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The genetic variation of 40 isolates of Enterobacter cloacae was studied using four primers (640, 650, OPAR3, OPAR8) by RAPD-PCR
technique. Most isolates gave DNA bands different in numbers and sizes. Among the primers (640) exhibited the highest efficacy
reaching (322) total bands. The genetic diversity relationships between Enterobacter cloacae were generated by UPGMA analysis.
Genetic similarity ranged from 0.58 (low similarity) to 0.93 (high similarity). The dendrogram differentiated the species into 31 distinct

clusters at similarity level which ranged from (0.84-0.93).
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INTRODUCTION

Random amplified polymorphic DNA (RAPD) technique has
been widely used in prokaryotes and eukaryotes genus for the
construction of genetic maps in species and for genotype
identification and taxonomic studies (Williams et al., 1990;
Castiglione et al., 1993). RAPD markers are detected by the
use of short oligonucleotides (4-10bp) of arbitrary sequence as
primers for amplification of segments of the target genome and
do not require specific sequence information for the design of
PCR primers because the number of potential primers that can
be used is very large, numerous polymorphisms can be
detected even between closely related organisms. (Rafalski et
al., 1991; Sijapati et al., 2008). RAPD analysis involves the
amplification of small sequences of target DNA using random
primers.

As a DNA-based marker, the strength of RAPD analysis is
the ability to assess genetic variation throughout the genome
and generate a nearly limitless number of characters for
evaluation (Nissen et al., 1995). RAPD was first developed by
Williams et al. (1990) this technique utilizes low-stringency
PCR amplification with single primers of arbitrary sequence to
generate strain-specific arrays of anonymous DNA fragments.
It used to determine taxonomic identity, assess kinship
relationships, analyze mixed genome samples (Younes, 2010).

It is inexpensive and a rapid technique because of its
simplicity and requirement for minimal amounts of genomic
DNA (Micheli et al.,, 1994). It has been widely used in
identification and genetic relationship analysis of species. The
improved RAPD can improve the resolution of PCR products

and its repeatability (Fu et al., 2000; Fu et al., 2013; Mei et al.,
2014). RAPD method can reveal high degrees of
polymorphisms, does not require prior DNA sequence
information of the species and it is easy to manipulate
(Shakeel et al., 2013; Noormohammadi et al., 2013).

RAPD needs less DNA template and is relatively easy to
handle, but it is poor in reproducibility and stability, leading to
restrictions in practical application (Rajesh et al., 2013). RAPD
has been a very popular employed technique to generate
genus-specific, species-specific or strain-specific diagnostics
DNA fragments, identifying genes linked to traits of interest
,undertaking genetic diversity studies and gene mapping for
the development of diagnostics (Abad et al., 1998; Ransom et
al., 1998). Random amplified polymorphic DNA analyses have
been applied for the distinction of strains belonging to the
same species (Williams et al., 1990). It is sensitive, fast and a
useful method for the epidemiological studies and PCR-based
method of genetic typing based on genomic polymorphisms.
(Davin-Regli et al., 1996). Ozbey et al. (2004) reported that
some strains of Pasteurella multocida and Mannheimia
haemolytica were typed by using RAPD assay.

Trivedi et al. (2015) used RAPD assay to establish the
phylogenetic relationship of Enterobacter aerogenes with
different closely related bacterial species. Welsh and
McClelland (1990) used sets of random primers to generate
randomly amplified polymorphic DNA (RAPD)-PCR products
,which produce banding patterns, when separated on agarose
gels, that are characteristic of species and individual
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organisms. The present study aimed to use random amplified
polymorphic DNA (RAPD) to analyze the genetic diversity of
Enterobacter cloacae strains by using random primers.

MATERIALS AND METHODS
Samples collection

The samples were collected from different areas of Basrah
hospitals (Al-Fayhaa General hospital, Al-Mawanee General
hospital, Al-Sadder teaching hospital, Al-Basrah hospital for
gynecology and obstetrics, Al-Basrah children’s specialty
hospital, Al-Basrah General hospital).

