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Abstract

Background and Aim: Toxoplasma gondii is a unicellular coccidian parasite distributed globally and is an important
zoonotic pathogen. Approximately 30% of the human population worldwide is chronically infected with 7. gondii. The
pathogenicity of this species depends on the type originating from the clonal population. Techniques for more accurately
determining the type of 7. gondii have recently been developed using genetic markers. Specifically, 7 gondii has been typed
using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). This study aimed to identify sets
of PCR-RFLP markers that have high power to discriminate genotyping of 7. gondii and are easy to use and are easy to use.
The objective of this study was to characterize virulent strain isolates of 7. gondii by PCR-RFLP using 10 markers with
Ddel.

Materials and Methods: 7. gondii tachyzoites (RH virulent strain) were derived from culture cells at the Indonesian
Research Center for Veterinary Sciences. Genotyping was performed on 7. gondii DNA extracted from cell cultured
tachyzoites using 10 genetic markers of PCR-RFLP, namely, B1#1, B1#2, B1#3, SAG1#1, SAG1#2, P30, BAG1, ROPI,
GRA1I, and GRA7, with digestion using the restriction enzyme Ddel.

Results: The 10 genes were amplified by PCR. Among them, three genetic markers, B/#3, ROPI, and GRAI, were
genotyped by the PCR-RFLP using restriction enzyme Ddel. Overall, the findings showed that the specific RFLP profile of
digestion of gene regions by Ddel could be used as a specific marker for the virulent biotype causative of toxoplasmosis. In
addition, virulent strains of 7 gondii can be easily detected by these markers.

Conclusion: Three pairs of primers (B/#3, ROPI, and GRAI) with Ddel have proven useful for the diagnosis of acute
toxoplasmosis (virulent strain biotype I). This proposed method is relatively simple, rapid, cheap, and can be performed in
most laboratories, providing a practical approach for the routine analysis of 7 gondii strains.

Keywords: Ddel, genotype, restriction enzyme, Toxoplasma gondii.

Introduction Moreover, oral contact with sporulated oocysts from
feces of infected cats is another potential infection
route [5,6].

The prevalence of 7. gondii in the human popula-
tion in Indonesia, one of the countries most intensely
affected by this parasite, is estimated to be around
50% [7]. The seroprevalence of toxoplasmosis was
reported to be 62.5% (394/630) and 67.7% (107/158)
in Central Java and Yogyakarta, respectively [7,8]. In
North Sulawesi, a high prevalence (58.5%; 501/856)
was also reported in humans, but the rate was only
2.3% in pigs [7]. Meanwhile, seroprevalence was
reported as 14.6% in pigs and 7.4% in cattle in West

Toxoplasma gondii is one of the most common
zoonotic diseases. This parasite can infect a wide
range of warm-blooded animals and is estimated to
chronically infect 30-50% of the human population
globally [1-3]. The main factors associated with the
great variability in the distribution of 7. gondii infec-
tion are socioeconomic, environmental, and cultural,
as well as lifestyle and eating habits [4]. In Indonesia,
it is common to consume goat, sheep, beef, chicken,
and rabbit satay, potentially infected with cysts present
in undercooked meat accompanied by raw vegetables.
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Java [9]. Clinically, among HIV-infected patients,
32.8% gave positive results by polymerase chain reac-
tion (PCR) using cerebrospinal fluid, although circu-
lating toxoplasma immunoglobulin G was present in
77.2% of patients in 1994 in West Java Province [10].
In addition, Lestari et al. [11] reported that 26 (8.4%)
of 311 HIV patients were diagnosed with toxoplasma
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chorioretinitis in 2013. More research and efforts by
governmental and non-governmental authorities are
required to minimize the rates of infection.

