primer and COI_2; was done for establishing the protocol of 

molecular study of Nymphalidae. Five parts of the nymphalids were extracted to determine which yield the 

DNA product. These parts were the head, thorax, abdomen, legs and antennae, and the extraction was done 

by using the CTAB method. The extraction for the part head, thorax and abdomen were successful. Dried and 

fresh specimens were also used in this study and both yield DNA extraction product. The parameters for the 

optimization were designed into three programmes. PCR gradient was run 15 times and only one sample sent 

for sequencing. The amplification of mtDNA of universal primer COI and COI_2 were tested to obtain the 

PCR products, of which the amplification of DNA using COI_2 shows a positive result. Percentage of the 

successful PCR was calculated and of the positive result, the percentages for both good and poor bands were 

also calculated to interpret the successfulness of the PCR optimization.  

Keywords: nymphalidae, optimization of PCR, CTAB method, cytochrome oxidase subunit I (COI) and 

cytochrome oxidase subunit I_2 (COI_2). 

ABSTRAK 

Optimizasi untuk rantaian reaksi Polimeras (PCR) menggunakan dua jenis primer daripada gene sitokrom 

oksidas subunit I, iaitu primer sejagat COI dan COI_2; telah dijalankan untuk mewujudkan protokol 

penyelidikan molekular Nymphalidae. Lima bahagian Nymphalidae telah diekstrak untuk mengetahui 

bahagian yang terdapat produk DNA. Bahagian-bahagian ini adalah kepala, toraks, abdomen, kaki dan 

antenna, dan ekstraksi ini dijalankan dengan menggunakan kaedah CTAB. Ekstraksi menggunakan bahagian 

kepala, toraks dan abdomen adalah berjaya. Spesimen kering dan segar juga digunakan dalam penyelidikan 

ini dan kedua-duanya terdapat produk ekstrasi DNA. Parameter untuk optimizasi telah direka kepada tiga 

program. Gradien PCR telah dijalankan sebanyak 15 kali dan hanya satu sampel telah dihantar untuk 

sekuensing. MtDNA amplifikasi menggunakan COI dan COI_2 telah di uji  untuk mendapatkan produk PCR, 

dan amplifikasi DNA menggunakan COI_2 telah menunjukkan keputusan positif. Peratusan daripada PCR 

yang telah berjaya telah di kira dan daripada keputusan positif itu, peratusan bagi kedua-dua jalur bagus 

dan kurang bagus juga telah di kira untuk mentafsir keberjayaan optimizasi PCR. 

Kata kunci: Nymphalidae, optimizasi PCR, kaedah CTAB, sitokrom oksidas subunit I dan sitokrom oksidas 

subunit I_2 (COI_2) 
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1.0 INTRODUCTION 

Butterfly and moth both are the insects from order Lepidoptera (Flemming, 1974). 

Nymphalidae is the butterfly family which are day-flying (diurnal) insects. The family 

Nymphalidae is a member of superfamily Papilionidae, the true butterfly. Like other 

insects, nymphalids have three tagmata which are the head, thorax and abdomen 

(Kristensen, 1981). They also have two pairs of wings, compound eyes and a pair of 

antenna. 

Unlike other insects, the nymphalids are reduced in size as they only have four legs for 

walking, because the first pair is non-functional and are often covered with tufts of small 

brushes (Abang, 2006). Therefore, this family member often called as Brush-Footed 

butterflies. The scale of this butterfly is usually of medium or large size, and they are 

bright in colour (Abang, 2006). Nymphalids are the member of butterfly fauna that are 

visible the most in many places. They are the sunshine lovers and their flights are typical in 

most nymphalids which is a few quick wing beats and then a glide (Abang, 2006).  

All species of Nymphalidae are characterized as having the same morphological 

characteristic that is having the tricarinate ridges found on the adult butterfly’s antennae 

(Vane-Wright et al., 2002). Nymphalidae was known as the most dominant family in terms 

of distribution and number of species (Adler and Dudley, 1996) and also the butterfly 

group which are the most ecologically diverse in Southeast Asia (Hayes, 2005). 

