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Abstract 
Background: Toxoplasma gondii, as a eukaryotic parasite of the phylum 
Apicomplexa, can infect almost all the warm-blooded animals and humans, causing 
toxoplasmosis. Rhoptry neck proteins (RONs) play a key role in the invasion 
process of T. gondii and are potential vaccine candidate molecules against 
toxoplasmosis.  
Methods: The present study examined sequence variation in the rhoptry neck 
protein 10 (TgRON10) gene among 10 T. gondii isolates from different hosts and 
geographical locations from Lanzhou province during 2014, and compared with the 
corresponding sequences of strains ME49 and VEG obtained from the ToxoDB 
database, using polymerase chain reaction (PCR) amplification, sequence analysis, 
and phylogenetic reconstruction by Bayesian inference (BI) and maximum parsi-
mony (MP).  
Results: Analysis of all the 12 TgRON10 genomic and cDNA sequences revealed 
7 exons and 6 introns in the TgRON10 gDNA. The complete genomic sequence of 
the TgRON10 gene ranged from 4759 bp to 4763 bp, and sequence variation was 
0-0.6% among the 12 T. gondii isolates, indicating a low sequence variation in 
TgRON10 gene. Phylogenetic analysis of TgRON10 sequences showed that the 
cluster of the 12 T. gondii isolates was not completely consistent with their 
respective genotypes. 
Conclusion: TgRON10 gene is not a suitable genetic marker for the differentiation 
of T. gondii isolates from different hosts and geographical locations, but may 
represent a potential vaccine candidate against toxoplasmosis, worth further 
studies. 
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Introduction 
 

oxoplasmosis caused by Toxoplasma 
gondii is one of the most common pa-
rasitic zoonoses worldwide, with a 

wide range of hosts including almost all warm-
blooded animals (1-4). Global epidemiologic 
studies of toxoplasmosis indicate that overall 
33% people infected the T. gondii (1, 5).  

The rhoptry is a subcellular organelle of api-
complexan parasites. Rhoptry neck proteins 
(RONs) are secreted by rhoptry for the forma-
tion of moving junction (MJ), which plays an 
important role in the invasion of T. gondii (6). 
Therefore, the research on RONs can help us 
to better understand the pathogenic mechan-
ism of T. gondii and explore the effective ap-
proaches for prevention and treatment of tox-
oplasmosis. Some studies indicate that RONs 
are concerned with T. gondii invasion, so they 
are underlying candidate antigens of DNA 
vaccine to against T. gondii (7). Rhoptry neck 
protein 10 (TgRON10) is a component of the 
newly identified RON9/RON10 complex in T. 
gondii, related with development of T. gondii in 
intestinal epithelial cells (8). 

However, little is known about sequence var-
iation in TgRON10 gene among T. gondii iso-
lates of different genotypes. The aim of this 
study was to examine the sequence variation in 
TgRON10 genes among T. gondii isolates from 
different hosts and geographical locations, and 
to assess whether the TgRON10 gene se-
quence may represent a new marker for study-
ing T. gondii population genetic structures.  

 

Materials and Methods 
 

T. gondii isolates 
Ten T. gondii isolates originating from differ-

ent hosts and geographical locations were 
used in this study from Lanzhou Province 
during 2014 (Table 1), and genomic DNA 
(gDNA) of these T. gondii isolates was pre-
pared and genotyped in our previous studies 
(9-12). Two corresponding sequences of 
strains ME49 (ToxoDB: TGME49_261750) 
and VEG (ToxoDB: TGVEG_261750) were 
obtained from the ToxoDB database.  

 
Table 1: Details of Toxoplasma gondii isolates used in the present study 

 

* based on previous genotyping results (9-12) 

 
PCR amplification 

gDNA of individual isolates was used as 
template for the amplification of the entire 
TgRON10 gene sequences. A pair of oligo-

nucleotide primers: TgRON10F (forward 
primer, 5’-ATgCCTgAGGTTAACTgC-3’) 
and TgRON10R (reverse primer, 5’-
TTAAGAAGAGTCTTCTgTCGC-3’) were 

T 

Strain Host Geographical origin Genotype * 

GT1 Goat United States Reference, Type I, ToxoDB #10 
RH Human France Reference, Type I, ToxoDB #10 

CTG Cat United States Reference, Type III, ToxoDB #2 
VEG Human United States Reference, Type III, ToxoDB #2 
MAS Human France Reference, ToxoDB #17 

TgCatBr5 Cat Brazil Reference, ToxoDB #19 
TgCatBr64 Cat Brazil Reference, ToxoDB #111 

