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Abstract
Background Anisakis simplex s. s. is a parasitic nematode with a complex life cycle in which humans can become acci-
dental hosts by consuming raw or not fully cooked fish containing L3 larvae. The growing popularity of raw fish dishes 
has contributed to an increase in the incidence of anisakiasis, which has spurred scientific efforts to develop new methods 
for diagnosing and treating the disease and also to investigate the gene expression at different developmental stages of this 
parasite. The identification of reference genes suitable for the normalization of RT-qPCR data has not been studied with 
respect to A. simplex s. s.
Methods In the present study, eight candidate reference genes were analyzed in A. simplex s. s. at two different developmental 
stages: L3 and L4. The expression stability of these genes was assessed by geNorm and NormFinder softwares.
Results In general, our results identified translation elongation factor 1α (ef-1α) and peptidyl-prolyl isomerase 12 (ppi12) 
as the most stable genes in L3 and L4 developmental stages of A. simplex s. s. Validation of the selected reference genes 
was performed by profiling the expression of the nuclear hormone receptor gene (nhr 48) in different developmental stages.
Conclusions This first analysis selecting suitable reference genes for RT-qPCR in A. simplex s. s. will facilitate future func-
tional analyses and deep mining of genetic resources in this parasitic nematode.
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Background

Anisakis simplex s. s. is a ubiquitous parasitic nematode. 
Adult parasites live in the stomach of fish-eating marine 
mammals, such as orcas, dolphins, seals and porpoises [1, 
2]. A. simplex s. s. has a complex life cycle in which humans 
can become accidental hosts by consuming raw or not fully 

cooked fish containing L3 larvae [3]. Parasitic larvae pro-
duce proteolytic enzymes [4], penetrate gastrointestinal 
mucosa and cause mucosal inflammation known as anisa-
kiasis [5]. Infections caused by A. simplex s. s. produce gas-
trointestinal symptoms and are often accompanied by mild 
allergic reactions. However, sudden and severe allergic reac-
tions have been noted without gastric symptoms [6]. In sev-
eral documented cases, allergic reactions to L3 larvae of A. 
simplex have been reported in humans after the consumption 
of fish processed at high or low temperature [7].

A. simplex as a fish-borne parasite responsible for human 
anisakiasis and allergic reactions around the world became 
an organism of scientific interest. The investigation of the 
expression of genes at different developmental stages of 
this parasite seems to be important. It will affect the bet-
ter understanding of the molecular biology of these para-
sitic nematodes and will allow finding ways to overcome 
the disease caused by them. A real-time polymerase chain 
reaction (real-time PCR) is a valuable method to quantify 
gene expression [8] at different developmental stages [9, 10]. 
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DNA quantification, in relative quantification PCR method, 
is based on the determination of differences in expression 
between the target and reference genes. The reason for using 
one or more reference genes is to reduce the influence of a 
number of variables during the real-time PCR reaction, such 
as RNA integrity and quantity, efficiency in cDNA synthe-
sis, and PCR amplification [11]. However, the most impor-
tant aspect of the real-time PCR experiment planning is the 
selection of the reference gene, whose expression must be 
stable for that specific organism we work with [12].

In this study, we aimed to evaluate the expression stabil-
ity of the candidate reference genes in A. simplex s. s. at 
key developmental stages (L3 and L4) in anisakiasis etiol-
ogy, using two different statistical algorithms. Additionally, 
the proposed reference genes were used to normalize the 
expression of a target gene in A. simplex s. s. to validate the 
obtained results.

Materials and Methods

The experiment was performed on two developmental stages 
of A. simplex s. s.: L3 and L4. The L3 larvae were isolated 
from dead Baltic herrings (Clupea harengus membras) pur-
chased at the market in Olsztyn and rinsed three times in 
sterile saline solution (0.9% NaCl).

All larvae (65) were assessed under stereomicroscope 
as belonging to the A. simplex species type I. Five of all 
larvae used in the experiment were subjected to taxonomic 
identification based on highly specific amplification of the 
genomic DNA fragment from the ITS1 / ITS2 region and 
isolated with the use of Xpure TM Cell & Tissue micro 
(A & A Biotechnology, Poland). Taxonomic identification 
was done with the use of Anis Sensitive Sniper Real-Time 
PCR kit according to the manufacturer’s protocol (A & A 
Biotechnology, Poland) as described before by Łopieńska-
Biernat et al. [13]. The kit contains ready-to-use PCR reac-
tion mixtures containing species-specific primers. To deter-
mine the species of the parasite, with isolated DNA, seven 

PCR reactions were performed in parallel (with each of the 
specific mixtures). The spreadsheet provided by the manu-
facturer after filling the Ct values obtained during real-time 
PCR shows which of the species’ DNA was in the tested 
sample.

Sixty larvae were divided into two equal groups of 30 
specimens each. Thirty L3 larvae were cultured in vitro 
until they reached the L4 stage (6 days), according to the 
method described by Iglesias et al. [14]. The culture medium 
was replaced every 2 days. The experiment was performed 
in triplicate. Cultured L4 larvae and L3 isolated directly 
from the host were stabilized in the StayRNA buffer (A&A 
Biotechnology, Poland) and stored at − 80 °C for further 
analysis.

