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Introduction 
 

Microorganisms are the main source for 

production of unlimited quantities industrial 

enzymes. Production methods of microbial 

protease are relatively simple and well-

developed. Protease has wide range of 

industrial applications where the detergent 

industry for example, is the global market that 

considered totaling 1.6 billion US dollars 

(Lakshmi and Prasad, 2015). The genus 

Bacillus is among the most important 

organisms for commercial protease 

production besides many other bacterial 

Strains (Rahman et al., 1994, Roa et al., 

 

 

 

 

 
 

1998). Proteases is the main enzyme used in 

detergent industry and all are of Bacillus 

origin (Roger et al., 2002). Mutation 

induction and/or selection techniques, 

together with cloning and protein engineering 

strategies have been exploited to develop 

enzyme production (Schallmey et al., 2004). 

Mutations were resulted by microbial DNA 

modification either naturally or artificially. 

Mutations can be arising spontaneous or 

induced due to any changes in the base 

sequence of DNA or organism’s genome. It 

can randomly induce DNA lesions in the 
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Proteases enzymes are among the most bio-products required to meet some important 

human needs where microbial enzymes participate a big share in the world market for 
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Staphylococcus epidermidis, Bacillus licheniformis, B. thuringiensis, B. subtilis, B. 

pumilus, Pseudomonas fluorescens and P. aeruginosa via UV irradiation. We aimed also 

to determine the genetic variation among high protease productive mutants using RAPD-

PCR. All strains showed different production levels ranged between 3.2–58 U/ml. The 

most efficient productive strains, B. licheniformis and B. pumilus, were used to examine 

the changes that occur in gene expression after exposure to UV as a physical mutagen. Out 

of all mutants obtained, two mutants showed higher efficiency in productivity. BLM1-10 

mutant gave nearly twice as much activity produced by B. licheniformis original strain 

while BPM2-10 gave a six and half times higher than activity produced by B. pumilus 

original strain. RAPD-PCR data analysis revealed a variability of fragment sizes produced 

in wild type strains, B. licheniformis and B. pumilus, than their UV respective mutants. 
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genome (Vijayabaskar et al., 2014). UV 

irradiation has been used in several studies 

because of it is characterized by low cost, 

easy to use and very useful to improve the 

production of protease enzyme by several 

bacterial strains (Soliman et al., 2005; Raju 

and Divakar 2013; Basavaraju et al., 2014). 

Jamal et al., (2011) obtained three mutants 

with high lipase production after being treated 

with UV, where these mutants have given 

production equivalent to 1.2, 2.6 and 4 folds 

than obtained by original strain. Soliman et 

al., (2005) in their works developed efficient 

mutants that their protease activities were 2.6, 

3.02 and 3.7 folds than those of the original 

strains. Results obtained by (Basavaraj and 

Gupta, 2010) indicated that UV radiation and 

EMS were effective mutagenic agents in 

increasing enzyme productivity.  

 

Beatriz et al., (2010) obtained mutant from 

Aspergillus oryzae IPT-301 with highest 

value of total fructosyl transferase activity 

after mutated using UV irradiation. Javed et 

al., (2013) improved the alkaline protease 

yield by treating the parent B. subtilis M-9 

strain with UV-irradiations. They obtained 

BSU-5 mutant strain that showed the 

hyperactive proteolytic activity of alkaline 

protease over parent strain and other mutants. 

Raju and Divakar (2013) enhanced the 

production of industrially important 

fibrinolytic protease by subjecting indigenous 

fibrinolytic protease producing B. cereus to 

strain improvement using ultraviolet 

irradiation.  

 

Kumar et al., (2009) revealed that the best 

mutant, Bacillus sp. FME 2 selected from UV 

irradiation was shown to be the most 

promising. The yield of glucoamylase 

generated by the mutant strain was 

approximately 3.0-fold, which was larger than 

the yield generated by the wild-type strain. 

Random amplified polymorphic DNA 

(RAPD) markers are DNA fragments from 

PCR amplification of random segments of 

genomic DNA with single primer of arbitrary 

nucleotide (Winfred and Robard 1973; Awad 

et al., 2011; Sabir et al., 2013). The aim of 

this study was to examine the effect of UV 

irradiation on alkaline protease gene 

expression and induction of overproducing 

strains. We aimed also to determine the 

genetic variation among high protease 

productive mutants using RAPD-PCR. The 

promising strains in this study may be used in 

various economic industrial applications and 

for successive genetic improvement as well. 

