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TÓM TẮT 

Nghiên cứu đã chỉ ra sự khác biệt di truyền của những bổ thể cuối cùng C6, C7, C8A, C8B và C9 
của phức hợp bổ thể, một cơ chế đại diện cho sự kháng bệnh của vật chủ, ở những giống lợn khác 
nhau Landrace Đức, Pietrain và Mường Khương. So với kết quả nghiên cứu trước đây về mối liên kết 
di truyền của gen C6 (862A G), C7 (881A G), C8A (1544C T), C8B (222C T), và C9 (350A G) với 
hoạt động tiêu máu theo đường cổ điển (classical) và đường nhánh (alternative) ở quần thể F2 DUMI, 
những allele tiềm năng cho sức kháng bệnh ở lợn được tìm thấy với tần số cao ở quần thể Mường 
Khương so với quần Landrace Đức và/hoặc Pietrain. Kết quả ngụ ý rằng Mường Khương có tiềm 
năng di truyền lớn để cải thiện sức khỏe ở lợn trong tương lai. 

Từ khoá: Alelles, lợn Mường Khương, kháng bệnh, phức hợp bổ thể. 

SUMMARY 
The study indicated genetic variation of the porcine terminal complement genes C6, C7, C8A, 

C8B and C9 of the complement system, a representative mechanism of host immune response of 
host, in different breeds of pig: German Landrace, Pietrain and Muong Khuong. Compared with 
previous results for genetic association of the C6 (862A G), C7 (881A G), C8A (1544C T), C8B 
(222C T), and C9 (350A G) with hemolytic complement activity in the classical and alternative 
pathways in the F2 DUMI population, it revealed that the promising alleles for disease resistance 
showed higher frequencies in Muong Khuong population than German Landrace and/or Pietrain one. 
This implied that Muong Khuong really has a great genetic potential for improving health of pig in the 
future. 

Key words: Alelles, complement, disease resistance, Muong Khuong pig.   

1. INTRODUCTION  

It is known that Muong Khuong pig has a 
large resource population present in the Northwest 
mountainous area, mainly in Lao Cai province of 
Vietnam. These pigs are often kept at small-scale 
level (one to several animals per househol). The 
animals are allowed to freely move around the 
house/garden and forage for feed. They enjoy 

anything they like in nature and in soil such as 
vegetables, worms, minerals, etc. They are also fed 
with available simple food resources or farm by-
products such as rice bran, ground-yellow corn, 
vegetable, etc. Average birth weight reaches 0.60 ± 
0.04 kg and attain at 12 months of age can weigh 
up to 92.44 ± 2.13 kg (average gain of 4 - 6 kg per 
month). Furthermore, the adult weight at around 18 
months can be up to 120 kg (Figure 1). 
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Figure 1. Three different phenotypes in Muong Khuong pig breed 
 dark black colour  brown colour, and  black colour with 6 white points 

(one in the middle of head, four in legs and one in the bottom of tail)

Complement activation from three various 
pathways results in the formation of the 
membrane attack complex (MAC) and causes 
lysis of the target cell through transmembrane 
channels. The MAC is an assembly of the 
homologous components C6, C7, C8A, C8B, and 
C9 originating from an ancestral gene (Do, 2010; 
Wimmers et al., 2003). Moreover, hemolytic 
complement activity in the classical (CH50) and 
alternative (AH50) pathway was conducted on 
many animal species, for example, CH50 test in 
camel trypanosomosis infected with Trypanosoma 
evansi (Ouma et al., 1997), in porcine C3 
(Wimmers et al., 2003), porcine C5 (Phatsara et 
al., 2007), porcine MBL1 and MBL2 (Kumar et 
al., 2004), porcine C7 (Agah et al., 2000, Delâge 
et al., 1977). Due to important roles of the 
complement components in innate mechanism of 
host against pathogens, genetic association of the 
porcine candidate genes C3, C5, MBL1, MBL2 
with hemolytic complement activity and C3c 
serum concentration were also found significantly 
(Wimmers et al., 2003, Phatsara et al., 2007, 
Kumar et al., 2004, Do, 2010). Therefore, 
continuing on the experimental materials and 
methods of Wimmers et al. (2003), observation 
and evaluation on genetic association of the 
porcine C6, C7, C8A, C8B and C9 were done in 
this study.  

2. MATERIALS AND METHODS 

2.1. Animals 
Tail and ear sample of the Muong Khuong-

growing pigs (n=25) was randomly collected from 
14 householders in villages (Cao Son, Ban Lau, 
Nam Chay, Tung Chung Pho, Lung Khau Nhin, 
Nam Lu) and from two slaughter-houses of the 
Muong Khuong district.  Moreover, that of 

commercial unrelated German Landrace (n=30) and 
Pietrain (n=30) animals were collected from the the 
Research and Performance Test Station 
(Frankenforst, University of Bonn, Germany). 
Individuals of these breeds was used for 
gentotyping. 

2.2. DNA extraction 
Preparation of genomic DNA from tail or ear 

samples was performed by standard procedures 
involving Proteinase-K digestion followed by 
phenol-chloroform extraction and ethanol 
precipitation. The DNA was resuspended in 1× TE 
buffer and stored at 4oC for analysis. 

2.3. Genotyping 
Based on single nucleotide polymorphisms 

(SNPs) were previously detected in C6, C7, C8A, 
C8B and C9 candidate genes by Do et al. (2010) 
(Table 1), the experimental animals were 
genotyped using primer pairs (Table 2) and 
Polymerase Chain Reaction/ Restriction Fragment 
Length Polymorphims method (PCR/RFLP). 

