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Genetic Diversity of Escherichia coli Isolated from Rodents using Pulsed-Field Gel 

Electrophoresis (PFGE) 

 

Siti Nursyafikah Binti Bustaman 

Resource Biotechnology Programme 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

Escherichia coli is one of the bacteria which can cause zoonoses diseases to human, an emerging public health 

concern in most countries of the world. This study was carried out to assess genetic diversity between E. coli in 

rodents from different habitats using Pulsed-Field Gel Electrophoresis (PFGE). In addition, this study aimed to 

determine if PFGE method is capable of differentiating the collection of E. coli from different habitats. Molecular 

subtyping by PFGE were performed on 22 confirmed E. coli isolates in rodents from  Nanga Merit, Sibu,  Matang 

and Kubah, The 22 E. coli isolates digested with XbaI generated 6 to 13 bands, producing a total of 20 different 

DNA banding patterns with an untypeable (UT) isolate. The banding sizes of the isolates ranged approximately 

from 28.8 kb to 668.9 kb. Analysis of resultant banding pattern of PFGE profiles were manually analyzed for 

presence (1) or absence (0) of a distinct band. The data obtained were further analyzed using RAPDistance version 

1.04. The dendrogram generated shows that the isolates were clustered into 3 main cluster which then divided into 

more subclusters. The analysis of the relationship of E. coli from different habitats revealed that the average 

percentage of similarities of the 21 E. coli isolates were 47.10% which was low. This indicated that the 21 E. coli 

isolates were fairly heterogenous. An E. coli strain also found to have probably related strains to the pathogenic E. 

coli O157:H7 which show 3 distinct bands to the positive control of E. coli O157:H7. 

Key words: Zoonoses, Escherichia coli, Pulsed-Field Gel Electrophoresis (PFGE). 

 

ABSTRAK 

Escherichia coli antara bakteria yang boleh menyebabkan penyakit-penyakit zoonoses telah menimbulkan 

kesedaran orang awam terhadap kesihatan di kebanyakan negara di dunia. Kajian ini telah dijalankan untuk 

menilai kepelbagaian genetik antara E. coli daripada roden daripada habitat yang berlainan menggunakan 

PFGE. Disamping itu, kajian ini juga bertujuan untuk menentukan kebolehan kaedah PFGE untuk membezakan 

koleksi E. coli daripada habitat yang berlainan. Subtaipan molekul oleh PFGE telah dijalankan ke atas 22 

pencilan E. coli yang telah disahkan daripada habitat Nanga Merit, Sibu, Matang and Kubah. E. coli yang telah 

dicerna menggunakan enzim XbaI telah menghasilkan sebanyak 6 hingga 13 jalur DNA dan mengeluarkan 

sebanyak 20 jenis pola jalur DNA dengan satu pencilan  yang tidak dapat ditaip. Saiz pola jalur DNA itu 

berukuran diantara 28.8 kb ke 668.9 kb. Pola jalur DNA yang terhasil telah di analisis secara manual untuk 

kehadiran (1) dan ketiadaan (0) jalur yang berbeza. Data yang telah diperolehi seterusnya dianalisis 

menggunakan program RAPDistance versi 1.04. Dendrogram yang dihasilkan menunjukkan bahawa E. coli itu 

telah dirangkaikan ke 3 kluster utama dan seterusnya dirangkan ke subkluster yang lebih banyak. Analisis 

hubungan E. coli dari habitat yang berbeza mendedahkan bahawa purata peratusan persamaan di antara 21 E. 

coli pencilan merupakan 47.10% yang mana adalah rendah. Ini menunjukkan bahawa 21 E. coli pencilan agak 

pelbagai. Satu jenis E. coli juga didapati mungkin berkait dengan jenis  patogenik E. coli O157:H7 yang mana 

menunjukkan 3 perbezaan jalur DNA terhadap kawalan positif E. coli O157:H7. 