Nymphalids are fruit-feeding butterflies which are easily sampled, well defined of 

taxonomy and systematics, and they could be useful in monitoring programmes (Uehara-

Prado et al., 2007). In this study, the Nymphalidae is used as the samples due to the 

visibility and ease of study either on the field or in the lab.  
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Over decades, molecular technique has become available to screen large number of 

individual animals of examining their genetic variability at the molecular level (Amos and 

Hoelzel, 1992). This increasingly sophisticated realm of techniques has been developed 

since the middle 1970s to study molecular similarities of organisms (Stepien and Koachan, 

1997). Prior to DNA amplification, isolation of total genomic DNA must be done by using 

selected protocols. Thus, for molecular study of Nymphalidae, in order to establish the 

protocol, several parts of the butterfly are used for the tissue extraction. The obtained DNA 

from the extraction is then preceded to the next step which is the amplification of DNA by 

polymerase chain reaction. 

The fresh and dried specimens were used for extraction and the yield DNA was compared. 

As well as that, several parts of body of the butterfly were also extracted as to identify 

which part yield DNA the most. These parts are the antennae, head, thorax, abdomen and 

legs. The cuticle of butterfly extraction was done by following the standard CTAB method 

established by Grewe et al. in 1993 and modified CTAB method. The cuticle of insects 

functions both as an exoskeleton and as a barrier between the living tissues and the 

environment (Andersen, 1979). In insects the cuticle has chitin, which functions as scaffold 

material, supporting the cuticles of the epidermis and trachea as well as the peritrophic 

matrices lining the gut epithelium (Merzendorfer and Zimoch, 2003). For the modified 

CTAB method, concentration of the particular substances has been modified. In this case, 

the amount of Proteinase K used has been modified in certain extraction activity. 

Proteinase K is added for digestion of proteins. Insects have a chitin layer on their skin 

which is hard to digest in DNA isolation compared with normal tissues. Thus, either taking 

much longer time for incubation or by adding another volume of Proteinase K during the 

incubation to save time for the digestion is chosen. The sample was soaked with liquid 

nitrogen to make it brittle so that the chitin layer of the samples is easier to crush. In fact, 
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the sample should be grinded first as to speed up lysis as enzymatic activity is directly 

influenced by total surface area of substrate.  

Polymerase chain reaction (PCR) amplification is one essential step in any molecular 

technique (Mullis, 1990; Mullis and Faloona, 1987, Ramlah and Dency, 2011). Number of 

copies of a specific region of DNA is produced through the polymerase chain reaction 

amplification technique to be adequately tested (Mullis and Faloona, 1987, Ramlah and 

Dency, 2011). Two designated and oriented primers are used to anneal complementary to 

the targeted region which is the denature DNA templates and the amplification process is 

continued with primer extension (Mullis, 1990; Mullis and Faloona, 1987, Ramlah and 

Dency, 2011). The cycle of denaturation, annealing and extension is repeated in cycles 

which finally resulting adequate copies of DNA for DNA sequencing. In this project, 

optimization of the PCR amplification is concerned by modifying the concentration of 

certain substances, the annealing temperature and the duration of the reaction as to obtain 

yield DNA. The primers that are used for the PCR are the universal primer of cytochrome 

oxidase subunit I (COI) and the non-universal primer cytochrome oxidase subunit I_2 

(COI_2). 

Objectives 

1. To establish the protocol of molecular study of butterfly (Lepidoptera: 

Nymphalidae) by using the mitochondrial DNA. 

2. To identify which of the COI or COI_2 is a good marker to study the genetic of 

Nymphalidae.  
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2.0 LITERATURE REVIEW 

2.1 Study Taxon 

The cosmopolitan butterfly family Nymphalidae (Lepidoptera) includes about 7200 species 

occurring in all habitats and continents except Antarctica (Freitas and Brown Jr., 2004). 

