






similar to the published E. tarda genomes, with the
exception of LADL 05-105, which demonstrated slightly
more variability (94–100%). Alternatively, DNA group I,
which includes the ATCC reference strain, demonstrated
remarkable differences from these genomes for all targets
(Table 4). For all gene targets, DNA group II, including LADL
05-105, demonstrated mofre similarity to E. ictaluri than to
DNA group I. Sequences for all targets for all isolates have
been deposited in GenBank (#JX866952–JX867095).

3.2. Repetitive sequence mediated PCR

Genetic profiles for the isolates used in this study were
consistent with the multi-locus sequencing data, regard-
less of primer set. The isolates formed two distinct clusters
(Figs. 3 and 4), with LADL 05-105 again falling sister to DNA
group II. The two predominant E. tarda clusters demon-
strated no greater than 40% similarity between them,
regardless of primer set. All isolates, consistently fell into
the same clusters, with 5 of the isolates (AL 98-87; FL 95-
01; LADL 88-209; LADL 99-302; RE-04) grouping with the
ATCC reference strain, and the remaining isolates grouping
more closely to E. ictaluri (Fig. 4).

3.3. Edwarsiella tarda-specific PCR

Results for Edwardsiella-specific PCRs from 5 ng of
template DNA were variable (Fig. 5). All isolates were

positive by 16S rDNA PCR. Positive reactions were also
observed for DNA group I from the E. tarda fimbrial
subunit primers (EtfimD; Sakai et al., 2007), with faint
bands observed for the E. tarda major fimbrial subunit
primers (EtfimA; Sakai et al., 2007). There was no
amplification from DNA group I isolates with any other
primer sets. In contrast, strong positive reactions were
observed for isolates from DNA group II for the
Edwardsiella fimbrial gene cluster (GenEd; Sakai et al.,
2009), the E. tarda fimbrial subunit (EtfimD), and E. tarda

DNA gyrase subunit B (EtgyrB; Lan et al., 2008). All group
II isolates were positive for the E. tarda major fimbrial
subunit (EtfimA) and the typical E. tarda fimbrial gene
cluster (Ettyp; Sakai et al., 2009), with the exception of
LADL 05-105, which had only a faint positive for the E.

tarda major fimbrial subunit (EtfimA) and was negative
for the typical E. tarda fimbrial gene cluster (Ettyp).
However, LADL 05-105 was positive for the atypical E.

tarda fimbrial gene cluster (Etatyp; Sakai et al., 2009). By
comparison, positive reactions were observed for E.

ictaluri isolate S97-773 from the Edwardsiella fimbrial
gene cluster (GenEd), the Edwardsiella fimbrial subunit,
E. tarda DNA gyrase subunit B and E. ictaluri specific
primers, with a faint positive for the E. tarda major
fimbrial subunit. No positive reactions were observed for
any E. tarda isolates from E. ictaluri specific primers or
primers amplifying the E. tarda hemolysin gene (Chen
and Lai, 1998).

Fig. 5. Polymerase chain reaction amplification of bacterial isolates identified biochemically and by 16S sequencing as Edwardsiella tarda (lanes 1–17) or

Edwardsiella ictaluri (lane 18). Primer sequences and corresponding publications can be found in Table 1. Lane designations are as follows for all gels: N = no

template control; 1 = ATCC 15947; 2 = RE-04; 3 = AL98-87; 4 = LADL 88-209; 5 = FL95-01; 6 = LADL 99-302; 7 = MA 97-004; 8 = S11-285; 9 = LADL 97-168;

10 = LADL 99-462; 11 = S07-346; 12 = S07-262; 13 = S07-534; 14 = S07-275; 15 = S07-1019; 16 = S07-348; 17 = LADL 05-105; 18 = S97-773 (Edwardsiella

ictaluri).
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3.4. Estimation of G + C content

All isolates from DNA group I, which includes the
ATCC type strain (#15947) demonstrated lower melting
temperatures than DNA group II and E. ictaluri. The
average melting temperature for DNA group I was
82.3 8C compared to 84.5 8C for DNA group II. Isolate
LADL 05-105, a genetic variant of DNA group II,

demonstrated a melting temperature of 84.5 8C, while
S97-773, the E. ictaluri isolate melted at 83.5 8C. Using
the relationship between fluorometric estimations of
genomic melting temperatures and G + C content (Gon-
zalez and Saiz-Jimenez, 2002), the mean G + C content
for DNA group I was 56.4%, 60.2% for DNA group II, and
58.4% for E. ictaluri. Results of this analysis are tabulated
in Table 5.