In general, a standard PCR mixture 
genotyping contained 100 ng of genomic DNA, 0.2 
mM of each primer (forward and reverse primer), 
50 μM of each dNTP, 0.5 U of Taq polymerase and 
1xPCR buffer containing 1.5 mM of MgCl2 in a 
final volume of 20 μl. Standard PCR thermal 
cycling program was set up with an initial 
denaturation step of 94oC for 4 min, followed by 40 
cycles at 94oC for 30 sec, annealing at 51-60oC for 
30 sec, elongation at 72oC for 1 min and a final 
extension at 72oC for 5 min and ending with an 
extension step at 72oC for 5 min (Table 1). Three to 
five μl of PCR products were analyzed on 1% 
agarose gel stained with ethidium bromide in 1 x 
TAE buffer and electrophoresed to evaluate 
specifity and efficiency of the amplification and the 
remainder was retained for genotyping. 
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Table 1 Characteristics of the SNPs within the candidate genes 

Gene: SNPs (1) Deduced amino acid substitution Codon Exon Enzyme Module 

C6: 862A G Asn Asp 240AAC GAC 6 TaqI - 

C6: 1557C G Asp Glu 471GAC GAG 10 BsrI MACPF 

C7: 154A G Ile Val 52ATT GTT 4 BsrDI TSP1 

C7: 881A G Lys Arg 294AAA AGA 8 MboII MACPF 

C8A: 535A G - 148CCA CCG 4 TfiI - 

C8A: 1544C T Arg Cys 485CGC TGC 10 Hin6I MACPF 

C8B: 222C T Thr Met 65ACG ATG 2 FnuDII - 

C8B: 1244A G Ile Val 406ATC GTC 8 MaeII MACPF 

C9: 350A G - 87CAA CAG 3 BsrDI TSP1 
(1)_Position of the SNPs was confirmed based on mRNA sequence structure of the GenBank accession numbers  

              DQ333199, AF162274, DQ333200, DQ333201, and DQ333198 for C6, C7, C8A, C8B, and C9, respectively  

Table 2. Oligonucleotide primers used to discriminate alleles for genotyping

Primer 
name Primer sequence (genome localization) (1)

Gene: position of 
SNP in acc. no. as 
indicated in table 1 

Annealing 
(oC) 

Length 
(bp) 

C6.1 
up 5´-3´: ggagagcccagaggagaagt (nt. 748-767, exon 6) 
down 3´-5´: cgagcctataatcagcattgg (nt. 566-586, ti: 
1373546263; name: rplun0101_g6.y1) 

C6: 862A G 58 177 

C6.2 

up 5´-3´: tcctttttgcaaggatcagag (nt. 1438-1458, exon 10) 
down 3´-5´: aacagcataaacaatggaggtg (nt. 754-775, ti: 
1420506448; name:SS_WGS-957p20.p1k; 
mate:1420506449) 

C6: 1557C G 56 352 

C7.1 
up 5´-3´: acaactgggtctctgggttc (nt. 454-473, ti: 848149583; 
name:bd_52849.z1; mate:863305860) 
down 3´-5´: aacatctgaaacgctctccac (nt. 254-274, exon 4)  

C7: 154A G 56 301 

C7.2 
up 5´-3´: gagttatcagttgttggttgttcag (nt. 738-762, exon 8) 
down 3´-5´: tgcgactttctctgagtcca (nt. 956-975, exon 8) 

C7: 870C T 56 238 

C7.3 
up 5´-3´: agttatcagttgttggttgttca (nt. 859-881, exon 8) 
down 3´-5´: ctcctcctaaggacccagac (nt. 915-934, exon 8) 

C7: 881A G 51 196 

C8A.1 
up 5´-3´: cacctcgtgtgtaacggaga (nt. 434-453, exon 4) 
down 3´-5´: gccaccagcgtatggtattt (clone xx-1c1) 

C8A: 535A G 56 322 

C8A.2 
up 5´-3´: aagcccatttacgagatactgc (nt.1490-1511, exon 10) 
down 3´-5´: gtcagtgccctgtgggtt (nt. 1656-1673, exon 10) 

C8A: 1544C T 60 184 

C8B.1(2) up 5´-3´: tgagaggccacactctcttg (nt. 160-179, exon 2) 
down 3´-5´: cttctgacagggatcacacg (nt. 288-307, exon 2) 

C8B: 222C T 54 148 

C8B.2 
up 5´-3´: ttcttatcatcgggctggtc (clone XX-1E1) 
down 3´-5´: ctgccttgtccttgcttctt (clone XX-1E1) 

C8B: 1244A G 56 528 

C9.2 
up 5´-3´: ggagcattgagacctttgga (nt. 283-302, exon 3) 
down 3´-5´: gccagctcagactcttccac (nt. 528-547, exon 4) 

C9: 350A G 60 511 

(1)_The primer sequences followed by TI numbers, name and mate information were collected form various large- 
              scale sequencing projects of pig using the Trace Archive tool (NCBI homepage) 

(2)_A touch down PCR program was used with initial denaturation 94oC for 4 min, followed by 8 cycles at 94oC 
             for 30 sec, annealing temperature 58-54oC (step-downs of 0.5oC for each cycle), then followed by 30 cycles of  
             94°C for 30 sec, 54°C for 30 sec, 72°C for 1 min, and ending with an extension step at 72oC for 5 min. 
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The typical restriction digestion reaction 
mixture was performed in a total volume of 20 μl 
containing 15 μl aliquot of PCR product, 10 U of 
the appropriate restriction enzyme and 2 μl 
supplied reaction buffer. Incubation was done 
overnight to ensure complete digestion and was 
finished by heat inactivation for 20 min according 
to Fermentas or New England Biolabs 
manufacturer´s instruction. Fragment length 
polymorphisms were analyzed on a 3-5% agarose 
gel stained with ethidium bromide for evaluation 
and documentation. 