The systematic relationships among its many different subfamilies and tribes are still 

poorly understood, (Harvey, 1991); most subfamilies are vaguely defined or supported by 

few character. Nymphalidae is the butterfly family and a type of fruit-feeding butterflies, 

known as the brush-footed butterflies (Hayes, 2005). Like other insects, they have two 

pairs of wings, legs and scaled body. Adult nymphalids exhibit great variations in size, 

shape, colouring and habits (Yong, 1989). Nymphalids are also the most abundant 

butterflies and for it easy to sampled and to study on it either on field or in the lab. 

2.2 DNA Preservation and DNA Extraction 

Insects cuticles form an exoskeleton that exhibits only limited capacity to keep pace with 

body growth because it is a more or less rigid structure due to the presence of chitin and 

sclerotized proteins (Merzendorfer and Zimoch, 2003). The chitin that present on the 

insects body are much difficult to digest compared to the normal tissues. Therefore, a 

suitable method for DNA extraction would be used in order to yield the DNA. It has been 

claimed that there exist at least as many methods of isolating nucleic acids as there are 

molecular biology laboratories (Beard et al., 1997). Of all the options, all of it focused on 

obtaining enough DNA for the next step in molecular study. Not to mention, the 

preservation of the specimens is also an essential step in order to obtain a good DNA 

extraction product. Hoy (1994) stated that preservation of the insects in liquid nitrogen for 

DNA studies is the standard method of preservation because it is probably the best method 

available. 
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A study of extraction of genomic DNA from Meliopona quadrifasciata (Hymenoptera: 

Apidae, Meliponinae) (Waldschmidt et al., 1997) by using three methods which are (A) 

method described by Doyle and Doyle (1990) and by Schafer and Wostemeyer (1992) for 

fungi; (B) method described by Hunt and Page (1992) for Apis, and (C) modified method 

B. Basically, the three methods tested differed in terms of concentrations of specific 

reagents or components of the extraction buffer. The method A consist of 100 mM Tris-

HCl, pH 8.0 containing 2% of CTAB buffer, 1.4 M NaCl, 20 mM EDTA and 100 mg/ml of 

Proteinase K, meanwhile the method B containing 50 mM Tris-HCl, pH 8.0 with 1% of 

CTAB buffer, 0.75 M NaCl, 10 mM EDTA and 100 mg/ml of Proteinase K. On the other 

hand, there are mixtures of 50 mM Tris-HCl, pH 8.0 containing 2% SDS, 0.75 NaCl, 100 

mM EDTA and 100 mg/ml of Proteinase K. The adult bee was grinded by using the mortar 

and pestle containing liquid nitrogen and homogenized with extraction buffer. At the end 

of the extraction, the pellet was redissolved in 200 ml TE (10 mM Tris-HCl, pH 8.0, 1 mM 

EDTA) and incubated with RNAse A (100 mg/ml) for 30 minute at 37°C. Result obtained 

was that, method A and C extracted adequate DNA extraction than method B. in this study, 

method A was followed as to extract DNA by CTAB method. 

2.3 Molecular Study 

Energy productions in several cellular activities occur within the mitochondria. This 

process is known as oxidative phosphorylation. Mitochondrial DNA (mtDNA) has become 

a widely used marker for understanding population structures and phylogenetic 

relationships of animal species (Harrison 1989; Avise 1991). For the evolutionary 

relationship among individual, mtDNA is one of valuable molecule to be used (Wilson et 

al., 1985). According to Pollock et al. (1998), mtDNA was used as a character source 

because of its convenience of extraction and manipulation as well as it is much easier to be 

used for phylogenetic studies comparison. Molecular taxonomy based on mitochondrial 
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DNA has proved to be an efficient alternative to taxonomic identification (Muraji and 

Nakahara, 2001). Insect mtDNA consists of thirty-seven genes including two ribosomal 

RNA (rRNA) genes, twenty two transfer RNA (tRNA) genes and thirteen protein coding 

genes (Clary and Wolstenholme, 1985; Crozier and Crozier, 1993; Mitchel et al., 1993). 

