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ABSTRACT.  Toxoplasma gondii is a successful opportunistic protozoan 
distributed worldwide, which can infect all vertebrates, leading to 
serious infection, blindness, and abortion. Micronemal (MIC) proteins 
are critically important for T. gondii infection, as they participate in 
various stages of the Toxoplasma life cycle, including invasion and 
attachment to host cells. MIC8 secretion relies on the concentration 
of intracellular calcium, and can mediate the invasion of T. gondii by 
interacting with soluble MIC3. To investigate genetic diversity of the 
MIC8 gene, 16 T. gondii strains from different hosts and geographical 
locations, and two reference isolates (ToxoDB: TGME49_245490 and 
TGVEG_245490) were examined in this study. The results showed that 
all the examined MIC8 genes are 2055 bp, with an A+T content ranging 
from 50.2 to 50.6%. Conversely, lower levels of variation were detected 
within their nucleotide and amino acid sequences. Phylogenetic 
analyses indicated that three classical genotypes of T. gondii and the 
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ToxoDB#9 genotype did not group exclusively via Bayesian inference, 
maximum parsimony, neighbor joining, and/or maximum likelihood 
assays based on the nucleotide and amino acid sequences of the MIC8 
gene. In summary, the T. gondii MIC8 gene is not a suitable marker for 
population genetic studies of this parasite.
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INTRODUCTION

As one of the most successful opportunistic pathogens, the obligate intracellular 
parasite Toxoplasma gondii can infect a wide range of animals including mammals, birds, and 
humans (Kim and Weiss, 2008; Cenci-Goga et al., 2011) and cause severe diseases, including 
congenital neurological defects in humans (Blanchard et al., 2015; Giakoumelou et al., 2016) 
and some symptomatic infections in immuno-compromised patients (Robert-Gangneux and 
Dardé, 2012). The parasite can also lead to abortion and fetal abnormalities in livestock, 
resulting in serious economic losses (Dubey et al., 2005; Innes, 2010).

Many studies have shown that different clonal T. gondii strains with diverse 
geographical distributions possess different virulence in humans and animals (Sibley and 
Ajioka, 2008; Robert-Gangneux and Dardé, 2012). Despite the variety of hosts and cell types 
infected, the asexual life cycle of T. gondii consists of one intracellular stage (replication) and 
four motile stages (egress from the host cell, motility, attachment, and invasion) and is highly 
conserved (Opitz and Soldati, 2002; McCoy et al., 2012).

Micronemal proteins (MICs) are serially secreted from micronemes during T. gondii 
infection, and play a significant role in the asexual life cycle of this parasite by mediating 
parasite invasion, motility, and attachment to host cells (Besteiro et al., 2011; Muniz-Feliciano 
et al., 2013; Sharma and Chitnis, 2013). As an important member of the MIC family, MIC8 
participates in T. gondii invasion through interaction with soluble MIC3 (Cérède et al., 
2002; Kessler et al., 2008), and is a potential vaccine candidate against acute and chronic 
T. gondii infections in a mouse model (Liu et al., 2010; Li et al., 2014). To investigate the 
genetic diversity of the MIC8 gene, 16 T. gondii strains from different hosts and geographical 
locations, and two reference isolates were examined in this study.

MATERIAL AND METHODS

T. gondii isolates

Sixteen T. gondii strains from different hosts and geographical locations (Table 1) and 
two reference isolates (ToxoDB: TGME49_245490 and TGVEG_245490) were used in this 
study. Wizard® SV Genomic DNA Purification System (Promega, USA) was used to extract 
genomic DNA (gDNA) according to the manufacturer instruction.

Polymerase chain reaction (PCR) amplification

To amplify the MIC8 gene from each Toxoplasma strain, one pair of specific 
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primers (forward primer, 5'-ATGAAGGCCAATCGAATATGGTG-3'; reverse primer, 
5'-TTAGGACCAGATACCGCCCGAA-3') was designed using Oligo 6.0 software according to 
the reference sequence of the ME49 isolate (ToxoDB: TGME49_245490). PCR amplifications 
were performed in a final volume of 25 mL containing 0.5 mL 20 mM each primer, 100-200 
ng gDNA, and 12.5 mL Premix ExTaq® Version 2.0 (TaKaRa, Dalian, China). gDNA samples 
were amplified in a thermocycler (BioRad, USA) at 95.0°C for 10 min followed by 30 cycles 
composed of 95.0°C for 45 s, 57.9°C for 30 s, and 72.0°C for 2 min, and a final extension 
step at 72.0°C for 10 min. After confirmation using electrophoresis on 1.0% (w/v) agarose 
gel, all PCR products were purified using the Wizard™ PCR-Preps DNA Purification System 
(Promega), ligated with pMD18-T vector (TaKaRa), and transfected into competent DH5a 
Escherichia coli cells (Promega). Single colonies confirmed through PCR amplification were 
sequenced in triplicate by Sangon Biological Engineering Biotechnology Company (Shanghai, 
China) (Chen et al., 2014; Li et al., 2015a).