3. RESULTS AND DISCUSSION 
3.1. Characterization of genotypes 

Screening along cDNA length of the candidate 
genes detected two SNPs for each gene C6, C7, 
C8A, and C8B as well as one SNP for C9 gene. All 

candidate genes were constructed from smaller 
rich-cysteine immuno functional protein domains 
such as the Thrombospondin type I (TSP1), 
Membrane attack complex/perforin segment 
(MACPF), Low-density lipoprotein receptor class 
A (LDLa), Factor I membrane attack complex 
(FIMAC), etc. (Do, 2010) (Table 2). Many of them 
had amino acid substitution. These can make 
changes in the structure and function of the 
domains as well as formation of the membrane 
attack complex and hemolysis of the complement 
system. In this study, some of the SNPs were 
genotyped in German Landrace, Pietrain and 
Muong Khuong animals.  

All genotypic and allelic frequencies fit 
Hardy-Weinberg equilibrium using a consideration 
of the Chi-square test although contribution of 
alleles at loci is completely different among breeds 
(Tables 3).  

Table 3. Genotypic and allelic frequencies of the homologous complement candidate genes 
in different breeds

Genotypic frequency Alellic frequency Gene: SNP  LR PIE MK  LR PIE MK 
AA 0.47 0.03 0.00 A 0.68 0.22 0.00 
AG 0.43 0.37 0.00 G 0.32 0.78 1.00 
GG 0.10 0.60 1.00     

C6: 862A G 
(240Asn Asp, TaqI) 

P ns ns fixed     
CC 0.07 0.00 0.00 C 0.15 0.00 0.00 
CG 0.17 0.00 0.00 G 0.85 1.00 1.00 
GG 0.77 1.00 1.00     

C6: 1557C G 
(471Asp Glu, BsrI) 

P ns fixed fixed     
AA 0.10 0.00 0.00 A 0.30 0.08 0.00 
AG 0.40 0.17 0.00 G 0.70 0.92 1.00 
GG 0.50 0.83 1.00     

C7: 154A G 
(52Ile Val, BsrDI) 

P ns ns fixed     
AA 0.00 0.00 0.28 A 0.22 0.20 0.60 
AG 0.43 0.40 0.64 G 0.78 0.80 0.40 
GG 0.57 0.60 0.08     

C7: 881A G 
(294Lys Arg, MboII) 

P ns ns ns     
AA 0.07 0.30 0.00 A 0.23 0.55 0.10 
AG 0.33 0.50 0.20 G 0.77 0.45 0.90 
GG 0.60 0.20 0.80     C8A: 535A G (TfiI) 

P ns ns ns     
CC 0.33 0.47 0.92 C 0.53 0.67 0.96 
CT 0.40 0.40 0.08 T 0.47 0.33 0.04 
TT 0.27 0.13 0.00     

C8A: 1544C T 
(485Arg Cys, Hin6I) 

P ns ns ns     
CC 1.00 1.00 0.72 C 0.53 0.67 0.96 
CT 0.00 0.00 0.28 T 0.47 0.33 0.04 
TT 0.00 0.00 0.00     

C8B: 222C T 
(65Thr Met, FnuDII) 

P fixed fixed ns     
AA 0.23 0.21 0.00 A 0.55 0.50 0.08 
AG 0.63 0.58 0.16 G 0.45 0.50 0.92 
GG 0.13 0.21 0.84     

C8B: 1244A G 
(406Ile Val, MaeII) 

P ns ns ns     
AA 0.07 0.07 0.00 A 0.37 0.20 0.00 
AG 0.60 0.27 0.00 G 0.63 0.80 1.00 
GG 0.33 0.67 1.00     C9: 350A G (BsrDI) 

P ns ns fixed     
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Most of genetic variations were kept within 
Muong Khuong animals and only several of them 
exist in German Landrace and/or Pietrain. 
Generally, Muong Khuong has lower 
heterozygosity than German Landrace and Pietrain. 
Similar to wild animals that often have good 
disease resistance, Muong Khuong population is 
currently reared in the mountainous area, whereas 
transportation between local regions has 
inconveniences. Therefore, crossing between 
Muong Khuong animals and indigenous, 
commercial or exotic breeds is restricted. Perhaps, 
Muong Khuong still keeps, partly at least, its own 
wild genotypes. It is also possible that European 
and Vietnamese breeds are of distinct ancestry. 
Genetic distances show large differences among 
European-based, Chinese, and Vietnamese 
indigenous breeds and reflect the geographical 
distribution.(Thuy et al., 2006). 

3.2. Genetic contribution of genotypes to hemolytic 
        complement activity 

Association of the candidate genes C6, C7, 
C8A, C8B, and C9 at positions 862A G, 
881A G, 1544C T, 222C T, and 350A G 
with hemolytic complement activity in the classical 
and alternative pathways was analyzed in the F2 
resource population. Statistically significant 
difference was found for the C7 and C8A in the 
classical and/or alternative pathways (Do, 2010). 
Although no significant difference was shown 
among genotypes of the C6, C8B, or C9 in this 
activity, surprisingly, they tend to linearly increase 
during the experiment. For instance, in the case of 
the porcine C9, homozygous genotype GG started 
at the lowest hemolytic level in the classical 
pathway, but it rapidly came to the other genotypes 
(AG and AA) and kept higher performance along 
the experiment. The hemolytic expression of 
genotype GG was also higher than that of the others 
for the alternative pathway. In the classical 
pathway, the performance of hemolytic 
complement activity often reached optimal value on 
day 4 after vaccinating with ADV, whereas this 
was found either before or after immunizing with 
PRRSV in the alternative pathway. Gradual 
increment of hemolytic complement activity was 
found along the experiment. Actually, immune 
system of host can be enhanced due to aging 
(Durandy, 2003; Wimmers et al., 2003; Tyler et al., 
1988; Yonemasu et al., 1978). Interestingly, allele 
“G” for the C6 and C9 as well as allele “T” for the 
C8B positively contributing to hemolytic 