Kata kunci : Zoonotik, Escherichia coli, Pulsed-Field Gel Electrophoresis (PFGE).  
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1.0 INTRODUCTION 

 

Emerging infectious diseases are now a growing concern worldwide. According to World 

Health Organization (WHO) (2011), millions of people get sick because of zoonoses every 

year. Romich (2008) defined zoonoses as the diseases that are naturally transmitted from 

animals to human. Zoonotic infections had contributed to the emerging disease which 

threatened the human health. Pathogens can be transmitted from animals to humans by two 

means; direct transmission of pathogens from animals to humans and transmission of 

infected animals to human via vectors (Batzing, 2002). The major reservoirs of 

transmission of microbial to human are various bacteria which are carried by wildlife 

(Apun et al., 2011). Rodents are among the carrier of the microorganism associated with 

infection which can be transmitted to humans (Mushtaq-Ul-Hassan et al., 2008).  

 

E. coli is a gram-negative, motile or non-motile, facultative anaerobic bacillus which is a 

normal component of the flora in the large intestine of warm-blooded animals, including 

rodents and man (Acha & Szyfres, 2001). E. coli are among of the bacteria which can 

cause human diarrheal diseases. E. coli had been reported as the common food-or water-

borne pathogens and also as the zoonotic agent. Most strains of E. coli are harmless as they 

normally live in the intestines of healthy people and animals. However, an E. coli strains of 

0157:H7 can cause illness.  

 

Recent outbreak involving Shiga toxin-producing E. coli (STEC) O145 infection had been 

reported by Centre Disease Control and Prevention (CDC) (2012). The lab samples from 6 

persons in 6 states; Alabama (2), California (1), Florida (1), Georgia (5), Louisiana (4), and 



3 
 

Tennessee (1) had shown DNA with indistinguishable patterns. As of June 10, 2012, a total 

of 14 persons infected with the outbreak strain of STEC O145 infection have been 

identified in 6 states. It was reported that three persons had been hospitalized and one death 

in Louisiana, and the most recent report of illness was on June 4, 2012. The CDC reported 

that the source of those infections had not been identified. A collaboration had been done 

by CDC and public health officials in multiple states to investigate those multistate 

outbreak of Shiga toxin-producing Escherichia coli serogroup O145 (STEC O145) 

infections.  

 

Bacterial typing is important in understanding the causes of an illness or outbreak. There 

are two techniques in typing of bacteria which were phenotyping; gene expression analysis 

and genotyping; genome molecular analysis. Molecular techniques such as Pulsed-Field 

Gel Electrophoresis (PFGE), Polymerase Chain Reaction (PCR), Ligase Chain Reaction 

(LCR), Random Amplification of Polymorphic DNA (RAPD) and Restriction Fragment 

Length Polymorphism (RFLP) were among the molecular techniques that were commonly 

used to type the bacteria.  

 

In this study, the degrees of variation of E. coli isolated from rodents were determined by 

using Pulsed-Field Gel Electrophoresis (PFGE). PFGE is a technique used to obtain the 

DNA fingerprinting of bacterial isolates by separating the DNA into parts for genetic 

analysis. The PFGE method has a high discriminatory ability to discriminate between E. 

coli of different strains and it had been successfully used in typing both pathogenic and 

non-pathogenic E. coli strains (Apun et al., 2006). The PFGE method is also considered as 

the ‘gold standard’ in genetic typing of E. coli (Olive & Bean, 1999). In addition, PFGE 
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also had been proven extremely powerful in the analysis of large DNA molecules from a 

variety of sources, including specifically fragmented genome of bacteria (Basim & Basim, 

2000). PFGE was also a useful technique to establish the degree of relatedness among 

different strains of the same species. The advantage of performing molecular epidemiology 

testing by PFGE was that all state public health laboratories as well as the Centers for 

Disease Control and Prevention (CDC) performed these protocols using the same 

methodology. Common software and normalization protocols were used, thus it enabled to 

distinguish the strain E. coli from different habitats and sources throughout the world. In 

addition, PFGE also had been used to identify cases of illness that may be part of the recent 

multistate outbreak of Shiga Toxin-producing E. coli O145 Infections. 

 

E. coli isolates from four different habitats: Nanga Merit, Sibu, Matang and Kubah were 

chosen as to study the genetic diversity between different habitats as the distribution of E. 

coli at the selected habitats were poorly understood. Rodents were chosen to study E. coli 

because rodents were among the wildlife which was the carrier of E. coli that threatened 

human health. 

