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Abstract 

Edwardsiella tarda is a serious bacterial pathogen especially 

under farm conditions; causing Edwardsiellosis disease, leading to 

mass mortalities in various fish species. Molecular identification 

provide rapid and accurate diagnosis of disease causes also, Gene 

sequencing have  a rapid identification of the bacterial mutation and 

adaptation processes which closely related to the virulence divergence 

and niche adaptation of the pathogen resulting in  reliable vaccines  

and useful treatments. Fifty-three bacterial isolates formerly identified 

as E.tarda on the basis of their biochemical properties, isolated from 

two different naturally diseased fish species (Clarias gariepinus and 

Oreochromis niloticus) at Kafr El-sheikh governorate fish farms, 

preserved in TSA semisolid media were succumbed PCR identification 

using specific primers. Four virulence genes and its distribution in      

E. tarda positive isolates were detected as well as DNA sequencing 

analysis to the positive virulence genes compared to the gene bank 

database of the National Center for Biotechnology Information 

(NCBI). Out of fifty-three bacterial isolates; confirmed with PCR, only 

fifty isolates were identified as E. tarda; forty-six strains from            

C. gariepinus and four strains from O. niloticus, and all the examined 

positive isolates carried one or more of the tested virulence genes.       

E. tarda strains were divided into four groups with eight genotypes 

(genetic profiles), depending on the frequency of the virulence genes in 

the positive E. tarda strains. Gene sequencing revealed very high 

similarity (98-100%) between the detected virulence genes and the 

published sequences of E. tarda virulence genes in the gene bank 

database of (NCBI). 

Key words: Edwardsiellosis E. tarda virulence genes. gene bank  NCBI gene 

sequencing 
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INTRODUCTION 

Edwardsiella tarda is a gram-negative, motile enteric pathogen of the 

family Enterobacteriaceae; causing hemorrhagic septicemia with high 

economic losses, the seriousness of E. tarda infection in its wide spread fish 

host range Carlos et al. (2012). 

E. tarda have been incriminated as a common bacterial pathogen 

especially under culture conditions; causing edwardsiellosis or emphysematous 

putrefactive disease, leading to mass mortalities in various fish species Ewing et 

al. (1965)  

Virulence genes screening is essential for determining the potential 

pathogenicity of E. tarda acting as biomarkers in diagnosis of pathogenic 

E.tarda Srinivasa Rao et al. (2001) and Srinivasa Rao et al. (2003). 

The gyrB gene is a single-copy gene encodes the ATPase domain of 

DNA gyrase an enzyme essential for DNA replication Huang (1996), the gyrB 

gene was regarded as a suitable phylogenetic marker for the identification and 

classification of bacteria Yamamoto et al. (1999). 

 The host pathogenicity of E. tarda had a good correlation with its 

hemolysin rather than with the extracellular proteases Xiong and Lu (2001).  

The gadB, fimA and other five virulence genes; orfA, citC, katB, mukF 

and ssrB were presented only in the virulent not in a virulent strains, in other 

words, are specific to the pathogenic E. tarda, Srinivasa Rao et al. (2003). 

Mutation in gadB gene of E. tarda resulted in attenuation of the mutant 

in vivo and acid sensitivity in vitro indicating that the mutant was unable to 

survive or cause infection inside the host, Srinivasa Rao et al. (2003). Gene 

sequencing provide a rapid identification of the bacterial mutation and 

adaptation processes which closely related to the virulence divergence and 

niche adaptation of the pathogen resulting in rapid reliable and useful vaccines 

and treatments. 
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Indeed, the detection and sequencing of the virulence genes of E. tarda 

could predict the virulence potentials of the organism in the fish resulting in 

earlier implantation of the control measures, therefore, the present work was 

planned to: Identify the isolates by PCR using specific primers, detection of 

four virulence genes and its distribution in E. tarda positive isolates and DNA 

sequencing analysis to the positive virulence genes and matched to the gene 

bank database of the National Center for Biotechnology Information (NCBI). 

MATERIALS AND METHODS 

Bacterial isolates:  

Fifty-three bacterial isolates formerly identified as E.tarda on the basis 

of their biochemical properties, isolates from two different naturally diseased 

species (C. gariepinus and O.niloticus) at Kafr El-sheikh governorate fish 

farms, preserved in TSA semisolid media were used.  

