
 

 

 

INTRODUCTION 

 

The goat production is generally important for their potential 

to produce meat and milk, while remains a useful source of 

hair, leather and manure production worldwide (Xie et al., 

2015. This makes it a good source of income for the rural 

areas and brings up gradation of living standards (Bressani et 
al., 2014; Butt et al., 2014). Parasitic infections affect 

livestock severely and often reduce their potential to yield for 

which they are reared (Nieuwhof and Bishop, 2005). The 

parasite causes anemia, weight loss, lethargy, diarrhea that 

leads to intensive production losses and ultimately death. 

Parasitic disease management in sheep goat has been more 

complex due to emergence of anthelmintic drug resistance 

strains of parasites (Kenyon et al., 2009; Molento et al., 2011; 

Desoky et al., 2015). Presently dominant nematodal species 

affecting small ruminants: Trichostrongylus colubriformis, 

Teledorsagia circumcincta and H. contortus. H. 

contortus generally recognized as a GI parasite that sucks 

blood from the abomasum of ruminant compound stomach 

particularly in sheep and goat (Mortensen et al., 2003; 

Saminathan et al., 2015; Asif et al., 2016). The mechanism of 
innate immunity is a crucial part of immune system that 

consists of cells which overcome the host from infection of 

pathogens. Innate reflexes are very important part of host 

defense system against posed by pathogens in daily life. Most 

of the host cell defending the pathogens by activating the local 

defense system (Clark and Kupper, 2005). On the other hand 

the mucosal barrier of intestine consistently examined by the 

mucus layer. It act as a primarily barrier for GI nematode 
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Haemonchus contortus is a blood sucking gastrointestinal (GI) parasite that causes heavy production losses in small ruminants 

due to their poor immune response and rapid development of anthelmentic resistance. Identifying genes involving in immune 

related pathways against GI nematode infection will assist in better responding and curing the ill effects of infection with H. 

contortus. Fecal egg counts and ear tissues were collected from 200 goats belonging to four breeds and PCR sequencing method 

was used for identification of 25 seven single nucleotide polymorphisms (SNPs) and found two SNPs of dopamine receptor 

binding 1 (DRB-1) (37 C/G; 10375 C/T), one from insulin-like growth factor1 (IGF-1) (58110 C/G), three from interleukin 

(IL) 32 (7638 G/C; 9375 A/G; 1158 A/G) and one from IL-33 (70589 C/A) significantly (P<0.02) associated with fecal egg 

count (FEC). Out of those seven SNPs, 5 were missense and changed the amino acids from (Pro Leu) in DRB1, IL32 (Arg Trp 

and Ile Val) and in IL33 (Arg Trp). These missense SNPs may change the function of genes which play a crucial rule in 

immunity of host and expulsion of GI nematode.  Models of the SNPs of DRB-1, IL-32, IL-33 and IGF-1 genes were found 

significant (P<0.02) indicating a strong association with FEC of H. contortous in goat. The haplotypes CCC and GCT of DRB-
1, AAG, AGG, GGC, GCA, and GGG of IL-32 gene were found significantly (P≤0.03) associated with FEC. The results of 

linkage disequilibrium (LD) showed that most of the SNPs were in the range of (0.29-0.98). Therefore, the present study 

investigated the role of these candidate gene SNPs in innate immunity and concluded that these SNPs were potentially 

important for future goat breeding plans against H. contortus infection in goats.  
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parasite which comes in contact during the process of 

infection. So, the mucus layer is defined as a first phase of 

innate immune system, but data showed that the mucus 

production is controlled by many other part of immune system 

including adaptive immunity. Specially cytokine type-2 IL-4 

and IL-13 latter play role in differentiation and proliferation 
of goblet cells (Grencis et al., 2014). 

IL-32 was initially illustrated as mRNA that called as nature 

killer (NK cells) which determined as a protein with several 

functions of cytokine (Dahl et al., 1992). It is a 

proinflammatory cytokine concerned with numerous diseases 

involving chronic inflammation and cancer. IL-32 secreted 

from NK cells and T cells, epithelial cells show IL-32 

stimulation with interferon gamma (INF-γ), (tumor necrosis 

factor) TNF-α, IL-β and IL-18 (Dinarello and Kim, 2006).  It 

played a key role in several diseases, inflammation, host 

defense and immune functions (Akdis et al., 2011). IL-33 

belongs from cytokine family and found to be similar in 
structure with IL-1. It trigger signaling pathways in target 

cells, mast cells and helper 2 cells (Th2) which produce large 

amount of IL-5 and IL-13 in response of IL-33. After GI 

parasite infestation IL-33 activates the secretion IL-13 that 

induces the worm expulsion in lack of adaptive immunity 

(Cayrol and Girard, 2014; Moro et al., 2010).  