*Based on the report of Su et al. (2010).

Table 1. Details of the Toxoplasma gondii strains used in this study.

No. Isolate Host Geographical location Genotype* 
1 RH Human France Reference, Type I, ToxoDB #10 
2 GT1 Goat United States Reference, Type I, ToxoDB#10 
3 TgPLH Pig Henan, China Type I, ToxoDB #10 
4 PRU Human France Type II, ToxoDB #1 
5 QHO Sheep Qinghai, China Type II, ToxoDB #1 
6 PTG Sheep United States Reference, Type II, ToxoDB#1 
7 CTG Cat United States Reference, Type III, ToxoDB#2 
8 TgWtdSc40 Deer USA Type 12, ToxoDB#5 
9 PYS Pig Panyu, China ToxoDB #9 
10 GJS Pig Jingyuan, Gansu, China ToxoDB #9 
11 TgC7 Cat Guangzhou, China ToxoDB #9 
12 TgCatBr5 Cat Brazil Reference, ToxoDB#19 
13 TgCatBr64 Cat Brazil Reference, ToxoDB#111 
14 TgToucan Toucan Costa Rica Reference, ToxoDB#52 
15 MAS Human France Reference, ToxoDB#17 
16 TgCgCa1 Cougar Canada Reference, ToxoDB#66 

 

Sequence analysis and phylogenetic reconstruction

All the obtained sequences were aligned by Clustal X 2.11 (Thompson et al., 1997), 
and evolutionary analyses were performed using MEGA 5.2 (Tamura et al., 2011). Bayesian 
inference (BI), maximum parsimony (MP), neighbor joining (NJ), and maximum likelihood 
(ML) analyses were performed for phylogenetic reconstructions based on the MIC8 nucleotide 
and amino acid sequences according to previously described methods (Swofford, 2002; 
Ronquist and Huelsenbeck, 2003; Chen et al., 2012). Intra-specific sequence variations were 
examined using the percentage of different bases.

RESULTS AND DISCUSSION

Agarose gel electrophoresis of the MIC8 PCR products revealed a single band of 
approximately 2000 bp in length (data not shown). All the examined MIC8 genes were 2055-
bp long, which was confirmed by sequencing in triplicate, and their A+T content was between 
50.2 and 50.6%, respectively. This is higher than that of MIC6 (Li et al., 2015c), ROP8 (Li 
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et al., 2015a), ROP20 (Ning et al., 2015), ROP38 (Xu et al., 2014), ROP47 (Wang et al., 2015), 
HSP40 (Li et al., 2015b), and HSP60 (Lu et al., 2014), suggesting that transition (C↔T and A↔G) 
and transversion (A↔C, A↔T, G↔T and G↔C) might have occurred in the MIC8 gene.

Sequence alignment revealed that 25 mutant nucleotide positions (0-0.34%) compared 
to the T. gondii RH strain are lower than that of ROP38 (Xu et al., 2014), GRA5 (Chen et al., 
2012), and GRA6 (Fazaeli et al., 2000), and result in 17 amino acid substitutions (0-0.73%) 
(Figure 1). Our data indicate there are lower rates of variation in the amino acid sequence of 
the MIC8 gene among different genotypes of T. gondii, suggesting that the MIC8 protein may 
be a potential vaccine candidate against acute and chronic T. gondii infections, which has been 
demonstrated in our previous studies (Liu et al., 2010; Li et al., 2014).

Figure 1. Mutations in the nucleotide and amino acid sequences of Toxoplasma gondii MIC8. The numbers indicate 
the variable positions of a nucleotide or amino acid; dot indicates an identical nucleotide or amino acid position in 
comparison with the T. gondii RH isolate (upper line).

Phylogenetic reconstructions were also performed based on the obtained MIC8 
nucleotide and amino acid sequences using BI, MP, NJ, and/or ML analyses to assess whether 
MIC8 could be used as a novel marker for studying the evolutionary relationship of the 
examined T. gondii strains (Figure 2). The results showed that the three T. gondii classical 
genotypes (I, II, and III) and the ToxoDB#9 genotype could not be completely separated. In 
summary, these data suggest that the T. gondii MIC8 gene is not suitable as a potential marker 
for population genetic studies of this parasite.

Figure 2. Phylogram showing 18 Toxoplasma gondii strains based on their MIC8 nucleotide and amino acid 
sequences through Bayesian inference (BI), maximum parsimony (MP), neighbor joining (NJ), and/or maximum 
likelihood (ML) analyses. ME49 (ToxoDB: TGME49_245490) and VEG (ToxoDB: TGVEG_245490) were used 
as the reference strains in the present study.
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