Aceh Journal of Animal Science (2021) 6 (3): 69-73

AGEH JOTRNAL OF ANTMAL SCIENCE,

£ 2

Aceh Journal of Animal Science

Journal homepage: www.jurnal.unsyiah.ac.id/AJAS

In silico SYBR® green-based qPCR primer design for virulent protein C gene
of Edwardsiella tarda

Rian Ka Praja"”, Reny Rosalina’

! Biomedical Sciences Program, Faculty of Medicine, Udayana University, Denpasar, Bali, Indonesia, §0713.
2 Chemistry Department, Faculty of Mathematics and Natural Sciences, Institut Teknologi Bandung, Jawa Barat, Indonesia, 40132.

ARTICEL INFO

Keywords:
Edwardsiella tarda
Primer
EwpC
SYBR® Green
qPCR

Received: 13 February 2021
Accepted: 1 June 2021
Available online: 21 Angust 2021

ABSTRACT

Edwardsiella tarda infection in fish results in economic losses in aquacnlture industries worldwide. Besides, this pathogen is also a
g00notic agent causing gastrointestinal disease in humans. Detection of virnlence factors expressed by E. tarda is a key for molecnlar
diagnosis. This study aimed to design SYBR® Green-based quantitative PCR (qPCR) primer for E. tarda virnlent protein C
(EvpC) gene. A sequence of EvpC with accession number AY424360.4:6500-6991 obtained from GenBank NCBI was selected
as the basis for gPCR primer design. gPCR primers were designed using Primer3 online software. Further analysis related to the
secondary structure of each primer was carried out nsing Beacon Designer Free Edition. Five pairs of gqPCR primers were successfully
designed with Primer3. Based on the results of Primer3 and Beacon Designer analysis, F primer pair 1 (5'-
GAATCCACCGACGATAAGCACAAA-3") and R primer pair 1 (5'-GACACGCAGCACCGACATCA-3') were
the most favorable primer set since this primer met the criteria in terms of length, melting temperature, GC content, and self
complementarity. In addition, this primer set had the highest (closest to zero) ~AG value of cross dimer, self dimer, and hairpin. 1t
can be concluded that SYBR® Green-based qPCR primer set for EvpC has been successfully designed. However, laboratory
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optimization experiments are essential for this designed primer set.

Introduction

Edwardsiella tarda is the causative pathogen of
edwardsiellosis in fish and its infection globally
results in economic losses in aquaculture (Park ez af,
2012). Several other studies successfully identified
this pathogen from mammals and birds (Gabriel ez 4.,
2019; Davies et al., 2018; Wang, 2012). In addition, E.
tarda possesses moderate zoonotic potential in
immunocompromised humans and is likely to be an
opportunistic pathogen (Kamiyama e afl, 2019;
Morrisette ez al, 2019; Xie ez al., 2015). Although it
has a wide host range, E. farda has been mainly
involved in disease outbreaks in cultured fish and is
known as one of the most significant pathogenic
bacteria in worldwide aquaculture (Xu and Zhang,
2014).

Edwardsiellosis commonly occurs in aquaculture
with imbalanced environmental factors (Kerie e7 al,
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2019). Edwardsiella  tarda-infected fish  exhibit
abnormality in swimming, including spiral movement
and floating near the surface of the water (Mohanty
and Sahoo, 2007). Although E. #arda infection has a
variety of clinical signs after onset, E. Zarda-infected
fish show opacity of the eyes, exophthalmia, loss of
pigmentation, petechial hemorrhage in fin and skin,
swelling of the abdominal surface, and rectal hernia.
In addition, bloody and watery ascites in the
abdominal space and congested kidney, liver, and
spleen, are also reported in E. farda-infected fish
(Park ez al., 2012).

In humans, E. #arda is primarily associated with
gastrointestinal disease, but the number of reports of
extraintestinal disease has increased. A study in
Okayama, Japan during January 2005-December
2016 showed E. tarda can cause bacteremia
(Kamiyama ez al., 2019). It has been reported that in
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Taiwan from 1998 to 2001 that E. farda has been
isolated from 22 clinical samples with a variety of
extraintestinal manifestations including bacteremia,
peritonitis, liver abscess, skin and soft tissue
infection, intra-abdominal abscess, biliary tract
infection, and tubo-ovarian abscess (Wang ef af,
2005). Furthermore, E. farda infections in humans
may lead to systemic infection and potentially lethal
(Leung et al., 2012).

