
Comparison Aspect Singleplex PCR Multiplex PCR

Number of Primer Pairs One primer pair per
reaction

Multiple primer pairs in a
single reaction

Applications
Detection of a single

target gene or pathogen
per reaction

detection of multiple
target genes or pathogens

in one reaction

Time and Cost
More time-consuming and

costly when analyzing
multiple targets

More time-efficient and
cost-effective for multiple

targets

Optimization of Annealing Temperature in Multiplex PCR

Fig.1 Tilapia with the symptoms of
columnaris disease

Fig.2 Flavobacterium columnare in Scanning Electron Microscope (SEM)

DEVELOPMENT OF A MULTIPLEX PCR FOR DETECTION OF
PATHOGENIC FLAVOBACTERIA CAUSING COLUMNARIS

DISEASE IN TILAPIA AND ASIAN SEABASS

Abstract
   Tilapia and Asian seabass have been considered as two important fish species for the economy of Thailand. However, the aquaculture of these species is frequently threatened by an
infection of Flavobacterium spp. which are primary causative pathogens of columnaris disease. The disease outbreak can reduce production yields and cause significant economic losses.
Therefore, accurate and rapid diagnostic techniques for early identification of bacterial infection is of great importance. This study aimed to develop a multiplex PCR technique for
simultaneous identification of four bacterial species causing columnaris disease, including Flavobacterium covae, F. davisii, F. oreochromis, and F. columnare in tilapia and Asian seabass.
Four primer pairs were used in PCR experiments. The FC-aroB, FD-hemW, and FO-E1 primer pairs were specifically designed for F. covae, F. davisii, and F. oreochromis respectively,
whereas the Fcol-cslA primers were obtained from the previous work and used to identify all four species that had previously been classified into F. columnare group. Using singleplex PCR,
the optimal PCR condition included an annealing temperature at 54 °C, and primer concentrations for FC-aroB, FD-hemW, FO-E1, and Fcol-cslA primers at 0.3, 0.2, 0.2, and 0.2 µM,
respectively. However, the annealing temperature for the multiplex PCR assay was optimized at 55 °C with the same primer concentrations as used in the singleplex PCR. The developed
multiplex PCR exhibited high specificity for the target DNA of all four flavobacteria, without cross-reactivity observed with other bacterial species tested. The multiplex PCR was highly
sensitive with a detection limit of 2 ng/µL for F. covae, 400 pg/µL for F. oreochromis, 80 pg/µL for F. davisii, and 16 pg/µL for F. columnare. After challenged with a total of 25 bacterial DNA
samples collected from local farms with the history of the disease outbreak, the multiplex PCR revealed 12 positive samples for F. oreochromis, 7 positive samples for F. columnare, and 6
positive samples for F. covae. However, no samples tested positive for F. davisii. These obtained data aligned well with the results from 16S rRNA gene sequencing analysis. We anticipate
that this multiplex PCR technique could be useful as an effective tool for controlling the outbreak of columnaris disease in tilapia and Asian seabass farming, which perfectly supports
aquaculture industry of Thailand.

Introduction Results and Discussion

Acknowledgements

References

   Tilapia and Asian sea bass are vital
to Thailand’s aquaculture, but their
production yields have  heavily been
impacted by Columnaris disease, now
known to be caused by four distinct
Flavobacterium species (F. covae, F.
davisii, F. oreochromis, and F.
columnare). 
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Fig.5 Optimization of annealing temperature in multiplex PCR 

Fig.3 Optimization of annealing temperature for FC – aroB primers in singleplex PCR Fig.4 Optimization of FC – aroB primer concentrations in singleplex PCR 

Fig.7 Sensitivity test of multiplex PCR 

Fig.6 Specificity test of multiplex PCR 

Table 3 Detection results of pathogenic flavobacteria in infected fish using multiplex PCR and 16S rRNA seqencing analysis.