T. gondii is known to cause great economic losses
in the livestock industry due to abortion, prematurity,
and stillbirth. Infection with 7" gondii in humans is usu-
ally asymptomatic, but the infection may cause abor-
tion in pregnant women or occasionally toxoplasmic
encephalitis [12]. 7" gondii has been considered a single
species within the genus Toxoplasma. However, within
T. gondii population, there are various strains with dif-
ferent virulence levels. The virulence of the strains is
usually determined on the basis of the lethal dose of
tachyzoites. On the basis of lethal doses and tachyzoite
virulence for mice, different strains of 7. gondii were
divided into two groups: Virulent strains (LD100 < 10
tachyzoites), which can cause acute lethal infection
with ascites in mice; and avirulent strains (LD100 > 10°
tachyzoites), which can cause chronic infection typified
by the formation of tissue cysts in mouse brain [13].

The consequences of infection with 7. gondii
may depend on the parasite’s genotype and the host
species. In humans, disease manifestations range from
asymptomatic to severe acute toxoplasmosis [5,14].
Clinical symptoms of 7. gondii infection are non-spe-
cific and unreliable for diagnosis. The detection of
T. gondii infection by molecular methods is appealing
due to their high sensitivity and specificity [15,16].
Most T. gondii isolates from human and animal
sources have been grouped into one of the three clonal
lineages by PCR-restriction fragment length polymor-
phism (RFLP) [17]. In addition, there is increasing
interest in the biological differences among different
genotypes of 7. gondii (biotypes I, 11, and III) [18].

The diagnosis of 7. gondii infection by direct
detection of parasite-specific DNA in biological samples
using PCR-based molecular methods has gained pop-
ularity. The molecular diagnosis is more sensitive and
cost-effective than conventional methods [14,19]. More
detailed differentiation of the strains can be achieved by
RFLP using various enzymes [20]. The method most
commonly used for these purposes is multilocus PCR-
RFLP. Genetic polymorphism of different 7. gondii
strains and isolates with regard to their virulence was
studied by PCR-RFLP with the following markers with
the enzyme Ddel [21]. The Ddel restriction enzyme is a
cheap option for detecting variant alleles. The amplified
product is restricted by the Ddel enzyme, which rec-
ognizes the cutting site. Ddel produces a polymorphic
digestion pattern from the PCR product that discrimi-
nates the virulent RH strain of 7 gondii as biotype I. It
was categorized as having an acutely virulent phenotype
by PCR-RFLP-based genotype characterization [20].

Howe and Sibley [13] used PCR-RFLP (Ddel)
to characterize the differences between avirulent and
virulent strains. The DNA target regions used in that
study are important for 7. gondii, including the genes
Bi#1, BI#2, BI#3, SAGI#1, SAGI#2, P30, BAGI,
ROPI, and GRAI [21-23]. PCR-RFLP capable of

distinguishing the alleles in one restriction enzyme
reaction by agarose gel electrophoresis [24].

This highlights the need to develop sets of mark-
ers that can provide higher resolution for 7. gondii
genotyping. This study aimed to identify sets of PCR-
RFLP markers that have high discriminatory power
and are easy to use. The objective of this study was
to characterize virulent strain isolates of 7. gondii by
PCR-RFLP using 10 markers with Ddel.

Materials and Methods

Ethical approval

Ethical approval is not needed for this study.
Tachyzoite isolates from liquid nitrogen were utilized
as samples.

Study period and location

The study was conducted in January 2021. The
samples were processed at the Indonesia Research
Center for Veterinary Sciences.

DNA isolation

T. gondii tachyzoites (RH virulent strain) were
derived from cultured cells at the Indonesia Research
Center for Veterinary Sciences. The DNA of 7. gon-
dii was extracted from an isolate stored in liquid
nitrogen. The DNA template was extracted using
the PureLink™ Genomic DNA Mini Kit (Invitrogen,
USA). Purification and concentration of the DNA
extracts for DNA quantification were performed using
Thermo Scientific NanoDrop Products, and extracts
were stored at —20°C before PCR testing [25].

Genetic markers

The 10 genetic markers used in this study
were Bl (#1, #2, and #3), SAGI (#1 and #2), P30,
ROPI, BAGI, GRAI, and GRA7. The primers used
are presented in Table-1 (all sequences in 5’-3’ ori-
entation) [21-23,26-30].

