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a  b  s  t  r  a  c  t

A  post-PCR  nucleic  acid  work  by  comparing  experimental  data,  from  electrochemical  genosensors,  and
bioinformatics  data,  derived  from  the  simulation  of  the  secondary  structure  folding  and  prediction  of
hybridisation  reaction,  was  carried  out in  order  to  rationalize  the  selection  of  ssDNA  probes  for  the
detection  of  two  Bonamia  species,  B.  exitiosa  and  B.  ostreae,  parasites  of  Ostrea  edulis.

Six  ssDNA  probes  (from  11  to  25 bases  in length,  2  thiolated  and  4 biotinylated)  were  selected  within
different  regions  of B. ostreae  and  B. exitiosa  PCR amplicons  (300  and  304  bases,  respectively)  with the  aim
to  discriminate  between  these  parasite  species.  ssDNA  amplicons  and  probes  were  analyzed  separately
using  the  “Mfold  Web  Server”  simulating  the  secondary  structure  folding  behaviour.  The  hybridisation  of
amplicon–probe  was  predicted  by  means  of “Dinamelt  Web  Server”.  The  results  were  evaluated  consider-
onamia  exitiosa
onamia ostreae
olding  simulation
ybridisation prediction

ing  the  number  of  hydrogen  bonds  broken  and  formed  in the simulated  folding  and  hybridisation  process,
variance  in  gaps  for  each  sequence  and  number  of  available  bases.  In  the  experimental  part,  thermally
denatured  PCR  products  were  captured  at the  sensor  interface  via  sandwich  hybridisation  with  surface-
tethered  probes  (thiolated  probes)  and  biotinylated  signalling  probes.  A convergence  between  analytical
signals  and  simulated  results  was  observed,  indicating  the possibility  to  use  bioinformatic  data  for  ssDNA
probes  selection  to be  incorporated  in genosensors.
. Introduction

Ostrea edulis is the native European oyster species representing
n the past an economically important oyster production in several
uropean countries. Considering the importance of the commer-
ial exchanges of live mollusc stocks around the world and the
ssociated risk of disease spread from affected to free areas, the
oosanitary control of transfers is essential [1]. It is thus necessary
o establish the health status of the oyster production areas and to
haracterize the pathogens. Bonamia sp. is a well-known parasite of
he flat oyster, O. edulis, causing worldwide significant oyster loss
2]. Bonamiosis is mainly caused by B. ostreae and B. exitiosa: the

rst one is diffused in the Northern hemisphere while B. exitiosa

s known to infect oysters in the Southern hemisphere. Neverthe-
ess, in the last years, B. exitiosa was found in European waters

∗ Corresponding author. Tel.: +39 0861266912.
E-mail address: mmascini@unite.it (M.  Mascini).

039-9140/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.07.019
© 2011 Elsevier B.V. All rights reserved.

[1,3]. To identify the proper Bonamia sp., a restriction fragment
length polymorphism (RFLP) assay is necessary (official method)
after a PCR reaction with genus specific primers (Bo-BoAS). Other
approaches have been also reported [4,5]. Despite the interesting
performances obtained, the equipment necessary for these tech-
niques is expensive, highlighting the need for a more convenient
and flexible instrumental alternative [6,7].

DNA biosensors are analytical devices resulting from the inte-
gration between DNA sequence-specific probe with a signal
transducer and representing a good alternative for species identifi-
cation [7–13]. These sensors based on the interfacial hybridisation
of the sample to surface-immobilised probes, have been reported to
identify differences in amplicon primary sequence discriminating
even single nucleotide polymorphism [10,13,14]. Since the speci-
ficity of the hybridisation reaction is essentially dependent on the

bio-recognition properties of the capture oligonucleotide, design
of this probe is undoubtedly the most important pre-analytical
step [14–17]. Folding of amplicon and probes is an important fac-
tor to consider due to the conformational degrees of freedom,
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Table  1
The  amplicons together with the 6 probes complementary to the amplicons used in this work. Italic-bold: the mismatch bases between the two amplicons. Highlighted with
+:  the sequence absent in B. ostreae but present in B. exitiosa.