Table 5

Fluorometric estimation of G + C content (%) based on genomic DNA melting temperatures(Tm). G + C content (%) was estimated by the mean Tm (8C) from

triplicate reactions.

Isolate G + C content (%) Tm(�S.D.)

DNA Group I

ATCC 15947 56.0 82.3 (�0.2)

RE-04 55.7 82.1 (�0.3)

AL98-87 57.2 82.9 (�0.2)

LADL 88-209 56.6 82.6 (�0.0)

FL95-01 56.5 82.5 (�0.1)

LADL 99-302 56.1 82.3 (�0.1)

Group mean 56.4 82.5 (�0.3)

DNA Group II

MA 97-004 59.9 84.3 (�0.1)

S11-285 60.5 84.5 (�0.4)

LADL 97-168 58.9 83.7 (�0.1)

LADL 99-462 60.3 84.5 (�0.2)

S07-346 60.6 84.6 (�0.0)

S07-262 60.7 84.7 (�0.1)

S07-534 60.3 84.5 (�0.4)

S07-275 60.6 84.6 (�0.4)

S07-1019 60.5 84.5 (�0.1)

S07-348 60.5 84.5 (�0.1)

LADL 05-105 60.3 84.5 (�0.1)

Group mean 60.3 84.5 (�0.3)

Edwardsiella ictaluri

S97-773 58.4 83.5 (�0.2)

Table 6

Biochemical identification of Edwardsiella isolates used in this study; CL = confidence level; Sim = similarity index.

Isolate Host (State) BBL Crystal ID BBL Crystal Codea,b Biolog ID; (CL; Sim)

DNA Group I

ATCC 15947 Human (KY) Edwardsiella tarda 2002010013a E. tarda (100; 0.884)

RE-04 Channel catfish (AL) E. tarda 2002010013a E. tarda (N/A; 0.448)

AL98-87 Channel catfish (AL) E. tarda 2003110113a E. tarda (98; 0.571)

LADL 88-209 Hybrid Striped Bass (LA) E. tarda 2003110113a E. tarda (100; 0.715)

FL95-01 Channel catfish (FL) E. tarda 2002010113a E. tarda (100; 0.733)

LADL 99-302 Tilapia (LA) E. tarda 2002010113a E. tarda (100; 0.634)

DNA group II

MA 97-004 Tilapia (MA) E. tarda 2403110113a E. tarda (100; 0.814)

S11-285 Channel catfish (MS) E. tarda 2403110113a E. tarda (93; 0.653)

LADL 97-168 Channel catfish (LA) E. tarda 2403010113a E. tarda (92; 0.658)

LADL 99-462 Channel catfish (LA) E. tarda 2403010113a E. tarda (86; 0.660)

S07-346 Channel catfish (MS) E. tarda 2003010103a E. tarda (99; 0.916)

S07-262 Channel catfish (MS) E. tarda 2003010103a E. tarda (78; 0.751)

S07-534 Channel catfish (MS) E. tarda 2003110103a E. tarda (86; 0.518)

S07-275 Channel catfish (MS) E. tarda 2003110103a E. tarda (98; 0.712)

S07-1019 Blue catfish (MS) E. tarda 2003010113a E. tarda (100; 0.901)

S07-348 Channel catfish (MS) E. tarda 2403010153a E. tarda (N/A; 0.492)

LADL 05-105 Tilapia (LA) E. tarda 2403014113a E. tarda (N/A; 0.468)

Edwardsiella ictaluri

S97-773 Channel catfish (MS) No ID 2002000113b E. ictaluri (90; 0.538)

S94-711 Channel catfish (MS) No ID 2002000113b N/A

S07-698 Channel catfish (MS) No ID 2002000113b N/A
a Indole + Oxidase -
b Indole -; Oxidase -
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3.5. Biochemical identification, substrate metabolism, FAME

analysis and antimicrobial susceptibilty

All isolates were identified as E. tarda by the BBLTM

CrystalTM Enteric/Nonfermenter ID kit, representing 9
different phenotypes based on identification code
(Table 6). There is no identification code available for E.

ictaluri, however, the identification code is consistent with
codes seen for E. ictaluri isolates from diseased channel
catfish (Griffin, unpublished data). Traditional tests
demonstrated the same characteristics for all E. tarda

isolates, with the exception of one (LADL 05-105), which
produced acid from arabinose (Table 7).