DRB1 belong from Major Histocomaptibilty (MHC) group of 

genes and also play crucial role in pathogen presentation to T-

lymphocyte. In addition, DRB-1 gene and GI nematode 

infection is associated with each other (Charon, 2004). So, the 

DRB-1 gene has the significant concern as a candidate genetic 
marker of the GI nematode parasite resistance (Preston et al., 

2014). Presently, there is little information about the variants 

of innate immune genes related to the host resistance to 

parasite infection in goats. This study was aimed to identify 

SNPs of these four innate immune genes including IL-32, IL-

33, IGF1 and DRB-1 (Heemskerk et al., 1999; Saenz et al., 

2008), and to determine their association with FEC of GI 

parasite. The identification of resistance-associated genetic 

markers may contribute to the implementation of marker-

assisted selection in animal breeding programs.  

 

MATERIALS AND METHODS  

 

Ethics statement: All the experimental protocols were 

approved by the Law of Animal Husbandry in People’s 
Republic of China (Dec 29, 2005). The whole experimental 

procedures for collection of ear tissue sample of experimental 

individuals were reviewed and permitted by the Biological 

Studies Animal Care and Use Committee of National Animal 

Husbandry Service, Hubei, PR China. All efforts were made 

to minimize any discomfort during sample collection. 

Animal selection and phenotypic data: A total of 200 goats 

(99 infected and 101 healthy with no infection) were selected 

from southern China goat breeding farm in Yichang, Hubei 

province and these goats were belonging to four breeds 

namely as Yichang white goat, Hybrid white yellow, 

Nanjiang yellow goat and Enshi black goat. FEC used as 
phenotype trait for the H. contortus. We collected feces and 

the ear tissue from each animal and McMaster egg counting 

technique (Da Silva et al., 2013) was used counting the total 

eggs of H. contortus. Genomic DNA was extracted from ear 

tissue of each goat by using Genomic DNA kit (TianGen, 

Beijing, China).  

Genotyping and detection of polymorphisms: In order to 

identify 25 SNPs, primers were designed to amplify complete 

coding regions sequences (cds) based on the reference 

sequence of the caprine ILs gene with Primer5 web Program 

(v.0.4.0) (Lalitha, 2000). For PCR amplifications pooled 
DNA and randomly selected 10 DNA samples were taken in 

a final reaction volume of 50 μl consisting of 1.5 μl of each 

primer 50 ng genomic DNA of 2 μl, and 25μl premix 

(TaKaRa, Dalian, China). The protocol of polymerase chain 

reaction (PCR) was 5 min at 95°C for initial denaturing 

followed by 30 cycles at 95°C for 30 s; annealing at Tm (55-

65°C) for 30 s; 72°C for 40 s; a final extension at 72°C for 5 

min for all the primers. From the each PCR product 40 μl of 

was sequenced using the ABI3730XL (Applied Biosystems, 

Table 1. Primers used for PCR and sequencing of genes. 
Gene Primer sequences 5'- 3' Annealing 

temperature (°C) 

Product 

size(bp) 

GeneBank accession No. 

DRB1 F-TCAGATGCAACAGGGTCAAA 55.7 473 XM_013976917.1 
R-TGGCCTGGATGTAGTGACAA 

DRB1 F-ATGCTGTCAGTGTTTGCCTT 54.5 821 XM_013976917.1 
R-CAGATGATTTTCACTCCGTA 

IGF1 F-AAGGTGTGGGTTGACATGGT 59.0 384 XM_005680539.2 
R-ATTCGGATGCTGCTGCTACT 

IL33 F-TTAACTCTGAACTTCCCACTC 52.0 703 XM_005683684.2 
R-GTCAATCTGTGTAGCTTCCA 

IL32 F-CAGATTCCAGGACGCTTG 56.8 559 XM_013974707.1 
R-GGCATTCAGAGGACTTCAG 

IL32 F-TAGGCATTACTGTCATCTCC 55.9 505 XM_013974707.1 
R-AATCGCACCACCATGAAG 

IL32 F-TTCAGAGGTCAGTCCATCT 57.1 798 XM_013974707.1 

R-TTAGGACATCAGCACTACAG 
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Foster City, CA). The sequences were aligned with SeqMan 

(Swindell, 1997) program to determine the presence of any 

polymorphisms. Then the identified SNPs were genotyped in 

the 200 Chinese local goats using Matrix-assisted laser 

desorption ionization time of flight mass spectrometry 

(MALDI-TOF) assay (SquenomMassARRAY®, Bioyong 
Technologeies for spacing Inc. HK). The exonic region of 

DRB-1, IGF-1 IL-32 and IL-33 gene were sequenced. The 

size of the fragments and primers are shown in (Table 1). 

Statistical analysis: The genotypic and allelic frequencies of 

the identified SNPs were calculated using Excel program. 

PLINK v1.06 software (Purcell et al., 2007) used for analysis 

of association studies for the traits of interest. To identify 

associated SNPs, case-control association and Bonferroni 

corrections were designed to calculate raw p value. The 

genotypic, allelic, additive (Cochran–Armitage trend test), 

recessive and dominant models were included in this analysis. 