Length GC%

Signalling probe:
B1:  5′-biotin – TEG – GGCGCCGAAGTCGTGT-3′ 16-mer 68.8
B2:  5′-biotin – TEG – CCAATTAAATG-3′ 11-mer 27.3
B3:  5′-biotin – TEG – CCAATCGAATG-3′ 11-mer 45.5
B4:  5′-biotin – TEG – ACGAGTGGCGGCGCCGAAGTCGTGT-3′ 25-mer 68.0
Capturing  probe:
T1:  5′-HS-(CH2)6-TCATTACTCCAGCTC-3′ 15-mer 46.7
T2:  5′-HS-(CH2)6-CCCCAACTTTAGTTCT-3′ 16-mer 43.8

B.  ostreae (AF262995)
5′

CATTTAATTGGTCGGGCCGCTGGTCCTGATCCTTTACTTTGAGAAAATTAAAGTGCTCAAAGCAGGCTCGCGCCTGAATGCATTAGCATGGAATAATAAGACACGACTTCGGCGCCGCCTC
++++GGCGGTTGTTTTGTCGGTTTTGAGCTGGAGTAATGATTGATAGAAACAATTGGGGGTGCTAGTATCGCCGGGCCAGAGGTAAAATTCTTTAATTCCGGTGAGACTAACTTATGCGAA
AGCATTCACCAAGCGTGTTTTCTTTAATCAAGAACTAAAGTTGGGGGATCGAAGACGATCAG 3′

B. exitiosa (DQ312295)
5′

AGCA
GTGC
CAG 3
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CATTCGATTGGTCGGGCCGCTGGTCCTGATCCTTTACTTTGAGAAAATTAAAGTGCTCAA
TCGTGGCGGGTGTTTTGTTGGTTTTGAGCTGGAGTAATGATTGATAGAAACAATTGGGG
AGCATTCACCAAGCGTGTTTTCTTTAATCAAGAACTAAAGTTGGGGGATCGAAGACGAT

ffecting the affinity and therefore, recognition capabilities of
esigned probes [18–21].

Computationally assisted screening of all possible sequences
ould then narrow the potentially binding sequences to be tested,

educing the number of sequences that have to be synthesised
nd assayed. In silico screening of large compounds libraries can
e realised employing computational methods and, in the case of
ucleic acids, algorithms for the prediction of secondary structures
22–28].

In this work simulated hydrogen bonds broken and formed in
ne of the possible thermodynamically stable secondary structures
ere used to evaluate factors influencing hybridisation between
robes and PCR amplicons. Six ssDNA probes were selected within
ifferent regions of B. ostreae and B. exitiosa PCR amplicons with the
im to discriminate between these parasite species. The secondary
tructure of both amplicons and probes was analyzed separately.
s a result, it was possible to simulate the ssDNA folding behaviour
btaining information on the intramolecular hydrogen bonds that
an reduce the availability of the target strand, thus lowering
he hybridisation efficiency [29–34]. Moreover, the hybridisation
f amplicon–probe was considered. Paired bases, binding posi-
ions between probes and amplicons, number of hydrogen bonds
ormed and sequence gaps were used as descriptors. These simu-
ated results obtained by means of predicted secondary structures
enerated by programs readily available on the web were compared
ith those obtained from electrochemical genosensors capturing

he thermally denatured Bonamia amplicons at the sensor inter-
ace via sandwich hybridisation with surface-tethered probes and
iotinylated signalling probes. The resulting biotinylated hybrids
ere coupled with a streptavidin–alkaline phosphatase conju-

ate and then exposed to a naphthyl phosphate solution using
ptimised parameters from other work [35]. Differential pulse
oltammetry was used to detect the naphthol used as analytical
ignal.