complement activity in the F2 DUMI population 
(Do, 2010) showed frequencies higher in Muong 
Khuong population than in either German Landrace 
or Pietrain one. These genotypes might be naturally 
selected through many generations of Muong 
Khuong pig raised in less favourable conditions (no 
vaccination, insufficiency of feed and nutrient 
unbalance ration, poor hygiene, etc.). The result 
indirectly implied that Muong Khuong animals, the 
owner of genotypes which strongly performed in 
hemolytic complement activity, had natural disease 
resistance and good tolerance. Probably, these are 
the valuable products of natural selection and 
immuno response mechanism of host against 
infectious environmental agents.  

According to Clapperton et al. (2005), the 
levels of innate immune traits were shown to differ 
between various pig breeds although it is unknown 
whether this effect would lead to breed differences 
for resistance to infectious diseases. Additionally, 
variations of complement activities in Meishan 
breed were higher than in European breeds (Duroc, 
Landrace and Large White) (Komatsu et al., 1998). 
Here, different effects of the genotypes of the 
candidate genes on hemolytic complement activity 
based on particular vaccinations against bacterial 
(Mh) and viral (ADV and PRRSV) pathogens could 
be due to host-pathogen interaction. These 
evidences still keep their whole value in pig 
production industry. It is found that European 
breeds often show high meat performance and 
productivity, whereas Asian indigenous breeds 
exist a potential genetic resource for animal´s 
health improvement and meat quality. Together, the 
result has enriched effective factors on 
responsiveness of pig to inoculations as well as 
simultaneously promoted Muong Khuong breed as 
a promising candidate for health improvement in 
pig in the future.  

3.3. Further perspectives 
Some Vietnamese-potbelly local pig breeds has 

a great potential for disease resistance and 
responsiveness as well as for good adaptation to 
harsh environmental conditions of temperature, 
humidity, nutrition, management, etc., but deeper 
studies on it have not been done yet. Lemke et al. 
(2005) demonstrated that Vietnamese local breeds 
are a source for promising alleles of unpredictable 
economic value. Here, the author borrowed result of 
expression of hemolytic complement activity in the 
F2 DUMI  to indicate valuable alleles, which 
presented with high frequency in the Muong 
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Khuong,  in C6, C7, C8A, C8B and C9 candidate 
genes. It is also known F2 DUMI partly originated 
from Vietnamese potbelly pig. These imply that the 
Muong Khuong was clearly containing the positive 
promissing alleles in hemolytic complement activity 
in either classical or alternative pathway, one of the 
parameters for measuring immune response ability in 
mammalians. Consequently, Muong Khuong breed 
should be utilized in breeding programs aiming at 
health improvement in pig. 

Acknowledgement 
The study was supported by Federal Ministry 

of Education and Research (BMBF, Germany) and 
the Project Management Agency in the German 
Aerospace Center, International Bureau (PT-DRL, 
Germany) (VNB 03/B01) and supervised by Prof. 
Dr. Klaus Wimmers (Leibniz Institute for Farm 
Animal Biology, Germany). Here, the author would 
like to extend his sincere thanks to Assoc. Prof. Dr. 
Nguyen Van Duc, Dr. Nguyen Thi Dieu Thuy, Ms. 
Dao Thi Uyen for their help to collect and treat 
samples of Muong Khuong animals, and MA. Tran 
Quoc Hung (Can Tho University) for reading the 
manuscript. 

REFERENCES 
Agah A., Montalto M.C., Kiesecker C.L., et al. 

(2000). Isolation, characterization, and cloning 
of porcine complement component C7. J. 
Immunol 165, 1059-1065. 

Clapperton M., Bishop S.C., Glass E.J. (2005). 
Innate immune traits differ between Meishan 
and Large White pigs. Vet Immunol 
Immunopathol 104, 131-144.  

Delâge J.M., Bergeron P., Simard J., et al. (1977). 
Hereditary C7 deficiency. Diagnosis and HLA 
studies in a French-Canadian family. J. Clin 
Invest 60, 1061-1069. 

Durandy A (2003). Ontogeny of the Immune 
System. Transfus. Med. Hemother. 30: 222-227. 

Do VAK (2010). Complement regulation via the 
classical and alternative pathway. J. Sci Dev 1, 
Hanoi University of Agriculture, Vietnam, 85-92.  

Do VAK (2010). Porcine terminal complement 
genes C6-9. VDM Verlag Dr. Müller Publisher. 
ISBN-10 3836494019, ISBN-13 978-3-8364-
9401-4. Berlin, Germany.  

Hardge T., Koepke K., Reissman M., Wimmers K. 

     (1999). Maternal influences on litter size and 
growth in reciprocol crossed Miniature Pigs and 
Durocs. Arch. Anim Breed 1, 83-92. 

Komatsu M., Yoshiwara S., Akita T. (1998). 
Immunological characteristics of the Meishan 
pig serum complement activity, serum C3 level, 
immune response and skin structure. In 
Proceedings of the 6th World Congress on 
Genetics Applied to Livestock Production. 
Armidale, NSW, Australia, 323-326. 

Kumar KG, Ponsuksili S, Schellander K, 
Wimmers K (2004). Molecular cloning and 
sequencing of porcine C5 gene and its 
association with immunological traits. 
Immunogenetics 55: 811-817. 