All test statistics were examined as Chi-square (χ2) or Fisher’s 
exact test under the null, with the segregation of the genotypic 

test which has 1 degree of freedom (df). The goodness of 

Hardy–Weinberg Equilibrium (HWE) was executed using χ2 

test. The analysis of Pairwise linkage disequilibrium (LD) 

among the polymorphisms was performed using the PLINK 

v1.06 software. Haplotype associations analysis was 

determined using PLINK v1.06 and Haploview (Barrett et al., 

2005) software. 

 

RESULTS 

 

A total of 200 goats from four different breeds were selected 

out of which 99 goats were found infected with H. contortus. 

In search of a good breeding plan to make goat population 

resistant against H. contortus important SNPs were found in 

immune related genes DRB-1, IGF-1 and ILs which shows 

high significance with FEC assumed to be a positive indicator 

for H. contortus resistance.  

The identification of SNPs and association effects of 

immune related genes with FEC: Our test of PCR and 

sequencing of pool DNA resulted in 25 SNPs in exonic 
regions of 12 different genes. Out of 25, seven SNPs in DRB-

1, IGF-1, IL-32 and IL-33 genes found to be significant 

(P<0.02) with FEC of H. contortus (Table 3). The detailed 

Table 2. Information of SNPs.  

S. No. Gene SNPs position Chromosome (chr) Code Encode 

1 IL32 IL32_1158 chr25 [C/T]GG R=>W 
2 IL32 IL32_7638 chr25 [A/G]TC I=>V 
3 IL32 IL32_9375 chr25 GC[G/A] A=>A 
4 IL33 IL33_70589 chr8 [C/T]GG R=>W 
5 DRB1 DRB1_37 unknown C[C/T]G P=>L 
6 DRB1 DRB1_10375 unknown C[C/T]G P=>L 
7 IGF1 IGF1_58110 chr5 AA[C/T] N=>N 

Amino acid symbles: R=>Arg, W=>Trp, I=>Ile, A=>Ala, P=>Pro, N=>Asn, L=>Leu and V=>Val 

 

Table 3. Allele, gene frequencies, χ2 test and association of SNPs with FEC.   
SNPs Gene frequency Allele frequency χ2 test Significance of 

FEC Affected 
goats 

Normal 
goats 

DRB1_37C>G 

AA AT TT 

C (0.58) 
G 

(0.37) 0.191 0.498 0.0000* 
0.69 

(n=139) 
0.24 

(n=49) 0.03 (n=7) 

DRB1_10375C>T 

AA AT TT 

C (0.30) T (0.19) 0.459 0.375 0.0110* 0.02 (n=4) 
0.45 

(n=91) 
0.51 

(n=103) 

IGF1_58110C>G 

CC CT TT 

C (0.25) 
G 

(0.37) 0.397 0.427 0.0170* 
0.29 

(n=59) 
0.43 

(n=86) 
0.24 

(n=49) 

IL33_70589C>A 

TT TG GG 

C (0.18) 
A 

(0.07) 0.186 0.216 0.0014* 
0.53 

(n=106) 
0.37 

(n=75) 
0.06 

(n=13) 

IL32_1158A>G 

AA AG GG 
A 

(0.47) 
G 

(0.22) 0.376 0.454 0.0000* 
0.16 

(n=32) 
0.37 

(n=75) 
0.46 

(n=92) 
  CC CG GG 

G 
(0.54) C (0.31) 0.444 0.488 0.0000* IL32_7638G>C 

0.35 
(n=70) 

0.44 
(n=88) 0.2 (n=40) 

IL32_9375A>G 

AA AG GG 
A 

(0.21) 
G 

(0.38) 0.393 0.422 0.0003* 0.1 (n=21) 
0.39 

(n=78) 
0.49 

(n=99) 

  Note: * represent significance with p<0.02 with FEC. 
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information of these SNPs are DRB-1 (37 C/G; 10375 C/T), 

IGF-1 (58110 C/G), IL-32 (1158 A/G; 7638 G/C; 9375 A/G) 

and IL-33 (63854 C/T) (Table 2). All these SNPs are novel, 

while polymorphisms at locus 37C/G, 10375C/T of DRB-1, 

1158A/G, 7638G/C of IL-32 and 63854C/T of IL-33 genes 

were found missense and were predicted to change the amino 
acid from Proline to Leucine, Arginine to Tryptophan and 

Isoleucine to Valine (Table 2). The change in amino acids 

may change the function of gene that play a major role in 

immunity as leucine and valine work in the mTOR signaling 

pathway and Tryptophan plays a role in immune responses by 

producing a local immunosuppressive environment that is 

able to control T-cell homeostasis and self-tolerance during 

inflammation (Platten et al., 2005; Li et al., 2007) respectively. 

Genotypic and allelic frequencies and χ2 test are shown in 

(Table 3). The results revealed that FEC was in significant 

association with H. contortus infection. The missense 

mutations are also mandatory for this association study, 
because the change in amino acid may take a major role to 

change the functions of genes which enhance the resistance of 

parasite infection in goats.  