The Biolog system provided different carbon utilization
patterns for all 17 E. tarda isolates, with E. tarda being the
closest match for all 17 isolates. The isolates metabolized
29 different substrates; of which no single substrate
discriminated between DNA groups (Table 8). In addition,
the E. tarda isolates used in this study were relatively
homogeneous in regards to cellular fatty acid composition
(Table 9) and antimicrobial susceptibility patterns to the
chemotherapeutic agents evaluated (data not shown).

4. Discussion

With the high degree of phenotypic diversity within
bacterial species and the promiscuous nature genetic

material is shared between environmental microbes, the
accuracy of a biochemical identification can be limited if a
large number of isolates have not been tested, especially
from phenotypically heterogenous or cryptic genera. As
such, current descriptions of bacterial species require both
phenotypic and genetic characteristics, although this does
little to deconvolute species described prior to the advent
of molecular techniques.

The BBL crystal kit provided multiple identification
codes for the isolates used in this study; however, the kit
offers a multitude of codes for E. tarda, suggesting the
existence of numerous phenotypes for this species.
Similarly, the Biolog system generated multiple pheno-
typic profiles for the isolates tested, identifying all 17
isolates as E. tarda, although several isolates received low
(<0.50) similarity index scores (RE-04; S07-348, LADL 05-
105). Regardless, metabolic profiles were unable to
differentiate between groups. Likewise, biochemical char-
acterization using conventional bacteriology techniques
and cellular fatty acid compositions were inconclusive in
discriminating between the two genetic groups. Lastly,
there were no observable differences between the two
groups in terms of antimicrobial susceptibility.

Contradictory to the phenotypic data, genetic finger-
printing by rep-PCR identified two distinct genetic groups
within the E. tarda isolates tested. All four primer sets were
in agreement with the grouping of isolates, demonstrating

Table 7

Comparison of characteristics of Edwardsiella tarda isolates from this study. Tests listed in bold differed from the classical description of Edwardsiella tarda

(Mohanty and Sahoo, 2007); CyOx = Cytochrome oxidase; VP = Vogues-Proskaueer; ONPG = b-galactosidase activity.

DNA Group DNA Group

I IIa LADL 05-105 I IIa LADL 05-105

Gram Stain � � � Acid from

Morphology R R R Glucose + + +

CyOx � � � Arabinose � � +

TSI K/A K/A K/A Adonitol � � �
H2S on TSI + + + Cellobiose � � �
OF glucose Fg Fg Fg Dulcitol � � �
Motility at 37 8C + + + Erythrytol � � �
Motility at 25 8C + + + Galactose + + +

Gelatin � � � Inositole � � �
Indole + + + Lactose � � �
Bile esculine � � � Maltose + + +
Urease � � � Melibiose � � �
Simmon’s citrate � � � Mannitol � � �
Phenylalanine � � � Mannose + + +
Nitrate reduction + + + Rhamnose � � �
Methyl Red + + + Salicin � � �
VP � � � Sorbitol � � �
ONPG � � � Sorbose � � �
Malonate � � � Sucrose � � �
Catalase + + + Trehalose � � �
Arginine � � � Xylose � � �
Lysine + + +

Ornithine + + + Growth in TSB

RBC-hemolysis b b b 0% NaCl + + +

0.5% NaCl + + +

Growth at 1.0% NaCl + + +

20 8C + + + 1.5% NaCl + + +

25 8C + + + 2.0% NaCl + + +

30 8C + + + 2.5% NaCl + + +

35 8C + + + 3.0% NaCl + + +

40 8C + + +
a Isolate LADL 05-105 was excluded from DNA group II.
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Table 8

Substrate metabolism for Edwardsiella tarda (ET) isolates; + = positive reaction; � = negative reaction; +/� = borderline positive.