Lemke U, Huyen LTT, Roeßler R, Thuy LT and 
Zárate V (2005). Impact of the use of exotic 
compared to local pig breeds on socio-economic 
development and biodiversity in Vietnam. 
Conference on International Agricultural 
Research for Development. Stuttgart-
Hohenheim, October 11-13, 1-4. 

Ouma J.O.,  Olaho - Mukani W.,  Wishitemi 
B.E.L., Guya S.O. (1997). Changes in classical 
pathway complement activity in dromedary 
camels experimentally infected with 
Trypanosoma evansi. Vet Immunol 
Immunopathol  57, 135-140.  

Phatsara C, Jennen DG, Ponsuksili S et al (2007). 
Molecular genetic analysis of porcine mannose-
binding lectin genes, MBL1 and MBL2, and 
their association with complement activity. Int. 
J. Immunogenet. 34: 55-63. 

Thuy N.T.D., Melchinger-Wild E., Kuss A.W., et 
al. (2006). Comparison of Vietnamese and 
European pig breeds using microsatellites. J 
Anim Sci 84, 2601-2608. 

Tyler JW, Cullor JS, Osburn BI, Parker K (1988). 
Age-related variations in serum concentrations 
of the third component of complement in swine. 
Am. J. Vet. Res. 49: 1104-1106. 

Wimmers K., Mekchay S., Schellander K., Ponsuksili 
S. (2003). Molecular characterization of the pig C3 
gene and its association with complement activity. 
Immunogenetics 54, 714-724. 

Yonemasu K, Kitajima H, Tanabe S et al (1978). 
Effect of age on C1q and C3 levels in human 
serum and their presence in colostrums. 
Immunology 35: 523-530. 

236 



J. Sci. Dev. 2009, 7 (Eng.Iss.2): 137 -                                            HA NOI UNIVERSITY OF AGRICULTURE     

J. Sci. Dev. 2010, 8 (Eng.Iss. 2): 231 - 236                                           HA NOI UNIVERSITY OF AGRICULTURE 




VALUABLE ALELLES OF THE TERMINAL COMPLEMENT COMPONENTS FOR
NATURAL DISEASE RESISTANCE IN MUONG KHUONG PIG
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cho sức kháng bệnh tự nhiên ở lợn Mường Khương
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TÓM TẮT


Nghiên cứu đã chỉ ra sự khác biệt di truyền của những bổ thể cuối cùng C6, C7, C8A, C8B và C9 của phức hợp bổ thể, một cơ chế đại diện cho sự kháng bệnh của vật chủ, ở những giống lợn khác nhau Landrace Đức, Pietrain và Mường Khương. So với kết quả nghiên cứu trước đây về mối liên kết di truyền của gen C6 (862A(G), C7 (881A(G), C8A (1544C(T), C8B (222C(T), và C9 (350A(G) với hoạt động tiêu máu theo đường cổ điển (classical) và đường nhánh (alternative) ở quần thể F2 DUMI, những allele tiềm năng cho sức kháng bệnh ở lợn được tìm thấy với tần số cao ở quần thể Mường Khương so với quần Landrace Đức và/hoặc Pietrain. Kết quả ngụ ý rằng Mường Khương có tiềm năng di truyền lớn để cải thiện sức khỏe ở lợn trong tương lai.


Từ khoá: Alelles, lợn Mường Khương, kháng bệnh, phức hợp bổ thể.


SUMMARY


The study indicated genetic variation of the porcine terminal complement genes C6, C7, C8A, C8B and C9 of the complement system, a representative mechanism of host immune response of host, in different breeds of pig: German Landrace, Pietrain and Muong Khuong. Compared with previous results for genetic association of the C6 (862A(G), C7 (881A(G), C8A (1544C(T), C8B (222C(T), and C9 (350A(G) with hemolytic complement activity in the classical and alternative pathways in the F2 DUMI population, it revealed that the promising alleles for disease resistance showed higher frequencies in Muong Khuong population than German Landrace and/or Pietrain one. This implied that Muong Khuong really has a great genetic potential for improving health of pig in the future.


Key words: Alelles, complement, disease resistance, Muong Khuong pig.  


1. INTRODUCTION 


It is known that Muong Khuong pig has a large resource population present in the Northwest mountainous area, mainly in Lao Cai province of Vietnam. These pigs are often kept at small-scale level (one to several animals per househol). The animals are allowed to freely move around the house/garden and forage for feed. They enjoy anything they like in nature and in soil such as vegetables, worms, minerals, etc. They are also fed with available simple food resources or farm by-products such as rice bran, ground-yellow corn, vegetable, etc. Average birth weight reaches 0.60 ( 0.04 kg and attain at 12 months of age can weigh up to 92.44 ( 2.13 kg (average gain of 4 - 6 kg per month). Furthermore, the adult weight at around 18 months can be up to 120 kg (Figure 1).




Figure 1. Three different phenotypes in Muong Khuong pig breed


( dark black colour ( brown colour, and ( black colour with 6 white points
(one in the middle of head, four in legs and one in the bottom of tail)


Complement activation from three various pathways results in the formation of the membrane attack complex (MAC) and causes lysis of the target cell through transmembrane channels. The MAC is an assembly of the homologous components C6, C7, C8A, C8B, and C9 originating from an ancestral gene (Do, 2010; Wimmers et al., 2003). Moreover, hemolytic complement activity in the classical (CH50) and alternative (AH50) pathway was conducted on many animal species, for example, CH50 test in camel trypanosomosis infected with Trypanosoma evansi (Ouma et al., 1997), in porcine C3 (Wimmers et al., 2003), porcine C5 (Phatsara et al., 2007), porcine MBL1 and MBL2 (Kumar et al., 2004), porcine C7 (Agah et al., 2000, Delâge et al., 1977). Due to important roles of the complement components in innate mechanism of host against pathogens, genetic association of the porcine candidate genes C3, C5, MBL1, MBL2 with hemolytic complement activity and C3c serum concentration were also found significantly (Wimmers et al., 2003, Phatsara et al., 2007, Kumar et al., 2004, Do, 2010). Therefore, continuing on the experimental materials and methods of Wimmers et al. (2003), observation and evaluation on genetic association of the porcine C6, C7, C8A, C8B and C9 were done in this study. 