 

Materials and Methods 

 

Bacterial strains and culture conditions  

 

Seven bacterial strains; Staphylococcus 

epidermidis, Bacillus licheniformis, B. 

thuringiensis, B. subtilis, B.pumilus, 

Pseudomonas fluorescens and P. aeruginosa 

were obtained from Microbial Genetic 

department, National Research Centre, Giza, 

Egypt and used in this study. Purified strains 

cultures were streaked on LB agar slant (pH 

7) at 37
0
Cfor maximum growth rate and 

stored at 4
0
C. 

 

Media 

 

Luria- Bertani broth (LB) and (LB agar) 

media were used to propagate bacterial strains 

at 37
0
C with vigorous aeration (Davis et al., 

1982). For solidification the medium, 1.5 % 

agar was added. LB agar plus 1% skim milk 

was used to detect the production of alkaline 

protease, i.e., a clear zone of skim milk 

hydrolysis gave an indication of protease 

production after incubation at 37
0
C for 40 

hours under alkaline conditions (Kunamneni 

et. al., 2003). Alkaline agar medium was used 

to subculture bacterial strains (Takami et al., 

1989). GYP medium used as production 

medium of alkaline protease (Roja et al., 

2012). 

https://www.ncbi.nlm.nih.gov/probe/docs/techpcr
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Determination of Alkaline protease 

production of tested bacterial strains 

 

Skim milk used to detect the alkaline protease 

production according to (Kunammeni et al., 

2003). Sterile skim milk was added after 

autoclaving and cooling to LB agar medium 

at 37
0
C. In situ protease production was 

demonstrated by the clearing of opaque milk 

proteins in the area surrounding colonies 

growing on the surface. Serial dilutions of all 

tested strains were made up to 10
-9

 in sterile 

water. 0.1 ml of appropriate dilution was 

added to petri plate on skim milk agar 

containing pH 9.5 and incubated at 37
0
C for 

24h. A clear zone of skim milk hydrolysis 

around the colonies indicated alkaline 

protease production by the organism. These 

colonies were picked and purified by 

streaking on skim milk agar. The purified 

proteolytic strains were stored and maintained 

in LB agar slants (pH 9.5) by sub-culturing at 

monthly intervals. 

 

Alkaline protease production medium 

 

GYP medium used as production medium of 

alkaline protease. The pH was adjusted to 7.0 

- 7.2 followed by media was sterilized by 

autoclaving at 121
0 

C for 25 minutes. Skim 

milk sterilized separately and aseptically 

added to the flask containing LB medium, 

after cooling. The medium (50 m1 in 250 m1 

conical flask) was inoculated with 1 ml of an 

overnight culture of tested strains and 

incubated at 37
0
C in a rotary shaker operated 

at 150 rpm for 12-hour at time intervals; the 

turbidity of the culture was determined by 

measuring the increase in optical density at 

450 nm with a spectrophotometer. After 

incubation, the production medium was 

centrifuged at 8000 rpm for 15 min to 

separate the cells. The supernatant was 

collected as it contained the crude enzyme 

and stored at 4
0
C until further use.  

 

Alkaline protease assay 

 

Casein solution of 2% (1 ml) was incubated 

with 0.1 ml of enzyme solution and 0.9 ml of 

sodium phosphate buffer (pH 7) for 10 

minutes at 37
0
C. The reaction was stopped 

using 10% trichloro acetic acid (TCA) 

solution. After 20 minutes, the mixture was 

centrifuged 8000 rpm for 5 minutes. The 

color intensity of supernatant was read at 280 

nm. The enzyme activity was calculated from 

standard curve of tyrosine already prepared. 

One unit enzyme activity was taken as the 

amount of enzyme producing 1μg of tyrosine 

under standard assay conditions and 

expressed as U/ml enzyme (Boominadhan et 

al., 2009). 

 

Mutagenesis by UV treatment 

 

UV mutagenesis was carried out according to 

(Justin et al., (2001) using different exposure 

times and radiation intensities i.e., distances 

from irradiation source. Overnight loopful 

culture of the most efficient productive strains 

was transferred from slant into 50 ml LB 

broth and incubated at 37
0
C for 12-hour at 

140 rpm on an incubatory shaker, at pH 9.5. 

