


Biomed Environ Sci, 2013; 26(6): 504-508 505 

followed by 30 cycles of denaturation at 95 °C for  
30 s, annealing at 60 °C for 30 s, and elongating at  
72 °C for 30 s. The final extension step was 
performed at 72 °C for 5 min. Three microliters of 
the amplification product were loaded in 2.0% 
standard agarose gel (Cambraex Bio Science 
Rockland) and the gel run under a voltage of 8 V/cm 
until the bromophenol blue dye had reached the 20 
cm position(3 h or so). A 100-bp ladder were used as 
molecular size markers. Gels were stained with 

ethidium bromide, visualized under UV light and 
photographed. The molecular weight of PCR 
products was managed using the BioNumerics 
software package (Version 4.0, Applied Maths BVBA, 
Belium). Band size estimates were converted to the 
tandem-repeat numbers using the BioNumerics 
software. A phylogenetic tree for 16 loci was 
constructed by BioNumerics software package using 
the UPGMA algorithm (Version 4.0, Applied Maths 
BVBA, Belium). 

Table 1. Bacterium Strains and Genotyping by MLVA Assay and PFGE Fingerprinting 

Origin of Strains (No. of Strains)  MLVA  PFGE 
Key 

Strain ID Biovar Host Year Source  Cluster Subcluster Genotypes  Cluster Genotypes 

1 2008005 Biovar 1 cattle 2008 Inner Mongolia  M1 M1.2 3  P1 2 

2 2008009 Biovar 1 cattle 2008 Inner Mongolia  M1 M1.2 3  P1 2 

3 2008010 Biovar 1 cattle 2008 Inner Mongolia  M1 M1.2 3  P1 2 

4 2008011 Biovar 1 cattle 2008 Inner Mongolia  M1 M1.2 3  P1 2 

5 2008012 Biovar 1 cattle 2008 Inner Mongolia  M1 M1.2 3  P1 2 

6 2008013 Biovar 1 cattle 2008 Inner Mongolia  M1 M1.2 3  P1 2 

7 62002 Biovar 3 swine 1962 Guangxi  M3 M3.1 8  P2 4 

8 62003 Biovar 3 swine 1962 Guangxi  M3 M3.2 17  P2 4 

9 63035 Biovar 3 swine 1963 Guangxi  M3 M3.2 11  P2 4 

10 63037 Biovar 3 swine 1963 Guangxi  M3 M3.2 11  P2 4 

11 64001 Biovar 3 human 1964 Guangxi  M3 M3.2 15  P2 4 

12 64002 Biovar 3 human 1964 Guangxi  M3 M3.2 12  P2 4 

13 64005 Biovar 3 swine 1964 Guangxi  M3 M3.2 14  P2 4 

14 64006 Biovar 3 swine 1964 Guangxi  M3 M3.2 14  P2 4 

15 64007 Biovar 3 swine 1964 Guangxi  M3 M3.2 16  P2 4 

16 73066 Biovar 3 swine 1973 Guangxi  M3 M3.1 5  P2 5 

17 73067 Biovar 3 swine 1973 Guangxi  M3 M3.1 9  P2 4 

18 73068 Biovar 3 swine 1973 Guangxi  M3 M3.1 9  P2 4 

19 86007 Biovar 3 swine 1986 Guangxi  M3 M3.1 7  P2 4 

20 86008 Biovar 3 swine 1986 Guangxi  M3 M3.2 13  P2 4 

21 86010 Biovar 3 swine 1986 Guangxi  M3 M3.1 7  P2 4 

22 86012 Biovar 3 swine 1986 Guangxi  M3 M3.1 6  P2 5 

23 87054 Biovar 3 swine 1987 Guangdong  M3 M3.1 10  P2 5 

24 2009057 Biovar 3 human 2009 Hainan  M3 M3.3 19  P2 3 

25 2010009 Biovar 3 human 2010 Guangdong  M3 M3.2 21  P2 3 

26 2010062 Biovar 3 human 2010 Hainan  M3 M3.2 20  P2 3 

27 1330S Biovar 1 swine  Australia  M1  1  P1 1 

28 S2 Biovar 1 swine    M1  2  P1 1 

29 Thomsen Biovar 2 swine  US  M4  22  P5 8 

30 686 Biovar 3 swine  Denmark  M3  18  P3 6 

31 40 Biovar 4 reindeer  US  M2  4  P6 9 

32 513 Biovar 5 wild rodent   USSR  M5   23  P4 7 

Total 32 5 5 10    5   23  6 9 
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Table 2. The Primers of 16-Loci Used in This Study 