PCR

PCR was carried out using 10 genes. DNA of 7.
gondii was detected by amplification in nested PCR
(nPCR) for five genes, namely, Bl (#1, #2, and #3)
and SAG! (#1 and #2), and by single PCR (PCRs) for
five genes, namely, P30, ROPI, BAGI, GRAl, and
GRA7. PCR was carried out in a Thermo Scientific™
Arktik™ Thermal Cycler (Thermo Fisher Scientific,
Finland). The steps of the nPCR and PCRs assays
were performed using 25 ulL reactions contain-
ing 1 uL of DNA template, 0.25 M primer, 1.5 mM
MgCl,, 0.01 U Taq DNA polymerase, and 0.2 mM
dNTP. Amplification conditions were 35 cycles of
95°C for 1 min, 58°C for 1 min, and 72°C for 2 min.
Electrophoresis for PCR products was performed
using 1.5% agarose and SYBR® Safe DNA Gel Stain
(Thermo Fisher Scientific, Finland), run at 100 V. The
bands were visualized using a UV transilluminator.

DNA sequencing
PCR products from amplification of the gene
target regions were sequenced and identified. PCR
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Table-1: The sets of Toxoplasma gondii gene primers.

No. Primer

References

Nucleotides

1 Bl (#1) [21]

2 B1 (#2) [26]

3 B1 (#3) [27]

4 SAG1 (#1) [26]

5 SAG1 (#2) [23]
6 P30 [28]
7 BAG1 [23]
8 ROP1 [29]
9 GRA1 [22]

10 GRA7 [30]

F1 CGACAGAAAGGGAGCAAGAG

R1 ACGGATGCAGTTCCTTTCTG

F2 CCGGGCAAGAAAATGAGAT

R2 CATGGTTTGCACTTTTGTGG

F1 TGTTCTGTCCTATCGCAACG

R1 ACGGATGCAGTTCCTTTCTG

F2 TCTTCCCAGACGTGGATTTC

R2 CTCGACAATACGCTGCTTGA

F1 GGAACTGCATCCGTTCATGAG

R1 TCTTTAAAGCGTTCGTGGTC

F2 TGCATAGGTTGCAGTCACTG

R2 GGCGACCAATCTGCGAATACACC
F1 GTTCTAACCACGCACCCTGAG

R1 GTGGTTCTCCGTCGGTGTGAG

F2 CAATGTGCACCTGTAGGAAGC

R2 TTATCTGGGCAGGTGACAAC

F1 CACCTGTAGGAAGCTGTAGTCACTG
R1 TCACTGTGACCATACAACTCTGTG
F CACACGGTTGTATGTCGGTTTCGCT
R TCAAGGAGCTCAATG TTACAGCCT

F AGGAGAGAAGACCTCGAAAGAAG

R TGAACGCTAGGTTTCTGGATACG

F CGTGACATATACTGCACTGAC

R CATCGTCAAACTCGATCAC

F CGGTTTGCTTGTGTTGTTTG

R CATGGGGTACGATCACAACA

F GCGGATCCGCCACCGCGTCAGATGAC
R CGGGATCCCTACTGGCGGGCATCCTC

products were sequenced by Bioneer Sequencing. DNA
sequences were analyzed using CLC Sequence Viewer
Version 8.0 software (Qiagen, Denmark) (https:/clc-
sequence-viewer.software.informer.com/8.0/).

RFLP

The products of PCR were digested by Ddel
restriction enzymes to identify diagnostic restriction
fragments [21]. The procedure for enzyme treat-
ment was conducted according to the protocol of the
enzyme Ddel (Promega), in line with the manufac-
turer’s instructions. Ten microliters of PCR product
(1 uL DNA 1 pg/ul) were mixed with 16.3 uL of
sterile deionized water, 2 uL of 10x RE buffer (com-
posed of 60 mM Tris-HCl pH 7.9, 1.5 M NaCl, 60 mM
MgCl,, and 10 mM DTT at 37°C), 0.2 uL of 10 ug/
uL acetylated BSA, and 0.5 uL of restriction enzyme
Ddel (10 U/uL) (Promega). The mixtures were incu-
bated at 37°C for approximately 1.5 h. The digested
PCR products were analyzed on a 1.5% agarose gel
and subjected to SYBR™ safe staining, run at 100 V.
The bands of the restriction patterns were visualized
using a UV transilluminator.