 

Typing of E. coli is essential to detect outbreaks and to forecast future trends. The findings 

of this study may be useful in case of an epidemic outbreak. It is important for the 

molecular genotyping to be done in order to trace the strain that cause the outbreak so that 

the spreading of that particular E. coli can be controlled. It was suggested that the E. coli 

isolates from different habitats were genetically diverse. 
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The objectives of this study were to : 

1. assess genetic diversity between E. coli in rodents from different habitats using 

PFGE. 

2. determine if PFGE method is capable of differentiating the collection of E. coli 

based on habitats and wildlife host. 
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2.0 LITERATURE REVIEW 

 

2.1 Escherichia coli  

 

According to World Health Organization, 2011, Escherichia coli, a member of 

Enterobacteriaceae family, is a genetically heterogeneous group of bacteria whose 

members are typically nonpathogens that are commonly found in the gut of humans and 

other warm-blooded animals. While most strains are harmless, some can cause severe 

foodborne disease. There are six major groups of pathogenic E. coli; enterotoxigenic 

(ETEC), enterohemorrhagic (EHEC), Enteropathogenic (EPEC), enteroinvasive (EIEC), 

enteroaggregative (EAEC) and diffusely adherent (DAEC) (Labbe et al., 2001). Virulance 

factor and mechanism of causing disease is the pathotypes in which the E. coli that cause 

enteric disease have been divided into (Kaper et al., 2004). Shiga toxin-producing E. coli 

(STEC) or also called as verotoxinproducing E. coli, which produce at least 1 member of a 

class of potent cytotoxins called Shiga toxin is one of these pathotypes (Gyles, 2007).  

 

Enterohaemorrhagic Escherichia coli (EHEC) which belong to the STEC E. coli is a 

human pathogenic E. coli bacterium that is responsible in causing haemorrhagic colitis 

(bloody diarrhea), which sometimes develops into haemolytic uraemic syndrome (HUS). 

HUS is a life-threatening disease that causes kidney damage and is a severe complication 

of EHEC infection (WHO, 2011). The severity of this type of E. coli had been proven 

when it had caused 39 deaths with 3,222 patients infected during an outbreak caused by 

Escherichia coli serotype O104:H4 strains which had been affecting northern Germany 

since May 2011 (Yujun et. al., 2011). E. coli infection is usually transmitted through 
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consumption of contaminated water or food, such as undercooked meat products and raw 

milk.  

 

The major reservoirs of transmission of microbial to human are various bacteria which are 

carried by wildlife (Apun et al., 2011). A study by Cindy et. al., (2006) showed that 

wildlife was the largest contributor of E. coli to the watersheds in both 2003 (> 84%) and 

2004 (>73%). Those finding were supported by a study by Somarelli et. al., (2007) which 

had found that wildlife was the major source of Escherichia coli in agriculturally 

dominated watersheds. In the present study, E. coli was the most prevalent bacteria isolated 

and identified from the faecal matter of rodents (Mushtaq-Ul-Hassan et al., 2008). A study 

by Nkogwe et al. (2011) had been conducted to determine the frequency of isolation of E. 

coli O157 in the faecal samples of rats trapped across the regional corporation in Trinidad. 

A total of 204 rats were trapped for the detection of selected bacteria. Of the 204 rats, 171 

(83.8%) were positive for E. coli and all isolates were negative for O157 strain. This 

showed that rodent is one of the major reservoirs of E. coli. Another study that had been 

conducted by Apun et al., (2011), had shown that occurrence of E. coli was the highest in 

rodents compared to birds and bats.  

 

 

2.2 Pulsed-Field Gel Electrophoresis (PFGE) 

  

Genotyping method is the analysis of genetic structure of an organism. The selection of 

typing system are based on several characteristic which is its typeability, reproductibility, 

discriminatory power, ease of performance and ease of interpretation. Pulsed-Field Gel 
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Electrophoresis (PFGE) which was developed in 1984 had been chosen in this study due to 

its typeability which almost uniformly applicable to bacteria. PFGE also is chosen because 

it is the ‘gold standard’ method for typing E. coli (Alonso et al., 2005). In addition, PFGE 

profiles obtained also been reported to be stable and reproducible although the PFGE is run 

at different laboratories, even in different countries. According to Basim and Basim 

(2000), the principle of PFGE is the separation of large DNA molecule across alternate 

electric field. A study by Radu et al., (2001), showed that PFGE have high discriminatory 

power as it explores the whole length of the chromosome whereas the other methods only 

explore randomly parts of the chromosome.  

