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ABSTRACT. The protozoan parasite Toxoplasma gondii has a 
worldwide distribution; it can cause serious diseases in humans and 
almost all other warm-blooded animals. Different genotypes of T. 
gondii result in different lesions in the same host. T. gondii rhoptry 
protein 8 (TgROP8) is a major factor of T. gondii acute virulence. 
We examined sequence variation in the TgROP8 gene among T. 
gondii isolates from different hosts and geographical localities. The 
TgROP8 gene was amplified from individual isolates and sequenced. A 
phylogenetic tree was constructed using Bayesian inference, maximum 
parsimony, and maximum likelihood based on the sequences obtained 
plus TgME49 from the ToxoDB database. The TgROP8 gene was 
1728 bp in length for all the examined T. gondii strains, and their A+T 
contents were 45.37-45.95%. Sequence analysis detected 140 (0.06-
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5.56%) variable nucleotide positions resulting in 96 (0-10.78%) amino 
acid substitutions. Sequence variations in the TgROP8 gene resulted in 
polymorphic restriction sites for endonucleases BstBI, BsaI, and XhoI, 
which allowed the differentiation of the three classical genotype strains 
(types I, II, and III) by polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP). However, phylogenetic analyses 
indicated that the TgROP8 gene is not a suitable genetic marker for 
population studies of T. gondii.
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INTRODUCTION

The important zoonotic and obligate intracellular protozoan parasite Toxoplasma 
gondii, a member of the phylum Apicomplexa, infects almost all warm-blooded animals, 
including an estimated one-third of the world’s human population (Montoya and Liesenfeld, 
2004; Nardoni et al., 2011; Schlüter et al., 2014). As the causative agent of toxoplasmosis, T. 
gondii can cause serious diseases in pregnant women and immunocompromised individuals, 
e.g., AIDS patients, tumor sufferers, and those recovering from transplant operations (Kim 
and Weiss, 2008; Weiss and Dubey, 2009; Silva et al., 2014). Moreover, T. gondii can also 
result in abortion or congenital toxoplasmosis, especially in livestock, leading to consider-
able economic losses (Fayer et al., 2004; Dubey et al., 2005; Innes, 2010; McAuley, 2014). 
Additionally, clonal T. gondii strains have an uneven geographical distribution, which leads 
to different toxoplasmosis in humans and animals (Sibley and Ajioka, 2008; Robert-Gang-
neux and Dardé, 2012).

During infection, several rhoptry proteins (ROPs) have been shown to be key viru-
lence factors (Peixoto et al., 2010; Yuan et al., 2011; Talevich and Kannan, 2013), and play 
an important role in disrupting signaling and defense mechanisms, and in recruiting organ-
elles (Morrissette and Sibley, 2002; Hunter and Sibley, 2012). T. gondii ROP8 (TgROP8), 
a ROP2-related ROP, is one of the major mediators of acute virulence, and can offer a tem-
plate for homology modeling of active kinase ROP18 (Bradley and Sibley, 2007; Boothroyd 
and Dubremetz, 2008; Qiu et al., 2009; Parthasarathy et al., 2013). However, little is known 
about its sequence diversity among different T. gondii strains, despite its important biologi-
cal impact. Therefore, the objective of this research was to examine sequence diversity in 
the ROP8 gene among T. gondii isolates from different hosts and from different geographi-
cal regions.

MATERIAL AND METHODS

T. gondii isolates

Sixteen T. gondii strains from different hosts and geographic locations and one strain 
called T. gondii ME49 (ToxoDB: TGME49_215775) were used in this study (Table 1). Ge-
nomic DNA was obtained as described previously (Su et al., 2010; Zhou et al., 2009, 2010) 
(Table 1).
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Table 1. Details of Toxoplasma gondii isolates used in this research.

No.	 Isolate	 Host	 Geographical location	 Genotype*

  1	 RH	 Human	 France	 Reference, Type I, ToxoDB#10
  2	 TgPLH	 Pig	 Henan, China	 Type I, ToxoDB#10
  3	 GT1	 Goat	 USA	 Reference, Type I, ToxoDB#10
  4	 MAS	 Human	 France	 Reference, ToxoDB#17
  5	 TgCgCa1	 Cougar	 Canada	 Reference, ToxoDB#66
  6	 TgCatBr64	 Cat	 Brazil	 Reference, ToxoDB#111
  7	 TgCatBr5	 Cat	 Brazil	 Reference, ToxoDB#19
  8	 PRU	 Human	 France	 Type II, ToxoDB#1
  9	 QHO	 Sheep	 Qinghai, China	 Type II, ToxoDB#1
10	 PTG	 Sheep	 USA	 Reference, Type II, ToxoDB#1
11	 TgC7	 Cat	 Guangzhou, China	 ToxoDB#9
12	 PYS	 Pig	 Panyu, China	 ToxoDB#9
13	 GJS	 Pig	 Jingyuan, Gansu, China	 Type #3, ToxoDB#9
14	 CTG	 Cat	 USA	 Reference, Type III, ToxoDB#2
15	 TgWtdSc40	 Deer	 USA	 Type 12, ToxoDB#5
16	 TgToucan	 Toucan	 Costa Rica	 Reference, ToxoDB#52