After that, 10 ml of the inoculated broth was 

centrifuged at 4000 rpm for 10 min at 4
0
C and 

the supernatant was decanted. The cell pellets 

were washed thoroughly with sterile saline 

(0.9% NaCl) followed by sterile distilled 

water. Finally, the cell mass was suspended in 

sterile saline and used as a source of cell 

suspension for irradiation and subsequent 

experiments. Various serial dilutions of cell 

suspension were prepared and the dilution 10
-

7
/ml was distributed into different round 

sterilized disposable petri dishes (2 ml in each 

petri plate) in dark and irradiated for 5 to 120 

min in UV chamber keeping the distance of 

UV source fixed at 10 and 15 cm. 15-W 

germicidal lamp (254 nm) was used. We are 

protected by hanging the lamp behind a black 

curtain.  
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Dishes are placed on a tray and the lids are 

removed immediately before being placed 

behind the curtain. It is imperative that lids 

are removed to permit UV exposure; it is also 

critical that the dishes (not the lids) are 

labeled before irradiation to keep track of 

strains and treatments. The treated samples 

were transferred into sterile test tubes covered 

with a black paper and kept in the refrigerator 

overnight to avoid photo reactivation. 0.5 ml 

of suitable dilution of each strain was spread 

on skim milk agar media plates at pH 9.5 and 

incubated for 24-hour at 37
0
C. Colonies 

developed after incubation were counted and 

the percentage of survival was calculated over 

the control (plate was kept aside in dark 

without UV treatment). 

 

Genomic DNA extraction 

 

Genomic DNA was extracted from the most 

efficient productive strains and their best 

resulting mutants using Easy Quick DNA 

extraction kit (Genomix) following the 

manufacturer’s instructions. 

 

Random amplified polymorphic DNA 

(RAPD-PCR)  

 

PCR reactions carried out using five arbitrary 

10-mer primers (Bioneer; South Korea). PCR 

reactions were conducted using 2x superhot 

PCR Master Mix (Qiagen; Germany) with 10 

Pmol of each five-different arbitrary 10-mer 

primers. The codes and sequences of these 

primers listed in Table 4. The 25 μl reaction 

mixture was (10 Pmol of each primer, 30-50 

ng of DNA template and 12.5 μl of 2x 

superhot PCR Master Mix). PCR protocol 

was initial denaturation, 94
0
C for 5 min and 

40 cycles of subsequent denaturation, 94
0
C 

for 30 s; annealing temperature, 38
0
C for 30 s; 

extension temperature, 72
0
C for 2 min and 

final extension, 72
0
C for 10 min. PCR 

products were analyzed on 1% agarose gel 

electrophoresis with 100bp DNA ladder 

standard (Jena Bioscience, Germany) for 30 

min using Tris-borate- EDTA Buffer, and 

visualized by ultraviolet illumination after 

staining with 0.5 μg /ml ethidium bromide. A 

pair of RAPD for each five primers applied to 

amplify DNA isolated from tested strains and 

their mutants under study. Their sequences 

and total scored fragments produced by each 

primer among studied strains and their 

mutants shown in Tables 4 and 5. 

 

Data Analysis 
 

RAPD data was analyzed using Statistical 

Package for Social Science (SPSS), version 

10 (SPSS Inc, Chicago, Illinois, USA) 

software. A genetic similarity (GS) was 

computed based on Jaccard coefficient of 

similarity. Each RAPD fragment was treated 

as a unique character and was scored as one 

(present) or zero (absent). The 1/0 matrix was 

prepared for all fragments and used to 

generate Jaccard coefficient of similarity and 

recorded accordingly. 

 

Results and Discussion 

 

Determination of alkaline protease 

activityof tested bacterial strains  

 

Alkaline protease assay was estimated 

following the procedure of (Boominadhan et 

al., 2009). Results were illustrated in Table 1 

and (Figs. 1 and 2) which proved that B. 

licheniformis was the most efficient in 

enzyme production followed by B. pumilus. 

In contrast, the rest showed a broad range of 

productivity i.e., 3.2 to 10 U/ml. 

 

UV irradiation and selection of hyper-

proteolytic mutants 

 

The mutation and screening of commercially 

viable microorganisms are important for the 

successful development of various strains 

required in the fermentation industry. 
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Therefore, the parent strains B. licheniformis 

and B. pumilus were treated with UV 

irradiation to improve their productivities. 

Results in (Table 2) and (Figs. 1 and 2) 

revealed that the survival rate decreased 

gradually with the increase of exposure time. 