Polymerase Chain Reaction (PCR):  

After DNA extraction according to Shah et al. (2009) Application of 

PCR for identification of 16S rDNA as species specific for E. tarda, hlyA, 

gyrB, fimA and gadB genes as virulent factors of such organism was performed 

essentially by using Primers (Pharmacia Biotech, Ireland) as shown in the Table 

(1).  

DNA Amplification reaction for 16S rDNA gene of E.tarda: 

The amplification was performed on a Thermal Cycler  using 25 μl of 

PCR mixture containing 3 μl of boiled cell lysate, 200 M of desoxynucleotide 

triphosphate (dNTP mixture), 1.4 U of Taq DNA polymerase, buffer (20 mM 

Tris-HCl pH 8.4, 50 mM KCl and 3 mM MgCl2) and 1 μl of each primer. The 

PCR annealing temperatures tested ranged from 45 to 55°C. Both the intensity 

of the amplicons for each targeted DNA and the absence of nonspecific bands 

were considered in the selection of optimal PCR conditions. The cycling 

protocol was one cycle of 94 °C for 2 min, 35 cycles of 95 °C for 2 min, 45 °C 

for 1 min 30 sec, and 72 °C for 2 min, and a final elongation at 72 °C for 7 min. 
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PCR amplified products were analyzed by 1.5% of agarose gel, stained with 

ethidium bromide and visualized as well as captured on UV transilluminator, 

then compared with the marker DNA ladder (100 bp), Castro et al. (2014). 

Table 1. Primer sequences of E.tarda used for PCR identification system. 

Target gene Oligonucleotide sequence (5′ → 3′) 
Product 

size (bp) 
References 

16S rDNA (F) 5′ AGAGTTTGATCCTGGCTCAG ′3  

450 

Castro et al. 

(2014) 16S rDNA (R) 5′ AAGGAGGTGATCCAGCCGCA ′3  

hylA (F) 5′ CCTTATAAATTACTCGCT ′3  

1106 

Chen and Lai 

(1998) hylA (R) 5′ TTTGTGGAGTAACAGTTT ′3 

gyrB (F) 5′ GCATGGAGACCTTCAGCAAT ′3  

415 

Wang et al. 

(2012) gyrB (R) 5′ GCGGAGATTTTGCTCTTCTT ′3 

fimA (F) 5′ CTGTGAGTGGTCAGGCAAGC ′3  

441 

Wang et al. 

(2012) fimA (R) 5′ TAACCGTGTTGGCGTAAGAGC ′3 

gadB (F) 5′ ATTTGGATTCCCGCTTTGGT ′3  

583 

Wang et al. 

(2012) gadB (R) 5′ GCACGACGCCGATGGTGTTC ′3 

Amplification reaction for hylA gene: 

The PCR for amplification of hylA gene was performed in a total 

reaction volume of 25 µl using solution containing 100 pmol of each primer, 

400 µM dNTP and buffer (10 mM TrisHCl pH 8.8; 1.5 mM MgCl2; 50 mM 

KCl; 0.1% triton-X-100) in an Eppendorff tube. PCR was started with an initial 

denaturation step of 5 min at 94 °C followed by 35 thermocycles with each 

cycle consisting of denaturing at 94 °C for 1 min, annealing at a range of 50 to 

55 °C for 1 min, and extending at 72 °C for 1 min. Finally, 5 µl of each 

amplicon was electrophoresed in 1 % agrose gel) and visualized under UV 

transilluminator, Chen and Lai (1998). 

Multiplex PCR for gyrB, fimA and gadB genes:  

The targeted genes of E. tarda strains were gyrB (gyrase B), fimA 

(fimbrial operon) and gadB (glutamate decarboxylase). Specific primers were 
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used to amplify the three virulence genes. To amplify the genes, 25 µl of 

reaction mixture was made containing 20ng of template DNA, 20 pM of 

primers, 160 µM of dNTP mix, 1.25 U Taq polymerase, 1×Taq buffer, and 0.5 

mM MgCl2. The three genes were amplified individually using the specific 

primers with 32 cycles of denaturation at 94°C for 1 min, annealing at 57°C for 

1 min, extension at 72°C for 1 min, and a final extension at 72°C for 10 min. 

The PCR product was visualized on 1.5% agarose gels stained with ethidium 

bromide, and visualized under UV transilluminator, then compared with the 

marker DNA ladder (100 bp), Wang et al. (2012). 