 

In a study by Apun et al., (2006), the high discriminatory ability of PFGE had been proven 

which it generate 45 different restriction endonuclease digestion profiles (REDPs) on 

PFGE patterns of 49 E. coli strains isolated from beef marketed in East Malaysia. Not only 

that, it also shown a good ability in discriminating the E. coli isolates of serogroup 

O157:H7 and O157, STEC and other E. coli isolated from beef marketed in East Malaysia. 

This study proved that PFGE has an ability to assess the presence of an outbreak and to 

differentiate between outbreaks. Because of its usefulness in the analysis of level of 

diversity among strains originating from different location, it will be a useful typing 

method to study the possible clonal relationship among E. coli strains and to monitor the 

pathway of transmission of pathogenic E. coli that may pose threat to public health. 
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3.0 MATERIALS AND METHODS 

 

3.1 Sources of E. coli  

 

In this study, the E. coli strain isolated from rodents in two different habitats; disturbed and 

natural habitats were obtained from culture collection of Microbiology Laboratory. Tables 

3.1, 3.2, 3.3 and 3.4 show the isolates from different habitats and wildlife. Among all the 

isolates, there was only an isolate from natural habitats which was the isolate from squirrel 

of Nanga Merit, Kapit (Table 3.1) while the other isolates were from disturbed habitats 

(Table 3.2, Table 3.3, Table 3.4). A total of 22 E. coli isolates were studied. 

 

Table 3.1: E. coli isolates from Nanga Merit, Kapit. 

Sample No. Animal Common name Scientific name Habitat 

1 U 2104 (A) Rodent Muller’s rat Sundamys muelleri Disturbed 

2 U 2112 (A) Rodent Muller’s rat Sundamys muelleri Disturbed 

3 U 2103 (A) Rodent Muller’s rat Sundamys muelleri Disturbed 

4 U 2049 (A) Rodent Muller’s rat Sundamys muelleri Disturbed 

5 U 2099 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 

6 U 2075 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 

7 U 2017 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 

8 FNM 168 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Natural 
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Table 3.2: E. coli isolates from Bukit Lima Forest, Sibu. 

Sample No. Animal Common name Scientific name Habitat 

9 SBL 025 (A) Rodent Muller’s rat Sundamys muelleri Disturbed 

10 SBL 015 (A) Rodent Muller’s rat Sundamys muelleri Disturbed 

11 SBL 005 (A) Rodent Muller’s rat Sundamys muelleri Disturbed 

12 SBL 001 (A) Rodent Muller’s rat Sundamys muelleri Disturbed 

13 SBL 018 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 

14 SBL 016 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 

15 SBL 009 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 

16 SBL 006 (F) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 

 

 

Table 3.3: E. coli isolates from Kubah National Park, Kuching. 

Sample No. Animal Common name Scientific name Habitat 

17 TK172820 (A) Rodent Brown spiny rat Maxomys rajah Disturbed 

18 TK172819 (A) Rodent Brown spiny rat Maxomys rajah Disturbed 

19 TK172817 (A) Squirrel Three-striped 

ground squirrel 

Lariscus insignis Disturbed 

20 TK172816 (A) Squirrel Low’s squirrel Sundasciurus lowi Disturbed 

 

 

Table 3.4: E. coli isolates from Matang Wildlife Centre, Kuching. 

Sample No. Animal Common name Scientific name Habitat 

21 TK172790 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 

22 TK172789 (A) Squirrel Plantain squirrel Callosciurus 

notatus 

Disturbed 
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3.2 Bacterial Isolation and Identification 

 

The isolates were kept in two forms: glycerol stock and Nutrient Agar (NA) slant. The 

bacteria from glycerol stock were revived in Luria Bertani (LB) (Laboratories Conda, S. 