It also decreased gradually as increasing the 

radiation intensities, i.e., distances and 

became 0% after exposure of 120 min at both 

distance of 10 and 15 cm. Mutants after UV 

irradiation developed colonies were 

inoculated into LB plus 1% skim milk agar 

medium under alkaline conditions and 

incubated at 40
0
C for 24h. Depending upon 

the zone of clearance mutants with high 

activity compared to parental strains selected. 

The enzyme activity of superior alkaline 

protease producing mutants was assayed 

according to the method of (Roja et al., 2012) 

using GYP medium. One unit of the enzyme 

activity defined as amount of enzyme 

producing 1μg of tyrosine under standard 

assay conditions and expressed as U/ ml of 

enzyme. 

 

Eight hyper-proteolytic positive mutants 

primarily selected based on zone of clearance 

on skim milk agar plates and assayed for their 

enzyme activity as shown in Table 3. Results 

in Table 3 showed that the values of alkaline 

protease production of mutant strains ranged 

from 79 for PFM1-15 mutant to 111 for the 

corresponding BPM2-10. Data also revealed 

that mutant strains, BLM1-10 and BPM2-10 

gave the highest enzyme production. BPM2-

10 was more than six times productivity of B. 

pumilus original strain while BLM1-10 was 

nearly twice productivity of B. licheniformis. 

Soliman et al., (2005); Jamal et al., (2011) 

and Javed et al., (2013) were done similar 

studies and obtained results that agreement 

with our obtained in this study. Jamal et al., 

(2011) reported that the survival percentages 

were decreased by increasing both of time of 

exposure and radiation intensities, i.e., 

distances. They obtained three mutants with 

high lipase production after being treated with 

UV, where these mutants have given 

production equivalent to 1.2, 2.6 and 4 folds 

than obtained by original strain. On another 

hand, Soliman et al., (2005) obtained three 

most efficient mutants that their protease 

activities were 2.6, 3.02 and 3.7 folds than 

those of the original strains. Basavaraj and 

Gupta (2010) demonstrate the effectiveness of 

ultraviolet (UV) radiation when they 

improved production of bacterial cellulose. 

Beatriz et al., (2010) obtained mutant from 

Aspergillus oryzae IPT-301 with highest 

valuetotal of β-fructofuranosidase activity 

after mutated using UV irradiation. Javed et 

al., (2013) improved the alkaline protease 

yield by treating the parent Bacillus subtilis 

M-9 strain with UV-irradiations. They 

obtained BSU-5 mutant strain that showed the 

hyperactive proteolytic activity of alkaline 

protease over parent strain and other mutants. 

Raju and Divakar (2013) enhanced the 

production of industrially important 

fibrinolytic protease by subjecting indigenous 

fibrinolytic protease producing Bacillus 

cereus by random mutagenesis using ultra-

violet (UV) irradiation and ethidium bromide 

treatment. They proved that ethidium bromide 

was the best for optimum production of 

fibrinolytic protease. EB-15 mutant was 

found to produce 2-4-fold more enzyme. 

Kumar et al., (2009) revealed that the best 

mutant, Bacillus sp. FME 2, selected from 

UV irradiation and EtBr, was shown to be the 

most promising and the yield of glucoamylase 

generated by the mutant strain was 

approximately 3.0-fold which was larger than 

the yield generated by the wild-type strain.  

 

In addition to the above listed, the same 

results obtained in this study agreed with 

other results obtained by (Basavaraju et al., 

2014; Ghazi et al., 2014; Arotupin et al., 

2014).Mutant strains showed different 

responses to UV radiation for alkaline 

protease production. These variations are 
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more probably due to the differences induced 

in their genetic background. Therefore, results 

obtained revealed variation in gene 

expression, i.e., enzyme activity as reported 

by (Justin et al., 2001). Variations may be 

also due to some factors, e.g., damage or 

mutation occurs in gene (s), differences in 

their ability of repairing their DNA, the repair 

enzymes themselves are damaged and the 

repair mechanism is not universal, so 

replication cannot take place again (Ben, 

2003). Uehara et al., (1974) proposed the 

presence of regulator genes responsible to 

produce alkaline protease. In addition, 

mutations led to the overproduction of 

proteases may also include those genes that 

could modify the productivity rather than the 

structure genes themselves. Nagami and 

Tanaka (1986) proved that mutation of genes 

controlling cell membrane composition led to 

the hyperactive production of proteases. They 

also pointed to the effect of mutations on 

regulatory genes that are associated with the 

structural genes. However, the application of 

UV irradiation, whatever the mutation(s) 

include either modifying or structural genes, 

led to the isolation of hyperactive enzyme 

producing cultures (Qadeer et al., 1980). 