Insect mitochondrial genome (mtDNA) analysis is a powerful tool for the study of 

population genetics and phylogenetics (Kambhapati and Smith, 1995). In fact, 

mitochondrial markers have been used with a number of insects for systematic and 

identification purposes (Barr and McPheron, 2006; Segura et al., 2006; Virgilio et al., 

2008).  

Freitas and Brown Jr. (2004) stated that, studies using molecular data and phylogenetic 

methods were added to the study of Nymphalidae, but these had limited taxon coverage 

and did not add much to the resolution of the Nymphalidae phylogeny.  

For the phylogeographic study for Nymphalidae, one of the molecular markers used by 

Vandewoestijne et al., (2002) is the universal primer sequences of COI (HCO2198 and 

LCO1490) (Folmer et al., 1994). Other than that are the COI of C1-J-2164 and C1-N-2757, 

to amplify a large portion of the cytochrome oxidase I genome.  
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3.0 METHOD AND MATERIAL 

3.1 Study Site 

Fresh specimens of Nymphalidae were collected at Kota Samarahan, specifically inside 

and outside of the Universiti Malaysia Sarawak (UNIMAS) campus. Kota Samarahan 

composed of peat swamp forest, which a secondary forest that have vegetative and edaphic 

characteristics but not species rich. Besides they are nutrient deficient and acidic (Kong, 

2009). UNIMAS was located 25 km from Kuching city and as determined by using GPS, 

the geographical coordinates of the campus are N 1’27.937’, E110’27.230’. Dried 

specimens of nymphalids are the voucher specimens provided by the FRST museum of 

which were sampled from Balambangan Island, Sabah. 

 
Figure 1: Location map of study site, UNIMAS 

Sources: Google Earth 

 

3.2 Sampling Technique 

Mostly the fresh specimens were collected by using the aerial net. Baited trap also was 

used for the butterfly collection. Rotten pineapple is placed inside the trap to act as bait to 
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attract insects to enter the trap. However, the most efficient technique for direct collection 

is using the aerial net – takes a little time for collection and the specimens can be directly 

brought to the laboratory for preservation and extraction. Nymphalids were killed by 

squeeze its thorax part. Whole body of fresh specimens except its wings were preserved in 

100% absolute ethanol and stored in -20˚C. 

3.3 Species Identification 

Species identification was referred to Butterfly of Malaysian Borneo- A Pocket Guide 

(Abang, 2006). The collected specimens were also will be identified by referring the 

voucher specimen in insect collection of FRST Museum. 

3.4 DNA Extraction 

Total genomic DNA was extracted from several parts of the Nymphalidae by following the 

modified cetyltrimethylammonium bromide (CTAB) method (Grewe et al., 1993). Parts of 

Nymphalidae used are antennae, head, thorax, abdomen and legs. The sample was soaked 

in the liquid nitrogen to allow access to nucleic acid (Siun and Beow, 2009). It also make 

the cuticle to freeze out and become brittle inside the pestle and grinded by using mortar; 

and then the samples were transferred into 1.5 mL microcentrifuge tube containing 700 µl 

of CTAB. Next, 15µl of Proteinase K was added into the tube and send the tube for 

incubation in a water bath at 60°C for until the mixture was seen to be clear. Figure 2 

shows the layer structures of epidermis. 
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Figure 2: The structure of cuticle. 

After incubation, 700 µl of chloroform isoamyl-alcohol was added into mixture and 

centrifuged at 13 000 rpm for 20 minutes. Function of chloroform is to denature the 

proteins, removes lipids from cuticle as well as to improve efficiency of the extractions. 