Gene sequences and nucleotide sequence alignment of the four virulence 

genes: 

PCR products of four strains of E.tarda (presented all groups), were 

succumbed to the gene sequencing using the four genes namely; haemolysin 

gene( hlyA), glutamate decarboxylase gene( gadB), major fimbrial subunit 

protein(fim A) and gyrase B gene (gyrB), according to Wang et al. (2009) 

 First, the PCR products were purified using the fast gene gel PCR 

extraction kit to remove unused primers and nucleotides from the template 

DNA by adding 0.5 µL EXOSAP-IT and 4.5 µL TE buffer for each reaction. 

Reaction mix was incubated at 37ºC for 20 min followed by incubation at 80ºC 

for 20 min, Fig.().  Second, the positive virulence genes were subjected to the 

DNA sequencing analysis for confirmation and compared to the published 

sequences in the gene bank database of the national center for biotechnology 

information center (NCBI). Sequencing PCR reactions were performed in a 10 

µL reaction volume containing Template DNA 1 µL, 5x Buffer 1.75 µL, Primer 

(sense and antisense) 1 µL, Master Mix 0.5 µL, and RNase free water 5.75 µL. 

PCR was carried out using an Ex-taq PCR amplification kit. The PCR cycling 

program consisted of 29 cycles of 45 sec at 95ºC, 45 sec at 60ºC, and 1 min at 

72ºC, with an additional step of 2 min at 72ºC. Sequencing of the PCR products 

was carried out using an ABI PRISM 3100 automated sequencer. Sequencer 

TM Software (Version 4.2.2, Gene Codes Corporation, MI, USA) was used for 

sequence data analyses. 
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RESULTS AND DISCUSSION: 

Molecular characterization of the bacterial isolates:  

Out of fifty-three bacterial isolates formerly identified as E.tarda on the 

basis of their biochemical properties; only fifty isolates were identified as E. 

tarda; forty-six strains from C. gariepinus and four strains from O. niloticus, 

when succumbed to the molecular characterization of DNA using specific 

primers for E.tarda, revealing the presence of a common band at 450 bp, which 

were closely similar to that reported by Castro et al. (2014) denoting, the 

accuracy of PCR results, rather than that of the  biochemical reactions , Fig. (1). 

 

Fig.1. Agarose gel electrophoresis of PCR of 16S rDNA (450bp) for 

characterization of E. tarda isolates .   
 Lane M: 100 bp ladder as molecular size DNA marker. 

 Lane 1 control positive for Edwardesiella tarda . 

 Lane 2 control negative for  Edwardesiella tard. 

 Lane 3-22, 24-32, 34-52 and 54-55 positive for  Edwardesiella tarda. 

 Lane 23,33and 53 negative for  Edwardesiella tarda.  

Molecular characterization of E. tarda virulence genes: 

PCR revealed that all the examined positive isolates carried one or more 

of the tested virulence genes, Fig. (2 and 3). 

The prevalence of E.tarda virulence genes were as follow; gyrase B 

gene (gyrB) was the most frequent virulence gene; detected in 43 strains, 

haemolysin gene( hlyA) detected in 40 strains, major fimbrial subunit protein 
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(fimA) detected in 26 strains and glutamate decarboxylase gene( gadB) detected 

in 20 strains, Fig. (4 and 5). 

On the basis of PCR results; E.tarda strains were divided into four 

groups with eight genotypes (genetic profiles), depending on the frequency of 

the virulence genes in the positive E.tarda strains; one genotype (hyl A+ gad + 

fim + gyr +) carrying 4 virulence genes; 14 isolates (28%), three genotypes(hyl 

A+ gad - fim + gyr +) , (hyl A+ gad + fim - gyr +) and (hyl A-  gad + fim + gyr 

+) carrying 3 virulence genes; 11 isolates (22%), two genotypes (hyl A+ gad - 

fim - gyr +) , (hyl A- gad- fim + gyr +) carrying 2 virulence genes; 15  isolates 

(30%) and two genotypes (hyl A+ gad - fim - gyr -) , (hyl A- gad - fim - gyr +) 

carrying 1 virulence gene; 10 isolates (20%), Fig. (6 and 7). 

Delmas et al. (2006) developed a species-specific method to detect 

E.tarda on the basis of PCR amplification of the gyrB gene, indeed, Lan et al. 

(2008) used the gyrB gene as a taxonomic marker.  