Finally, these results suggest that induction of 

mutation by UV irradiation was more 

effective in getting super strains in 

productivity. 

 

Table.1 Alkaline protease activity of tested bacterial strains at pH 9 

 
Strain Enzyme activity U/ml 

Bacillus licheniformis 58.00 

Bacillus pumilus 17.00 

Pseudomonas fluorescens 10.90 

Bacillus thuringiensis 7.00 

Pseudomonas aeruginosa 3.50 

Staphylococcus epidermidis 3.60 

Bacillus subtilis 3.20 

 

Table.2 Survival % after UV exposure using different periods at distance of 10 and 15 cm 

 
Exposure time inmin. No. of cells after irradiation Survival (%) 

B. licheniformis B. pumilus B. licheniformis B. pumilus 

at distance of 10 cm 

0 820 975 100 100 

15 605 543 74 56 

30 490 312 60 32 

45 103 65 13 7 

60 45 21 5 2 

90 11 8 1 1 

120 2 1 0 0 

at distance of 15 cm 

0 1204 1104 100 100 

15 599 642 50 58 

30 287 301 24 27 

45 67 69 6 6 

60 23 21 2 2 

90 4 3 0 0 

120 1 1 0 0 
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Table.3 Enzyme activities of mutant strains 

 
Mutant strains Enzyme Activity Mutant strains Enzyme Activity 

BLM1-10 104 PFM3-10 93 

BLM2-10 87 PFM4-15 100 

BLM3-15 99 BPM1-15 87 

PFM1-15 79 BPM2-10 111 

 

Table.4 Five primers used, their nucleotide sequences and total number of resulting bands 

 
RAPD 

Primers 

Type of sequences Number of bands produced by wild type 

strains and their mutants 

Total no. 

of bands 

Sew Sem Btw Btm 

UBC 55 5’-TCCCTCGTGC-3’  15 14 5 4 38 

UBC 37 5’-GGGCACGCGA-3’  14 13 17 16 60 

UBC 88 5’-CGGGGGATGG-3’  15 6 18 18 57 

UBC96 5’-GGCGGCATGG-3’  13 16 14 10 53 

UBC 97 5’-ATCTGCGAGC-3’  21 11 14 14 60 

Total  78 60 68 62 268 

 

Table.5 Monomorphic and polymorphic bands produced by five primers 

 
Primer 

name 

Sew and Sem Btw and Btm 

* ** *** * ** *** 

UBC 55 29 3 13 9 1 4 

UBC 37 27 14 13 33 11 7 

UBC 88 21 15 6 36 18 18 

UBC96 29 11 9 24 7 10 

UBC 97 32 14 9 28 0 14 

Total 138 57 50 130 37 53 

(*) Amplified, (**) Polymorphic and (***) Monomorphic bands 

 

Fig.1 Zone of clearance resulting from B. licheniformis and its resulting mutants 

 

   

BLM3-15 BLM1-10 B.licheniformis 
 

 

 

 BLM2-10  
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Fig.2 Zone of clearance resulting from B. pumilus and its resulting mutants 

 

   
B. pumilus BPM2-15 BPM1-10 

 

Fig.3 Random Amplified Polymorphic DNA pattern of Isolated DNA from (B. licheniformis and 

B. pumilus) and their resulting mutants by using five Different RAPD primers 

 

 
Sew = B. licheniformis (Wild type with enzyme activity 58.0 U/ml) 

Sem = BLM1-10(B. licheniformis mutant with enzyme activity 104 U/ml) 

Btw = B. pumilus (Wild Type with enzyme activity 17.0 U/ml) 

Btm = BPM2-10 (B. pumilus mutant with enzyme activity 111 U/ml) 
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Molecular characterization 

 

Genomic DNA extracted from the most 

efficient wild type productive strains, B. 

licheniformis (Sew) and B. pumilus (Btw). 

DNA was also extracted from their best 

resulting mutants, (Sem) and (Btm), 

respectively. B. licheniformis wild type strain 

showed productivity of 58.0 U/ml while its 

BLM1-10 mutant (Sem) gave104 U/ml. On 

the other hand, B. pumilus wild type strain 

showed productivity of 17.0 U/ml while its 

BPM2-10 mutant (Btm) gave 111 U/ml. 