Determination of different genetic models with FEC: In 

association study the different genetic models were used to 

analyze genotype and phenotype for the comparison of 

analytical strategies. When the causal allele of inheritance is 

unknown slightly more powerful results were found in 

genetics models (Lettre et al., 2007). The genetic models of 7 

significant SNPs in four genes were subdivided into 

genotypic, allelic, dominant and recessive models effects 

determined through PLINK software. In DRB-1 gene (37 C/G) 

and IL-32 (7638 G/C; 9375 A/G) all of the models were 

significant (P<0.02), whereas in DRB-1 (10375 C/T), IL33 

(70589 C/A) only allelic and in IGF-1 (58110 C/G) genotypic, 

allelic and recessive models were significant (P<0.02) 

indicating a strong association among these genes and the 
FEC of H. contortous infection in goat (Table 4) .   

Determination of haplotype frequencies and association 

with FEC:  Haplotype is a tool used in genetics for the 

investigation of diseases in which specific collection of alleles 

inherited together from those genes which are present on same 

chromosome (Gibbs et al., 2003). The eleven potential 

haplotype frequencies of the seven SNPs are given in 

(Table 5). These haplotypes CCC and GCT haplotypes of 

DRB-1 gene (14.3% and 8.2% of the FEC affected verses 6.7 % 

and 19.7% of the control goats respectively), interferon 

gamma (IFN-γ) and IGF-1 gene haplotype CGG (43% of 

affected and 32% of control goats) and IL-32 gene haplotypes 
AAG, AGG, GGC, GCA, and GGG (20%, 27%, 33%, 17%, 

31% of FEC affected and 10%, 12%, 47%, 29% and 18% of 

control goats) and IL-33 gene haplotype TCC (9% of FEC 

affected and 2% of control goats) were found significantly 

(P≤0.03) associated with FEC. 

Linkage disequilibrium analysis among SNP: Linkage 

disequilibrium (LD) acts as a vital component in mapping of 

diseased gene and in identifying the haplotype blocks. LD is 

used recurrently to enumerate the association among two loci. 

In this study pair wise LD coefficients (R2) were calculated to 

determine the (LD) among ILs and DRB-1 genes. The results 

Table 4. Genetic models of significant SNPs.  

Polymorphism Affected 
goats 

Control 
goats 

Genotypic 
model 

Allelic 
model 

Dominant 
model 

Recessive 
model 

DRB1_37C>G 
GG 47 26 

0.006* 0.000* 0.004* 0.003* GC 19 18 
CC 31 49 

DRB1_10375C>T 
TT 2 2 

0.000 0.011* 0.000 0.000 TC 55 32 
TT 39 59 

IGF1_58110C>G 
GG 6 16 

0.042* 0.017* 0.100 0.017* GC 38 37 
CC 53 40 

IL33_70589C>A 
AA 5 1 

0.000 0.001* 0.000 0.000 AC 25 11 
CC 67 80 

IL32_1158A>G 
GG 22 15 

0.470 0.210 0.370 0.260 GA 42 40 
AA 32 36 

IL32_7638G>C 
CC 30 9 

0.000* 0.000* 0.001* 0.0003* CG 45 40 
GG 22 43 

IL32_9375A>G 

GG 5 13 

0.002* 0.000* 0.001* 0.035* GA 32 45 
AA 60 34 

Note: * represent significance with p<0.02 with FEC. 
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indicated that most of the SNPs were in the ranged from (IL32 

0.29 to ILβ 0.98), which indicated that these SNPs were 

strongly associated and commonly inherited together 

(Table 6).  

 

 
Figure 1. Pairwise linkage disequilibrium IL-32 (SNPs) 

genes. 

The structure of linkage disequilibrium between the single 

nucleotide polymorphisms shows LD block comprising of 

SNPs of IL32 gene at locations (1158C/T), IL-32 (7638A/G) 

and IL-32 (9375G/A) (Fig. 1). Among IL-32 following 

(1158), (7638) SNPs were missense which can play a vital 

role in controlling the parasitic infections by interacting with 
the immune system.  

 

DISSCUSION 

 

The discovery of genes responsible for the disease helps in 

better understanding of physiological mechanisms of 

vulnerability to infection. Immunity related genes can play a 

vital role in developing novel tools to fight and control the 

diseases. The effective host resistance genes are reported as 

functional candidate genes, such as DRB-1, IL-32, IL-33 and 

IGF-1 among different species (Zaros et al., 2010; Ibelli et al., 

2012). Our study revealed 25 SNPs out of which seven SNPs 
were found significantly associated with the FEC and five of 

these SNPs were missense resulting in substitution of amino 

Table 5. Haplotype frequencies of the significant SNPs. 

