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A B S T R A C T

Sheep naturally acquire a degree of resistant immunity to parasitic worm infection through repeated exposure.
However, the immune response and clinical outcome vary greatly between animals. Genetic polymorphisms in
genes integral to differential T helper cell polarization may contribute to variation in host response and disease
outcome. A total of twelve single nucleotide polymorphisms (SNPs) were sequenced in IL23R, RORC2 and TBX21
from genomic DNA of Scottish Blackface lambs. Of the twelve SNPs, six were non-synonymous (missense), four
were within the 3′ UTRs and two were intronic. The association between nine of these SNPs and the traits of
body weight, faecal egg count (FEC) and relative T. circumcincta L3-specific IgA antibody levels was assessed in a
population of domestic Scottish Blackface ewe lambs and a population of free-living Soay ewe lambs both
naturally infected with a mixture of nematodes. There were no significant associations identified between any of
the SNPs and phenotypes recorded in either of the populations after adjustment for multiple testing (Bonferroni
corrected P value≤ 0.002). In the Blackface lambs, there was a nominally significant association (P = 0.007)
between IL23R p.V324M and weight at 20 weeks. This association may be worthy of further investigation in a
larger sample of sheep.

1. Introduction

Young lambs are particularly susceptible to parasitic nematode in-
fection, which is a major economic and welfare burden to sheep pro-
duction (Wright, 2013). With repeated exposure, most lambs develop
some level of protective immunity against the parasites (McRae et al.,
2015). The use of genetic markers in selective breeding for resistant
animals (currently selected based on lower faecal egg count (FEC),
higher antibody (IgA) levels and higher weight compared to susceptible
lambs; Beraldi et al., 2008) would allow for improved accuracy of se-
lection and reduced need for routine phenotyping.

While genome wide association study (GWA) is a powerful method
for detecting loci associated with the trait of interest, it requires a very
large sample size to achieve adequate statistical power to detect loci
with small to medium effects (Korte and Farlow, 2013). An alternative
is the candidate gene approach in which the effects of polymorphisms
within genes of relevance to the trait of interest are investigated (Brown
et al., 2013). In the case of nematode resistance, candidate genes

include those that are involved in the immune response to nematode
infection.

Gene expression studies in sheep infected with Teladorsagia cir-
cumcincta have indicated that increased expression of inflammatory T
helper type 1 (Th1) and/or Th17-assocatied genes correlate with ne-
matode susceptibility (Gossner et al., 2012) while increased expression
of Th2-associated genes correlate with resistance (Wilkie et al.,
2016a,b). During previous sequencing work (Nicol et al., 2016; Wilkie
et al., 2016a) we identified potential SNPs within TBX21 (expressed by
Th1 cells), IL23R and RORC2 (expressed by Th17 cells). In the present
study, these SNPs were sequenced and then tested for associations with
nematode resistance and associated traits in naturally infected domestic
Scottish Blackface and free-living Soay ewe lambs with recorded body
weight, FEC and T. circumcincta-specific IgA levels (Davies et al., 2006;
Riggio et al., 2013; Nussey et al., 2014). The two aims of the current
study were (i) to confirm SNPs in the nematode resistance candidate
genes TBX21, IL23R and RORC2 in different sheep breeds, and (ii) to
test for associations between these SNPs and traits related to nematode
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resistance in naturally infected populations.

2. Materials and methods

2.1. SNP identification and validation in the experimental Scottish
Blackface lambs

Numerous potential SNPs were identified in the T helper cell tran-
scription factor and cytokine receptor genes during previous expression
and cDNA sequencing experiments (Nicol et al., 2016; Wilkie et al.,
2016a). Twelve experimental Scottish Blackface lambs (described in
full by Beraldi et al., 2008) were used to confirm the sequence of all
potential SNPs. Genomic DNA was extracted from 20 mg abomasal
lymph node tissue, preserved in RNAlater (Ambion, UK), using the
Wizard® SV Genomic DNA Purification System (Promega, UK) and was
quantified by NanoDrop ND-1000 spectrophotometry; 200 ng was used
as PCR template. FastStart Taq (Roche, UK) was used as per manu-
facturer’s instructions using the primers in Table S1. Six clones per SNP
per lamb were sequenced as described previously (Wilkie et al., 2016a).
A total of twelve SNPs in TBX21, RORC2 and IL23R were thus con-
firmed using this method. After sequence confirmation it transpired
that all twelve SNPs had already been identified in the dbSNP database
(http://www.ncbi.nlm.nih.gov/projects/SNP/), therefore the SNP ac-
cession numbers (Table S1) were extracted.

2.2. Naturally infected Scottish Blackface population

DNA samples from Scottish Blackface ewe lambs (born between
2001 and 2003) previously analysed by Riggio et al. (2013), were used
for SNP association analysis. Lambs were born on pasture and were
continuously exposed to natural mixed nematode infection (including a
number of genera such as Teladorsagia, Trichostrongylus, Oesophagos-
tomum, Chabertia, Bunostomum, Cooperia, Nematodirus and Hae-
monchus). All lambs were sequentially sampled at 16, 20 and 24 weeks
for strongyle (excluding Nematodirus) FEC and body weight; in an
oversight, half of the 20-week-weight data was lost at the time of col-
lection therefore only 116 lambs had weight data at this time point in
the current study. Serum anti-T. circumcincta IgA levels were measured
from blood samples collected when lambs were 24 weeks old.