Foams are produced due to the denaturation of protein and removal of lipids; therefore, 

isoamyl-alcohol is added to reduce the foaming. Two distinct aqueous layer and organic 

layer were formed and seen in the tube. The upper aqueous layer or supernatant were taken 

by a pipette and then transferred it into a new labelled 1.5 µl microcentrifuge tube. Next, 

the supernatant is added with an equal volume of cold absolute ethanol as the supernatant 

volume into the tube and it sent for centrifuged at 13 000 rpm for 20 minutes. After that, 

ethanol was discarded carefully by simply pouring it or by pipetting to leave only whitish 

DNA pellet that appeared in the tube. Next, again with an equal volume of 70% ethanol 

was added along with 25 µl of 3M NaCl into the tube and centrifuged again for 20 minutes 

at 13 000 rpm. Then, ethanol was removed again but it is important to ensure that the DNA 

pellet is still in the bottom of the tube. Pellet was dried at room temperature. Lastly, 25-30 

µl of ddH₂O was added into the tube containing pellet and stored and left overnight in 

freezer at -20°C of temperature. 
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3.5 Polymerase Chain Reaction 

Polymerase chain reaction (PCR) is a process where a small amount of specific DNA 

fragments could be amplified more than million – fold (Scott and Graham, 2001) by using 

two designated and oriented primer. PCR was carried out by three major phases which are 

denaturation, annealing and extension (Hillis et al., 1996). Five materials needed in the 

PCR which consist of 10x reaction buffer (100mM Tris-HCL pH 8.3, 500mM KCL, 15mM 

MgCl₂), dNTP mix (10mM dATP, dCTP, dGTP and dTTP), primers (reverse and 

forward), template DNA and Taq polymerase. 

In every PCR reactions, negative control was prepared along the DNA samples 

preparations. Negative control has not added with DNA template and it functioned as to 

check for possible contamination, in which can be known by electrophoresis. By using 

standard PCR reactions, the cocktail or master mix was prepared in a 1.5 µl 

microcentrifuge tube with a total volume of 25 µl (Braby et al., 2006 and Elfekih et al., 

2009) by following the order, except the DNA template and Taq polymerase. 

Table 1: PCR reaction mix used for DNA amplification 

PCR Mastermix      1x reaction for 25 µl volume 

10x PCR reaction buffer    5.0 

MgCl₂       1.5 

dNTP       0.5 

Sterilized distilled water    14.3 

Forward primer     1.0 

Reverse primer     1.0 

DNA template      1.5 

Taq polymerase     0.2 
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Then, the master mix was divided respectively and transferred into 0.2 µl microcentrifuge 

PCR tube and it was added with DNA template, primers and Taq polymerase. The new 

mixture is then sent to the thermal cycler of PCR machine to perform the PCR 

amplification. The mitochondrial DNA primers used in this study are the universal forward 

and reverse primers of COI (Folmer et al., 1994; Vandewoestijne et al., 2004; Braby et al., 

2006) and COI_2 (Vandewoestijne et al., 2004). The name of the primers and its 

sequences can be referred in Table 2. In this study, optimization of the PCR amplification 

was done by varying the temperature annealing and number of cycles of PCR. DNA was 

amplified by three PCR programmes that were designated for the optimization of PCR 

amplification. The profiles of the PCR programmes can be referred in Table 3. For the 

programme A, the profiles are adopted from Ramlah and Dency, (2011), as programme B 

was adopted from Vandewoestijne et al., (2004), whereas the programme C was adopted 

from Liu et al., (2011). 