SNPs Haplotype Haplotype frequency χ2 df P-value 

Affected goats Control   goats 

DRB1  - - 21.39 3 0.003* 

1 CCC 0.143 0.067 5.888 1 0.015* 

2 GCT 0.082 0.197 10.50 1 0.001* 

IFNG,IGF1 - - - 5.955 2 0.114 

1 CGG 0.431 0.326 4.331 1 0.037* 

IL33 - - - 10.77 2 0.013* 
1 TCC 0.091 0.027 6.619 1 0.010* 

IL32 - - - 27.22 5 0.000* 

1 AAG 0.208 0.101 8.287 1 0.004* 

2 AGG 0.270 0.124 12.75 1 0.004* 

3 GAC 0.125 0.208 4.698 1 0.030* 

4 GGC 0.332 0.478 8.326 1 0.004* 

IL32 - - - 21.61 4 0.001* 

1 GCA 0.170 0.297 8.592 1 0.003* 

2 AGG 0.229 0.130 6.253 1 0.012* 

3 GGG 0.311 0.184 8.109 1 0.004* 

 Note: * represent significance with p ≤0.03 FEC. 

 

Table 6. Linkage disequilibrium (LD) among SNPs. 

SNP-A SNP-B R2 

DRB1-37C>G DRB1-10375C>T 0.43 
IL8-2498T>C IL8-2739T>C 0.29 

ILβ-3568A>G ILβ-5005G>A 0.98 

ILβ-3568A>G ILβ-7928G>T 0.61 

ILα-3721G>A IL32-7638G>C 0.33 

ILβ-5005G>A ILβ-7928G>T 0.59 

IL32-1158A>G IL32-7638_G>C 0.78 

IL32-1158A>G IL32-9375A>G 0.27 

IL32-7638G>C IL32-9375A>G 0.36 

Note: LD range (0.29-0.98) associated with FEC. 
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acid from Proline to Leucine, Arginine to Tryptophan and 

Isoleucine to Valine. These missense SNPs can play key role 

by enhancing immunity against H. contortus infection. 

Schwaiger et al. (1995) and McManus et al. (2014) worked 

on the DRB-1 gene association with FEC through natural 

infection in sheep and they found this gene in significance 
with the FEC. The results of their study coincides with the 

finding of this study as in following study DRB-1 gene was 

also found significant with the FEC of H. contortus infection. 

The genetic variation of this gene might play a key role in the 

resistance against nematodal infection because DRB-1 gene 

is linked with the innate immunity so it can be helpful in 

controlling the infection caused by the parasites and will help 

in reduction of anthelmintics usage in animals.  

Some studies of Charon, (2004), Van Haeringen et al. (1999) 

and Paterson et al. (1998) proved that the polymorphism in 

DRB-1 highly associated with the resistance of GI nematode 

in ruminants. DRB-1 gene encodes proteins which play key 
role in the immune system to control the parasite infection. In 

the present study the DRB-1 is significantly associated with 

FEC and its mutation also changed amino acid from proline 

to leucine which may lead to functional alteration of DRB-1 

and can enhance the immunity against GI parasite.  

Bressani et al. (2014) worked on the functional candidate 

genes of cytokine family IL (IL-2, IL-4, IL-13, and IFN-γ) for 

identification of SNPs and their association with resistance to 

GI endoparasites and found one missense mutation in IFN-γ 

gene. We also worked on candidate genes related to host 

resistance i.e. IL-32, IL-33, DRB-1 and IGF-1 and identified 
five missense substitutions i.e. 2 in each DRB-1, IL-32 and 1 

in IL-33 gene. These missense substitutions were found 

significantly associated with FEC. So the results of our study 

coincide with the above mentioned study.  

Yang et al. (2013) reported that type 2 immunity is essential 

for host prevention against nematode infection. They 

demonstrated that IL-25/IL-33 are the receptive cells which 

play a key role in inducing type 2 immunity by in vitro and in 

vivo approaches. The significance of the IL-33 gene in 

controlling parasitic infections also confirmed in 

Nippostrongylus brasiliensis infection, IL-33 was necessary 

in secondary and primary infections for enhancing the 
parasitic expulsion (Hung et al., 2013). In the present study 

the IL-33 was found significantly associated with FEC of H. 

contortus. The amino acid substitution in IL33 was from 

arginine to tryptophan, this substitution might be of pivotal 

role in the immunity by altering the function of gene because 

IL-33 is   interacts with host cell immune system through type 

2 immunity so it might play crucial role for genetic control of 

parasitic infections.  

 The identification of missense mutations and their 

association with FEC signifies the importance of these genes. 

Genetic variations of IL-32, IL-33, DRB-1 and IGF-1 genes 
are of utmost important because of these genes interaction 

with the immune system. IL32 act as a pro-inflammatory 

cytokine and induces the IFN-γ in monocytes and epithelial 

cells (Kim et al., 2005; Akdis et al., 2011). IL-32 play key 

role in auto immune infections and host defense mechanism 

against the microbes (Joosten et al., 2006) so, the significant 

genetic association of IL-32 gene with FEC shows that it can 

play a vital role in controlling the parasitic infestations by 
interacting with the innate immunity and it favors the finding 

of our study. 

