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TÓM TẮT 
C8B là một trong những thành phần của phức hợp tấn công màng của hệ thống bổ thể, đóng vai 

trò quan trọng trong cơ chế miễn phòng vệ của vật chủ chống lại mầm bệnh xâm nhiễm. Gần đây 
chúng tôi đã tiết lộ 7 SNPs trên gen C8B ở 5 giống heo châu Âu khác nhau. Trong nghiên cứu này, 
chúng tôi đã khám phá thêm 2 SNPs tại nucleotide 99C T (proline leucine) và 1801C T ở heo 
Mường Khương (một trong những giống heo bản địa Việt Nam). Kiểu gen tại hai điểm SNP 222C T 
và 935A G T được đánh giá bằng kỹ thuật PCR-RFLP trên các giống heo thương phẩm Landrace 
Đức, Pietrain và Mường Khương tuân theo định luật Hardy - Weinberg. Qua phân tích nhận thấy, có 
sự khác biệt có ý nghĩa giữa các kiểu gen tại SNP 222C T trong hoạt động tiêu máu ở quần thể F2 
DUMI (p= 0.0048). Những heo có kiểu gen CT hoặc TT trình diễn hoạt động tiêu máu mạnh hơn các 
heo có kiểu gen CC. Ở đó, tần số allen “T” ở giống Mường Khương cao hơn các giống châu Âu. Vì 
vậy, giống heo Mường Khương cần được chú ý hơn trong chương trình gây giống để cải thiện sức 
khoẻ động vật. Các kết quả đã đệ trình C8B là một gen ứng viên tốt cho sự hoạt hoá phức hợp bổ thể 
và cơ chế miễn dịch để cải tiến sức khoẻ của heo trong tương lai. 

Từ khoá: Gen C8B, heo, hoạt động tiêu máu, sự đa hình.  

SUMMARY 
The C8B is one of the members of the membrane attack complex of the complement system, 

which plays an important role in the defence mechanism of host body against invading pathogens. 
Recently, we revealed seven single nucleotide polymorphisms (SNPs) within the C8B gene in five 
different European breeds. Continuously screening cDNA sequence of the C8B, we detected two new 
more SNPs at position 99C T (proline leucine) and 1801C T in Muong Khuong animals (one of 
autochthonous Vietnamese breeds). Genotying at nucleotide 222C T and 935A G T previously 
reported by PCR-RFLP method in unrelated commercial animals of German Landrace, Pietrain and 
Muong Khuong indicated no deviation from Hardy-Weinberg equilibrium. Furthermore, genetic 
association at nucleotide 222C T  with hemolytic complement activity in an experimental F2 DUMI 
resource population was established at significantly different level (p= 0.0048). Animals with 
heterozyous CT or homozygous TT genotype showed hemolytic complement activity stronger than 
ones with homozygous CC. Interesting, “T”, which was presenting with higher frequency in Muong 
Khuong animals than in European breeds, was a rich potential promissing allele for disease 
reponsibility. Therefore, Muong Khuong should be mentioned in further breeding program in enfort to 
improve animal health genetically. The results promote C8B as a potential candidate gene for 
complement activity and increased innate immune defence suitable to improve pig health in future. 
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1. INTRODUCTION  
The eighth component of terminal complement 

lytic pathway is a serum protein consisting of three 
amino acid chains, encoded by C8A, C8B, and 
C8G (Kaufmann et al. 1993). The C8A-C8G is 
covalently linked while C8B is noncovalently 
associated with the C8A-C8G (Tschopp et al. 
1981). The C8B mediates the binding of C8 to C5b-
C7 and C8A interacts to C9 during the formation of 
the membrane attack complex (C5b-C9). 
Thereafter, the MAC can polymerise to form 
transmembrane pores and causes osmotic cell lysis 
(Abraha et al. 1988, Kolb et al. 1976). Association 
between the hereditary deficiency of the eighth 
component of complement and inflammatory 
disease like systemic lupus erythematosus (SLE) 
disease in human was reported (Jasin 1977). 
Detection of C8B polymorphisms was described in 
human (Kaufmann et al. 1993, Dewald et al. 1994). 
In addition, causes for C8B deficiency can be due 
to presence of a mutated null allele (Bellavia et al. 
1996), an allele substitution leading to a codon stop 
in C8B human sequence (Kaufmann et al. 1993) or 
not a major allele deletion (Rogde et al. 1990). Due 
to the role of C8 in natural defence mechanism of 
host, we aimed at its genetic association with 
hemolytic complement activity in pig.  