Edwardsiella tarda virulent protein C (EzpC) is one
of the important virulence factors expressed by E.
tarda. EvypC is part of the type VI secretion system
(T6SS). T6SS plays important role in adherence,
penetration, survival, and replication of E. farda in
epithelial cells and phagocytes (Park ef al, 2012).
Molecular diagnosis of the infectious agent can be
done by detecting the presence of virulence factor
genes expressed by the pathogen. One of the
commonly used molecular techniques for the aquatic
pathogen is polymerase chain reaction (PCR) (Praja
et al., 2019; Sukrama ef al, 2017). There are several
variations of PCR technique and quantitative real-
time PCR (qPCR) has been widely used in the
molecular diagnosis of pathogens (Kralik and Ricchi,
2017; Liu et al.,, 2019; Yoshii ez al., 2017). To the best
of our knowledge, the use of EypC for detecting the
presence of E. tarda molecularly is very rare. Thus,
this study aimed to design SYBR® Green-based
qPCR primer to detect the presence of EzpC.

Materials and Methods
Edwardsiella tarda virulent protein C gene
sequence

Gene sequence of E. farda virulent protein C was
retrieved from GenBank NCBI
(https:/ /www.ncbinlm.nih.gov) through the
nucleotide search menu. A complete sequence of
type VI secretion system gene cluster with accession
number AY424360.4 was selected in this study.
Furthermore, only the 6500-6991 region encoding
EupC was used for the qPCR primer design.
SYBR® Green-based qPCR Design

Primer3 online software
(http:/ /bioinfo.ut.ee/primer3/) was used to design
SYBR"™ Green based-qPCR primer. A sequence of
EwpC AY424360.4: 6500-6991 was employed as the
input and the specific parameters associated with the
primer design of qPCR referred to Thornton and
Basu (2011) with minor modifications (Thornton &
Basu, 2011) (Table 1). Other parameters such as
“Objective Function Penalty Weights for Primers”
and “Objective Function Penalty Weights for Primer

Aceh Journal of Animal Science (2021) 6 (2): 69-73

Pairs” followed the same setting as Thornton and
Basu (Thornton & Basu, 2011).
Analysis of primer secondary structure

Beacon Designer Free edition
(http://www.premierbiosoft.com) was employed for
primer secondary structure analysis. In the oligo
analysis part, SYBR” Green was selected with a
specific parameter as shown in Table 2.

Table 1. Parameter used in qPCR primer design by
Primer3.
Parameter
Primer Criteria
Product size

Setting

80-150 and 100-200

Number of return 5

Max 3’ stability 9

Max repeat mispriming 12

Pair max repeat mispriming 24

Max template mispriming 12

Pair max template mispriming 24

General Primer Picking

Conditions

Primer size Min: 20; Opt: 25; Max:
28

Primer Tm Min: 60; Opt: 64; Max:
70

Max Tm difference 2

Table of thermodynamic ~ Santalucia 1998

parameters

Product Tm Opt: 50

Primer GC% Min: 35; Opt: 65; Max:
80

Max self complementarity 3

Max 3' self complementarity 2

Max #N's 0

Max poly-X 2

Inside target penalty Default

Outside target penalty Default

First base index Default

GC clamp Default

Concentration of monovalent 50

cations

Salt correction formula SantalLucia 1998
Concentration of divalent cations 3.5
Concentration of AN'TPs 0.20

Annealing oligo concentration Default

Table 2. Parameter used in Beacon Designer

Software.
Parameter Setting
Nucleic Acid Concentration 0.25 nM
Mono lon Concentration 50 mM
Free Mg Concentration 3 mM
Total Na* Concentration 269.09 mM
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Results
Based on the results of the nucleotide sequence
search on GenBank NCBI, the E»pC sequence with

Table 3. Left and right primer statistics.
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accession number AY424360.4 was selected as the
basis for the qPCR primer design. This selected

. . Bad Tm too Tm too High any High 3’ Poly- Fulfilled
Primer  Considered ¢y, low high compl compl X criteria
Left 1242 452 134 231 213 12 139 61
Right 1113 321 136 227 229 11 141 48

sequence encodes the type VI secretion system gene
cluster from E. farda. Then, only region 6500-6991
which specifically encodes EzpC was used to design
the SYBR® Green-based qPCR primer. Sequence of
EpC  AY424360.4:6500-6991  retrieved — from

GenBank NCBI is shown as below:
evpC E. tarda ATG GCT TTT GAT ACT TAT

ATC AAA CTG GAT AAG GTT GAT [ 39]
evpC E. tarda GGG GAA TCC ACC GAC GAT
AAG CAC AAA AAA TGG ATT GAA [ 78]

evpC E. tarda GTG CTG GGT TTT GCC TGG
GGC GCG GGC AAT GAA TGC ACG [117]

evpC E. tarda ATG GAG AGC GGC ACC CAG
GGG CTG AAT ACC GGT AAG GCG [156]

evpC E. tarda ATG ATG TCG GTG CTG CGT
GTC ACC AAA TGG ATG GAC TGC [195]