The IGF-1 gene enhances the immune system against the 

nematode by inducing the Th2 immune response in murine 

model (Chen et al., 2012; Sallé et al., 2014). In the present 

study IGF1 gene was significantly associated with FEC of H. 

contortus. However, IGF-1 can play a key role in the 

immunity against nematodal infection. 

For the determination of association study the application of 

genetic models (genotypic, allelic, dominant and recessive) 

are necessary. We can categorize the dominant effect of 

alleles by applying the homozygote and one of the 
heterozygote genotypes as a single group. The classification 

of SNPs genotype forces homozygotes has the same risk as 

one of heterozygotes against phenotype (Lunetta, 2008). In 

the present study we also apply the genetic model to check the 

effect of heterozygotes and homozygotes genotypes against 

the FEC phenotype. We found the genetic models significant 

with phenotype trait. The findings of this researcher favour 

the results of our study.    

Haplotypes is a special thought in the field of genetics to 

investigate the diseases. A set of few specific alleles in the 

sequence can be identified by such polymorphic sites in 
surrounding genes on the same chromosome (The 

International HapMap Consortium, 2005). In the current 

study various sets of haplotypes in different genes were 

identified and found to be associated with the FEC of H. 

contortus. These haplotypes can be helpful in enhancing the 

immunity and to overcome load of parasite when inherited 

together in next generation. In this way the current study is 

boosted by the statement of the international Hap-Map 

consortium.  

This study summarizes the significance of immune related 

genes their association with FEC and the findings are the 

evidence of key role of IL-32, IL-33, IGF-1 and DRB-1 genes 
in immunity against the H. contortus infections. Haplotype 

and genetic models of the significant SNPs are also associated 

with FEC of H. contortus.  Further studies with larger number 

of animals and animals from different locations can be more 

useful in future prospects for these genes in parasitic 

infections. 

 

Conclusion: The association of missense SNPs in DRB-1, 

IGF-1, IL-32 and IL-33 genes with FEC was found to 

demonstrate their probable key role in genetic control of H. 

contortus infection in goats. It would be interesting to study 
these SNPs as a probable therapeutic target to counter H. 

contortus infection. Further investigation of the function of 

http://www.sciencedirect.com/science/article/pii/0014489479900481
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these genes including expression pattern, in large number of 

animals as well as the role of these mutations in vitro studies 

would might improve the current understanding and find its 

novel interaction in immune related pathways that might help 

to develop the genetic tools to control parasitic diseases. 

 
Acknowledgements: This project was supported by National 

Nature Science Foundation of China (Grant No. 31402040), 

CRP project (Grant No. 16087) from The International 

Atomic Energy Agency (IAEA) and the FP7-3SR (FP7-

KBBE-2009-3: No. 245140). 

 

REFERENCES  
 

Akdis, M., S. Burgler, R. Crameri, T. Eiwegger, H. Fujita, E. 

Gomez and C.A. Akdis. 2011. Interleukins, from 1 to 37, 

and interferon-γ: receptors, functions, and roles in 

diseases. J. Allergy Clin. Immun. 127:701-721.  
Asif, A. R S., Qadri, A.R. Ansari, R. Javed, H.I. Ahmad, M.T. 

Naveed, S. Ahmed, S. Ahmad, M. Usman, M. Awais and 

X. Du. 2016. Role of cytokines and correlated cells in 

host immunity against nematode in ruminants. J. Glob. 

Innov. Agric. Soc. Sci.   4: 56_65. 

Barrett, J.C., B. Fry, J.D.M.J. Maller and M.J. Daly. 2005. 

Haploview: analysis and visualization of LD and 

haplotype maps. Bioinformatics 21:263-265. 

Bressani, F.A., P.C. Tizioto, R. Giglioti, S.L.C. Meirelles, R. 

Coutinho, C.L. Benvenuti and L.C.A. Regitano. 2014. 

Single nucleotide polymorphisms in candidate genes 
associated with gastrointestinal nematode infection in 

goats. Genet. Mol. Res. 13:8530-8536. 

Butt, H.I., M.I. Shahzad, Q. Bashir, M.A.N. Saqib and A. 

Khanum. 2014. Plasmid based expression and bioactivity 

evaluation of caprine growth hormone gene cloned from 

a local Pakistani goat breed, Beetal. Int. J. Agric. Biol. 

16:634‒638.  

Cayrol, C. and J.P. Girard. 2014. IL-33: an alarmin cytokine 

with crucial roles in innate immunity, inflammation and 

allergy. Curr. Opin. Immunol. 31:31-37. 

Charon, K.M. 2004. Genes controlling resistance to 

gastrointestinal nematodes in ruminants. Anim. Sci. Pap. 
Rep. 22:135-139. 

Chen, F., Z. Liu, W. Wu, C. Rozo, S. Bowdridge, A. Millman 

and W.C. Gause. 2012. An essential role for TH2-type 

responses in limiting acute tissue damage during 

experimental helminth infection. Nat. Med. 18:260-266. 