Ibrahem et al. (2011) detected E.tarda as early as 24 h post infection 

using the oligomers of hemolysin gene as primers for PCR assay. The hlyA 

gene is an Extracellular hole-forming and is not regulated by iron Chen et al., 

(1996). The haemolysin is a noted virulence element and is widely distributed 

in pathogenic isolates of E. tarda, Wang et al. (2009) and correlated with the 

mortality of E.tarda infected fish Shen and Chen, (2005). 

The fimbriae help in adhesion of the bacteria to host cells, Duguid and 

Old (1980) and Mohanty and Sahoo (2007), adherence is the primary step for 

invading the host and causing infection, hence any mutation in genes involved 

in the attachment would affect the infective ability of the bacteria which led to 

attenuation of this mutant, Srinivasa Rao et al. (2003). The fimbrial proteins 

induced more significantly under higher sodium chloride concentrations which 

play an important role in the virulence of E. tarda in marine environment, 

Yasunobu et al. (2006). 
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Fig 2. Agarose gel electrophoresis of PCR of hlyA gene (1106 bp) virulence 

factor of E. tarda.    

 Lane M: 100 bp ladder as molecular size DNA marker. 

 Lane 1 control positive for hlyA gene. 

 Lane 2 control negative for hlyA gene. 

 Lane 3-5,7,8,10-18,21,23-24,26-33,35,37-46,48 and 50-52 positive for hlyA gene . 

 Lane 6,9, 19,20,22,25,34,36,47and 49 negative for  hlyA gene . 

 

 

Fig 3.  Agarose gel electrophoresis of multiplex PCR of gyrB (415bp) ,

fimA(441) and gadB (583) virulence genes of  E. tarda. 
 Lane M: 100 bp ladder as molecular size DNA marker.   

 Lane 1: Control positive of E. tarda for gyrB, fimA and gadB genes. 

 Lane 2: Control negative for gyrB, fimA and gadB genes. 

 Lanes 4, 7, 10, 11, 12, 14, 18, 23, 27, 28, 30, 34, 36, 38, 40, 44, 47, 51 and 52: Positive          

E. tarda strains for gyrB, fimA  and gadB genes.        

 Lanes3, 9, 21, 24, 32, 42 and 49: Positive E. tarda strains for gyrB and fimA genes. 

 Lane 5: Positive E. tarda strains for gyrB and gadB genes. 

 Lanes6, 8, 13, 15, 16, 19, 22, 25, 29, 33, 37, 39, 43, 45, 46 and 48: Positive E. tarda 

strains for gyrB gene. 

 Lanes 17, 20, 26, 31, 35, 41 and 50: negative for gyrB, fimA and gadB genes. 
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The glutamate decarboxylase gene (gad B) provide resistance to bacteria 

towards phagocytes- mediated killing inside the host, the Gad system 

neutralizes acidity and enhances the survival under extreme acid conditions, the 

glutamate-dependant acid resistance system requires the glutamate 

decarboxylase gene for protection under acidic conditions. Mutation in gad B 

gene of E.tarda resulted in attenuation of the mutant in vivo and acid sensitivity 

in vitro indicating that the mutant was unable to survive and cause infection 

inside the host, Srinivasa Rao et al. (2003). Bacteria fight against serum- and 

phagocyte- mediated killing by gad B. 

Fig. 4. Detection of four virulence genes in E.tarda isolates. 

 

Fig. 5. Frequency of virulence genes in E.tarda strains. 
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Fig. 6. virulence gene profiles of E.tarda strains. 

 

Fig. 7. Distribution of four virulence genes in fifty E.tarda strains. 

Gene sequences and nucleotide sequence alignment of the four virulence 

genes: 

The results revealed that; the nucleotide sequences of the four virulence 

genes of the four strains showed no differences and no mutations, Fig.(8, 9, 11, 

13 and 15); revealed very high similarity (98-100%) between the detected 
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virulence genes and the published sequences of E.tarda virulence genes in the 

gene bank database of the national center for biotechnology information 

(NCBI). 

The nucleotide sequences alignment of haemolysin gene( hlyA) showed 

99% identity, Fig. (10), glutamate decarboxylase gene( gadB) showed 99% 

identity, Fig.(12), major fimbrial subunit protein(fim A) showed 100% identity, 

Fig. (14) and gyrase B gene (gyrB) showed 98% identity, Fig. (16), 

 

 

Fig. 8. Agarose gel electrophoresis of purified PCR products of different four 

genes of the four E.tarda strains. 