2. MATERIALS AND METHODS


2.1. Animals


Tail and ear sample of the Muong Khuong-growing pigs (n=25) was randomly collected from 14 householders in villages (Cao Son, Ban Lau, Nam Chay, Tung Chung Pho, Lung Khau Nhin, Nam Lu) and from two slaughter-houses of the Muong Khuong district.  Moreover, that of commercial unrelated German Landrace (n=30) and Pietrain (n=30) animals were collected from the the Research and Performance Test Station (Frankenforst, University of Bonn, Germany). Individuals of these breeds was used for gentotyping.


2.2. DNA extraction


Preparation of genomic DNA from tail or ear samples was performed by standard procedures involving Proteinase-K digestion followed by phenol-chloroform extraction and ethanol precipitation. The DNA was resuspended in 1× TE buffer and stored at 4oC for analysis.


2.3. Genotyping


Based on single nucleotide polymorphisms (SNPs) were previously detected in C6, C7, C8A, C8B and C9 candidate genes by Do et al. (2010) (Table 1), the experimental animals were genotyped using primer pairs (Table 2) and Polymerase Chain Reaction/ Restriction Fragment Length Polymorphims method (PCR/RFLP).


In general, a standard PCR mixture genotyping contained 100 ng of genomic DNA, 0.2 mM of each primer (forward and reverse primer), 50 (M of each dNTP, 0.5 U of Taq polymerase and 1xPCR buffer containing 1.5 mM of MgCl2 in a final volume of 20 (l. Standard PCR thermal cycling program was set up with an initial denaturation step of 94oC for 4 min, followed by 40 cycles at 94oC for 30 sec, annealing at 51-60oC for 30 sec, elongation at 72oC for 1 min and a final extension at 72oC for 5 min and ending with an extension step at 72oC for 5 min (Table 1). Three to five μl of PCR products were analyzed on 1% agarose gel stained with ethidium bromide in 1 x TAE buffer and electrophoresed to evaluate specifity and efficiency of the amplification and the remainder was retained for genotyping.


Table 1 Characteristics of the SNPs within the candidate genes


		Gene: SNPs (1)

		Deduced amino acid substitution

		Codon

		Exon

		Enzyme

		Module



		C6: 862A(G

		Asn (Asp

		240AAC(GAC

		6

		TaqI

		-



		C6: 1557C(G

		Asp(Glu

		471GAC(GAG

		10

		BsrI

		MACPF



		C7: 154A(G

		Ile(Val

		52ATT(GTT

		4

		BsrDI

		TSP1



		C7: 881A(G

		Lys(Arg

		294AAA(AGA

		8

		MboII

		MACPF



		C8A: 535A(G

		-

		148CCA(CCG

		4

		TfiI

		-



		C8A: 1544C(T

		Arg(Cys

		485CGC(TGC

		10

		Hin6I

		MACPF



		C8B: 222C(T

		Thr(Met

		65ACG(ATG

		2

		FnuDII

		-



		C8B: 1244A(G

		Ile(Val

		406ATC(GTC

		8

		MaeII

		MACPF



		C9: 350A(G

		-

		87CAA(CAG

		3

		BsrDI

		TSP1





(1)_Position of the SNPs was confirmed based on mRNA sequence structure of the GenBank accession numbers 
              DQ333199, AF162274, DQ333200, DQ333201, and DQ333198 for C6, C7, C8A, C8B, and C9, respectively 


Table 2. Oligonucleotide primers used to discriminate alleles for genotyping


		Primer name

		Primer sequence (genome localization) (1)

		Gene: position of SNP in acc. no. as indicated in table 1

		Annealing (oC)

		Length (bp)



		C6.1

		up 5´-3´: ggagagcccagaggagaagt (nt. 748-767, exon 6)


down 3´-5´: cgagcctataatcagcattgg (nt. 566-586, ti: 1373546263; name: rplun0101_g6.y1)

		C6: 862A(G

		58

		177



		C6.2

		up 5´-3´: tcctttttgcaaggatcagag (nt. 1438-1458, exon 10)


down 3´-5´: aacagcataaacaatggaggtg (nt. 754-775, ti: 1420506448; name:SS_WGS-957p20.p1k; mate:1420506449)

		C6: 1557C(G

		56

		352



		C7.1

		up 5´-3´: acaactgggtctctgggttc (nt. 454-473, ti: 848149583; name:bd_52849.z1; mate:863305860)


down 3´-5´: aacatctgaaacgctctccac (nt. 254-274, exon 4) 

		C7: 154A(G

		56

		301



		C7.2

		up 5´-3´: gagttatcagttgttggttgttcag (nt. 738-762, exon 8)


down 3´-5´: tgcgactttctctgagtcca (nt. 956-975, exon 8)

		C7: 870C(T

		56

		238



		C7.3

		up 5´-3´: agttatcagttgttggttgttca (nt. 859-881, exon 8)


down 3´-5´: ctcctcctaaggacccagac (nt. 915-934, exon 8)