DNA Extraction

Genomic DNA of isolates was extracted by ExiPrepT'\’I Bacteria
Genomic DNA kit using ExiPrep™ 16 Fully Automated Nucleic
acid Extraction System (Bioneer).

Detection of Random Amplified Polymorphic DNA (RAPD)
by PCR

Four primers were screened for RAPD typing of Enterobacter
cloacae according to (Haryani et al., 2008; Ashayeri-Panah et
al., 2012) which are listed in Table (1).

Reagents

The reagents and their volumes used for PCR amplification of
RAPD are described in the Table (2).

PCR amplification for RAPD

The thermal cycling program for amplification of RAPD
Enterobacter cloacae was described in Table (3).

Separation of PCR products (RAPD bands) by gel
electrophoresis

PCR product was separated in the same procedure used with
PCR product of 16S rDNA as showed in Abbas and Radhi
(2016), the products were detected and photographed by using
gel documentation system.

RAPD analysis

Data analysis for each isolate was calculated based on
banding patterns in comparing with ladder's bands. Based on
band matching coefficient of Dice. Simple Mach clustering in
the unweighted pair group method with arithmetic averages
(UPGMA) was applied to generate dendrogram (NTSYS - pc
version 2.02, Exeter software, Setanket, NY, USA) (Sneath
and Sokal, 1973; Rohlf, 1998).

RESULTS

Identification of Enterobacter cloacae strains by Random
Amplified Polymorphic DNA (RAPD)

Forty Enterobacter cloacae strain isolated from different
sources of Basrah hospitals were distinguished by using four
RAPD primers (640, 650, OPAR3, OPARS). Different profiles
were found for each primer used in this study. Primer (640)
produced the highest number of bands (322 bands), whereas
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primer (OPARS8) produced the lowest number of bands (232
bands).

1-RAPD primer (640)

The results showed (322 bands) were produced by this primer.
The isolate (13) produced the highest number of bands(15
bands), whereas the isolates (52, 65) produced the lowest
number of bands (4 bands). The isolate (85) produced the
biggest band with molecular weight (3000bp), the isolate (25)
produced the smallest band with molecular weight (180 bp)
Figures (1, 2, 3, 4), Table (4).

2-RAPD primer 650

The results showed (235 bands) were produced by this primer.
The isolate (8) produced the highest number of bands (12
bands), whereas the isolate (85) produced the lowest number
of bands (1 band). The isolates (7, 37, 43, 109, 128) produced
the biggest bands with molecular weight (2625bp), the isolate
(6) produced the smallest band with molecular weight (150 bp)
Figures (5, 6, 7, 8), Table (5).

3-RAPD primer OPAR3

The results showed (283 bands) were produced by this primer.
The isolate (145) produced the highest number of bands (14
bands), whereas the isolate (69) produced the lowest number
of bands (1 band). The isolates (1, 7, 21, 23, 48, 56, 63, 68,
81, 108, 109, 124, 128, 132, 133, 145) produced the biggest
bands with molecular weight (2625 bp), the isolates (128, 135)
produced the smallest band with molecular weight (100bp)
Figures (9, 10, 11, 12) Table (6).

4- RAPD primer OPARS

The results showed (232 bands) were produced by this primer
.The isolates (63, 81, 108) produced the highest number of
bands (10 bands), whereas the isolate (58) produced the
lowest number of bands (2 bands). The isolates (68, 71, 108,
109, 144) produced the biggest bands with molecular weight
(2625bp), the isolate(108) produced the smallest band with
molecular weight (190 bp) Figures (13, 14, 15, 16), Table (7).

RAPD phylogenetic tree of Enterobacter cloacae

The genetic diversity relationships between Enterobacter
cloacae were generated by UPGMA analysis of the genetic
distances. According to the results, genetic similarity ranged
from 0.58 (low similarity) to 0.93 (high similarity).