Results and Discussion

T. gondii infects one-third of the human popu-
lation globally [31]. Serological methods are stan-
dard approaches for detecting toxoplasmosis. In these
cases, to confirm the diagnosis, cell culture-based
molecular techniques such as PCR are employed [32].
PCR, in which a segment of the genome of 7. gondii
can be detected because of this approach’s sensitivity
and specificity, is preferred over other techniques [33].

Although the genus Toxoplasma consists of just a sin-
gle species, T. gondii, molecular biology tools have
provided evidence of three distinct clonal lineages in
this species [34,35]. PCR-RFLP allows amplification
of'a conserved region of the DNA sequence using PCR
to detect the genetic strains within species by digest-
ing the amplified product into fragments through cer-
tain restriction enzymes. This technique has been used
for specialization by exploiting DNA sequence varia-
tion within mitochondrial DNA [36].

RFLP-based analysis is a popular technique
for genotyping [37]. In this study, 10 standard mark-
ers were used: B/ (#1, #2, and #3), SAG (#1 and
#2), P30, BAGI, ROPI, GRAI, and GRA7. They
have been frequently used for genotyping isolates
worldwide [14,23,26]. In addition, BAGI has been
described as one of the most abundant bradyzoite-spe-
cific genes found in 7. gondii [38]. One reason for the
success of 7. gondii in achieving infection and avoid-
ing the host immune system is its ability to modify the
vacuole parasitophorous (VP), thereby avoiding lyso-
some recognition. The key to modifying the VP lies
in a secretory protein in the form of a granular protein
(GRA), roptri protein (ROP). ROP proteins play a role
early in invasion, and GRA plays a role in VP devel-
opment. The GRA protein continues to be secreted
along with the enlargement of the VP and the increase
in T gondii so that the gene encoding the GRA1 pro-
tein is often used as a marker for identifying the life
of T. gondii both in the tachyzoite and bradyzoite
phases [23]. Most investigators have used these genes
for detecting strain types of 7. gondii [39,40].
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The genes of BI, SAGI, P30, BAGI, ROPI,
GRAI and GRA7 are specific and the most sensitive
for detecting 7. gondii [41-44]. The proposed method
was revealed to be highly sensitive and specific in
detecting the virulent strain of 7. gondii by PCR-RFLP
of BI (#1, #2, and #3), SAG (#1 and #2), P30, BAGI,
ROPI, and GRAI. Their overlap in the restriction
enzyme Ddel reaction by PCR-RFLP can be predicted
by in silico analysis using the gene sequences, and the
actual reaction can be seen from visualizing the results
of gel electrophoresis.

In silico restriction gene analysis

Using in silico restriction digestion of given DNA
sequences to predict the expected DNA fragments,
the “digestDNA” function can be used to perform the
digestion [45]. In silico analysis is an approach per-
formed on a computer to analyze the restriction frag-
ment length distribution. /n silico restriction digestion
sites could comparison of restriction patterns for two
or more DNA sequences. In this study, we used CLC
Sequence Viewer Version 8.0 software (Table-2).

In silico restriction gene programs searching for
restriction sites, when it comes into contact with a DNA
sequence with a shape that matches part of the enzyme,
called a recognition site, it wraps around the DNA
and breaks both strands of the DNA molecule. Ddel
is a common restriction enzyme used in laboratories.
PCR follows with RFLP for DNA fragmentation tech-
niques have been frequently used for genetic charac-
terization of 7. gondii [46]. In silico analysis reaction
by sequences gene of PCR products. These genes are
cut with the restriction enzyme Ddel depending on the
cutting site, which produces differences in the size of

the DNA fragments. The Ddel restriction cuts 5'...
C|TNAG...3" and T3'...GANT*C...5' sites as indi-
cated by the arrows(Table-2).