2. MATERIALS AND METHODS 
2.1. Animals and samples 

Animals of the breeds Hampshire (n=1), 
Duroc (n=1), Berlin Miniature (n=1), German 
Landrace (n=30), Pietrain (n=30), and Muong 
Khuong (kept in Lao Cai province of Vietnam) 
were used to detect polymorphisms in the C8B 
gene whereas a resource population of 473 F2 
DUMI animals based on reciprocal cross of Duroc 
and Berlin Miniature Pig (originating from 
Vietnamese Potbelly Pig x Saddle Back Pigs x 
German Landrace) (Hardge et al. 1999) was used 
for association study. Genomic DNA from tail or 
ear sample was obtained by ProteinaseK digestion 
followed by phenol-chloroform extraction and 
ethanol precipitation. The DNA sample was 
resuspended in TE buffer and stored at 4oC. 

Total RNA was isolated from fresh liver tissue 
with TRIzol reagent procedure (Sigma, Steinheim, 
Germany) and treated with DnaseI (Roche, 
Mannheim, Germany). The cDNA synthesis was 
performed using oligo (dT)13 VN primer 
(Promega, Mannheim, Germany) and Super 

ScriptTMIII. The cDNA solution was diluted 1:5 and 
stored at –20oC for the subsequent PCR reaction. 

cDNA and DNA sample was used for 
sequencing/ screening polymorphisms in  animals 
of different breeds and for genotyping in the F2 
DUMI population, respectively. 

2.2. Polymerase chain reaction (PCR) amplification 
       and genotyping   

Primers were designed to produce fragments 
of 500, 148, 312 and 543 bp, flanking the SNPs at 
nt99, nt222, nt935 and nt1801 of the cDNA 
sequence of porcine C8B, respectively. Therefore, 
primers were placed either in the cDNA sequence 
(GenBank accession number DQ333201) or the 
genomic sequence (trace_name: rbyc_22121.y1, ti: 
775597740). 

PCR reaction was performed in 20 μl total 
volume containing 50 ng of liver cDNA or 100 ng 
of genomic DNA, 0.2 mM of each primer (forward 
or reverse primer), 50 μM of each dNTP, 0.5 U of 
Taq polymerase (Promega, Mannheim, Germany), 
in 1xTaq buffer, 1.5 mM of MgCl2 (Sigma, 
Taufkirchen, Germany). The PCR thermal cycling 
program was set up with an initial denaturation step 
of 94oC for 4 minutes, followed by 40 amplification 
cycles (denaturation at 94oC for 30 seconds, 
annealing at 54-60oC for 30 seconds, elongation at 
72oC for 1 minute) and terminated by an extension 
at 72oC for 5 minutes using a T1 Research 
Thermocycler (Biometra, Goettingen, Germany). 
PCR product was evaluated on 1% agarose TAE 
gel stained with ethidium bromide for evaluation 
and documentation.  

PCR product was purified by ethanol 
precipitation before sequencing. The 
polymorphisms at nucleotides 222 and 935, which 
were previously reported by Do et al. (2006), were 
used to genotype commercial animals of German 
Landrace (n=30), Pietrain (n=30) and Muong 
Khuong (n=25) by using polymerase chain 
reaction-restriction fragment length polymorphism 
(PCR-RFLP), which can discriminate between the 
alleles, and comparative resequencing, respectively. 
The restriction digestion reaction was performed in 
a total volume of 20 μl containing 15 μl aliquot of 
PCR product, 10 U of enzyme and 2 μl digestion 
buffer. Incubation was done overnight followed by 
heat inactivation for 20 minutes according to 
Fermentas manufacturer’s instruction. Inspection of 
digestion product was electrophoresised on a 3% 
agarose gel/ TAE.    



Do Vo Anh Khoa, Siriluck Ponsuksili, Klaus Wimmers 

95 

2.3. Measurement of haemotytic complement 
        activity in the classical pathway 

The F2 DUMI resource population was 
vaccinated with Mycoplasma (Mh), Aujeszky 
(ADV) and PRRSV (Porcine reproductive and 
respiratory syndrome) at 6, 14 and 20 weeks of age. 
EDTA blood samples were taken before (day 0) and 
after Mh and ADV vaccination (day 4 and 10) but 
only at day 10 after PRRSV vaccination. For 
estimation of hemolytic complement activity (CH50) 
dilution series of sera were mixed with antibody 
sensitized sheep erythrocytes and the amount of 
serum caused a 50% hemolysis of in the reaction 
mixture were determined (Wimmers et al. 2003). 

2.4. Statistical analysis 
The SAS´s PROC MIXED procedure (The 

SAS software package, release 9.1) with the 
repeated measures statement was applied for 
analyses of variance of experimental dataset.  