. Experimental

.1. Reagents
Sodium and potassium phosphate, sodium citrate, magnesium
hloride, sodium chloride, potassium chloride, diethanolamine,
ovine serum albumin (BSA), streptavidin–alkaline phosphatase,
-naphthyl phosphate disodium salt, ethanol, 11-mercapto-1-
GGCTCGCGCCTGAATGCATTAGCATGGAATAATAAGACACGACTTCGGCGCCGCCAC
TAGTATCGCCGGGCCAGAGGTAAAATTCTTTAATTCCGGTGAGACTAACTTATGCGAA
′

undecanol (MCU) and tween 20 were obtained from Sigma–Aldrich
(Milan, Italy) along with all other reagents.

Phosphate buffer saline (PBS; 137 mM NaCl, 2.7 mM KCl, 80 mM,
Na2HPO4 and 1.5 mM KH2PO4; pH 7.2), saline sodium citrate salt
(SSC; 1× SSC = 150 mM NaCl and 15 mM C3H5Na3O7; pH 7.4), DEA
(diethanolamine 0.1 mM,  MgCl2 1 mM,  KCl 10 mM;  pH 9.6), block-
ing solution (1 mM 11-mercapto-1-undecanol in ethanol), washing
buffer (DEA with 0.1% of tween 20), enzyme buffer (8 mg/mL BSA
in DEA) were used for electrochemical measurements. All solutions
were made in MilliQ water.

Synthetic oligonucleotides obtained from Sigma–Aldrich are
listed in Table 1 along with The PCR amplicons. With the aim of
conferring some flexibility to the immobilised molecule, without
interfering with the binding to amplicon, a TEG (triethylene glycol)
tail (C2H14O4) was used as spacer arm.

2.2.  Folding and hybridisation prediction step

To determine the differences between Bonamia amplicons a
multiple sequence alignment was  made with the program “MUS-
CLE” using the default options [36,37]. The complementarity search
in regions showing sequence differences was carried out by means
of “GeneDoc” (the Multiple Sequence Alignment Editor and Shading
Utility).

The secondary structure of the 6 ssDNA complementary probes
and the 2 ssDNA amplicons (listed in Table 1) was calculated sep-
arately using the “Mfold Web  Server” [38]. The DNA sequence was
selected as linear, reproducing the experimental conditions of tem-
perature (25 ◦C) and ionic concentration (1 M of Na+, 0 M of Mg2+),
computing only folded within 5% from the minimum free energy,
and considering a maximum number of foldings of 50 with no limit
to the maximum distance between paired bases.

The folding process for each ssDNA resulted in an image of the
lowest energy secondary structure conformation and data files with
all parameters, scores, �G, and folding sequences. Using that infor-
mation, it was  possible to determine the bases involved in internal
interactions prior to amplicon–probe hybridisation.

In the next step “Dinamelt Web  Server” was used to determine
the hybridisation of amplicon–probe [29,30]. The experimental
conditions were the same used in Mfold. The adjustable parameters

comprised the temperature (25 ◦C), strand concentration (10−5 M),
Na+ and Mg2+ concentration (1 M and 0 M,  respectively).

A comparative analysis of molecular recognition sites was car-
ried out between folded independent sequences and hybridised
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mplicon–probe. The number of paired bases of hybridised struc-
ure respect to individual folded sequences, number of hydrogen
onds formed and broken, position in which probes bound ampli-
ons and sequence gaps were selected as descriptors. The simulated
esults were resumed in a variable calculated with the following
quation:

 =
(

3

q∑
i=1

Ci + 2
r∑

i=1

Ai

)
−

l∑
i=1

⎛
⎝3

ni∑
j=0

C ′
i,j + 2

mi∑
j=0

A′
i,j

⎞
⎠

eing q > 0; r > 0, where q is the number of paired bases in the
ybridised structure; C is the C–G pairs in hybridised structure; A

s the A–T pairs in hybridised structure; l is the number of indepen-
ent sequences forming the hybridised structure; n is the number
f paired bases in each independent sequence (for probes n = probe
ength, for amplicons this refers to amplicon region complementary
o probe bases); C′ is the C–G pairs in independent sequences that
ere broken to form the hybridised structure; A′ is the A–T pairs

n independent sequences that were broken to form the hybridised
tructure.