*based on the results of Zhou et al. (2009, 2010) and Su et al. (2010).

Polymerase chain reaction (PCR) amplification

Based on the ROP8 gene sequence of the T. gondii ME49 strain available in ToxoDB da-
tabase (http://toxodb.org/toxo/), a pair of specific primers (forward primer, 5'-ATGTTTTCTG
TGTTACGTAACCG-3'; reverse primer, 5'-TCATGCCGGTTCTCCATC-3') was designed to 
amplify the ROP8 gene from the individual strains. The amplification reaction was carried 
out in a volume of 25 mL containing 2.5 mL 10X Ex Taq Buffer (Mg2+ plus), 2 mL 2.5 mM 
each dNTP, 0.5 mL 0.2 mM of each primer, 100-200 ng gDNA, and 0.125 mL 5 U/mL Ex Taq 
polymerase (TaKaRa, Dalian, China). Amplification of the DNA samples was carried out in a 
thermocycler (BioRad, USA). The PCR regimen was: 94.0°C for 4 min (initial denaturation), 
followed by 35 cycles of 94.0°C for 45 s (denaturation), 62.1°C for 45 s (annealing), 72.0°C 
for 2 min (extension), and a final extension step at 72.0°C for 7 min. Confirmation of the PCR 
amplification products was carried out by electrophoresis on 1% (w/v) agarose gel contain-
ing 0.05% (v/v) GoldView™ (Solarbio, Beijing, China), which was photographed using a gel 
documentation system (GelDoc-It™ Imaging System, UVP, Cambridge, UK).

Sequencing of ROP8 transformants

To ensure the accuracy and integrity of the TgROP8 sequence from individual iso-
lates, all the PCR products were purified using spin columns according to the manufacturer 
recommendations (Wizard™ PCR-Preps DNA Purification System, Promega, USA), and li-
gated with a pMD18-T vector (TaKaRa) followed by transformation into JM109 competent 
cells (Promega). The positive colony identified by PCR amplification was sequenced in tripli-
cate by the Shanghai Sangon Biological Engineering Biotechnology Company on an ABI377 
automated DNA sequencer (BigDye Terminator Chemistry).

Sequence analysis and phylogenetic reconstruction

The sequences obtained were compared with each other using Clustal X 2.11 (Thomp-
son et al., 1997), and evolutionary analysis was conducted using MEGA 5.2 (Tamura et al., 
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2011). The intra-specific sequence variation was shown by the percent of the different se-
quence bases. Phylogenetic reconstructions based on the TgROP8 gene sequences among the 
different T. gondii isolates including TgME49 were performed using Bayesian inference (BI), 
maximum parsimony (MP), and maximum likelihood (ML). BI analysis was performed with 
four independent Markov chains run for 100,000 metropolis-coupled MCMC generations, 
sampling a tree every 1000 generations in MrBayes 3.1.1 (Ronquist and Huelsenbeck, 2003); 
MP and ML analyses were conducted using PAUP 4.0b10 with indels treated as missing char-
acter states (Swofford, 2002). Bootstrap probability was calculated from 1000 bootstrap repli-
cates with 10 random additions per replicate in PAUP. A total of 100 random addition searches 
were performed for each analysis using tree bisection-reconnection branch swapping (Chen 
et al., 2012).

Characterization of T. gondii isolates by PCR-restriction fragment length polymor-
phism (PCR-RFLP)

The T. gondii isolates have been characterized by PCR-RFLP, and three dominant 
genotypes (types I, II, and III) were identified (Su et al., 2006, 2010). To determine whether 
the TgROP8 gene sequence was suitable for genotyping T. gondii isolates, the PCR-RFLP 
method was used in this study. Briefly, all the TgROP8 PCR products were digested using 
the three restriction enzymes BstBI, BsaI, and XhoI by incubating at 37°C for 2 h followed 
by 65°C for 4 h, according to the manufacturer’s instructions (New England Biolabs, Beijing, 
China). The restriction fragments were separated on 1% agarose gel containing 0.05% (v/v) 
GoldenView™ and photographed using a gel documentation system (GelDoc-It™ Imaging 
System, UVP).