		C7: 881A(G

		51

		196



		C8A.1

		up 5´-3´: cacctcgtgtgtaacggaga (nt. 434-453, exon 4)


down 3´-5´: gccaccagcgtatggtattt (clone xx-1c1)

		C8A: 535A(G

		56

		322



		C8A.2

		up 5´-3´: aagcccatttacgagatactgc (nt.1490-1511, exon 10)


down 3´-5´: gtcagtgccctgtgggtt (nt. 1656-1673, exon 10)

		C8A: 1544C(T

		60

		184



		C8B.1(2)

		up 5´-3´: tgagaggccacactctcttg (nt. 160-179, exon 2)


down 3´-5´: cttctgacagggatcacacg (nt. 288-307, exon 2)

		C8B: 222C(T

		54

		148



		C8B.2

		up 5´-3´: ttcttatcatcgggctggtc (clone XX-1E1)


down 3´-5´: ctgccttgtccttgcttctt (clone XX-1E1)

		C8B: 1244A(G

		56

		528



		C9.2

		up 5´-3´: ggagcattgagacctttgga (nt. 283-302, exon 3)


down 3´-5´: gccagctcagactcttccac (nt. 528-547, exon 4)

		C9: 350A(G

		60

		511





(1)_The primer sequences followed by TI numbers, name and mate information were collected form various large-
              scale sequencing projects of pig using the Trace Archive tool (NCBI homepage)


(2)_A touch down PCR program was used with initial denaturation 94oC for 4 min, followed by 8 cycles at 94oC
             for 30 sec, annealing temperature 58-54oC (step-downs of 0.5oC for each cycle), then followed by 30 cycles of 
             94°C for 30 sec, 54°C for 30 sec, 72°C for 1 min, and ending with an extension step at 72oC for 5 min.


The typical restriction digestion reaction mixture was performed in a total volume of 20 (l containing 15 (l aliquot of PCR product, 10 U of the appropriate restriction enzyme and 2 (l supplied reaction buffer. Incubation was done overnight to ensure complete digestion and was finished by heat inactivation for 20 min according to Fermentas or New England Biolabs manufacturer´s instruction. Fragment length polymorphisms were analyzed on a 3-5% agarose gel stained with ethidium bromide for evaluation and documentation.


3. RESULTS AND DISCUSSION


3.1. Characterization of genotypes


Screening along cDNA length of the candidate genes detected two SNPs for each gene C6, C7, C8A, and C8B as well as one SNP for C9 gene. All


candidate genes were constructed from smaller rich-cysteine immuno functional protein domains such as the Thrombospondin type I (TSP1), Membrane attack complex/perforin segment (MACPF), Low-density lipoprotein receptor class A (LDLa), Factor I membrane attack complex (FIMAC), etc. (Do, 2010) (Table 2). Many of them had amino acid substitution. These can make changes in the structure and function of the domains as well as formation of the membrane attack complex and hemolysis of the complement system. In this study, some of the SNPs were genotyped in German Landrace, Pietrain and Muong Khuong animals. 


All genotypic and allelic frequencies fit Hardy-Weinberg equilibrium using a consideration of the Chi-square test although contribution of alleles at loci is completely different among breeds (Tables 3). 


Table 3. Genotypic and allelic frequencies of the homologous complement candidate genes
in different breeds

		Gene: SNP

		Genotypic frequency

		Alellic frequency



		

		

		LR

		PIE

		MK

		

		LR

		PIE

		MK



		C6: 862A(G


(240Asn (Asp, TaqI)

		AA

		0.47

		0.03

		0.00

		A

		0.68

		0.22

		0.00



		

		AG

		0.43

		0.37

		0.00

		G

		0.32

		0.78

		1.00



		

		GG

		0.10

		0.60

		1.00

		

		

		

		



		

		P

		ns

		ns

		fixed

		

		

		

		



		C6: 1557C(G


(471Asp(Glu, BsrI)

		CC

		0.07

		0.00

		0.00

		C

		0.15

		0.00

		0.00



		

		CG

		0.17

		0.00

		0.00

		G

		0.85

		1.00

		1.00



		

		GG

		0.77

		1.00

		1.00

		

		

		

		



		

		P

		ns

		fixed

		fixed

		

		

		

		



		C7: 154A(G


(52Ile(Val, BsrDI)

		AA

		0.10

		0.00

		0.00

		A

		0.30

		0.08

		0.00



		

		AG

		0.40

		0.17

		0.00

		G

		0.70

		0.92

		1.00



		

		GG

		0.50

		0.83

		1.00

		

		

		

		



		

		P

		ns

		ns

		fixed

		

		

		

		



		C7: 881A(G


(294Lys(Arg, MboII)

		AA

		0.00

		0.00

		0.28

		A

		0.22

		0.20

		0.60



		

		AG

		0.43

		0.40

		0.64

		G

		0.78

		0.80

		0.40



		

		GG

		0.57

		0.60

		0.08

		

		

		

		



		

		P

		ns

		ns

		ns

		

		

		

		



		C8A: 535A(G (TfiI)

		AA

		0.07

		0.30

		0.00

		A

		0.23

		0.55

		0.10



		

		AG

		0.33

		0.50

		0.20

		G

		0.77

		0.45

		0.90



		

		GG

		0.60

		0.20

		0.80

		

		

		

		



		

		P

		ns

		ns

		ns

		

		

		

		



		C8A: 1544C(T


(485Arg(Cys, Hin6I)

		CC

		0.33

		0.47

		0.92

		C

		0.53

		0.67

		0.96



		

		CT

		0.40

		0.40

		0.08

		T

		0.47

		0.33

		0.04



		

		TT

		0.27

		0.13

		0.00

		