This variable was used for processing all simulated results and
omparing them with experimental ones.

.3. Experimental step

.3.1.  Amplicon preparation
Oyster  tissue sections including gills, digestive gland, mantle

nd gonad were fixed in phosphate-buffered formalin 10%. The
ositive samples, as resulting from cytology examination, were
rocessed for paraffin histology. Thin sections (5 �m)  were cut
rom paraffin blocks and stained with haematoxylin and eosin for
tandard histopathological evaluation.

Oyster gill fragments (25 mg)  were fixed in 95% ethanol.
enomic DNA was extracted from histological positive samples
sing a QIAamp® DNA Mini Kit (QIAGEN) following the manu-
acturer’s instructions. DNA was resuspended in sterile deionised
ater in order to produce a final DNA concentration of 100 ng/�L.

xtracts were stored at 4 ◦C until PCR analyses were performed.
NA extracts were subjected to the PCR amplification of the par-

ial small subunit ribosomal DNA (SSU rDNA) using the Bonamia
rimer pair Bo-Boas [39]. PCR was performed in 50 �L volume in
edTaq® Mix  (Sigma) containing 0.5 �L of each primer (100 mM)
nd 100 ng of DNA. Negative control consisted of distilled water
1 �L for 49 �L of PCR Mix), whereas the positive one contained
NA extracted from known heavily B. ostreae infected oysters (sup-
lied from IFREMER, La Tremblade, France). PCR reactions were
arried out in a GenAmp PCR System 2700 thermocycler (Applied
iosystems). The cycling protocol was 94 ◦C for 7 min; 30 cycles:
4 ◦C for 1 min, 55 ◦C for 1 min  and 72 ◦C for 1 min; final elongation
t 72 ◦C for 10 min.

The  Bo-Boas amplicons of B. ostreae and B. exitiosa were used as
ositive samples for biosensor experiments.

.3.2. Genosensors set up
All  step were carried out by means of drop-on sensor tech-

ique, using gold planar screen printed electrodes purchased from
coBioServices and Research (www.ebsr.it) following the opti-
ised parameters of Carpini et al. [35]. 5 �L of the thiolated

ligonucleotide solution (1 �M in 0.5 mM phosphate buffer) was
laced onto the gold working electrode surface. Chemisorption

as allowed to proceed overnight (≈16 h). During this period, the

lectrodes were stored in petri dishes to protect the solutions
rom evaporation. The immobilisation step was followed by a post-
reatment with blocking solution placed onto the DNA-modified
 (2011) 1927– 1932 1929

working  electrode surface for 1 h. Prior to hybridisation reaction,
modified electrodes were washed twice with PBS buffer.

After  purification and reconstitution in MilliQ water, DNA sam-
ples obtained by PCR amplification were diluted 1:5 with 2× SSC
buffer. 1 �M of biotinylated probe solution in 2× SSC was  added to
the double-stranded DNAs and the solution obtained was thermally
denatured by using a thermocycler (5 min  at +95 ◦C); the amplicon
strands and biotinylated probe mix  solution was  then cooled in
an ice-water bath for 5 min  to block re-annealing phenomena. The
mix  solution was finally placed directly onto the probe-modified
surface for 1 h at room temperature (25 ◦C); after hybridisation the
sensors were washed twice with washing buffer.