The dendrogram differentiated the species into 31 distinct
clusters at similarity level that ranged from (0.84-0.93) clusters
(1,3,4,5,7,9, 10, 11, 12, 13, 15, 16, 17, 19, 21, 22, 23, 24,
27, 28, 29, 30, 31) consisted of one isolate like (1, 38, 81, 145,
135, 108, 48, 148, 56, 13, 144, 153, 39, 124, 69, 21, 23, 24,
65, 85, 58, 132, 43) respectively Figure (17).

As observed from the results there were two isolates (6,
129), (8, 63), (25, 128), (7, 23), (37, 41), (10, 82), (68, 71)
arranged in one cluster like cluster (2, 6, 8, 14, 18, 20, 26)
respectively, on the other hand cluster 25 composed of three
isolates (52, 114, 133).
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Table 1: Oligonucleotide primer sequences for RAPD
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NO. Primer Primer Sequence Length TA*
Code (bp) (°C)
1 OPAR3 5'-CCAGGAGAAG-3' 10 42
2 OPARS8 5-TGGGGCTGTC-3' 10 42
3 640 5-CGTGGGGCCT-3' 10 42
4 650 5'-AGTATGCAGC-3' 10 42

*TA=Annealing temperature

Table 2: Reagent and volume(50 pl) used in PCR amplification for RAPD

NO. Reagent Volume per reaction
1 First primer 2.5 pl
2 Tag DNA polymerase 1l
3 DNA template 1ul
4 dNTP mix 4yl
5 Sterile ddH,0 32.5 pl
6 10xPCR buffer 5l
7 MgCl, 4 pl
*This step was repeated for all RAPD primers
Table 3: Program used in PCR amplification for RAPD reaction
Steps Temperature Time No.of cycles
Initial denaturation 94 °C 5min 1
Denaturation 94 °C 30sec 35
Annealing 42°C 50sec
Extension 72 °C 120 sec
Finial Extension 72°C 10min 1

3Kb
1500bp

500bp

100bp

M 1

6 8 13 25

38 48 56 63

81 108 128129135145148

Figure 1: Agarose gel photograph of genomic DNA fragments amplification pattern obtained from
RAPD primer screening of 16 Enterobacter cloacae using RAPD primer: 640. M = 3kb DNA ladder,
Lanes: 1,6, 8, 13,
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3Kb
1500bp

500bp

100bp

Figure 2: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD primer:
640. M = 3kh DNA ladder. L anes: 7. 10. 21 . 23. 34. 37. 39. 41=F. cloacae

3Kb
1500bp

500bp

100bp

Figure 3: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD primer:
640. M = 3kb DNA ladder, Lanes: 43, 52, 58, 65, 68, 69, 71, 82 =E. cloacae

109 114 124 132 133 144 153

Figure 4: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD
primer: 640. M = 3kb DNA ladder, Lanes: 85, 109, 114, 24, 132, 133, 144, 153 =E.
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Table 4: 640 RAPD primer used in genetic divergence of Enterobacter cloacae