A generally used genome fragmentation method,
restriction endonuclease digestion may severely com-
promise genomic mapping resolution and prevent the
practical annotation of certain chromosomal regions. /n
silico restriction enzyme digests to minimize mapping
bias in genomic sequencing and result in proper DNA
fragment size distributions and optimal resolution in
genomic sequencing technologies [45]. In general,
In silico analysis is predicts their visualization in the
experiment. The availability of the 7. gondii genome
sequence, these approaches can be readily character-
ized and optimized via in silico modeling [47].

PCR-RFLP analysis

T. gondii isolates in this study were subjected to
PCR with 10 different primers simultaneously, using
the same duration, temperature, and PCR cycling.
Based on the results of electrophoresis (Figure-1),
all DNA samples from 7. gondii virulent isolate were
amplified. PCR-RFLP was performed with the restric-
tion enzyme Ddel; among the 10 genetic markers of
T. gondii, only three genes (BI #3, ROPI, and GRAI)
could produce overlap in the fragmentation pattern.
Ddel produced a polymorphic digestion pattern from
the PCR product that discriminated the virulent RH
strain of 7. gondii as Type 1. PCR-RFLP of 7. gondii
genes using the Ddel enzyme produced site fragment
pattern [46]. Cleavage of the DNA repeats resulted
in the formation of bands on agarose electrophoresis
gels. Direct analysis of the DNA repeats appears to
be a simple method of obtaining a digestion pattern

Table-2: In silico restriction site analysis of genes sequences digested using enzyme Ddel.

No. Genes Amplicon size primers Ddel
(bp) 5'...C | TNAG...3’
3'...GANT 1 C...5'

1 B1 #1 191 B1#1-F - -
B1#1-R 85, 139

2 B1 #2 508 B1#2-F - -
B1#2-R - -

3 B1 #3 967 B1#3-F 3 93, 113, 774
B1#3-R 4 2,148, 809, 829

4 SAG1 #1 460 SAG1#1-F - -
SAG1#1-R - -

5 SAG1 #2 341 SAG1#2-F - -
SAG1#2-R - -

6 P30 340 P30-F - -
P30-R - -

7 BAG1 460 BAG1-F 1 32
BAG1-R 1 389

8 ROP1 1220 ROP1-F 1 767
ROP1-R 3 613, 1122, 1196

9 GRA1 802 GRA1-F 3 3, 159, 187
GRA1-R 2 573, 601

10 GRA7 616 GRA7-F 1 29
GRA7-R 1 530

Blue = Primer size was determined from sequence between 5’ forward and 3’ reverse primer annealing position in this
study. Bold = The fragments present in electrophoresis gel
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SAG1 #1

)

SAG1 #2 GRA1

Figure-1: Toxoplasma gondii nucleic acid amplified by various gene targets. Polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) patterns of T. gondii virulent strain of B1 (#1, #2, and #3), SAG1 (#1 and #2), P30,
BAG1, ROP1, GRA1, and GRA7 cut with Ddel. The PCR product was resolved on 1.5% agarose stained with SYBR™ safe
staining. Lane M: Geneaid 100 bp DNA ladder, A: PCR conventional, B: Restriction pattern of PCR-RFLP (1, 2, and 3).

in silico, but its use may produce incorrect results due
to the rather high variability of the nucleotide sequence
in these DNA regions [47]. The patterns we obtained
in RFLP analysis were different from those previously
in silico restriction reported [42,44]. We identified the
RFLP pattern for the genotype confirmed by in silico
analysis, and the result turns out that some show a dif-
ferent pattern. RFLP analysis does not allow evaluation
of the number of obtained DNA fragments of a given
length or presence of fragments lacking Ddel sites that
do not allow fragment separation. This led us to pro-
pose an in silico restriction analysis as support for a
large number of sequences for 7. gondii genotypes.