The biotinylated hybrid obtained at the electrode surface
was reacted with a 5 �L drop solution containing 1 U/mL of
streptavidin–alkaline phosphatase conjugate in enzyme buffer.
After 20 min  the sensors were washed twice with washing
buffer.

The planar electrochemical cell was finally covered with 150 �L
of a 1-naphthyl phosphate solution (1 mg/mL  in DEA buffer). After
20 min  of incubation, the oxidation signal of the enzymatically pro-
duced naphthol was measured by DPV and its peak height was
taken as the analytical signal. The differential-pulse voltammet-
ric measurements (modulation time = 0.05 s; interval time = 0.15 s;
step potential = 5 mV; modulation amplitude = 70 mV;  potential
scan: from 0.0 to +0.6 V) were performed with an AUTOLAB poten-
tiostat/galvanostat (Eco Chemie BV, Utrecht, The Netherlands). All
the potentials were referred to the silver pseudo-reference elec-
trode. The experiments were carried out at room temperature
(25 ◦C).

3. Results and discussion

Sequence  alignment shows that the differences between B.
exitiosa and B. ostreae were the shifted bases in position 5, 6
(region 1) and in the region between bases 120–140 of B. exitiosa
(region 2). The region 2 had an insertion of 4 bases (TCGT) start-
ing from position 122 to 125 with respect to B. ostreae and shifted
bases in other positions within that region. These differences are
reported in Table 1. According to these results a set of 6 probes was
selected.

For both amplicons the predicted secondary structure calculated
using Mfold software are reported in Fig. 1, along with the spatial
distribution of the complementary probes around both PCR ampli-
cons. The amplicons predicted secondary structures were those
with the lowest �G at 25 ◦C. This temperature was selected to emu-
late experimental conditions. It should be noted that even if the
amplicon solutions prior hybridisation were cooled in an ice-water
bath for 5 min  to block re-annealing phenomena, the hybridisation
was carried out at room temperature for 1 h. Thus, a significant
amount of single strand amplicons accessible for probe hybridis-
ation were presumably in the simulated secondary conformation
proposed. The problem of re-annealing has been reported in many
DNA sensor papers and different strategies have been proposed to
solve it. Thermal denaturation method was  considered here to be
appropriate because of ease, low cost and reduction to the mini-
mum procedural steps and reagents [6].

As shown in Fig. 1, each probe targeted different regions. B1 was
complementary to a conserved region in both amplicons although
showing a secondary conformational difference, B2 was designed
for B. ostreae in region 1, B3 for B. exitiosa in region 1, B4 for
B. exitiosa in region 2 and finally T1 and T2 were designed for

2 different regions conserved in both amplicons. T1 and T2, as
surface-tethered probes, were designed aiming to assure higher
affinity by being complementary to conserved unfolded amplicon
regions.
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Table  2
ssDNA probe and amplicon bonded bases calculated with Mfold software before hybridisation. The amplicon data are referred to structures shown in Fig. 1.

Probe Probe paired bases B. ostreae bonded bases in region
complementary to the probe

B.  exitiosa bonded bases in region
complementary to the probe

C or G A or T C or G A or T C or G A or T

B1 4 0 8 2 7 1
B2 2 2 2 2  3 3
B3  2 2 3 0 2 1

14 2 10 3
4 3 4 3
2 4 2 4
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Table 3
Dinamelt results for hybridised probe–amplicon. Probe bases not binding the com-
plementary amplicon region are also reported.

Amplicon Probe Probe bases not
binding
amplicon

Probe  bases
participating in
hybridisation

C or G A or T

B. ostreae

B1  0 11 5
B2  0 3 8
B3 5 3 3
B4  3 16 6
T1  1 7 7
T2  0 7 9

B. exitiosa

B1  0 11 5
B2  5 2 4
B3 0 5 6
B4  0 17 8

F
r

B4 10 4 

T1  0 2 

T2  2 4 

From the ssDNA folding process it was possible to determine the
ases involved in internal interactions prior to hybridisation. The
esults are summarized in Table 2.