5-CGTGGGGCCT-3' 11 200-1875
640 5-CGTGGGGCCT-3' 11 190-1875
640 5-CGTGGGGCCT-3' 7 380-2250
640 5-CGTGGGGCCT-3' 12 200-1500
640 5-CGTGGGGCCT-3' 7 320-1300
640 5-CGTGGGGCCT-3' 15 320-1875
640 5-CGTGGGGCCT-3' 8 600-1500
640 5-CGTGGGGCCT-3' 6 380-2250
640 5'-CGTGGGGCCT-3' 9 180-1500
640 5-CGTGGGGCCT-3' 6 700-2250
640 5-CGTGGGGCCT-3' 5 560-1450
640 5-CGTGGGGCCT-3' 11 300-2250
640 5'-CGTGGGGCCT-3' 9 320-2200
640 5-CGTGGGGCCT-3' 6 340-1400
640 5-CGTGGGGCCT-3' 8 400-1500
640 5-CGTGGGGCCT-3' 7 380-2250
640 5-CGTGGGGCCT-3' 4 300-1250
640 5-CGTGGGGCCT-3' 14 220-2250
640 5'-CGTGGGGCCT-3' 5 400-2250
640 5'-CGTGGGGCCT-3' 10 250-2250
640 5'-CGTGGGGCCT-3' 4 400-900
640 5'-CGTGGGGCCT-3' 9 300-1875
640 5-CGTGGGGCCT-3' 7 300-1100
640 5'-CGTGGGGCCT-3' 10 300-1875
640 5'-CGTGGGGCCT-3' 11 250-2250
640 5'-CGTGGGGCCT-3' 5 600-1500
640 5'-CGTGGGGCCT-3' 8 350-3000
640 5'-CGTGGGGCCT-3' 10 280-2250
640 5'-CGTGGGGCCT-3' 7 400-2250
640 5-CGTGGGGCCT-3' 6 350-2250
640 5-CGTGGGGCCT-3' 6 350-2250
640 5'-CGTGGGGCCT-3' 9 280-2250
640 5-CGTGGGGCCT-3' 13 260-2250
640 5'-CGTGGGGCCT-3' 6 400-2250
640 5'-CGTGGGGCCT-3' 5 400-2250
640 5'-CGTGGGGCCT-3' 10 280-2250
640 5'-CGTGGGGCCT-3' 6 300-1000
640 5'-CGTGGGGCCT-3' 9 200-2250
640 5'-CGTGGGGCCT-3' 10 350-1875
640 5'-CGTGGGGCCT-3' 0 0

Total = 322

3KDb
1500bp

500bp

100bp

Figure 5: Agarose gel photograph of genomic DNA fragments amplification pattern obtained
from RAPD primer screening of 16 Enterobacter cloacae using RAPD primer: 650. M = 3kb

DNA ladder, Lanes: 1,6, 8, 13,

cloacae
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3Kb

1500bp

500bp

100bp

Figure 6: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD primer: 650.
M = 3kb DNA ladder, Lanes: 7, 10, 21, 23, 34, 37, 39, 41 = E. cloacae

Figure 7: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD primer:
650. M = 3kb DNA ladder, Lanes: 43, 52, 58, 65, 68, 69, 71, 82 = E. cloacae

3Kb

1500bp

500bp

100bp

Figure 8: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD
primer: 650. M = 3kb DNA ladder, Lanes: 85, 109, 114, 24, 132, 133, 144, 153=E.

cloacae
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Table 5: 650 RAPD primer used in genetic divergence of Enterobacter cloacae
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650 5-AGTATGCAGC-3' 6 500-1500
650 5-AGTATGCAGC-3' 7 150-1300
650 5-AGTATGCAGC-3' 5 350-2625
650 5-AGTATGCAGC-3' 12 200-1500
650 5-AGTATGCAGC-3' 2 1100-1250
650 5-AGTATGCAGC-3' 4 500-700
650 5-AGTATGCAGC-3' 3 1100-1400
650 5-AGTATGCAGC-3' 3 300-1250
650 5-AGTATGCAGC-3' 11 250-1500
650 5-AGTATGCAGC-3' 3 500-1500
650 5-AGTATGCAGC-3' 6 500-2625
650 5-AGTATGCAGC-3' 9 300-2250
650 5-AGTATGCAGC-3' 2 1250-1400
650 5-AGTATGCAGC-3' 3 520-1500
650 5-AGTATGCAGC-3' 5 220-2625
650 5-AGTATGCAGC-3' 10 250-1875
650 5-AGTATGCAGC-3' 3 400-1100
650 5-AGTATGCAGC-3' 10 240-1500
650 5-AGTATGCAGC-3' 4 300-1500
650 5'-AGTATGCAGC-3' 6 250-1300
650 5-AGTATGCAGC-3' 4 280-1400
650 5-AGTATGCAGC-3' 8 300-2250
650 5'-AGTATGCAGC-3' 4 280-1500
650 5-AGTATGCAGC-3' 3 500-2250
650 5'-AGTATGCAGC-3' 11 250-1500
650 5-AGTATGCAGC-3' 4 500-1500
650 5-AGTATGCAGC-3' 1 500
650 5'-AGTATGCAGC-3' 7 540-1875
650 5-AGTATGCAGC-3' 7 500-2625
650 5'-AGTATGCAGC-3' 7 250-1500
650 5-AGTATGCAGC-3' 6 350-2250
650 5'-AGTATGCAGC-3' 11 320-2625
650 5'-AGTATGCAGC-3' 10 250-1300
650 5-AGTATGCAGC-3' 4 550-1500
650 5'-AGTATGCAGC-3' 5 500-1500
650 5-AGTATGCAGC-3' 8 400-1300
650 5'-AGTATGCAGC-3' 5 400-2250
650 5-AGTATGCAGC-3' 9 300-1300
650 5-AGTATGCAGC-3' 7 250-1300
650 5'-AGTATGCAGC-3' 0 0