		

		

		



		

		P

		ns

		ns

		ns

		

		

		

		



		C8B: 222C(T


(65Thr(Met, FnuDII)

		CC

		1.00

		1.00

		0.72

		C

		0.53

		0.67

		0.96



		

		CT

		0.00

		0.00

		0.28

		T

		0.47

		0.33

		0.04



		

		TT

		0.00

		0.00

		0.00

		

		

		

		



		

		P

		fixed

		fixed

		ns

		

		

		

		



		C8B: 1244A(G


(406Ile(Val, MaeII)

		AA

		0.23

		0.21

		0.00

		A

		0.55

		0.50

		0.08



		

		AG

		0.63

		0.58

		0.16

		G

		0.45

		0.50

		0.92



		

		GG

		0.13

		0.21

		0.84

		

		

		

		



		

		P

		ns

		ns

		ns

		

		

		

		



		C9: 350A(G (BsrDI)

		AA

		0.07

		0.07

		0.00

		A

		0.37

		0.20

		0.00



		

		AG

		0.60

		0.27

		0.00

		G

		0.63

		0.80

		1.00



		

		GG

		0.33

		0.67

		1.00

		

		

		

		



		

		P

		ns

		ns

		fixed

		

		

		

		





Most of genetic variations were kept within Muong Khuong animals and only several of them exist in German Landrace and/or Pietrain. Generally, Muong Khuong has lower heterozygosity than German Landrace and Pietrain. Similar to wild animals that often have good disease resistance, Muong Khuong population is currently reared in the mountainous area, whereas transportation between local regions has inconveniences. Therefore, crossing between Muong Khuong animals and indigenous, commercial or exotic breeds is restricted. Perhaps, Muong Khuong still keeps, partly at least, its own wild genotypes. It is also possible that European and Vietnamese breeds are of distinct ancestry. Genetic distances show large differences among European-based, Chinese, and Vietnamese indigenous breeds and reflect the geographical distribution.(Thuy et al., 2006).


3.2. Genetic contribution of genotypes to hemolytic
        complement activity


Association of the candidate genes C6, C7, C8A, C8B, and C9 at positions 862A(G, 881A(G, 1544C(T, 222C(T, and 350A(G with hemolytic complement activity in the classical and alternative pathways was analyzed in the F2 resource population. Statistically significant difference was found for the C7 and C8A in the classical and/or alternative pathways (Do, 2010). Although no significant difference was shown among genotypes of the C6, C8B, or C9 in this activity, surprisingly, they tend to linearly increase during the experiment. For instance, in the case of the porcine C9, homozygous genotype GG started at the lowest hemolytic level in the classical pathway, but it rapidly came to the other genotypes (AG and AA) and kept higher performance along the experiment. The hemolytic expression of genotype GG was also higher than that of the others for the alternative pathway. In the classical pathway, the performance of hemolytic complement activity often reached optimal value on day 4 after vaccinating with ADV, whereas this was found either before or after immunizing with PRRSV in the alternative pathway. Gradual increment of hemolytic complement activity was found along the experiment. Actually, immune system of host can be enhanced due to aging (Durandy, 2003; Wimmers et al., 2003; Tyler et al., 1988; Yonemasu et al., 1978). Interestingly, allele “G” for the C6 and C9 as well as allele “T” for the C8B positively contributing to hemolytic complement activity in the F2 DUMI population (Do, 2010) showed frequencies higher in Muong Khuong population than in either German Landrace or Pietrain one. These genotypes might be naturally selected through many generations of Muong Khuong pig raised in less favourable conditions (no vaccination, insufficiency of feed and nutrient unbalance ration, poor hygiene, etc.). The result indirectly implied that Muong Khuong animals, the owner of genotypes which strongly performed in hemolytic complement activity, had natural disease resistance and good tolerance. Probably, these are the valuable products of natural selection and immuno response mechanism of host against infectious environmental agents. 


According to Clapperton et al. (2005), the levels of innate immune traits were shown to differ between various pig breeds although it is unknown whether this effect would lead to breed differences for resistance to infectious diseases. Additionally, variations of complement activities in Meishan breed were higher than in European breeds (Duroc, Landrace and Large White) (Komatsu et al., 1998). Here, different effects of the genotypes of the candidate genes on hemolytic complement activity based on particular vaccinations against bacterial (Mh) and viral (ADV and PRRSV) pathogens could be due to host-pathogen interaction. These evidences still keep their whole value in pig production industry. It is found that European breeds often show high meat performance and productivity, whereas Asian indigenous breeds exist a potential genetic resource for animal´s health improvement and meat quality. Together, the result has enriched effective factors on responsiveness of pig to inoculations as well as simultaneously promoted Muong Khuong breed as a promising candidate for health improvement in pig in the future. 


3.3. Further perspectives


Some Vietnamese-potbelly local pig breeds has a great potential for disease resistance and responsiveness as well as for good adaptation to harsh environmental conditions of temperature, humidity, nutrition, management, etc., but deeper studies on it have not been done yet. Lemke et al. (2005) demonstrated that Vietnamese local breeds are a source for promising alleles of unpredictable economic value. Here, the author borrowed result of expression of hemolytic complement activity in the F2 DUMI  to indicate valuable alleles, which presented with high frequency in the Muong Khuong,  in C6, C7, C8A, C8B and C9 candidate genes. It is also known F2 DUMI partly originated from Vietnamese potbelly pig. These imply that the Muong Khuong was clearly containing the positive promissing alleles in hemolytic complement activity in either classical or alternative pathway, one of the parameters for measuring immune response ability in mammalians. Consequently, Muong Khuong breed should be utilized in breeding programs aiming at health improvement in pig.
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