A) broth for enrichment of the bacteria and then isolated by streaking on Eosin Methylene 

Blue (EMB) Agar (Oxoid, England). The agar plates were then incubated overnight at 

37
o
C. The bacteria cultures from nutrient agar slant were then streaked on EMB Agar 

plate.  For confirmation, the single colonies of green metallic sheen that were produced 

were then sub-cultured onto Eosin Methylene Blue agar overnight at 37
o
C. Eosin 

Methylene Blue agar is a selective medium in which will exhibit a green metallic sheen by 

reflected light and dark purple centers by transmitted light for E. coli strains. 

 

3.3 Bacterial growth 

 

The confirmed E. coli isolates were then streaked on Nutrient Agar (Oxoid, England) slant 

as working culture and stock culture. These cultures were then incubated at 37
o
C overnight 

and then kept in refrigerator at 4
o
C. 
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3.4 Pulsed-Field Gel Electrophoresis 

 

DNAs for PFGE analysis were prepared by the method of One-Day (24-28 h) Standardized 

Laboratory Protocol for Molecular Subtyping by Pulse Net: The National Molecular 

Subtyping Network for Foodborne Disease Surveillance with slight modification of the 

electrophoresis conditions (Apun et. al., 2006; Centre for Disease Control and Prevention 

(CDC), 2009). 

 

3.4.1 Preparation of PFGE plugs from agar cultures 

 

E. coli isolates were streaked onto Nutrient Agar (Oxoid, England) plate for confluent 

growth and then were incubated at 37
o
C for 14-18h. The bacterial cells then were 

transferred into Cell Suspension Buffer (CSB) which had been adjusted to wavelength of 

610 nm and absorbance (Optical Density) of range of 1.2-1.4. This is to ensure adequate 

concentration of bacteria so that the band produced by electrophoresis will neither be too 

bright nor too dim. 

 

3.4.2 Casting plugs 

 

A volume of 10μl Proteinase K (Promega, USA) (20 mg/mL stock) was added to the tubes 

of 200μl cell suspensions and 400μl melted 1.5 % Low melting Point (LMP) (Gibco BRL, 

USA). The temperature of the mixtures was maintained by keeping flask in beaker of 

warm water (55-60ºC). The mixtures were pipetted immediately to disposable plug molds 
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(Bio-Rad, USA). The plugs then were allowed to solidify at room temperature for 10-15 

min. They can also be placed in the refrigerator (4ºC) for 5 minutes.  

 

 

3.4.3 Lysis of cells in agarose plugs 

 

Cell Lysis Buffer (50 mM Tris: 50 mM EDTA, pH 8.0 + 1% Sarcosyl) were prepared. 

Proteinase K (20 mg/mL)/Cell Lysis Buffer was added to each labeled 50 mL tube. 

Proteinase K is very important for the destruction of protein structure and allowing the 

release of nucleic acids from the nucleus. It results in the breakdown of cells and 

dissolving of membranes. The tubes were incubated in a 54-55ºC shaker water bath or 

incubator for 2 h with constant and vigorous agitation (100 rpm). Sterile distilled water 

were pre-heated enough to 54-55ºC so that plugs can be washed two times with 10-15 mL 

water (200-250 mL for 10 tubes). After lysing of the cell, Sterile distilled water that has 

been pre-heated to 54-55ºC were added to each tube and the tubes were agitated gently at 

54-55ºC, 100rpm using incubator shaker for 10-15 min. Enough sterile TE Buffer (10 mM 

Tris:1 mM EDTA, pH 8.0) were pre-heated in a 54-55ºC water bath so that plugs can be 

washed four times with 10-15 mL TE (300-350 mL for 10 tubes) after beginning last water 

wash. The restriction digestion can be done or plugs can be stored in TE Buffer at 4ºC until 

needed. Plugs can be subjected to restriction endonuclease (RE) digestion instantly or 

transferred to smaller tubes containing TE buffer for long term storage. 
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3.4.4 Restriction digestion of DNA in agarose plugs 

 

The restriction enzyme XbaI (Promega, USA) was used to digest the DNA for each isolate. 

XbaI is a rare cutting restriction endonuclease which cut at 5’-TCTAGA-3’. The enzyme 

was selected because it will yield the restriction patterns that are most reproducible (Apun 

et al., 2006). The restriction enzyme master mix were prepared by diluting 10X restriction 

buffer 1:10 with sterile distilled water and adding restriction enzyme (50 U/samples) 

according to formulation in Table 3.5.  