Characterization of B1 genes

Many researchers have used the B/ gene as a
marker because it, providing significant representation
of several isolates, making it highly sensitive and spe-
cific for detecting 7. gondii [15,21,26]. Therefore, many
primers are designed based on the B/ gene target. In
this study, primers for three different B/ genes (BI#1,
BI#2, and BI#3) were used. Based on the PCR results,
the three primers of the B/ gene successfully achieved
amplification, but after being digested by the enzyme,
not all BI genes showed overlapping fragments.

T. gondii nucleic acid amplified by various gene
targets. PCR-RFLP patterns of 7. gondii virulent strain
of BI (#1, #2, and #3), SAGI (#1 and #2), P30, BAGI,
ROPI, GRAI, and GRA7 cut by Ddel. (Figure-1).
This pattern of the isolate was the same as the pattern
obtained by the same method performed in 1998, when
this isolate was first genotyped [46]. The origin of the
same target gene but with a different arrangement of
the primary genes created a discrepancy in the results.
In addition, most of the highly repetitive markers that
provide sensitive detection (B/) are not useful for geno-
typing the parasite due to a relative absence of poly-
morphisms [35]. Accordingly, to identify the capacity
of a pair of primers, it is necessary to evaluate the results
of DNA sequencing and optimize the applied method.

Analysis of genes with incomplete or no digestion
Based on this study, not all genes that were

successfully amplified by PCR could be digested by

PCR-RFLP using the restriction enzyme Ddel.

Analysis of genes with no fragment separation

Based on this study, not all genes were suc-
cessfully amplified by PCR-RFLP using the restric-
tion enzyme Ddel. From Figure-1 and Table-2, it
can be seen that, on in silico analysis, gene BI#1
showed two restriction sites for each of the primer
BI#1-R (85 bp and 139 bp), BAGI-FR gene (32 bp
and 389 bp), and GRA7-FR gene (29 bp and 530 bp).
Meanwhile, on the electrophoresis gel, the B/#I1
gene, BAGI gene, and GRA7 gene did not show
any restriction fragment pattern. This means that
no digestion occurred, which can also be seen from
the same size of bands between the PCR and RFLP
results. The BI#3 gene, ROPI gene, and GRAI
gene showed different fragment patterns among in
silico restriction and RFLP analyses (Table-2 and
Figure-1). The difference in results regarding the
restriction sites from the in silico prediction anal-
ysis and electrophoresis was due to incomplete
digestion. Incomplete digestion is the most com-
monly occurring reaction in PCR-RFLP.

Many factors can affect the reaction. These
include (1) the size of DNA fragment. Another
important factor is (2) the optimization method. The
ratio of enzyme to DNA might not be suitable as the
concentration of PCR product was not measured. As
in enzyme protocol mentioned, the reaction is placed
1-4 h. It is possible that the digestion process required
further optimization. A further factor is (3) low-mo-
lecular-weight fragments. The absence of fragments
might be due to the conditions or digestion time not
being optimal or there being a very low concentra-
tion, resulting in no detection in the electrophoresis
gel [48]. In addition, (4) PCR cycles can affect the
reaction. More cycles might be needed or the PCR
might require improvement to generate more prod-
ucts. Moreover, (5) the voltage for electrophoresis
could have an effect. The gel could be run at half the
current voltage or imaged at an early stage to obtain a
better view [49]. Finally, (6) the loading buffer could
be influential. Four microliters of 6x loading buffer
could be used, allowing DNA overlaps to be seen
clearly. Note that overnight digests are usually unnec-
essary and may result in DNA degradation [50].
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In addition, a set of reference 7. gondii isolates
should be included to monitor the efficiency of PCR
amplification and restriction enzyme digestion. This is
very important because, for each batch of experiments,
there can be variation in the efficiency of restriction
digestion and sometimes incomplete digestion can
occur. Moreover, the concentration of electrophoretic
gel can also vary slightly among experiments. In this
technique, a PCR amplicon is treated by a certain RE
that cuts the DNA at a unique restriction site, known
as a recognition site, to generate several DNA frag-
ments of various sizes. Subsequently, the digested
amplicons are loaded onto a gel, to which an electric
field is applied. The differently sized bands will move
at varying distances across the gel [51].