Probe 4 was the longest, the highest in GC% and, as expected,
resented the maximum H-bonds to be broken. For all other probes
he H-bonds to be broken were from 52 (probe B1) to 77% (probe
3) lower than probe B4. For probe B4, B1 and B3 the H-bonds to
e broken were higher in B. ostreae complementary region than B.
xitiosa, for T1 and T2 was the same number and only for B2 the
rend was opposite.

From  these data it was  possible to calculate the parameters
′ and A′, respectively the C–G and A–T H-bonds in independent
equences that have to be broken to form the hybridised probe-
mplicon structure.

In  Table 3 the Dinamelt results for hybridised probe–amplicon
ere reported along with the probe bases not binding the comple-
entary amplicon region.
These results were in agreement with the probe choice within

he complementary regions in both amplicons. Probe B4 and B3,
esigned for binding B. exitiosa formed in hybridisation process,
espectively, 10% and 44% more H-bonds for B. exitiosa than for B.
streae with a gap in binding for this last amplicon of 3 and 5 bases.
robes B1, T1 and T2, independently, had the same amount of bases
o bind each amplicon. Probe B2, designed for B. ostreae in region 1,
resented 44% more H-bonds for B. ostreae than for B. exitiosa with

 gap of 5 bases for this last amplicon.

From these data it was possible to calculate the parameters C and

, respectively the C–G and A–T pairs in hybridised probe–amplicon
tructure along with the q parameter representing the number of
aired bases in the hybridised structure.

ig. 1. The secondary structure for both amplicons predicted by the web server Mfold. T
eported.
T1 1  7 7
T2  0 7 9

Fig. 2 resumes a comparison between normalised analytical
data and normalised simulated data calculated using the data from
Tables 1–3. The electrochemical assay was  carried out using param-
eters proposed in the work of Carpini et al. [35] and already used
in other works [6,14,40]. The oxidation signal of the enzymatically
produced naphthol, taken as the analytical signal, was  measured
by DPV and its peak height at 0.2 V vs. the silver pseudo-reference

electrode, ranged from 50 nA for the blank sample, to 3000 nA for
the target sample, according with the literature data.

As  shown in Fig. 2 in 11 out of 16 cases there was  a deviation
from 2 to 33% of the simulated data respect to the experimental

he spatial distribution of the 6 complementary probes around both amplicons are
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Fig. 2. Comparison between normalised analytical data and normalised simulated data calculated combining data from Tables 1–3.
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ig. 3. Normalised analytical signals and simulated data ratios for B. exitiosa and 

nother (negative = pair probes favourable to B. ostreae; positive = pair probes favou

ata, with both amplicons. Probe B3 simulated results were about
04–175% higher than corresponding analytical data in both ampli-
ons.

It can be observed that normalised analytical-simulated data
ended to be slightly higher using T2. This can be explained due to
he fact that the amplicon–T1 hybridisation when compared with
2 has less H-bonds stabilizing the hybridised structure. Also 14
ut of 15 probe bases were paired to both amplicons in T1 com-
ared with 16 out of 16 in T2 and the number of H-bonds that were
ecessary to break to form the complex was higher when using T1.

Probe B1, complementary to a conserved region in both ampli-
ons, but more favourable to B. exitiosa in term of conformational
econdary structure, gave better results when using B. exitiosa.
owever, statistically, the analytical results did not clearly discrim-
nate between the two Bonamia species.
Probe B2 was specially designed for binding B. ostreae with full

omplementarity in region 1. This fact was verified in simulations
here all probe bases bound in the designated area as expected
eae. The positive/negative values were to show a preference for one amplicon or
to B. exitiosa).

and  shown in Table 3. On the contrary, this probe with B. exitiosa
had only 6 out of 11 probe bases binding to this amplicon. As result,
analytical data using probe B2 were more favourable to B. ostreae.