The mixed linear model is given as: 
   yijklmno = μ + sirei + damj + parityk + treatmentl  
                + genotypem + timen + sexo + animalijklmno  
                + (genotype x time)mn + εijklmno 
Where: 

yijklmno         : hemolytic complement activity in 
                         classical pathway 

μ             : overall mean 
sirei         : fixed-effect of sire; i=1-3 
damj        : fixed-effect of dam; j=1-11 
parityk     : fixed-effect of parity; k=1-5 
treatmentl : fixed-effect of treatment- 

                          vaccinated trail/unvaccinated 
                          control; l=1-2 

genotypem : fixed-effect of C8B genotype;  
                                                                        m=1-3 

timen       : fixed-effect of time point of 
                          measurement prior and after 
                         vaccinations; m=1-8 

sexo             : fixed-effected of sex; 0=1-2 
animalijklmno: random effect of animal 
(genotype x time)mn: interaction between C8B 

                                          genotype and time point 
εijklmno       : residual error 
Distribution of the C8B genotypes was tested 

for adherence to the Hardy-Weinberg equilibrium. 

3. RESULTS AND DISCUSSION 
Two new polymorphisms within the porcine 

C8B were detected by comparative sequencing and 
reconfirmed by restriction digestion of PCR products 

with HpaII and AluI. The first at nucleotide 99 
within exon 1 had a variation of “C” and “T” leading 
to an amino acid substitution (proline leucine, 
codon 24CCG CTG) observed in Berlin Miniature 
Pig and Muong Khuong pigs. At nt1801 within exon 
12 (codon 591GCC→GCT) the remainder was 
detected in the autochthonous Vietnamese breed 
Muong Khuong (Figure 3). With three distincted 
alleles, the SNP at nt935 is not only a transition but 
also a transversion. Interestingly, an in silico analysis 
using the SMART software (http://smart.embl-
heidelberg.de/) revealed this SNP belongs to rich 
cysteine functional protein domain MACPF which 
may lead to its own structural and functional change, 
expression of the C8B personally and formation of 
the MAC but not investigated. Actually, the MACPF 
plays essential role in binding between C8 genes 
(Musingarimi et al. 2002). According to Rosado et 
al. 2007, proteins containing MACPF domains play 
important roles in vertebrate immunity, embryonic 
development, and neural-cell migration because the 
MACPF domain structure is similar with 
poreforming cholesterol-dependent cytolysins 
(CDCs) from gram-positive bacteria. These lytic 
MACPF proteins may use a CDC-like mechanism to 
form pores and disrupt cell membranes. 
Furthermore, two SNP sites at position 222C T and 
935A G T were genotyped in German Landrace 
(n=30), Pietrain (n=30) and Muong Khuong (n=25) 
populations by PCR-RFLP and sequencing 
respectively (Figures 1 & 4). The genotypic and 
allelic frequencies were calculated and evaluated for 
deviation from Hardy-Weinberg equilibrium by Chi-
square test (Table 1). The SNP at nt222 was detected 
only in Muong Khuong pigs. For the SNP at 935, 
three alleles were detected segregating in all three 
breeds, however with different allele frequencies. 
The Muong Khuong pigs showed a higher degree of 
genetic variation at the 4 SNPs analysed here 
compared to the European commercial breeds, 
German Landrace and Pietrain. When analysing 
microsatellite loci Thuy et al. (2006) also found that 
the Vietnamese autochthonous breeds including 
Muong Khuong showed higher degrees of 
polymorphism, allelic diversity, and heterozygosity 
than several European pig breeds (German Landrace, 
Pietrain and Large White). Here we show that the 
Muong Khuong pig also revealed a higher degree of 
genetic variation at coding regions, interestingly in 
loci that affect disease resistance traits. This 
highlights the role of autochthonous breeds such as 
Muong Khuong as a valuable genetic resource that 
exhibit genetic variation of immediate or potential 
future use in animal breeding. 
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Table 1. Characterization of the polymorphisms in C8B in three pig breeds 

 Landrace 
n (%) 

Pietrain 
n (%) 

Muong Khuong 
n (%) 

Genotyping 
method 

Genotypic frequency     
At 222 (C T)    
CC 30 (100.0) 30 (100.0) 18 (72.0) 
CT 0 (0.0) 0 (0.0) 7 (28.0) 
TT 0 (0.0) 0 (0.0) 0 (0.0) 
Total 30 30 25 
p-value fixed fixed 0.6625 ns 