Restriction enzyme does not cut DNA

SAGI (#1 and #2), P30 (SAGI), and BI#2 genes
are commonly used in RFLP for detecting strains of
T. gondii. SAGI is the major surface molecule of
T. gondii, which is an important ligand for attaching
to host cells [52]. SAGI, which is regularly used as
a marker, clearly indicated the presence of Type I by
RFLP with Ddel in previous studies [21,53]. However,
based on this study, that gene was not digested by
Ddel, and there was no restriction site in either in sil-
ico analysis or gel electrophoresis.

If there are no issues with digesting the DNA,
there may be something else wrong with the reaction
set-up. Several factors can affect the reaction, including
the preparation of DNA to be cleaved, which should be
free of contaminants such as phenol, chloroform, alco-
hol, EDTA, detergents, or excessive salts, all of which
can interfere with the activity of the restriction enzyme.
The experimental DNA can be incubated in reaction
buffer without restriction enzyme (degradation of DNA
indicates contamination of the DNA preparation or reac-
tion buffer), along with an analysis of control DNA with
restriction enzyme, to more accurately judge whether
the reaction was successfully completed. If the control
DNA is cleaved and the experimental DNA resists cleav-
age, the two DNAs can be mixed to determine whether
an inhibitor is present in the experimental sample. If an
inhibitor (often salt, EDTA, or phenol) is present, the
control DNA will not be cut after mixing [50].

Ddel can failto cut DNA because the DNAsequence
does not match this restriction enzyme. If the amplified
product is cut with the Ddel enzyme, recognition of the
cutting site has occurred. The restriction enzyme recog-
nizes just one or a few restriction sites. Ddel will cut
at sites of 5'...C|TNAG...3" and 3'...GANT1C...5".
When it finds its target sequence, a restriction enzyme
will make a double-stranded cut in the DNA molecule,
but if the DNA sequence has a shape that does not match
part of the enzyme, it will not be cut. The most powerful
feature of PCR-RFLP is its simplicity. PCR-RFLP can
be performed without the need for considerable experi-
ence in molecular biology. However, despite the ease of
use and extreme simplicity of PCR-RFLP, it is limited

to use only with the recognition site of the restriction
enzyme (Table-2 and Figure-1), so a specific restriction
enzyme must be used.

Overall, the pattern of fragments can be used
as a standard for genotype sensitivity and specific-
ity. RFLP is a type of polymorphism that results from
variation in the DNA sequence recognized by restric-
tion enzymes. Genotyping of 7. gondii using multilo-
cus PCR-RFLP markers is a high-resolution and sim-
ple method for identifying parasites [24]. The recent
development of PCR-RFLP makes it possible to
genetically characterize or classify 7. gondii from bio-
logical samples at high resolution [5]. Findings clearly
show that gene target loci can be used to discriminate
genotypes of T. gondii [15]. Based on the results, the
genetic markers of B/ # 3, ROPI, and GRAI can be
used in PCR-RFLP using restriction enzyme Ddel for
genotyping of 7. gondii. More research is needed to
compare many isolated samples, other genetic mark-
ers, and other restriction enzymes.

Conclusion

The specificity and sensitivity of a variety of
PCR-RFLP methods for diagnosing infection with vir-
ulent strains of 7. gondii are dependent on several fac-
tors, including the primer gene target and restriction
enzyme. Three pairs of primers (B! #3, ROPI, and
GRAI) with Ddel have proven useful for this purpose,
and this approach can be used for the rapid diagno-
sis of acute toxoplasmosis (virulent strain biotype I).
PCR-RFLP is specific, sensitive, easy to perform, and
ready to be adopted for the diagnosis and genotyping
of T. gondii. Our results indicate that this approach
can be used worldwide on appropriate standardiza-
tion. This proposed method is relatively simple, rapid,
cheap, and can be performed in most laboratories as a
practical approach for the routine analysis of 7. gondii.
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