RESULTS AND DISCUSSION

The transformants of TgROP8 PCR products of all the T. gondii isolates examined 
produced a single band of approximately 1700 bp in length on agarose gel (not shown). All 
the sequences of the TgROP8 gene were 1728 bp in length, and their A+T contents varied 
from 45.37 to 45.95%. The alignment of all the 16 sequences plus the corresponding se-
quence of TgME49 (ToxoDB: TGME49_215775) revealed nucleotide polymorphisms at 
140 positions (0.06-5.56%), higher than in the GRA5, GRA6, and ROP38 genes (Fazaeli et 
al., 2000; Chen et al., 2012; Xu et al., 2014). Interestingly, the mutation rate in the TgROP8 
gene sequence of TgWtdSc40 was the highest with 5.56% at 96 positions, followed by that 
of TgToucan with 3.41% at 59 positions (Figure 1A). Moreover, there were 18 transitions 
(C↔T and A↔G) and 20 transversions (A↔C, A↔T, G↔T, and G↔C) (R = transition/
transversion = 0.9) among all the sequences obtained. In addition, estimates of evolutionary 
divergence revealed that the distance was 0-6.8%, and 96 positions (0-10.78%) were vari-
able in amino acid sequences (Figure 1B), suggesting that TgROP8 may not be a vaccine 
candidate against toxoplasmosis.

Analysis of nucleotide polymorphisms in the TgROP8 gene among all the sequences 
obtained revealed the presence of polymorphic restriction sites for endonucleases BstBI, BsaI, 
and XhoI, which can differentiate the three classical genotypes (type I: RH, TgPLH, and GT1; 
type II: PRU, QHO, and PTG; type III: CTG) (Su et al., 2006, 2010). The results of PCR-
RFLP analyses showed that strains representing the three classical genotypes (types I, II, and 
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III) could be separated readily using restriction enzymes (BstBI, BsaI, and XhoI) (Figure 2). 
Consistent with type-I strains RH, TgPLH, and GT1, the PCR products of strains MAS, Tg-
CatBr64, TgCatBr5, and TgCgCa1 were fragmented into three segments (136, 352, and 1240 
bp). ToxoDB#9 strains (TgC7, PYS, and GJS) were fragmented into four segments (175, 177, 
535, and 841 bp), which were the same as those in type-II strains. Type-III strain CTG was 
separated into two fragments of 488 and 1240 bp. The type-12 strain TgWtdSc40 was digested 
into five fragments of 136, 175, 177, 399, and 841 bp, while the unique reference strain Tg-
Toucan was digested into four fragments of 9, 127, 352, and 1240 bp, which were different 
from all the other isolates (Figure 2).

Phylogenetic analyses showed that strains representing the three classical genotypes 
could not be grouped consistently into their respective genotypes (Figure 3), which is different 
from that using GRA5 gene sequences (Chen et al., 2012).

In conclusion, the present study revealed slightly higher sequence variation in the 
TgROP8 gene among strains from different hosts and geographical localities, but the TgROP8 
gene sequence may not a suitable marker for studying the population genetics of T. gondii.

Figure 1. Multiple alignment analyses of nucleotides (A) or amino acid sequences (B) of Toxoplasma gondii 
ROP8. Dots indicate identical nucleotides or amino acids compared with theat of TgME49 isolate (ToxoDB: 
TGME49_215775) (top and bottom lines), and the numbers indicate the variable sequence positions for nucleotides 
(A) or amino acids (B).
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Figure 2. Agarose gel electrophoresis of Toxoplasma gondii ROP8 PCR products after digestion with endonucleases 
BstBI, BsaI, and XhoI. Lane M = DNA size marker 2000. Lanes 1-17 = T. gondii type-I strains RH, TgPLH, and 
GT1; reference strains MAS, TgCgCa1, TgCatBr64, and TgCatBr5; type-II strains PRU, QHO, and PTG; strains 
TgC7, PYS, and GJS; type-III strain CTG; type-12 strain TgWtdSc40; strain TgToucan; and the blank control, 
respectively.

Figure 3. Phylogram of 17 Toxoplasma gondii strains based on ROP8 gene sequences using Bayesian inference 
(BI), maximum parsimony (MP), and maximum likelihood (ML) methods. Numbers near the branches stand for 
bootstrap values from different analyses in the order: BI, MP, and ML. Clusters of three classical genotypes are 
denoted by I, II, and III, and the asterisk indicates no data.
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