Substrate DNA Group I DNA Group II

ATCC

15947

RE-04 AL

98-87

LADL

88-209

FL

95-01

LADL

99-302

MA

97-004

S11-

285

LADL

97-168

LADL

99-462

S11-

346

S07-

262

S07-

534

S07-

275

S07-

1019

S07-

348

LADL

05-105

Dextrin � � + +/� � + � + + +/� +/� +/� + + + + +

N-Acetyl-D-

Glucosamine

+ + + + + + + + + + + +/� + + + +/� +

D-Fructose + + + + + + + + + + + + + + + + +

L-Fucose � � � +/� � + � � � � � � � � � � �
D-Galactose + + + + + + + + +/� + + + + + + +/� +/�
a-D-Glucose + + + + + + + + + + + +/� + + + + +

D-Mannose + + + + + � + + + + + + + + + + +

D-Psicose + + + + + + � + + � +/� � + + +/� +/� +

Pyruvic Acid

Methyl Ester

+/� � + � + + � +/� � +/� +/� +/� � � � � �

Succinic Acid

Mono-Methyl Ester

� +/� + � � + � + � � � � � + � +/� +

Citric Acid +/� + � � +/� + � + +/� � � � + +/� � � +/�
D-Gluconic Acid + + + � + + + + � + + + � + + +/� +/�
D-Clucuronic Acid +/� � � � � � � +/� � � � � � � � � +

a-Ketoglutaric acid � � + + + + � � � � � � � +/� +/� � �
D,L-Lactic Acid + + + + + + + + � � � � � +/� + + +

Succinic Acid � +/� + � +/� + � +/� � +/� � � � + � + �
Bromosuccinic Acid � + + + + + � + + � � � � + + + +/�
L-Asparagine + + + + + + + + + + + +/� + + + + +

L-Aspartic Acid + + + + + + � + + + + +/� + + + + +

Glycyl-L-Aspartic Acid + + + + + + + + +/� + + +/� � + + + +

Glycyl-L-Glutamic Acid � � � � +/� � � + � � +/� � � + � +/� +/�
D-Serine + + + + + + + + + � + � � + + � �
Inosine +/� +/� � � +/� + � +/� � � +/� � � +/� � + �
Uridine + � + + + + � + + � +/� +/� + + +/� + �
Thymidine + + + + + + � + + � +/� +/� + + � +/� �
Glycerol + + + + + + + + + + + + � + + + +

D,L,a-glycerol phosphate + + + +/� + + + + � + + + � + +/� + +/�
a-d-glucose-1-phosphate + + + + + + + + + + + +/� + + + + +

D-glucose-6-phosphate + + +/� +/� + + � + +/� + +/� +/� + + +/� +/� �
ID ET ET ET ET ET ET ET ET ET ET ET ET ET ET ET ET ET

Prob 100 � 98 100 100 100 100 93 92 86 99 78 86 98 100 � �
Sim .88 .448 .57 .72 .73 .63 .81 .65 .66 .66 .92 .75 .52 .71 .90 0.49 0.47
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Table 9

Comparison of fatty acid composition (%) from Edwardsiella tarda strains. LADL 05-105 was excluded from DNA Group II.

DNA Group I DNA Group II

ATCC

15947

RE-04 AL

98-87

LADL

88-209

FL

95-01

LADL

99-302

Mean MA

97-004

S11-

285

LADL

97-168

LADL

99-462

S11-

346

S07-

262

S07-

534

S07-

275

S07-

1019

S07-

348

Mean LADL

05-105

Fatty Acid (%)

12:0 1.9 1.6 1.8 1.9 1.9 1.7 1.8 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.8

13:0 0.6 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.7 0.4 0.5 0.5 0.5 0.5 0.6 0.4 0.5 0.5 –

12:0 3OH – – – 0.09 – – – – 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 – –

14:0 12.6 12.7 11.1 13.3 12.4 11.7 12.3 13.4 14.8 12.6 14.4 15.8 14.2 14.4 14.2 14.5 14.1 14.2 16.6

15:1 w8c 0.1 0.1 – – – – – 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 –

15:0 3OH – – – – – – – 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 –

16:1 w5c 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

16:0 33.6 34.0 34.5 36.3 35.7 35.7 35.0 34.0 34.5 32.7 33.5 33.7 34.9 34.9 34.0 34.7 34.8 34.1 37.4

17:0 anteiso – – – – – – – – – – – – – – – 0.04 0.05 – –

17:0 iso – – 0.2 – – – – – 0.1 0.1 – 0.1 – 0.1 0.1 0.1 0.1 – –

17:1 w8c 0.4 0.3 0.3 – – 0.3 – 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.4 0.3 0.4 0.4 –

17:0 cyclo 16.3 16.8 8.2 19.3 17.5 10.8 14.8 13.2 14.9 17.2 14.2 15.7 16.0 17.1 16.0 16.0 16.2 15.7 11.2