Primers Sequence (5’-3’) 
Locus Name 

Upper Primer Lower Primer 
B.suis*(bp) 

Bruce04 CTGACGAAGGGAAGGCAATAAG CGATCTGGAGATTATCGGGAAG 184 

Bruce06 ATGGGATGTGGTAGGGTAATCG GCGTGACAATCGACTTTTTGTC 274 

Bruce07 GCTGACGGGGAAGAACATCTAT ACCCTTTTTCAGTCAAGGCAAA 166 

Bruce08 ATTATTCGCAGGCTCGTGATTC ACAGAAGGTTTTCCAGCTCGTC 330 

Bruce09 GCGGATTCGTTCTTCAGTTATC GGGAGTATGTTTTGGTTGTACATAG 140 

Bruce11 CTGTTGATCTGACCTTGCAACC CCAGACAACAACCTACGTCCTG 509 

Bruce12 CGGTAAATCAATTGTCCCATGA GCCCAAGTTCAACAGGAGTTTC 345 

Bruce16 ACGGGAGTTTTTGTTGCTCAAT GGCCATGTTTCCGTTGATTTAT 168 

Bruce18 TATGTTAGGGCAATAGGGCAGT GATGGTTGAGAGCATTGTGAAG 138 

Bruce19 GACGACCCGGACCATGTCT ACTTCACCGTAACGTCGTGGAT 169 

Bruce21 CTCATGCGCAACCAAAACA GATCTCGTGGTCGATAATCTCATT 175 

Bruce30 TGACCGCAAAACCATATCCTTC TATGTGCAGAGCTTCATGTTCG 127 

Bruce42 CATCGCCTCAACTATACCGTCA ACCGCAAAATTTACGCATCG 538 

Bruce43 TCTCAAGCCCGATATGGAGAAT TATTTTCCGCCTGCCCATAAAC 170 

Bruce45 ATCCTTGCCTCTCCCTACCAG CGGGTAAATATCAATGGCTTGG 187 

Bruce55 TCAGGCTGTTTCGTCATGTCTT AATCTGGCGTTCGAGTTGTTCT 234 

Note. B.suis* expected PCR product size in the sequenced genomes, Brucella suis 1330. 
 

Digestion of Brucella genomic DNA with XbaI 
resulted in fingerprints, each consisted of 21-24 
restriction fragments that ranged in size from 10 to 
310 kb (Figure 1). The PFGE fingerprinting resolved 9 
genotypes among the 32 isolates (genetic similarity: 
100%) by BioNumerics software package. The 
genotying by PFGE was in general consistent with 
the biotyping. The PFGE cluster was defined by a cut 
off value of 95% similarity. Six PFGE clusters were 
identified (clusters P1-P6). In cluster P1, there were 
8 strains (biovar 1), including 6 strains originated 
from cattle in Inner Mongolia, 1 vaccine strain S2 and 
1 reference strain REF 1330S. In cluster P2, there 
were 20 strains (biovar 3), including 3 strains in 
genotype 3 collected from 2009 to 2010 in Hainan (2 
strains) and Guangdong (1 strain), 14 strains in 
genotype 4 collected during 1960s (9 strains), 1970s 
(2 strains) and 1980s (3 strains) and 3 strains in 
genotype 5 collected during 1970s (1 strain) and 
1980s (2 strains). The cluster P3 was REF 686 (biovar 
3). The cluster P4 was REF 513 (biovar 5). The cluster 
P5 was REF Thomsen (biovar 2) and the cluster P6 
was REF40 (biovar 4) (Figure1 and Table 1). 

MLVA Analysis  

The MLVA resolved 23 genotypes among the 32 
strains. The strains which were isolated from 
different years present different MLVA genotypes. 
The MLVA cluster was defined by a cut off value of 