evpC E. tarda GCC AGT GTC AAG CTG GCC
TCC GCC GCC GTG CAG GGG CAG [234]

evpC E. tarda AAC TTT CCC ACG CTG GAG
CTG GAG ATT TGC ACC CAG GCG [273]

evpC E. tarda GGC GAT AAG TTC GCC TTC
TGC ATC TAC AAA TTT ACG CAT [312]

evpC E. tarda GTC GCC GTC TCC AGC TAT
CAA TGC TCA GGG GCC ACG GGC [351]

evpC E. tarda GGC AGC GAT CGC CCG CAG
GAA ACC ATT GAT TTC GCT TAT [390]

evpC E. tarda AAA GAA GTG ACA TGG GAA
TAC GTT CCC CAG GAT CAG AAC [429]

evpC E. tarda GGC AAG GCG GGC GGC AAA
ATT GGT CCT GAG GGC TGG AGC [468]

evpC E. tarda CTT ATT ACC AAC AAG AAA
AAG TAA [492]

EwpC  sequence AY424360.4:6500-6991  was
employed for designing SYBR® Green-based qPCR
primer with Primer3 software. Primer statistics
showed that in total 1242 left and 1113 right primers
were considered by Primer3 software. However, 452
left primers and 321 right primers had bad GC%. 347
left primers and 363 right primers did not meet the
criteria for Tm. Some others were not favorable
related to high 3’ complementarity and poly-x (Table
3).

Primer pair statistics showed that 2928 pairs of
primers were considered by Primer3 but 2116 of
them did not meet the product size criteria, 651 pairs
had large Tm difference, and 150 pairs had high
complementarity. Only eleven pairs met the criteria

(Table 4). The number of returns we used was five
(Table 1) therefore only five pairs of primer were
generated by Primer3 even though eleven pairs met
the criteria. Five pairs of primers generated by
Primer3 showed a variety of length, Tm, GC%, and
self 3 'complementarity but all primers had three self
complementarities (T'able 5).

Table 4. Primer pair statistics.

Unaccepta EE‘I‘ Hﬁg Fulfill

Consider ble ed
too  any o
ed product criteri

. larg com
size a
e pl
2928 2116 651 150 11

Discussion

The good PCR results are dependent on several
factors namely template, Taq polymerase and buffer
solutions, and primer (Lorenz, 2012). The primer set
used must meet important two parameters,
specificity, and efficiency. Specificity is pivotal since
mispriming can occur when primers are not well
designed (Kusmiyati ez 2/, 2018; Thornton and Basu,
2011). This condition will lead to non-specific
amplification. Additionally, efficiency is also critical
for PCR reaction as an efficient primer pair will
produce a twofold increase in amplicon for each
cycle of the PCR (Thornton and Basu, 2011).

In a qPCR application with SYBR® Green as its
fluorescence, specificity is very critical. In the
reaction mix, SYBR® Green will intercalate to any
dsDNA, thus nonspecific amplification products will
generate invalid data. Other factors to be considered
are the formation of primer dimers and efficiency.
Primer dimers elevate fluorescence, resulting in an
incorrect quantity of the amplicon. The efficiency
(how well the primers perform) of a qPCR reaction
should be more than 90-100% (Thornton and Basu,
2011). Efficient primers improve the sensitivity of
quantification and allow for assay reproducibility
(Quellhorst and Rulli, 2012). Factors affecting the
efficiency of a qPCR are the amplicon length and
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primer quality. Briefly, the key to favorable SYBR®
Green-based primers is to find a pair of primers that
are very specific without any primer dimers, relatively
generate short amplicons, and are efficient enough to
produce consistent results and reproducible.

Table 5. qPCR primer pairs generated by Primer3 software.
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Understanding common parameters in primer design
can help to find favorable primer set (Elsalam, 2003;
Thornton and Basu, 2011).

Sequence (5'->3") Length Tm GC%  Self compl. Self 3' compl.
Primer Pair 1
F: GAATCCACCGACGATAAGCACAAA 24 64.16 45.83 3 None
R: GACACGCAGCACCGACATCA 20 65.78 60 3 1
Product Length 135 bp
Primer Pair 2
F: GAATCCACCGACGATAAGCACAAA 24 64.16 45.83 3 None
R: TGACACGCAGCACCGACATC 20 65.78 60 3 2
Product Length 136 bp
Primer Pair 3
F: GATGATGTCGGTGCTGCGTGT 21 66.03 57.14 3 None
R: AACTTATCGCCCGCCTGGGT 20 66.62 60 3 1
Product Length 129 bp
Primer Pair 4
F: GATGATGTCGGTGCTGCGTGT 21 66.03 57.14 3 None
R: GAACTTATCGCCCGCCTGGGT 21 67.33 61.90 3 1
Product Length 130 bp
Primer Pair 5
F: ATGATGTCGGTGCTGCGTGT 20 65.25 55 3 None
R: AACTTATCGCCCGCCTGGGT 20 66.62 60 3 1
Product Length 128 bp
Table 6. qPCR primer secondary structure analysis using Beacon Designer.
Cross Dimer Self Dimer Hairpin
Sequence (5'->3") GC Clamp (AG) (AG) (AG)
kcal/mol kcal/mol kcal/mol