Total = 235

3Kb
1500bp

500bp

100bp

6 8 13 25 38 48

56 63 81 108 128 129 135145 148

Figure 9: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 16 Enterobacter cloacae using RAPD primer:
OPAR3. M = 3kb DNA ladder, Lanes: 1, 6, 8, 13, 25, 38, 48, 56, 63, 81, 108, 128, 129,135,

145. 148 = E. cloacae
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3Kb
1500bp
500bp
100bp
Figure 10: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD primer:
OPARS3. M = 3kb DNA ladder, Lanes: 7, 10, 21, 23, 34, 37, 39, 41 = E. cloacae
3Kb
1500bp
500bp
100bp
Figure 11: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD primer:
OPAR3. M = 3kb DNA ladder, Lanes: 43, 52, 58, 65, 68, 69, 71, 82 =E. cloacae
3Kb
1500bp
500bp
100bp

Figure 12:Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD primer:
OPARS3, M = 3kb DNA ladder, Lanes: 85, 109, 114, 24, 132, 133, 144, 153 = E. cloacae
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Table 6: OPAR3 RAPD primer used in genetic divergence of Enterobacter cloacae
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OPARS 5'-CCAGGAGAAG-3' 7 350-2625
OPARS3 5'-CCAGGAGAAG-3' 9 150-2250
OPARS 5'-CCAGGAGAAG-3' 8 350-2625
OPARS 5'-CCAGGAGAAG-3' 7 250-1500
OPARS3 5'-CCAGGAGAAG-3' 7 350-2250
OPARS 5'-CCAGGAGAAG-3' 7 350-1400
OPARS3 5'-CCAGGAGAAG-3' 11 350-2625
OPARS 5'-CCAGGAGAAG-3' 8 350-2625
OPARS3 5'-CCAGGAGAAG-3' 8 300-1400
OPARS3 5'-CCAGGAGAAG-3' 10 350-2250
OPARS 5'-CCAGGAGAAG-3' 3 700-1000
OPARS3 5'-CCAGGAGAAG-3' 11 150-1875
OPARS 5'-CCAGGAGAAG-3' 7 350-2250
OPARS3 5'-CCAGGAGAAG-3' 8 350-2250
OPARS 5'-CCAGGAGAAG-3' 5 350-1400
OPARS 5'-CCAGGAGAAG-3' 11 350-2625
OPARS3 5'-CCAGGAGAAG-3' 3 1000-1875
OPARS 5'-CCAGGAGAAG-3' 12 300-2625
OPARS3 5'-CCAGGAGAAG-3' 5 350-1400
OPAR3 5'-CCAGGAGAAG-3' 12 150-2625
OPARS3 5'-CCAGGAGAAG-3' 0 0
OPARS3 5'-CCAGGAGAAG-3' 7 350-2625
OPAR3 5'-CCAGGAGAAG-3' 1 500
OPARS3 5'-CCAGGAGAAG-3' 5 400-1875
OPAR3 5'-CCAGGAGAAG-3' 11 300-2625
OPARS3 5'-CCAGGAGAAG-3' 6 350-1400
OPARS3 5'-CCAGGAGAAG-3' 2 700-950
OPAR3 5'-CCAGGAGAAG-3' 11 300-2625
OPARS3 5'-CCAGGAGAAG-3' 6 850-2625
OPAR3 5'-CCAGGAGAAG-3' 2 700-950
OPARS3 5'-CCAGGAGAAG-3' 5 850-2625
OPAR3 5'-CCAGGAGAAG-3' 12 100-2625
OPAR3 5'-CCAGGAGAAG-3' 6 400-2250
OPARS3 5'-CCAGGAGAAG-3' 3 950-2625
OPAR3 5'-CCAGGAGAAG-3' 5 850-2625
OPARS3 5'-CCAGGAGAAG-3' 11 100-1500
OPAR3 5'-CCAGGAGAAG-3' 2 700-950
OPARS3 5'-CCAGGAGAAG-3' 14 150-2625
OPARS3 5'-CCAGGAGAAG-3' 11 150-2250
OPAR3 5'-CCAGGAGAAG-3' 4 850-1500