SH Human Shanghai, China Type I, ToxoDB #10 
ME49 Sheep United States Type II, ToxoDB #1 

Prugniaud (PRU) Human France Type II, ToxoDB #1 
PYS Pig Panyu, China ToxoDB #9 

TgWtdSc40 Deer USA Type 12, ToxoDB #5 
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designed based on the TgRON10 gene se-
quence of T. gondii ME49 strain available in 
ToxoDB database (TgME49_261750). PCR 
reactions were carried out in 25 μL containing 
10 mM Tris-HCl (pH 8.4), 50 mM KCl, 3 mM 
MgCl2, 250 μM each of dNTP, 0.2 μM of each 
primer, 100-200 ng of template DNA, and 
0.25 U La Taq polymerase (TaKaRa). The 
PCR reaction was carried out in a thermocyc-
ler (Bio-Rad) with an initial denaturation at 94 
°C for 4 min, followed by 37 cycles of 94 °C 
for 30 sec (denaturation), 67.5 °C for 30 sec 
(annealing), 72 °C for 5 min (extension), and a 
final extension of 72 °C for 10 min. A nega-
tive control sample without gDNA was in-
cluded in each PCR reaction. Each amplicon 
(6 μl) was examined on 1% (w/v) agarose gel 
to assess amplification efficiency. Sizes of 
TgRON10 PCR products were estimated by 
using a DNA marker (DL2000 plus, TAKA-
RA), and photographed using a gel documen-
tation system (UVP GelDoc-ItTM Imaging 
System, Cambridge, U.K.).  
 
Sequencing of the TgRON10 amplicons 

Positive TgRON10 amplicons were purified 
using the spin columns according to the man-
ufacturer's recommendations (Wizard™ PCR-
Preps DNA Purification System, Promega, 
USA), ligated into pGEM-T-Easy vector 
(Promega), and then transformed into the 
JM109 competent cells (Promega, USA). Fol-
lowing the screening by PCR amplification, 
the positive colonies were sequenced by 
Shanghai Songon Biological Engineering Bio-
technology Company. 

 
Sequence analysis and phylogenetic re-
construction 

The obtained TgRON10 gene sequences 
from different T. gondii strains were aligned 
using the computer program ClustalX 1.83 
(13), and sequence variation was determined 
among the examined T. gondii strains. Phylo-
genetic reconstructions based on the complete 
sequences of TgRON10 gene among different 
T. gondii strains was performed by Bayesian 

inference (BI) and maximum parsimony (MP) 
using Neospora caninum (GenBank accession 
No. FR823389.1) as the out-group. BI analys-
es were conducted with four independent 
Markov chains run for 10000000 metropolis-
coupled MCMC generations, sampling a tree 
every 10000 generations in MrBayes 3.1.1 (14). 
The first 250 trees were omitted as burn-ins 
and the remaining trees were used to calculate 
Bayesian posterior probabilities (PP). MP 
analysis was performed using PAUP* 4.0b4a 
(15), with indels treated as missing character 
states. Overall, 1000 random addition searches 
using TBR were performed for each MP anal-
ysis. Bootstrap probability (BP) was calculated 
from 1000 bootstrap replicates with 10 ran-
dom additions per replicate in PAUP. Phylo-
grams were drawn using the Tree View pro-
gram ver. 1.66 (16). 

 

Results 
 
PCR amplification of TgRON10 gene from 

different T. gondii isolates produced a single 
band of approximately 4600 bp in length on 
agarose gel (Fig. 1). Positive TgRON10 ampli-
cons were purified and ligated with clone vec-
tor, and then transformed into the competent 
cells. Following the screening by PCR amplifi-
cation, the positive colonies were sequenced 
from both directions. The obtained entire ge-
nomic sequences of TgRON10 gene was 4759 
bp in length for the strains CTG and VEG, 
4762 bp for the strains GT1, MAS, RH, SH 
and PYS, 4763 bp for the strain TgCatBr5, and 
4760 bp for the other four strains. Analysis of 
all the 12 TgRON10 complete genomic se-
quences revealed 7 exons and 6 introns in the 
TgRON10 gene, the A+T contents varied 
from 48.43% to 48.61% in the entire sequence. 
There were 124 nucleotide position variations 
in the entire genomic sequences (Fig. 2). A 
total of 55 nucleotide position variations in ex-
ons with a distribution of two deletions of 3 bp 
in the sequence of strains CTG and VEG, 40 
transitions (C<–>T, A<–>C, and A<–>G) 
and 9 transversions (A<–>T and C<–>G) 
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(R=transition/transversion=4.4) (Table 2). In 
addition, there were 124 nucleotide position 
variations in the intron among the 12 examined 
T. gondii isolates, including 42 deletions, 75 

transitions (C<–>T, T<–>G, A<–>C, and 
A<–>G) and 7 transversions (A<–>T and 
C<–>G) (Table 3). 