The A. simplex s. s. genome (ERS2790326) was used to 
determine the eight gene sequences of A. simplex potential 
reference genes (gapdh, pdi, ppi12, β-tubulin, actin, ubiq-
uitin, ef-1α, nhr 48). The analysis was based on the refer-
ence gene sequences of Caenorhabditis elegans, Ascaris 
suum, Toxocara canis, Loa loa and Brugia malayi from 
GenBank and wormBase.org, as well as on the phylogenetic 
similarity using the MrBayes 3.2.2 application in Geneious 
v.3.8 [15]. These data were submitted to the public data-
base (https ://goo.gl/uPgcD n) and the sequences of genes 
determined for A. simplex s. s. were deposited in GenBank: 
gapdh (KM496565), pdi (KM496569), ppi 12 (KM496568), 
β-tubulin (KP326559), actin (KP200883), ubiquitin 
(KM496564), ef-1α (KP326558) and nhr48 (KR092170).

The total RNA of L3 and L4 was isolated with the Total 
RNA Mini Plus kit (A&A Biotechnology, Poland) according 
to the manufacturer’s instructions. cDNA was synthesized 
with 2 µg of RNA, oligo (dT) primers and reverse tran-
scriptase from the TransScriba Kit (A&A Biotechnology, 
Poland). The primers used in the experiment were designed 
in the Primer3 (Table 1) (https ://frodo .wi.mit.edu).

The real-time PCR was carried out with the use of the 
ABI PRISM 7500 thermocycler (Applied Biosystems, 
Poland) and the RT HS-PCR Mix SYBR B (A&A Biotech-
nology, Poland) according to the manufacturer’s instruction. 

Table 1  The genes of Anisakis simplex s. s. and primers sequences used for qRT-PCR assay

Gene NCBI No Length (bp) Sense primer Antysense primer

actin KP200883 168 TGG AGT GGT GCT TGA CTC AG TCA CGA ACA ATC TCA CGC TC
18s rRNA U81575 177 TCA CCA ATC TCG GCT GAC AA GCA CCA ATA ATG CGA TTG TG
pdi KM496569 151 ATG CCA TTC GGA ATC ACT TC CCA CCT GGA TCC AAG CTT TA
ppi 12 KM496568 218 GGC ACG ATA TTC CAC AGG AT CTC CAT AGA TCG ATG CAC CA
ef-1α KP326558 189 CAC CGA CTT CAC CTC AGA GT ACC ACT CAG ACT GCC TCT TC
ubiquitin KM496564 151 TGA AAG AAG ACG CAA ACG TG CGG ATC AAA ATG ACC CAC TT
β-tubulin KP326559 280 GCT GCC ACT GTC AGA TAA CG ACA TGG TTC CAT TCC CTC GT
gapdh KM496565 156 AGT CCA CTG GTG TGT TCA CG CCT CAT TGA CTC CCA TCA CA
nhr48 KR092170 203 TCA TTG CTT CGA TCA GTG CG GAA GCT GTT GAC GCC CAT AG

https://goo.gl/uPgcDn
https://frodo.wi.mit.edu
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The following program parameters were used for all amplifi-
cations: 95 °C for 10 min, followed by 40 three-step cycles: 
95 °C for 15 s, 60 °C for 60 s, and 72 °C for 30 s. At the end 
of each program, the specificity of the primer sets was con-
firmed by melting curve analysis. Every gene was analyzed 
in triplicate during three experiments. Standard curves for 
each gene (copy number) in serial dilutions of  10−1,  10−2, 
 10−3,  10−4,  10−5 were plotted to evaluate the effectiveness 
of reaction amplification. The Ct values for each examined 
gene were means of three replicates.

The selection of the most stable reference genes for 
real-time PCR is based on the statistical softwares. In this 
study, to assess the stability of expression profiles of the 
proposed reference genes, we used two of the most popular 
ones: geNORM and NormFinder. The geNORM software, 
for every reference gene, determines the pairwise variation 
with all other proposed reference genes as the standard devi-
ation of the logarithmically transformed expression values 
and defines the internal control gene-stability value—M. 
The lowest M value describes the gene with the most stable 
expression [16]. The NormFinder automatically calculates 
the stability value (SV) for all candidate reference genes 
tested among samples in the given groups. The software 
selects genes with the lowest SV to be considered as genes 
with the highest expression stability [17].

To confirm the stability of expression of the selected 
reference genes, verification experiment was carried out in 
samples from different developmental stages. Relative quan-
tification of the nuclear hormone receptor family member 
nhr-48 target gene was calculated using the  2−ΔΔCt method 
[18]. The results were analyzed statistically in the Statistica 
12.0 with the use of ANOVA and Tukey’s test at a signifi-
cance level of p ≤ 0.05.

Results and Discussion

The taxonomic identification, except microscopical over-
view, was based on highly specific amplification of the 
genomic DNA fragment of the ITS1/ITS2 region. The analy-
sis showed that the larvae belong to the species A. simplex 
s. s. (Supplemental Table 1).