Total = 283

3Kb

100bp

25 38 48 56 63 81 108128129135145148

Figure 13: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 16 Enterobacter cloacae using RAPD
primer: OPARS8, M = 3kb DNA ladder, Lanes: 1, 6, 8, 13, 25, 38, 48, 56, 63, 81, 108,
128, 129,135, 145, 148 = E. cloacae
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3Kb

-

1500bp

500bp

100bp

Figure 14: Agarose gel photograph of genomic DNA fragments amplification pattern
obtained from RAPD primer screening of 8 Enterobacter cloacae using RAPD
primer: OPARS8. M = 3kb DNA ladder, Lanes: 7, 10, 21, 23, 34, 37, 39, 41 = E. cloacae

Figure 15: Agarose gel photograph of genomic DNA fragments amplification
pattern obtained from RAPD primer screening of 8 Enterobacter cloacae using
RAPD primer: OPAR8. M = 3kb DNA ladder, Lanes: 43, 52, 58, 65, 68, 69, 71, 82 =
E. cloacae

3Kb

1500bp

500bp

100bp

Figure 16: Agarose gel photograph of genomic DNA fragments amplification
pattern obtained from RAPD primer screening of 8 Enterobacter cloacae using
RAPD primer: OPAR8. M = 3kb DNA ladder, Lanes: 85, 109, 114, 24, 132, 133,
144, 153 = E. cloacae
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Table 7: OPAR8 RAPD primer used in genetic divergence of Enterobacter cloacae