RAPD was carried out with five primers 

generated different patterns with all used 

primers. The five RAPD primers amplified 

both wild type strains (Sew, Btw) and their 

best resulting mutants (Sem and Btm) with 

several fragments at different molecular 

weight sizes as indicated in Figure 3. RAPD 

analysis performed with good quality for the 

two physically treated, the two wild type 

strains and their mutant strains with five 

RAPD primers. The number of bands 

produced by wild type strains and their 

mutants indicated in Table 4 for their ability 

to differentiate wild type and mutated strain 

variation. The Monomorphic and 

polymorphic bands produced by five used 

primers presented in Table 5.  

 

RAPD data represented that the visualization 

of bands in case of B. licheniformis (Sew) 

wild type strain and its mutant (Sem) with 

UBC 55 primer shown similarity in generated 

bands at different molecular weight sizes but 

one band appeared at ca. 2800 base pair in 

(Sem) mutant not found at its wild type 

(Sew). The same results also generated by 

UBC 73 primer but high intensity bands 

produced from 1500 to 700 base pairs with 

(Sew). In the case of UBC 88 primer the wild 

type (Sew) produced 15 fragments but only 6 

fragments in their mutant (Sem), 9 fragments 

absent from mutant strain, four fragments 

absent at ca 3000 to 2500 base pairs, two 

fragments absent at ca. 1800 and 1700 base 

pairs and three fragments absent from 700 to 

500 base pair. In the case of UBC 96 primer 

low intensity of fragments visualized in 

mutant (Sem) than their wild type (Sew) 

strain and incomplete or partial fragments 

produced from 300 to 200 base pairs. In the 

case of UBC 97 primer 21 band produced by 

this primer in wild type (Sew) strain and only 

11 bands generated in its (Sem)mutant, 10 

bands absent in mutant (Sem) strain from 

1000 to 400 base pair. On the other hand, in 

case of B. pumilus (Btw) wild type strain, the 

random amplified polymorphic DNA’s of the 

wild type strain (Btw) and its mutant (Btm) 

carried out with the same RAPD primers. By 

UBC 55 primer, the visualized similarity in 

generated bands at different molecular weight 

sizes of both wild type and mutant strain, 17 

fragments produced in (Btw) wild type but 16 

fragments in their mutant (Btm), one 

fragments absent at ca 300 base pair in (Btm) 

mutant strain, and heavier fragments recorded 

at about ca 2100 to 1800 base pair.  

 

In the case of UBC 88 primer the visualized 

similarity in generated bands at different 

molecular weight sizes. In the case of UBC 96 

primer 14 fragments produced in (Btw) wild 

type strain and only 10 fragments produced at 

(Btm) mutant strain 4 fragments absent in 

(Btm) mutant than in wild type (Btw) at ca. 

2100, 600, 500 and 300 base pair 

respectively, also heavier fragment produced 

in (Btm) mutant at ca. 2400 base pair noted, 

and high intensity of bands in (Btw) wild type 

noted at ca 1500 to 700 base pair not found in 

(Btm) mutant strain. In the case of UBC 97 

primer shown similarity in generated bands at 

different molecular weight sizes of both (Btw) 

wild type and (Btm) mutant strain, but high 

intensity of bands visualized at ca. 1800 to 

500base pairs in (Btw) strain. The mutants 

resulting of both wild type strains yielded 

different fragments than their wild type 

strains with some variation of fragment size in 
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some of used random primers. These data 

represent the variation happened in genome of 

mutant strains by UV mutagenesis. 

 

RAPD PCR applied to test the effect of UV 

irradiation on the B. licheniformis and B. 

pumilus strains. Differences in RAPD-PCR 

patterns between wild type and their UV 

irradiated mutants revealed that RAPD PCR 

detects differences along the entire bacterial 

genome. Thus, this system is helpful in 

characterize the variation of bacterial strains 

and can find changes along the genome after 

UV irradiation of bacterial isolates. 

Basavaraju et al., (2014), indicates the same 

results. Consequently, the use of RAPD-PCR 

can detect any differences between the 

genome of UV irradiated and non-irradiated 

bacterial isolates. Genetic variation among 

different strains can be documented by using 

different molecular markers (Winfred and 

Robard, 1973; Awad et al., 2011; Sabir et al., 

2013; Abdalnabi and Essam, 2014). Son et 

al., (2012) demonstrated that the P. 

fluorescens ΔtliA ΔprtA deletion mutant 

enhances production and detection of 

recombinant proteins in extracellular media. 

The genetic variability between the closely 

related organisms studied by using this RAPD 

technique (Devi et al., 2014). 
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