  

 
 

Fig. 1: Electrophoresis of PCR amplification of RON10 from different T. gondii strains 
M. DL5000 DNA Marker 1. RH 2. GT1 3. PYS 4. CTG 5. PRU 6. MAS 7. TgCatBr5 8. TgCatBr64 9. SH 

10. TgWtdSc40 11. Host control 12. Negative control 
 

 
 

Fig. 2: Multiple alignment analyses for nucleotides sequences of Toxoplasma gondii RON10 gene 
Point (.) stands for identical nucleotide, dash (-) indicates nucleotide deletions in comparison to that of T. gondii 
ME49 strain (upper and bottom lines), and the numbers indicate the variable sequence positions for nucleotide 
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Table 2: Characteristics of Toxoplasma gondii TgRON10 gene sequences including exons 
 

Item TgRON10 
gDNA 

TgRON10 
cDNA 

TgRON10 exons  

First Second Third Forth Fifth Sixth Seventh 

Length (bp) 4759-4763 2505-2508 259 455 250 80 476 218 767-770 
T+A (%) 48.43-48.61 45.14-45.37 46.72-47.10 44.62-45.27 46.40-46.80 45.00 44.12-44.33 46.33-46.79 44.42-44.81 
Transition 115 40 6 5 10 0 6 1 12 
Transversion 16 9 2 1 0 1 0 0 5 
R 7.4 4.4 3 5 / / / / 2.4 
Distance (%) 0-0.6 0-0.6 0-1.2 0-0.7 0-1.2 0-1.3 0-0.8 0-0.5 0-0.8 

R=transition/transversion. 
 

Table 3: Characteristics of Toxoplasma gondii TgRON10 gene intron sequences 
 

Item TgRON10 introns 

First Second Third Forth Fifth Sixth 

Length (bp) 551-555 434 522-524 206 324 213 
T+A (%) 51.36-52.09 51.84-52.30 53.24-54.01 49.51-50.97 50.00 53.99-54.46 
Transition 11 18 24 19 0 3 
Transversion 1 0 5 1 0 0 
R 11 / 4.8 19 / / 
Distance (%) 0-0.7 0-1.2 0-1.7 0-1.5 0 0-0.5 

R=transition/transversion 
 

Discussion 
 

In the present study, the alignment of 
TgRON10 entire genomic sequences showed 
that sequence variation were 0-0.6% in all ex-
amined strains. The deduced amino acid se-
quence analysis showed the presence of 30 
substitutions and two deletions among the 12 
examined T. gondii isolates, which is lower than 
that in ROP7 and ROP13 genes (17, 18). Varia-
tion in TgRON10 sequences among the ex-
amined T. gondii isolates was slightly low, and 
similar results were found in previous studies, 
such as PLP1 (19), MIC13 (20) and other genes 
among the clonal lineages of T. gondii (21). In 
summary, our data indicated the existence of 
low sequence variation in TgRON10 gene 
among different T. gondii isolates, thus it is not 
a suitable genetic marker for genotyping studies 
in T. gondii. However, due to the high identity 
in different T. gondii isolates, RON10 gene may 
be an ideal immune effector molecule against 
different T. gondii isolates infection, worth fur-
ther study. 

Phylogenetic analysis using BI and MP based 
on TgRON10 sequence of all 12 T. gondii 
strains has shown that the two major clonal 

lineages (Type I and III) can be differentiated 
(Fig. 3). All the Type I strains SH, GT1, and 
RH clustered together. Two Type III strains 
CTG and VEG grouped together. However, 
the two Type II strains PRU and ME49 were 
separated strains representing other genotypes 
(Fig. 3). 

 

Conclusion 
 

This study revealed the existence of low se-
quence variability in TgRON10 gene among 
the examined T. gondii isolates from different 
hosts and geographical locations. TgRON10 
gene may not be a suitable marker for popula-
tion genetic studies of T. gondii isolates but may 
represent a potential vaccine candidate against 
T. gondii infection.  
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Fig. 3: Phylogenetic relationships of Toxoplasma gondii isolates from different hosts and geographical locations 
inferred by Bayesian inference (BI) and maximum parsimony (MP) analyses based on the TgRON10 gene se-
quences using Neospora caninum (GenBank accession No. FR823389.1) as outgroup. The numbers along 
branches indicate bootstrap values resulting from different analysis in the order: BI/MP. I and III represented 
two major clonal lineages (Type I and III) of T. gondii isolates. 
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