Table 2: Primers for partial COI and COI_2 

Gene  Primer name   Primer sequence (5’→3’) 

COI            LCO-1490 (F)   GGTCAACAAATCATAAAGATATTG 

            HCO-2198 (R)   TAAACTTCAGGGTGACCAAAAAATCA  

COI_2  CO1_2_Fwd_VF1d_t1_ TGTAAAACGACGGCCAGTTCTCAA 

      CCAACCACAARGAYATYG G 

  CO1_2_Rvs_VR1d_t1_ CAGGAAACAGCTATGACTAGACTT 

      CTGGGTGGCCRAARAAYCA 
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Table 3: PCR programmes with different set of parameters and the cycling temperatures 

PCR programme Cycling temperature    

A   Initial denaturation: 94˚C for 5 min 

   Denaturation: 94˚C for 45 sec 

   Annealing temperatures: 42-54˚C for 1 min 30 sec       30 cycles 

   Extension: 72˚C for 1 min 30 sec 

   Final extension: 72˚C for 8 min 

B   Initial denaturation: 94˚C for 1 min 

   Denaturation: 94˚C for 1min 

   Annealing temperatures: 42-54˚C for 1 min        35 cycles 

   Extension: 72˚C for 1 min 

   Final extension: 72˚C for 5 min 

C   Initial denaturation: 94˚C for 3 min 

   Denaturation: 94˚C for 1 min 

   Annealing temperatures: 42-54˚C for 1 min        39 cycles 

   Extension: 72˚C for 1 min 

   Final extension: 72˚C for 10 min 

 

3.6 Electrophoresis of Products 

Agarose gel electrophoresis was run to visualize the DNA product from the extraction, 

PCR product and PCR purification. In the preparation of gel electrophoresis, 2 µl of 

ethidium bromide is added in the 1.0 % of agarose gel and run in the 1x TAE buffer for 30 

minutes under 90V. The function of ethidium bromide is to visualize DNA fragments on 

gels after electrophoresis (Hoy, 1994). The gel electrophoresis was observed under the UV 

transilluminator and DNA band was photographed. For the extraction visualisation, 1 kb of 

DNA ladder (Fermentas Generuler™) was used, whereas 100 kb of DNA ladder 

(Fermentas Generuler™) for the PCR and purification products. 
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3.7 PCR Purification 

DNA purification is the method used most often to remove inhibitors (Bessetti, 2007). The 

function of the DNA purification is to clean it from the contamination by salt, PCR 

reagents and primer-dimer contain in the PCR product. The PCR products were purified by 

using Promega PCR Purification Kit. It was done by following the manual described on the 

kit.  

3.8 DNA Analysis 

Purified PCR product was sent to the First Base Sequencing SDN BHD for sequencing. 

DNA sequence was viewed in Chromas© 2.33 chromatograph and corrected. Total 

positive reaction products were calculated in percentage. 
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4.0 RESULT 

4.1 DNA Extraction 

A total of 12 species of Nymphalidae were collected from around UNIMAS, inside and 

outside the campus. Of the 12 species recorded, two species are the voucher specimens 

taken from FRST Museum; one species of specimen was collected from Sabah and one 

species from family Papilionidae. All samples were extracted by using the CTAB method. 

As to identify which parts of the nymphalids that yield good DNA products by using the 

CTAB method, the head, thorax, abdomen, legs and antennae were used for DNA 

extraction. From the extraction that has been done, only the part of the head, thorax and 

abdomen were successfully obtained DNA product, while the legs and antennae of the 

nymphalids failed to yield DNA product (Table 4).  

DNA extraction of dried specimen of Dophla evelina megama (DE1), collected in 2003 

was successful. Figure 3 show the bands of extracted DE1 with smearing. The parts used in 

this extraction are the head, thorax and abdomen. On the other hand, the thorax and 

abdomen of the fresh specimen of Junonia orithya (JO3) were also extracted and DNA 

bands were shown on Figure 4. 

Figure 5 and 6 show the DNA bands for eleven and eight samples respectively. In Figure 5, 

the lane 1, 3 and 7 show no bands because part used for the extraction is the legs of 

nymphalids, whereas other lanes have shown DNA bands because the parts used for 

extraction are the abdomen and thorax parts. In Figure 6, the parts used for the extraction 

are the abdomen and thorax, which is why DNA products were yield.  

 

 