Lane M : the 100 bp ladder
PC : the positive control 
FC : Flavobacterium covae
FD : Flavobacterium davisii
FO : Flavobacterium oreochromis
Fcol : Flavobacterium columnare
FI : Flavobacterium indicum
CCM : Candidatus
Chryseobacterium massiliae
FR : Flectobacillus roseus
AH : Aeromonas hydrophila
AV : Aeromonas veronii
EI : Edwardsiella ictalurid
NTC : the negative control 

   The results demonstrate that this multiplex PCR assay possesses high
specificity, effectively differentiating each species based on distinct DNA band
sizes without cross-reactivity with other common pathogenic bacteria in tilapia
and Asian seabass. Furthermore, the assay exhibits high sensitivity, with detection
limits as follows:

Flavobacterium covae: 2 ng/µL
Flavobacterium davisii: 400 pg/µL
Flavobacterium oreochromis: 80 pg/µL
Flavobacterium columnare: 16 pg/µL

   From the 25 samples, Flavobacterium covae was
detected in 6 samples, F. oreochromis in 12  
samples, and F. columnare in 7 samples.
Interestingly, F. davisii was not detected in any of
the samples tested. This study focuses on
infections in tilapia and Asian seabass, which are
primarily associated with F. oreochromis and F.
covae, respectively. The experimental results were
consistent with the sequencing results,
demonstrating that this multiplex PCR is a highly
effective tool for accurate detection and species
classification within a single reaction.

The optimal temperature for primer
binding is 55°C.
The optimal primer concentrations for
each species :

Flavobacterium covae: 0.3 µM
Flavobacterium davisii: 0.2 µM
Flavobacterium oreochromis: 0.2 µM
Flavobacterium columnare: 0.2 µM

10X PCR Buffer
MgCl₂
dNTP Mixture 
Forward primers
Reverse primers
DNA template
Taq DNA polymerase

Annealing Temperature at 48.6 - 56.5 °C 
Concentration of primers at 0.1 - 0.5 µM

PCR reaction mixture

thermal cycler
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Specificity test 

Sensitivity test 

Test with real  samples
collected from Infected fish

Methodology

PCR result gel electrophoresis 

Table 2 Primers used in this experiment.

Table 1 Comparison between singleplex PCR and multiplex PCR techniques.
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Conclusion
Optimal PCR condition was established at an annealing temperature of 55°C and primer concentrations between 0.2 - 0.3 µM.
Multiplex PCR is highly specific for four flavobacterial species without cross-reactivity with other common aquatic bacteria.
Multiplex PCR exhibited high sensitivity with low detection limits to pg levels.
Multiplex PCR was successfully implemented with real-world situation.
The developed Multiplex PCR is accurate, rapid, and highly effective for diagnosing flavobacterial infections in the Thai aquaculture industry.

FO 566 bp
FD 464 bp
FC 357 bp
Fcol 287 bp
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Fig.8 example of testing multiplex PCR with real samples

Lane M : the 100 bp molecular mass ladder
PC : the positive control (plasmid DNA)
NTC : the negative control (ddH₂O)

Lane M : the 100 bp molecular mass ladder
PC : the positive control (plasmid DNA)
NTC : the negative control (ddH₂O)

Lane M : the 100 bp molecular mass ladder
PC : the positive control (plasmid DNA)
NTC : the negative control (ddH₂O)

Lane M : the 100 bp molecular mass ladder
PC : the positive control (plasmid DNA)
NTC : the negative control (ddH₂O)

   To overcome the limitations of  
Singleplex PCR methods, this study
developed a highly sensitive
Multiplex PCR for simultaneous
detection of four flavobacterial
species. This tool enables faster
diagnostics and more effective
disease control for the Thai
aquaculture industry.

Lane M : the 100 bp molecular mass ladder
PC : the positive control (plasmid DNA)
NTC : the negative control (ddH₂O)