Clark, R. and T. Kupper. 2005. Old meets new: the interaction 

between innate and adaptive immunity. J. Invest. 

Dermatol. 125:629-637. 

Da Silva, A.S., A.S. Schafer, A.R. Aires, A.A. Tonin, V.C. 

Pimentel, C.B. Oliveira and M.L. Leal. 2013. E-ADA 

activity in erythrocytes of lambs experimentally infected 
with Haemonchus contortus and its possible functional 

correlations with anemia. Res. Vet. Sci. 95:1026-1030. 

Dahl, C.A., R.P. Schall, H.L. He and J.S. Cairns. 1992. 

Identification of a novel gene expressed in activated 

natural killer cells and T cells.  J. Immunol. 148:597-603.  

Desoky, A. E. A. S., Abdel-Gwad, K. H., Ali, A. M., and 

Nafady, A. A. 2015. Comparison between spraying and 

washing method of reduction ratios on animal 
ectoparasites by using Diazinon 60% EC under field 

conditions in farm animals. Glob. Innov. Agric. Soc. 

Sci. 2015. 3: 146-151.  
Dinarello, C.A and S.H. Kim. 2006. IL-32, a novel cytokine 

with a possible role in disease. Ann. Rheum. Dis. 65:61-

64. 

Gibbs, R.A., J.W. Belmont, P. Hardenbol, T.D. Willis, F. Yu, 
H. Yang and H. Zhang. 2003. The international HapMap 

project. Nature 426:789-796. 

Grencis, R.K., N.E. Humphreys and A.J. Bancroft. 2014. 

Immunity to gastrointestinal nematodes: mechanisms 

and myths. Immunol. Rev. 260:183-205. 

Heemskerk, V.H., M.A. Daemen and W.A. Buurman. 1999. 

Insulin-like growth factor-1 (IGF-1) and growth hormone 

(GH) in immunity and inflammation. Cytokine Growth 

Factor Rev. 10:5-14. 

Hung, L.Y., I.P. Lewkowich, L.A. Dawson, J. Downey, Y. 

Yang, D.E. Smith and R.H. De'Broski. 2013. IL-33 
drives biphasic IL-13 production for noncanonical Type 

2 immunity against hookworms. Proc. Natl. Acad. Sci. 

110:282-287. 

Ibelli, A.M.G., A.R.B. Ribeiro, R. Giglioti, L.C.A. Regitano, 

M.M. Alencar, A.C.S. Chagas and M.C.S. Oliveira. 

2012. Resistance of cattle of various genetic groups to the 

tick Rhipicephalus microplus and the relationship with 

coat traits. Vet. Parasitol. 186:425-430. 

International HapMap Consortium. 2005. A haplotype map of 

the human genome. Nature 437:1299-1320. 

Joosten, L.A., M.G. Netea, S.H. Kim, D.Y. Yoon, B. Oppers-

Walgreen, T.R. Radstake and W.B. van den Berg. 2006. 
IL-32, a proinflammatory cytokine in rheumatoid 

arthritis. Proc. Natl. Acad. Sci. USA 103:3298-3303. 

Kenyon, F., A.W. Greer, G.C. Coles, G. Cringoli, E. 

Papadopoulos, J. Cabaret and F. Jackson. 2009. The role 

of targeted selective treatments in the development of 

refugia-based approaches to the control of 

gastrointestinal nematodes of small ruminants. Vet. 

Parasitol. 164:3-11. 

Kim, S.H., S.Y. Han, T. Azam, D.Y. Yoon and C.A. 

Dinarello. 2005. Interleukin-32: a cytokine and inducer 

of TNFα. Immunity 22:131-142. 
Lalitha, S. 2000. Primer premier 5. Biotech Software & 

Internet Report 1:270–272.  

Lettre, G., C. Lange and J.N. Hirschhorn. 2007. Genetic 

model testing and statistical power in population‐based 

association studies of quantitative traits. Genet. 

Epidemiol. 31:358-362.  

http://www.medsciediting.com/sci/journal.asp?id=570f336cc5
http://www.medsciediting.com/sci/journal.asp?id=8abd76c8e
http://www.medsciediting.com/sci/journal.asp?id=8abd76c8e


Asif , Yuhua, Alim, Wu, Qadri, Ijaz, Cao, Javed, Awais, Ansari & Du 

 970 

Li, P., Y.L. Yin, D. Li, S.W. Kim and G. Wu. 2007. Amino 

acids and immune function. Brit. J. Nutr. 98:237-252. 

Lunetta, K.L. 2008. Genetic association 

studies. Circulation 118:96-101. 

McManus, C., T. do Prado Paim, C.B. de Melo, B.S. Brasil 

and S.R. Paiva. 2014. Selection methods for resistance to 
and tolerance of helminths in livestock. Parasite 21:56. 

doi: 10.1051/parasite/2014055. 