17:0 1.23 0.7 0.7 0.6 0.8 0.6 0.8 0.9 0.9 1.3 1.0 0.9 0.7 0.6 1.0 0.6 0.7 0.9 0.4

18:1 w6c 0.3 0.2 – – 0.2 – – 0.2 0.2 0.3 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 –

18:1 w9c 1.6 2.0 1.9 1.7 1.6 2.2 1.9 1.5 1.9 2.0 1.6 2.0 1.8 1.8 2.0 1.7 1.7 1.8 2.0

18:0 1.5 1.7 1.5 1.6 1.4 1.7 1.8 1.3 1.4 1.5 1.2 1.4 1.5 1.5 1.4 1.3 1.4 1.4 1.4

18:1 w7c 3.8 3.7 6.9 2.8 3.5 6.4 4.5 6.0 4.4 5.8 5.1 4.2 4.5 4.4 4.9 4.7 4.5 4.8 2.8

19:0 cyclo w8c 2.6 2.4 0.5 3.3 3.4 0.9 2.2 1.1 1.2 2.0 1.1 1.3 1.2 1.4 1.4 1.2 1.3 1.3 1.3

19:0 0.4 0.3 0.2 0.4 0.4 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.2 0.2 0.3 0.2 0.2 0.3 –

20:4 w6,9,12,15c 0.4 0.5 0.4 0.4 0.3 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.5 0.3 0.3 0.4 0.4 0.3

Summed features

2 9.4 9.0 8.8 8.9 9.2 8.1 8.9 8.5 8.5 8.8 8.6 8.8 8.4 8.4 8.2 8.3 8.6 8.5 9.0

3 11.0 1.3 20.8 6.8 8.3 16.9 10.9 16.2 12.4 10.9 14.7 11.3 12.3 10.8 11.9 12.5 12.0 12.5 14.1

5 2.0 2.0 1.8 2.1 2.0 1.8 1.9 1.6 1.8 2.1 1.7 2.0 1.7 1.7 1.9 1.7 1.7 1.8 2.0

8 4.0 3.9 6.9 2.8 3.6 6.4 4.6 6.1 4.6 6.1 5.2 4.4 4.7 4.5 5.1 4.8 4.7 5.0 2.8

Sim Index to E. tarda 0.77 0.77 0.87 0.89 0.86 0.68 0.81 0.57 0.64 0.7 0.48 0.70 0.66 0.75 0.68 0.64 0.68 0.65 <0.3
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remarkable differences (<40% similarity) between DNA
groups I and II. Although banding patterns for respective
primer sets varied in complexity, all primer sets demon-
strated substantial differences between the two main
groups. Isolate LADL 05-105, likely a genetic variant,
consistently grouped outside of DNA group II, although this
isolate shared more similarities with DNA group II and E.

ictaluri then DNA group I.
Similarly, fluorometric estimation of G + C content

identified marked differences between DNA group I and
DNA group II, with all isolates from DNA group I
demonstrating melting temperatures 1–2 degrees lower
than DNA group II. This difference in melting temperatures
represents an approximate difference in G + C content of
nearly 4%, with both groups of E. tarda demonstrating more
similar G + C ratios to E. ictaluri than to each other.

This study also demonstrates the limitations of using
16S SSU sequencing for bacterial identification, which has
been well reviewed (Fox et al., 1992; Janda and Abbott,
2002; Clarridge, 2004). In general, a range of about 0.5–1%
difference (99–99.5% similarity) is often used as a cutoff for
species discrimination, although there are several
instances where even a 1% difference is overly conservative
(Clarridge, 2004). Because the 16S SSU gene is so highly
conserved, multilocus sequence typing has been proposed
as an alternative method of genetic characterization
(Cooper and Feil, 2004). Although the E. tarda groups in
this study demonstrate greater than 99% similarity
between them (�1300 bp) at the 16S SSU locus, DNA
group II is more similar to E. ictaluri than DNA group I at
every other target used in the analysis. In addition, DNA
groups I and II share less than 90% similarity at several
targets (GyrA, GyrB, Pho, Pgi, Pgm).