 

Table 3.5: The restriction enzyme master mix 

Reagents μl/Plug Slice Μl/15 Plug 

Slices 

Sterile Distilled Water 175 μl 2625 μl 

Restriction Buffer 20 μl 300 μl 

XbaI (10 U/μl) 5 μl 75 μl 

Total Volume 200 μl 3000 μl 

 

 

The plugs were cut into 2.0mm to 2.5mm-thick size plug using alcohol-flamed scalpel and 

were then transferred to new 1ml eppendorf tube containing 200μl of restriction enzyme 

mastermix. The remaining plugs were then kept in TE buffer at 4
o
C. The samples, positive 

control of E. coli O157:H7 reference strain EDL93 and marker plug slices were then 

incubated in 37°C water bath for 1.5-2 h.  
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3.4.5 Casting agarose gel 

 

The 1.2 % Pulsed-Field Certified Agarose (Bio-Rad, USA) was prepared in 0.5X Tris-

Borate EDTA (TBE) buffer. Agarose of 1.32 g were mixed with 110 mL 0.5X TBE 

(Promega, USA) for 14-cm-wide gel form. Approximately 5 mL of the melted agarose 

used to cast the gel were saved in a pre-heated (55-60ºC) 50 mL flask and placed in 55-

60ºC water bath until used. Melted Pulsed-Field Certified agarose were kept in 55-60ºC 

water bath for 15-20 min and agarose were poured into gel form (casting stand) fitted with 

comb. A volume of 2-2.2 L freshly prepared 0.5X TBE was added into the CHEF DRIII 

(Bio-Rad, USA) tank. Cooling module was turned on (14ºC), power supply, and pump (set 

at ≈70 to achieve a flow rate of 1 liter/minute) approximately 30 min before gel was to be 

run. This was to ensure that the buffer and the gel are at the same temperature so that the 

gel which has different density with the buffer in the chamber does not float around. 

Restricted plug slices were removed from 37ºC water bath. Enzyme/buffer mixtures were 

removed, 200 μl 0.5X TBE were added and they were then incubated at room temperature 

for 5 minutes. Comb was removed after gel solidifies for at least 30 minutes. Restricted 

plug slices were removed from tubes with tapered end of spatula and load into appropriate 

wells. Wells of gel were filled in with melted 1.2 % Pulsed-Field Certified agarose 

(equilibrated to 55- 60ºC). It then was allowed to harden for 3-5 min.  

 

 

3.4.6 Electrophoresis 

 

PFGE of the digested DNA were carried out with a contour-clamped homogenous electric 

field apparatus (CHEF-DR III). In this study, Contour-Clamped Homogenous Electric 
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Field (CHEF) system was used as it is the standard genotyping technique used by Center 

for Disease Control and Prevention (CDC) to identify various pathogens (Gebreyes, 2003). 

The gel electrophoresis was done according to parameters which had been optimized in 

previous study by Apun et al., 2006 as shown in Table 3.6. 

 

Table 3.6: Parameters of electrophoresis conditions  

Voltage 200 V (6V/cm) 

Included angle 120
o
 

Cooling module 14
o
C 

Running time Block 1 : 15-30 sec ; 9 hours 

Block 2 : 2.2-56.0 sec ; 17 hours 

Run time = 26 hours 

 

 

E. coli O157:H7 reference strain EDL93 was included as a positive control. The positive 

control was added in order to check the purification of the genomic DNA embedded in 

agarose. S. ser. Braenderup H9812 standards was included as the molecular markers to 

estimate the size of DNA fragments. This strain was selected as a "universal" standard 

strain because when restricted with XbaI, it will produce an even distribution of bands over 

the entire range of band sizes normally seen in the foodborne pathogens tracked by 

PulseNet. This strain also was found to have a stable PFGE pattern upon subculture 

(Hunter et. al., 2005).  

 

The qualities of chromosomal DNAs were confirmed by checking for any DNA 

degradation which will produce DNA smearing on the gel. The gel was stained in 0.5 

µg/mL Ethidium bromide (EtBr) for 20 minutes and de-stained in distilled water for 15 

minutes. The gel-cast was then visualized under ultraviolet illumination and photographed 

using gel documentation system (Alpha Digi Doc RT).  