OPARS 5-TGGGGCTGTC-3' 8 400-1400
OPARS 5-TGGGGCTGTC-3' 7 400-2250
OPARS8 5'-TGGGGCTGTC-3' 7 250-1500
OPARS8 5'-TGGGGCTGTC-3' 6 480-1400
OPARS 5-TGGGGCTGTC-3' 4 500-1250
OPARS8 5'-TGGGGCTGTC-3' 5 200-1400
OPARS 5-TGGGGCTGTC-3' 0 0
OPARS8 5'-TGGGGCTGTC-3' 4 500-1500
OPARS 5-TGGGGCTGTC-3' 6 400-1400
OPARS 5-TGGGGCTGTC-3' 5 200-1400
OPARS8 5-TGGGGCTGTC-3' 8 550-1875
OPARS 5-TGGGGCTGTC-3' 5 350-1400
OPARS8 5'-TGGGGCTGTC-3' 5 400-1875
OPARS 5-TGGGGCTGTC-3' 6 500-1500
OPARS8 5-TGGGGCTGTC-3' 5 500-2250
OPARS8 5'-TGGGGCTGTC-3' 6 200-1400
OPARS 5-TGGGGCTGTC-3' 7 400-2250
OPARS8 5'-TGGGGCTGTC-3' 8 200-1500
OPARS 5-TGGGGCTGTC-3' 2 500-800
OPARS8 5'-TGGGGCTGTC-3' 10 200-1500
OPARS 5-TGGGGCTGTC-3' 3 200-800
OPARS 5-TGGGGCTGTC-3' 6 300-2625
OPARS8 5'-TGGGGCTGTC-3' 8 500-2250
OPARS 5-TGGGGCTGTC-3' 6 300-2625
OPARS8 5'-TGGGGCTGTC-3' 10 200-1400
OPARS 5-TGGGGCTGTC-3' 7 400-2250
OPARS 5-TGGGGCTGTC-3' 5 500-1500
OPARS8 5'-TGGGGCTGTC-3' 10 190-2625
OPARS 5-TGGGGCTGTC-3' 9 490-2625
OPARS8 5'-TGGGGCTGTC-3' 9 500-2250
OPARS 5-TGGGGCTGTC-3' 7 500-2250
OPARS8 5'-TGGGGCTGTC-3' 3 400-800
OPARS8 5'-TGGGGCTGTC-3' 5 400-1400
OPARS 5-TGGGGCTGTC-3' 3 500-1000
OPARS8 5'-TGGGGCTGTC-3' 5 500-1875
OPARS 5-TGGGGCTGTC-3' 3 400-1200
OPARS8 5'-TGGGGCTGTC-3' 6 550-2625
OPARS 5-TGGGGCTGTC-3' 5 400-1400
OPARS 5-TGGGGCTGTC-3' 5 400-1400
OPARS8 5'-TGGGGCTGTC-3' 3 540-1400
Total = 232

DISCUSSION

The use of dominant markers to assess genetic variability
between isolates is promising because many polymorphic loci
can be obtained easily in a relatively short time and at low cost,
without any prior knowledge of the genome of the isolates
under study (Nybom and Bartish, 2000; Nybom, 2004). In our
study, the use of RAPD markers proved to be a powerful
method for the detection of spatial genetic variation. With 4
RAPD primers (640, 650, OPAR3, OPAR8) we could
differentiate the forty Enterobacter cloacae. The results
showed that the patterns of DNA fragments amplified by RAPD
—PCR with these primers were different among E. cloacae
isolates, where primer 640 produced the highest number of
bands (322 bands) Table (4) whereas primer OPARS8 produced
the lowest number of bands (232 bands) Table (7).

The results showed all forty E. cloacae produced bands
different in number and size for 4 RAPD primers. In exception,
some isolates produced the same number bands but with
different sizes (molecular weight). This, reflecting a genetic
diversity in the populations, genetic diversity within populations

is considered to be of high importance for adaptation to
changing environments (Ma et al., 2012). Also, observed from
the dendrogram, were differentiated E. cloacae isolates into 31
distinct clusters at similarity level ranged from (0.84-0.93),
most clusters consisted of one isolate.

The results of the RAPD assay indicated that genetic
heterogeneity exists among E. cloacae isolates other studies
showed the same results on other genra (Ozbey et al., 2004;
Hawari et al.,, 2008; Kim et al.,, 2011). The results of the
dendrogram observed that the isolates (6, 129), (8, 63), (25,
128), (7, 23), (37, 41), (10, 82), (68, 71), (52, 114, 133) were
clustering together although these isolates were collected from
different locations of Basrah hospitals, this finding indicated the
spread of E. cloacae in environment. Similar results were
observed for E. cloacae using RAPD primer (Haryani et al.,
2008).
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Figure 17: Dendrogram of forty Enterobacter cloacae strains isolated from different sources of
Basrah hospital construsted by UPGMA based on coefficient of (simple matching from the bands
for RAPD with primers (640, 650, OPAR3, OPARS).
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