2.3. Naturally infected soay population

DNA samples from feral Soay ewe lambs (born between 2002 and
2015) were also used for SNP association analysis; lambs with the
highest and lowest FEC from each year were selected. In August, when
lambs were between 16 and 20 weeks of age, around 60% of the re-
sident population of Hirta, St Kilda, was rounded up in temporary corral
traps; body weight was measured, faecal and blood samples were taken
(Clutton-Brock and Pemberton, 2004). The Soay sheep were exposed to
a mixture of gastro-intestinal nematodes including the genera Tela-
dorsagia, Trichostrongylus, Bunostomum, Chabertia, Trichuris, Capillaria
and Nematodirus.

2.4. Phenotypic analysis of naturally infected lambs

For all lambs in both populations, strongyle (excluding Nematodirus)
FEC was obtained using a modified MacMaster Method and is reported
as eggs per g faeces (epg) (Gulland and Fox, 1992; Riggio et al., 2013).
Plasma fractions of the whole blood sample were used to determine
serum anti-T. circumcincta IgA levels measured by ELISA (as described
in Riggio et al., 2013 and Nussey et al., 2014) and expressed as: (sample
OD – background OD)/(positive control OD – background OD) on each
ELISA plate.

2.5. SNP genotyping allele frequencies and LD analysis

Genotyping was conducted by LGC Genomics using KASP™ tech-
nology (http://www.lgcgroup.com/products/kasp-genotyping-chemis
try/). Genomic DNA was provided at 5 ng/μl per sample. Of the
twelve SNPs identified, three did not pass quality control and were not
analysed further.

For the nine SNPs genotyped in the two populations, Hardy
Weinberg Equilibrium (HWE) was calculated and all SNPs were found
to be in HWE (data not shown). A Chi Square test with 2 ° of freedom
confirmed differences in genotype frequency between the populations
(Table S2) using Graph Pad Prism v5 (Graph Pad software, USA).

The R2 between each SNP pair was estimated using Plink v1.07
(http://pngu.mgh.harvard.edu/∼purcell/plink/) (Purcell et al., 2007)
to explore linkage disequilibrium (LD) within the Blackface and Soay
populations.

2.6. Statistical analyses for SNP associations

A generalised linear model (GLM) in SAS 9.4 (2015) was used to
explore the significance of the fixed effects. Significant effects were
then fitted in a linear mixed model in ASReml (Gilmour et al., 2015) to
estimate genetic parameters. The response variables were FEC, IgA and
weight (at various ages in the Blackface lambs). The fixed effects fitted
for the Blackface population were: early management group, lamb birth
year, dam age at sampling (years) and litter size. The fixed effects fitted
for the Soay population were: lamb birth year, lamb age at sampling
(weeks), dam age at lambing (years) and litter size. In both cases animal
was fitted as a random effect.

The animal models were fitted as follows:

y = Xb + Zu + e

Where y is a vector of observations on the specific trait; b is a vector of
non-genetic fixed effects; u is direct additive genetic effects; X and Z are
corresponding incidence matrices and e is the residual. The normal
distributions assumed for the random effect were as follows: animal
∼N (0, Aσ2a), e∼ N (0, Iσ2e), where A is the numerator relationship
matrix, and I is an identity matrix of the order equal to the number of
records. The relationship matrix was constructed using pedigree records
of 960 Blackface sheep and 730 Soay sheep. A sire model (fitted as
above but with sire as the random effect) was then used in the Blackface
population to confirm associations. The SNPs were fitted as fixed effects
in the association analyses.

Multiple testing was accounted for using a Bonferroni correction
threshold of P ≤ 0.002. This was calculated as P = 0.05/
(α× [β + γ]); where α corresponds to the (5) independent LD blocks
of SNPs; β represents the (3) independent traits tested in the Soay
lambs; γ corresponds to the (3) independent traits tested in the
Blackface lambs (weight at different time points were correlated
therefore were treated as one trait for correction purposes).

SNP effects were estimated as:

Additive effect, a = (AA− aa)/2;

Dominance effect, d = Aa− [(AA + aa)/2];

Percentage of additive variance (VA) due to the SNP = [2pq (a + d
(p − q))2]/VA

where AA, Aa and aa were the predicted trait values for each genotype
class; p and q were the allelic frequencies at the SNP locus. Animals
with missing data were excluded from relevant analyses; the total
number of lambs included in each analysis is detailed in Table S3.
Statistical power was calculated using GWAPower software (Feng et al.,
2011).

H. Wilkie et al. Veterinary Parasitology 243 (2017) 71–74

72

http://www.ncbi.nlm.nih.gov/projects/SNP/
http://www.lgcgroup.com/products/kasp-genotyping-chemistry/
http://www.lgcgroup.com/products/kasp-genotyping-chemistry/
http://pngu.mgh.harvard.edu/~purcell/plink/


Download English Version:

https://daneshyari.com/en/article/5545614

Download Persian Version:

https://daneshyari.com/article/5545614

Daneshyari.com

https://daneshyari.com/en/article/5545614
https://daneshyari.com/article/5545614
https://daneshyari.com