Similar  trend occurred with probe B3. This probe was  designed
to be complementary to B. exitiosa in region 1. Simulations showed
that the 100% of probe bases bound to that amplicon and only 6
out of 11 probe bases hybridised to B. ostreae. The analytical data
for probe B3 with both surface-tethered probes were in agreement
with simulated results showing up to 50% higher experimental
response for B. exitiosa respect to B. ostreae.

Probe B4 was designed with a full complementarity to region
2 in B. exitiosa, targeting the 4 extra bases present in that ampli-
con but not in B. ostreae. According to these results, a significantly
higher signal should be expected with B. exitiosa. This behaviour

was obtained in simulations and using the B4–T2 pair. However,
experimentally, the probe pair B4–T1 gave lower analytical results
than expected. This deviation can be attributed to the fact that the
distance from T1 to B4 was  just 16 bases when bonded to B. exitiosa
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omplementary region, therefore a steric impairment may  affect
he hybridisation.

A  comparative analysis between normalised analytical and sim-
lated signals for all probe pairs vs. both amplicons is proposed in
ig. 3. The data represent the relative strength of the signals. The
ositive/negative values means the selectivity versus amplicons
negative = pair probes more selective for B. ostreae; positive = pair
robes more selective for B. exitiosa).

There was a general tendency to have higher signal with B exi-
iosa than with B. ostreae, except B2 that was specifically designed
or B. ostreae. The simulated data ratios for B1 showed a behaviour
hat matched the experimental results. However these results and
he observed standard deviation of experimental data, did not
nequivocally distinguished between the two amplicons; however,
hese probe pairs may  be used to detect their presence in samples.

Probe B2 was designed as complementary to region 1 of B.
streae, therefore the signal ratio, both experimental and simulated,
ere higher for B. ostreae rather than B. exitiosa. The stronger signal
as given by the B2–T1 pair with more than 2-fold increase was

bserved for B. ostreae. Pair probe B2–T2 simulated results overesti-
ated the affinity for B. ostreae, nonetheless it was  still consistent
ith experimental results showing that both probe pairs can be
sed to detect B. ostreae amplicon.

For probe B3 the B. exitiosa/B. ostreae experimental and sim-
lated ratios were very similar, even though the simulated data
howed the highest deviations from analytical data (Fig. 2). Both,
xperimental and simulated ratios showed that these probe pairs
an be used to specifically detect B. exitiosa.

The B4–T1 probe pair had a bad performance for identifying
. exitiosa over B. ostreae remarkably under expectations, as men-
ioned before due to a possible steric impairment not considered in
he models. Simulation trend showed that this probe pair would be
he best pair for identifying B. exitiosa but experimentally this was
ot confirmed. The probe pair can barely distinguish both ampli-
ons even though there was a slight preference for B. exitiosa. On
he other hand probe pair B4–T2 had experimental and modelled
ata very similar pointing to an effective identification of B. exitiosa.

. Conclusion

A  post-PCR nucleic acid work by comparing bioinformatics
esults and experimental data from electrochemical genosensors
as made and a convergence between analytical signals and sim-
lated results was observed.

The final results indicate that probe pairs B1–T1, B1–T2 and
2–T2 can be used for detection of both PCR amplicons in sam-
les, showing a strong signal in all cases. The first two pairs were
ore sensitive for B. exitiosa.
B4–T1,  B3–T1 and B3–T2 could also identify both amplicons and

ave slightly stronger signals with B. exitiosa. Probe pair B2–T1 trig-
ered strong responses for B. ostreae, therefore it could be used for
iscriminating between the two parasites. Finally, probe pair B4–T2
ave strong signals with B. exitiosa, twice stronger than those of B.

streae with this probe pair.

A correspondence between predicted and observed values was
ound, indicating the possibility to use this simple prediction

ethod for ssDNA probes selection in genosensors development.
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