65% similarity. Five MLVA clusters was identified 
(MLVA clusters M1 to M5), which represent five 
biovars of B.suis (Figures 2). Cluster M1 consisting of 
8 strains could be divided again into two subclusters 
(M1.1 and M1.2). In subcluster M1.1, there were 
vaccine strain S2 and REF 1330 (biovar 1) and in 
subcluster M1.2, there were 6 strains (biovar 1) 
originated from cattle in Inner Mongolia. The cluster 
M2 was B.suis REF40 (biovar 4). The cluster M3 
consisting of 18 strains could be divided again into 
three subclusters (M3.1, M3.2, and M3.3) (genetic 
similarity 74%). In subcluster M3.1, there were 8 
strains collected from pigs from 1970s to 1980s. In 
subcluster M3.2, there were 10 strains collected 
from 8 pigs and 2 brucellosis patients during 1960s 
and REF 686 (biovar 3). In subcluster M3.3, there 
were 3 strains collected from brucellosis patients 
during 2009-2010, in which 2 strains were from 
Hainan, 1 strain was from Guangdong. The cluster 
M4 was REF Thomsen (biovar 2). The cluster P5 was 
REF 513 (biovar 5) (Figure 2 and Table 1). 

Comparison of PFGE Fingerprinting and MLVA 
Analysis 

The genotyping of PFGE and MLVA was highly 
relevant to the biological typing. The B.suis biovar 1 
strains were mainly in PFGE cluster P1 and MLVA 
cluster M1. The B.suis biovar 3 strains were mainly in 
PFGE cluster P2 and MLVA cluster M3. And the results  
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Figure 1. Computer-generated lane map of XbaI restriction site PFGE profiles of B.suis strains. The 
names of strains (Strain ID), Genotypes, biovar and the origin of strains are shown on the right. A cut off 
value of 95% similarity was applied to define PFGE clusters (named PFGE cluster P1 to P6). Positions of 
DNA size markers (k bp) are indicated below. 

 
Figure 2. MLVA clustering of the twenty-two B.suis strains by the UPGMA algorithm, run in BioNumerics. 
The names of strains (Strain ID), Genotypes, biovar and the origin of strains are shown on the right. A 
cut off value of 65% similarity was applied to define MLVA clustering (named MLVA cluster M1 to M5).  
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of MLVA genotyping were similar to that of PFGE 
fingerprinting. The 6 B.suis biovar 3 collected from 
cattle in Inner Mongolia showed same genotype 
(PFGE genotype 2 and MLVA genotype 3). The MLVA 
clustered into 23 genotypes, whereas PFGE clustered 
into 9 PFGE genotypes. And the discriminatory 
power of MLVA assay was greater than that of PFGE 
fingerprinting (Table 1). 

Swine brucellosis has long been widespread 
throughout the world. B.suis tends to be more 
pathogenic to human than other five Brucella species. 
In addition, infected pigs tend to have higher levels 
of B.suis organisms in their tissues compared with 
cattle infected with B.abortus. Available evidence 
indicates that other Brucella species are not highly 
pathogenic to pigs. This means a higher risk on 
people exposed to infected pigs[5]. B.suis biovar 2 
was commonly isolated in Europe[6]. And biovar 1 
was most frequently isolated in Latin America and 
Americas[7-9]. But in China, the epidemic strains was  
B.suis biovar 3[10]. The strains collected from Inner 
Mongolia were induced by Vaccine S2 immunity. And 
this study was therefore important. The PFGE 
analysis was a useful tool for calculating genetic 
relatedness among the Brucella species and may be 
an indicator of clonal origin and genetic 
relatedness[2]. MLVA has proven to be highly 
discriminatory and was the most suitable assay for 
simultaneously identifying B.suis, tracing infection 
sources and investigating outbreaks[6], and suitable 
for typing analysis of a large number of strains, while 
providing a clustering in consistent with all methods 
that previously reported. Our present study firstly 
reported molecular characteristics of B.suis in China 
by PFGE and MLVA analysis. There were three kinds 
of epidemic strains with similar characteristics and 
distribution in three different epidemic periods: 
1960s-1970s, 1980s, and 2009-2010. The close 
molecular relationship was found in 1960s and 1970s. 
Two strains collected from Hainan in 2009 and 1 
strain isolated from Gongdong in 2010 had close 
genetic relatedness, but no epidemiological link was 
found between them. And they were different from 
the strains isolated during 1960s-1970s and in 1980s. 
Hainan province is an island which is separated from 
the mainland of China, so the isolation of 2 strains 

there had therefore important epidemiological 
significance. The epidemic of brucellosis occurred in 
China in 1960s, 1970s, and 1980s. However, no strain 
was isolated in 1990s. In fact, brucellosis rarely 
occurred in China in 1990s[10]. And the findings from 
this study were in consistent with the brucellosis 
epidemiological situation in China. 
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