The real-time PCR method used for quantifying gene 
expression levels requires suitable reference genes as inter-
nal controls. The present study is the first evaluating and 
validating a series of candidate reference genes which might 
be suitable for real-time PCR gene expression analysis in 
different developmental stages (L3 and L4) of A. simplex 
s. s. Gene candidates’ stability was assessed and validated 
by geNORM and NormFinder, where the relative values of 
quantitative data  (2(−ΔCт)) were used to calculate, respec-
tively, M and SV coefficients describing the stability of gene 
expression. The analysis with the NormFinder software 

showed that pdi (SV = 0.162) and ef-1α (SV = 0.205) were 
the most stable genes, whereas actin (SV = 0.933) was 
described as a gene with the least stable expression (Fig. 1a). 
The analysis in geNORM revealed that ppi 12 (M = 0.033) 
and ef-1α (M = 0.033) were the most stable reference genes, 
whereas gapdh (M = 2.579) was the least stable reference 
gene for A. simplex s. s. (Fig. 1b).

This is the first study performed to select suitable refer-
ence genes for real-time PCR in A. simplex s. s. Previous 
research into the expression of target genes in A. simplex s. 
s. involved the normalization of results with the use of the 
reference gene chosen before for the model organism—free-
living nematode, C. elegans [19]. The phylogenetic analysis 
of the 18S rRNA gene was carried out to show large phylo-
genetic distances, and thus little similarity, between A. sim-
plex s. s. and other nematodes, especially C. elegans, based 
on which reference genes were chosen for A. simplex s. s. 
in most of the previously published studies. Therefore, the 
parasitic nematode A. simplex s. s. cannot be compared with 
free-living C. elegans and, thus, the endogenous controls for 
A. simplex s. s. were not used correctly, because the analyzed 
organism was more related to other parasitic nematodes than 
to free-living C. elegans. The presented phylogenetic analy-
sis was aimed at highlighting these differences (Fig. 2) [20, 
21]. Thus, we aimed to select for the first time reference 
genes for directly A. simplex sensu stricto, than for complex 
of three sister species (A. simplex s. s., A. pegreffii and A. 
berlandi), which are characterized by high transcriptomic, 
proteomic, geographic and pathogenic differences [22–24].

Our data are similar to the results of Strube et al. [25], 
where ef-1α was characterized by the lowest variation in 
expression in the study on D. viviparus. Trivedi and Arasu 
[26], who identified reference genes for A. caninum, and Li 
et al. [27], who analyzed B. malayi, reported that actin was 
the best endogenous control for the investigated organisms. 
Taki and Zhang [28] validated the stability of the reference 
genes for C. elegans and concluded that ef-1α was character-
ized by sufficiently stable expression to be used as a refer-
ence gene. In an analysis of gene expression in C. elegans, 
Hoogewijs et al. [29] identified actin and gapdh as genes 
with the least stable expression, which is consistent with 
the results noted for A. simplex (Fig. 1a, b). According to 
the literature data, at least two reference genes should be 
used for a given organism in every experiment [11]. Zhang 
et al. [30] observed that ef-1α could not be used as endog-
enous control for C. elegans. Taki and Zhang [28] arrived 
at the opposite conclusion, which indicates that endogenous 
controls should be determined in every experiment because 
of various factors (type of tissue, gene functions, method of 
isolation) affecting the expression of genes involved in the 
regulation of the basic cellular functions.

To validate the selection of reference genes in A. sim-
plex s. s. under different experimental conditions, we 
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checked the expression of nhr-48 in two developmental 
stages following normalization with the proposed stable 
genes. Employing the most suitable gene (ef-1α and ppi12) 
to normalize nhr-48 expression, we were able to demon-
strate that the relative expression of the nhr-48 gene was 
the same (0.17) in L3 stage and (0.37) in the L4 stage no 

matter which reference gene was used for normalization 
(Fig. 1c). The higher relative transcription level of nhr-48 
was noted in L4 developmental stage. Nhr-48 expression 
results are a confirmation of the data obtained and com-
bined from NormFinder and geNORM.

Fig. 1  The average values of gene expression stability in Anisa-
kis simplex s. s., generated in NormFinder (a) and geNorm v.3.4 (b) 
and relative transcription level of nhr-48 target gene normalized to 

expression profile of reference gene ef-1α and ppi 12 (c). Explana-
tion: mean ± SD. The different lowercase letters above the bar indi-
cate significant differences (p ≤ 0.05)

Fig. 2  Phylogenetic representation of the evolutionary distances between different species of nematodes, based on the variability of the small 
ribosomal subunit 18S rRNA according to Mattiucci et al. [21]
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Conclusions

In the current study, the translation elongation factor (ef-
1α) and peptidyl-prolyl isomerase 12 (ppi12) were selected 
as the most stable reference genes for A. simplex s. s. This 
work will benefit future studies on gene expression in A. 
simplex s. s. and improve our understanding of the molecu-
lar characteristics of this parasitic nematode species.
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