Phylogenetic analysis consistently separated the two E.

tarda groups, placing members of DNA group I in their own
distinct cluster with high bootstrap support (range 97–
100%). Regardless of gene target, phylogram topographies
repeatedly placed E. ictaluri sister to DNA group II as part of
a larger cluster sister to DNA group I. This data suggests a
monophyletic origin for the three species of bacteria (DNA
group I, DNA group II and E. ictaluri), which likely arose
from a single common ancestor, with DNA group II and E.

ictaluri diverging in a later event. The significant genetic
separation between DNA group I and DNA group II, and the
fact DNA group II shares greater similarity to E. ictaluri than
to DNA group I, suggests these two DNA groups are not
conspecific. This supports similar findings in China, where
comparative phylogenomics and multilocus sequencing
identified two distinct genetic groups of E. tarda (Yang
et al., 2012) and is in agreement with other studies (Castro
et al., 2006; Panangala et al., 2006; Acharya et al., 2007;
Maiti et al., 2008; Maiti et al., 2009; Castro et al., 2011;
Wang et al., 2011).

The data presented here also clarifies why a definitive
diagnostic PCR for E. tarda has yet to be developed. There
have been several attempts to develop a PCR assay for the
detection of E. tarda from a wide variety of substrates, with
mixed results. Chen and Lai (1998) initially developed a
PCR for the detection of the Hemolysin gene (GenBank
L43071) of E. tarda from infected fish and environmental
samples. Their PCR amplified the appropriate sized

amplicon from 40 different E. tarda isolates. However,
none of the isolates used in the current study were positive
by this PCR, suggesting this primer set is specific to a
different E. tarda variant.

Similarly, Sakai et al. (2007) developed primers specific
to subunits of the type 1 fimbrial genes E. tarda isolates
from different species of fish. They found primer sets
EtfimA and EtfimD produced PCR products of the appro-
priate size from all 17 pathogenic isolates examined;
however, there was inconsistent amplification from non-
pathogenic isolates and the EtfimD produced false
positives from E. ictaluri. A follow up study developed
two new primer sets that separated E. tarda isolates into
two groups, typical (Ettyp) and atypical (Etatyp) (Sakai
et al., 2009); however, data presented here suggests typical
and atypical isolates both fall into DNA group II.

Similarly, Lan et al. (2008) attempted to amplify the
GyrB gene from a non-motile E. tarda isolated from turbot
in Japan. The assay produced the desired product in 20 of
68 isolates, all of which were identified as E. tarda

biochemically and by 16S SSU sequence. In the develop-
ment of this PCR the gyrB genes of 3 separate isolates were
sequenced and deposited into GenBank (EU259315,
EU259316, and EU259317), all of which fall into DNA
group II. Unfortunately, the gyrB sequences of the isolates
that were PCR negative were not sequenced.

More recently, the above mentioned primer sets were
comparatively evaluated for their ability to detect E. tarda

in turbot (Castro et al., 2010). They evaluated 53 different
isolates of E. tarda, confirmed biochemically and serolo-
gically, as well as 18 isolates from other bacterial strains
isolated from an array of fish hosts. Contradictory to our
findings, 11 of the 53 E. tarda isolates and 1 E. ictaluri

isolate were positive for the hemolysin gene targeted by
the primers of Chen and Lai (1998), whereas none of the
isolates were positive for the gyrB primers of Lan et al.
(2008). The EtfimA primers and EtfimD primers of Sakai
et al. (2007) were the most consistent, with 49 of the 53
tarda isolates positive using the EtfimA primers, although
these primers also amplified target DNA from E. ictaluri, E.

hoshinae, E. coli, Enterobacter aerogenes, Aeromonas salmo-

nicida ssp. Salmonicida and two isolates of Yersinia ruckeri.
Conversely, all 53 isolates of E. tarda were amplified by the
EtfimD primers, with no amplification of other bacterial
strains.

It should be noted that all of the above mentioned PCR
assays are valid for their respective isolates; however,
sequence data is unavailable for most isolates used in the
validation of these assays. While the best efforts were
made to mimic the original conditions of the PCR, many
factors could explain the variable results demonstrated
here and in other studies, most notably the intraspecific
variability of E. tarda. Further compounding the problem of
a species-specific PCR is that one group of E. tarda (DNA
group II) shares a greater degree of genetic similarity with
E. ictaluri than other E. tarda strains. As such, the
development of a PCR specific to all E. tarda but
discriminatory against E. ictaluri will be unlikely. Though
identified biochemically as E. tarda, it is evident the
isolates used in these studies do not share the same genetic
composition and possibly represent two genetically
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distinct taxa. Although our current research identifies only
two distinct genotypes, it is possible more exist. The data
generated here will be utilized in the development of more
accurate molecular diagnostics to better understand the
role these genetically distinct E. tarda groups play in fish
health.
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