PCR-RFLP-FnuDII 

At 935 (A G T)    
AA 7 (23.3) 0 (0.0) 0 (0.0) 
AG 6 (20.0) 0 (0.0) 0 (0.0) 
AT 13 (43.3) 9 (30.0) 2 (8.0) 
GT 2 (6.7) 4 (13.3) 7 (28.0) 
TT 2 (6.7) 17 (56.7) 16 (64.0) 
p-value 2.6621 ns 2.2952 ns 1.2046 ns 

Repeated 
comparative 
sequencing 

Allelic frequency     
At 222 (C T)     
C 60 (100.0) 60 (100.0) 43 (86.0)  
T 0 (0.0) 0 (0.0) 7 (14.0)  
At 935 (A G T)     
A 33 (50.0) 9 (15.0) 2 (4.0)  
G 14 (21.2) 4 (6.7) 7 (14.0)  
T 19 (28.8) 47 (78.3) 41 (82.0)  

 

 

 

 

 

 

 

 

 

 

 

  Figure 1. Allele substitution A G T at nucleotide 935,         Figure 2. Plot of least square means of  
  codon 303, leading to amino acid exchanges threonine         haemolytic complement activity (CH50)  
   alanine  serine de-tected by comparative sequencing           for the interaction between eight different  
                                                                                                                      time points at three vaccination 
                                                                                                                    times and porcine C8B genotypes  
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Figure 3. Allelic variation at position 99C T, proline leucine and at position 1801C T 
were detected by PCR-RFLP with HpaII and AluI and agarose gel electrophoresis 
among breeds, respectively. Lanes 1, 2, 3, 4 and 5 resulted from breeds Hampshire, 

Duroc, German Landrace, Pietrain and Berlin Miniature Pig, respectively.  
Sample in lane 6 was a positive control without restriction digestion 

(500 and 543 bp in two specific restriction digestions with HpaII and AluI, 
respectively). Lanes 7-12 resulted from six Muong Khuong animals 

 
 
 
 
 
 
 

Figure 4. Genotype analysis by 5% agarose electrophoresis of FnuDII restriction 
digestion products. The polymorphism at position 222C T leading to replacement 

of a threonine codon ACG by a methionine codon ATG 

Analysis of CH50 hemolytic complement 
activity depending on C8B genotypes at  nt222 in 
animals of the F2 DUMI population along the 
vaccination program demonstrated that at the 
beginning of the vaccination program, before and 
after Mycoplasma vaccination, the hemolytic 
complement activity in animals with genotype CT 
(42.8±3.4) (least square mean ± standard error) was 
the lowest compared with CC (51.5±3.4) or TT 
(52.5±5.7). At time points around ADV vaccination, 
differences depending on C8B genotypes were not 
obvious whereas at PRRSV vaccination genotype 
CT (71.2±4.4) vs CC (68.8±3.9) or TT (62.3±7.2) 
revealed highest value, i.e. “T” allele really exposes 
its own maximal hemolytic ability in the 
heterozygous pattern at this point time. The “T” 
allele at nt222 in the DUMI populations originates 
from the Berlin Miniature Pig grandparents. Berlin 

Miniature Pigs were bred from Vietnamese potbelly 
pig, Saddle Back Pig and German Landrace (Hardge 
et al. 1999) with the first being the likely source of 
the “T” allele. The time course of hemolytic 
complement activity depends on the C8B genotypes. 
Different effects of C8B genotypes on hemolytic 
complement activity associated with particular 
vaccinations against bacterial and viral pathogens 
could be due to host-pathogen-interaction. However, 
the difference for CH50 concentration among 
genotypes at particular time points was not 
statistically significant. Vietnamese local breeds are 
a source of promising alleles of unpredictable 
economic value (Lemke et al. 2005). In this case it 
can suggest that allele “T” presenting in Muong 
Khuong population is a valuable genetic resource, 
which provides new perspectives to improve innate 
immune response in pigs (Figure 4).  
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The results promote C8B as a potential 
candidate gene for complement activity and 
increased innate immune defence suitable to 
improve animal health. Detecting genetic variation 
in Muong Khuong representing Vietnamese 
indigenous pig breed and European breeds was 
very significant in order to gain relevant knowledge 
for bioconservation. 

4. CONCLUSION 
The C8 genes have correspondingly similar 

roles in MAC-mediated lysis of erythrocytes and 
bacterial killing (Schreck et al. 1998) and for 
complement-mediated killing of gram-negative 
bacteria (Parker et al. 2002). Here we provide more 
evidence for genetic association of the porcine C8B 
and hemolytic complement activity to enhance 
knowledge and role of the C8B in innate immune 
mechanism of the host against viral and bacterial 
pathogens. Genetically, this meaningfully 
contributes to selection and breeding program of 
pigs for disease resistance, animal health and 
welfare. 
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