Primer Pair 1
F: GAATCCACCGACGATAAGCACAAA 1 -0.4 -0.4 -0.4
R: GACACGCAGCACCGACATCA 1 -0.4 0.0 0.0
Primer Pair 2
F: GAATCCACCGACGATAAGCACAAA 1 -0.4 -0.4 -0.4
R: TGACACGCAGCACCGACATC 1 -0.4 0.0 0.0
Primer Pair 3
F: GATGATGTCGGTGCTGCGTGT 1 -2.9 0.0 0.0
R: AACTTATCGCCCGCCTGGGT 1 -2.9 -2.0 -2.0
Primer Pair 4
F: GATGATGTCGGTGCTGCGTGT 1 -2.9 0.0 0.0
R: GAACTTATCGCCCGCCTGGGT 1 -2.9 -2.0 -2.0
Primer Pair 5
F: ATGATGTCGGTGCTGCGTGT 1 -2.9 0.0 0.0
R: AACTTATCGCCCGCCTGGGT 1 -2.9 -2.0 -2.0

The primer design is the first step that determines
the performance of DNA amplification using the
PCR method (Praja, 2021). Things considered in the
selection of a primer set include the length of the
primer, melting temperature (Tm), GC%, and free
energy (AG) of cross dimer, self dimer, and hairpin
(Pradnyaniti ez al, 2013). The Ilength of
oligonucleotide primer ranges from 18-24 nt. Longer
primers will take a longer time to hybridize, longer to
extend, and longer to remove thus produces less

amplicon. The second characteristic to be considered
in primer selection is Tm. A favorable primer set has
a Tm difference of around 5°C. The percentage
between bases G and C also needs to be considered
because the content of the number of bases G and C
is related to Tm of a primer. Ideally, a primer has a
percentage of G and C around 40-60% (Pradnyaniti
et al., 2013; Saraswati ¢ al., 2019). Other criteria for
ideal primers are having low number with the highest
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-AG (closest to zero) of cross dimer, self dimer, and
hairpin (Thornton and Basu, 2011).

Analysis of forward primer pair 1 (5
GAATCCACCGACGATAAGCACAAA-3")  and
reverse primer pair 1 (5"
GACACGCAGCACCGACATCA-3") showed a
product length of 135 bp which was in position 43-
177 of EvpC gene (Figure 1). Analysis results showed
that primer pair 1 was the most ideal primer pair to
amplify EppC gene among others since this primer set
met the criteria for the length of nucleotides, small
Tm temperature difference (1.62°C), GC%, low self
3' complementarity, and had the highest -AG of cross
dimer, self dimer, and hairpin.

1 ATGGCTTTTGATACTTATATCAAACTGGATAAGGTTGATGGGGAATCCACCGACGATAAG
PP 2222220295524

61 CACAAAAAATGGATTGAAGTGCTGGGTTTTGCCTGGGGCGCGGGCAATGAATGCACGATG
2333>>

121 GAGAGCGGCACCCAGGGGCTGAATACCGGTAAGGCGATGATGTCGGTGCTGCGTGTCACC
€L

181 AAATGGATGGACTGCGCCAGTGTCAAGCTGGCCTCCGCCGCCGTGCAGGGGCAGAACTTT

24

ar

CCCACGCTGGAGCTGGAGATTTGCACCCAGGCGGGCGATAAGTTCGCCTTCTGCATCTAC

301 AAATTTACGCATGTCGCCGTCTCCAGCTATCAATGCTCAGGGGCCACGGGCGGCAGCGAT

36

-

CGCCCGCAGGAAACCATTGATTTCGCTTATAAAGAAGTGACATGGGAATACGTTCCCCAG

42

[

GATCAGAACGGCAAGGCGGGCGGCAAAATTGGTCCTGAGGGCTGGAGCCTTATTACCAAC

481 AAGAAAAAGTAA

Figure 1. Illustration of region amplified by primer
pair 1 marked by >>> and <<<. Forward
and reverse primer pair 1 start between
region 43 and 177, respectively with a
product size of 135 bp.

Conclusions

A SYBR® Green-based qPCR primer set to detect
EuypC has been successfully designed. Based on this
in silico study, primer pair 1 generated by Primer3
software is the most efficient primer set among
others. Primer pair 1 meets the criteria as an ideal
qPCR primer. However, laboratory experiments are
needed to validate and optimize this primer set.
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