 Lane M: 100 bp ladder as molecular size DNA marker. 

 Lane 1 control positive for hlyA gene (1106bp). 

 Lane 2 control negative for hlyA gene. 

 Lane 3 strain No.8.of E.tarda ; positive for hlyA gene (1106bp). 

 Lane 4: strain No.1.of E.tarda; positive for hlyA gene (1106bp) . 

 Lane 5: strain No.15.of E.tarda; positive for hlyA gene (1106bp). 

 Lane 6: Control positive of E. tarda for gyrB (415bp), fimA (441bp) and gadB (583bp) 

genes. 

 Lane 7: Control negative for gyrB, fimA and gadB genes. 

 Lane 8: strain No.8.of E.tarda; positive for gyrB(415bp), fimA (441bp) and gadB 

(583bp) genes. 

 Lane 9: strain No.1.of E.tarda; positive for gyrB(415bp) and fimA (441bp) genes. 

 Lane 10: strain No.30.of E.tarda; positive for gyrB(415bp) and fimA (441bp) genes.  
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Fig. 9. Nucleotide sequence of the hlyA gene of E. tarda. 

 

Fig. 10. Nucleotide sequence alignment of the hlyA gene of E.tarda showing 

99% identity. 

Fig. 11. Nucleotide sequence of the gad B gene of E. tarda. 
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Fig. 12. Nucleotide sequence alignment of the gad B gene of E.tarda showing 

99 % identity. 

   Fig. 13. Nucleotide sequence of the fim A gene of E.tarda. 

 

 

 

 

 

Fig. 14. Nucleotide sequence alignment of the fim A gene of E.tarda showing 

100 % identity. 
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Fig. 15. Nucleotide sequence of the gyr B gene of E. tarda. 

 

Fig. 16. Nucleotide sequence alignment of the gyr B gene of E.tarda showing 

98 % identity. 

CONCLUSION 

PCR, simple reliable accurate techniques may be of a great help in fish 

disease diagnosis, which in turn anticipate in rapid interference and treatment as 

well, reducing the drastic economic losses in aquaculture. 

There were differences in the presence or absence of a number of 

virulence genes among E. tarda strains, suggesting that the virulence profile 

may be useful tool for prediction of pathogenic strains. 

Detection and sequencing of the virulence genes of E.tarda could 

predict the virulence potentials of the organism in the fish resulting in earlier 

implantation of the control measures 
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The identified virulence genes especially gadB and fimA, could be used 

as prescreening biomarkers for detection of pathogenic E. tarda. 
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 الملخــص العربــى
مرض الادواردسيمهزيس والذي يدببو ميكروب الادواردسيلا تاردا أنو يؤدي الى تكسن خظهرة 

معزولو بكتريو من أسساك قراميط وبمظي  35معدلات نفهق عاليو في مختمف أنهاع الأسساك. تم عزل 
وتم ترشيفيا حدب خهاصيا  ،من مزارع الأسساك في محافظة كفرالذيخ ،نيمي مريزو طبيعيا

ميكروب الادواردسيلا تاردا والتي أخزعت لمتعريف بالتهصيف الجزيئي. تم تحديد أربعو البيهكيسيائيو الى 
ومن  ،كسا تم اجراء تحميل التدمدل الجيشي ليا ،جيشات ضراوة وتهزيعيا في معزولات الادواردسيلا تاردا

صشفت  ،ثم تست مقارنتيا بسا ىه مدجل في بشك الجيشات. فقط خسدهن من جسمو ثلاثو وخسدهن معزولو
فقط أربع  ،ست واربعهن عتره بكتيريو من أسساك القراميط ؛وتهزيعيم كالتالي ،عمى أنيا ادواردسيلا تاردا

وتسخض ذلك عن تهفر واحد أو أكثر من جيشات الزراوه في  ،عترات بكتيريو من أسساك البمظي الشيمي
 تاردا الى اربع مجسهعات ليا ثسانيو فقد تم تقديم عترات الادواردسيلا ،السعزولات الاجابيو. بشاء عمى ذلك

وكذلك التدمدل الجيشي  ،أنهاع جيشيو طبقا لعدد التتكرارات لجيشات الزراوة في معزولات الادواردسيلا تاردا
 % تساثل مابين جيشات الزراوة السختبره وتمك السدجمو ببشك الجيشات.89أوضح أكثر من 