Molento, M.B., F.S. Fortes, D.A.S. Pondelek, F. de Almeida 

Borges, A.C. de Souza Chagas, J.F.D.J. Torres-Acosta 

and P. Geldhof. 2011. Challenges of nematode control in 

ruminants: focus on Latin America. Vet. 

Parasitol. 180:126-132. 

Moro, K., T. Yamada, M. Tanabe, T. Takeuchi, T. Ikawa, H. 

Kawamoto and S. Koyasu. 2010. Innate production of 

TH2 cytokines by adipose tissue-associated c-Kit+ Sca-

1+ lymphoid cells. Nature 463:540-544. 

Mortensen, L.L., L.H. Williamson, T.H. Terrill, R.A. Kircher, 
M. Larsen and R.M. Kaplan. 2003. Evaluation of 

prevalence and clinical implications of anthelmintic 

resistance in gastrointestinal nematodes in goats. J. Am. 

Vet. Med. Assoc. 223:495-500. 

Nieuwhof, G.J. and S.C. Bishop. 2005. Costs of the major 

endemic diseases of sheep in Great Britain and the 

potential benefits of reduction in disease impact. Anim. 

Sci. 81:23-29. 

Paterson, S., K. Wilson and J.M. Pemberton. 1998. Major 

histocompatibility complex variation associated with 

juvenile survival and parasite resistance in a large 
unmanaged ungulate population (Ovis aries L.). Proc. 

Natl. Acad. Sci. 95:3714-3719. 

Platten, M., P.P. Ho, S. Youssef, P. Fontoura, H. Garren, E.M. 

Hur and L. Steinman. 2005. Treatment of autoimmune 

neuroinflammation with a synthetic tryptophan 

metabolite. Science 310:850-855. 

Preston, S.J.M., M. Sandeman, J. Gonzalez and D. Piedrafita. 

2014. Current status for gastrointestinal nematode 

diagnosis in small ruminants: Where are we and where 

are we going? J. Immunol. Res. 2014:12. 

doi.org/10.1155/2014/210350. 

Purcell, S., B. Neale, K. Todd-Brown, L. Thomas, M.A. 
Ferreira, D. Bender and P.C. Sham. 2007. PLINK: a tool 

set for whole-genome association and population-based 

linkage analyses. Am. J. Hum. Genet. 81:559-575. 

Saenz, S.A., B.C. Taylor and D. Artis. 2008. Welcome to the 

neighborhood: epithelial cell‐derived cytokines license 

innate and adaptive immune responses at mucosal 
sites. Immunol. Rev. 226:172-190. 

Sallé, G., C. Moreno, S. Boitard, J. Ruesche, A. Tircazes-

Secula, F. Bouvier and P. Jacquiet. 2014. Functional 

investigation of a QTL affecting resistance to 

Haemonchus contortus in sheep. Vet. Res. 45:68. doi: 

10.1186/1297-9716-45-68. 

Saminathan, M., A. Gopalakrishnan, A. Latchumikanthan, 

A.A.P. Milton, M. Aravind, K. Dhama and R. Singh. 

2015. Histopathological and parasitological study of 

blood-sucking Haemonchus contortus infection in 

sheep. Adv. Anim. Vet. Sci. 3:99-108. 

Schwaiger, F.W., D. Gostomski, M.J. Stear,  J.L. Duncan, 
Q.A. McKellar, J.T. Epplen and J. Buitkamp. 1995. An 

ovine major histocompatibility complex DRB1 allele is 

associated with low fecal egg counts following natural, 

predominantly Ostertagia circumcincta infection. Int. J. 

Parasitol. 25:815-822. 

Swindell, S.R. and T. Plasterer. 1997. SEQMAN. Sequence 

data analysis guidebook, pp.75-89. Springer, New York. 

Van Haeringen, W.A., P.S. Gwakisa, S. Mikko, E. 

Eythorsdottir, L.E. Holm, P. Outteridge and L. 

Andersson. 1999. Heterozygosity excess at the cattle 

DRB locus revealed by large scale genotyping of two 
closely linked microsatellites. Anim. Genet. 30:169-176. 

Xie, H.Q., Y.Y. Sun, D.X. Pan, Y.Q. Yang, R.G. Jiao, Y. 

Gong, W.X. Luo, Y.Y. Zhang and R.Y. Liu. 2015. 

Association analysis between polymorphism of STAT5a 

gene and growth traits in Chinese guizhou black goats . 

Pak. J. Agri. Sci. 52:1119-1123. 

Yang, Z., V. Grinchuk, J.F. Urban Jr., J. Bohl, R. Sun, L. 

Notari and A. Zhao. 2013. Macrophages as IL-25/IL-33-

responsive cells play an important role in the induction 

of type 2 immunity. PLoS One 8:e59441. 

Zaros, L.G., P.A. Bricarello, A.F.T.D. Amarante, R.A. Rocha, 

F.N.J. Kooyman, E. De Vries and L.L. Coutinho. 2010. 
Cytokine gene expression in response to Haemonchus 

placei infections in Nelore cattle. Vet. Parasitol. 171: 68-

73.  

 


