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Abstract

Small ruminant lentiviruses (SRLVs) are a heterogeneous group of viruses of sheep, goat and wild
ruminants, responsible of lifelong persistent infection leading to a multisystem chronic disease.
Increased evidences indicate that host genetic factors could influence the individual SRLV resistance.
The present study was conducted on the Garfagnina goat breed, an Italian goat population registered
on the Tuscan regional repertory of genetic resources at risk of extinction. Forty-eight adult goats
belonging to a single flock were studied. SRLV diagnosis was achieved by serological tests and 21
serologically positive animals were identified. All animals were genotyped with the Illumina
GoatSNP60 BeadChip and a genome-wide scan was then performed on the individual marker
genotypes, in the attempt to identify genomic regions associated with the infection. One SNP was
found significant (P<5x10-%) on CHR 18 at 62,360,918bp and it was located within, or nearby,
annotated gene. In the region 1Mb upstream-downstream the significant SNP, the NLRP12 (NLR
family pyrin domain containing 12), the PRKCG (protein kinase C gamma) and the CACNG7

(calcium voltage-gated channel auxiliary subunit gamma 7) were found.

Keywords: Garfagnina goat breed; Small Ruminant Lentiviruses; GoatSNP60 BeadChip; GWAS

Maedi/Visna Virus (MVV) and Caprine Arthritis Encephalitis Virus (CAEV) are members of the
Retrovidae family, genus Lentivirus. Both viruses are unequivocal closely related lentivirus and thus
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designated as small ruminant lentiviruses (SRLV) (Zanoni, 1998). Lentivirus in small ruminants are
responsible of a slow progressive infection and the onset of clinical signs involving lungs, mammary
glands and joint is insidious and seldom detected in adult animals. Leukoencephalomyelitis in kids
(2-4 months) is occasionally observed (Clements and Narayan, 1989). SRLVs infections are endemic
in sheep and goat industries in European countries, causing significant economic losses as result of
the slow progression and insidious nature of the disease primarily due to premature culling, reduced
number of offspring and reduced lamb/kid weights (Petursson et al. 1976). Transmission occurs from
infected mothers to offspring by colostrum assumption and between adults mainly through respiratory
secretions. In spite of both humoral and cell-mediated immune responses are developed, infected
animals fail to clear the virus. Presently, there are no effective vaccines or treatments against
lentivirus infections and consequently eradication and prevention of the infection depend mainly on
serological diagnosis and early culling strategies. The evidence of some breed differences in
susceptibility to SRLV infection (Peterhans et al. 2004) suggests an alternative strategy to reduce the
incidence of the infection selecting the most genetic resistant animals. Research carried out in many
countries/breeds provided evidence of differential individual and breed susceptibility as well
(Larruskain and Begofia 2013). However, selection for resistance to infectious disease is difficult and
requires the identification of specific genes or genetic markers linked to resistance either to infection
or to disease. Several attempts to identify loci associate with resistance to lentivirus infections have
been made during the last 15 years. Some loci were identified: in particular TMEM154 gene
(Transmembrane protein 154) (Clawson et al., 2015; Heaton et al., 2012; Sider et al. 2013; White et
al,2012), CCRS5 (C-C chemokine receptor type 5) (Wang et al., 2014) and other Cytokines (IL2/IL2R,
IL4, IL8, IFNy, TGF-B1, MCP-1, GM-CSF) seem to have an important role in the SRLV infection
susceptibility (Larruskain and Hugo, 2013). Also the major histocompatibility complex (MHC)
region, a polymorphic multi-gene complex located on chromosome 20 in sheep and chromosome 23
in goats, has been also implicated in SRLV infection and SRLV-induced disease (Larruskain and
Hugo, 2013).

In a previous paper (Cecchi et al. 2018) an association studies using short tandem repeats (STR
markers) was performed in this native Italian goat population and it revealed for the first time that

ETHI10 locus (on chromosome 5) was weakly associated with the infection.

The aim of the present work is to identify genomic regions associated with SRLV infection in goat
using a genome-wide scan analysis. The study was performed on Garfagnina goat individuals.
Garfagnina is an Italian native goat breed registered on the Tuscany regional repertory of genetic

resources at risk of extinction with about 745 animals belonging to 17 flocks. The study was
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performed in a flock located in the Garfagnana district (Media Valle del Serchio, Lucca, Italy) and
consisting of 269 females and 20 males. All animals were registered in the herdbook, but genealogical
information was not available (Cecchi et al., 2017). All animal procedures used in this study were in
agreement with the ethical and animal welfare concerns from the “Committee on the Ethics of Animal
Experiments of Minimally Invasive Surgery Centre” and fully complied with recommendations

outlined by the Italian laws.

Blood and serum samples were collected from 48 adult (from 2 to 9 years) goats. In order to evaluate
the SRLV seroprevalence and characterize the SRLV antibody response sera samples were analyzed
by a genotype specific ELISA test (Eradikit SRLV Screening kit, In3diagnostic, Torino, Italy). The
genotyping ELISA plates are coated with a mix of gag and env peptides belonging to the three most
divergent SRLV viral genotypes: genotype A (Maedi Visna like), B (CAEV like) and E (Roccaverano
strain). The serum samples were examined according to the manufacturer’s instructions. Specific
genotype was assigned when the OD value of a single well was >40% when compared to the OD
value of the same sera in others wells coated with different antigens. Sera were considered as SRLV
positive when positive on at least one genotype. Serological results indicated twenty-one seropositive

goats and twenty-seven serologically negative goats.

All 48 Garfagnina goats were genotyped using the Illumina GoatSNP60 BeadChip (Illumina Inc.,
San Diego, CA). Single nucleotide polymorphisms (SNP) that fulfilled the following criteria were
kept in the analysis: (1) call rate >95%, (2) minor allele frequency >0.005, and (3) no extreme
deviation from Hardy-Weinberg proportions (HWP; P-value > 0.000001). After quality control, 48
animals and 51,565 SNP, distributed over 29 autosomes and the X-chromosome, were retained (1,023

SNP were excluded due to low minor allele frequency and 421 SNP due to low call rate).

The association analysis was conducted using the GenABEL package in R (R core team, 2013;
GenABEL, 2013). A score test (function “mmscore” ) was adopted (Amin et al., 2007; Chen and
Abecasis, 2007). Firstly, an additive polygenic model was fitted using the genomic relationship

matrix:
y=Xf+a+e, 1)

where y was a vector containing the binary phenotypic records (0=negative and 1=positive); § was a
vector with the fixed effects and X was an incidence matrix that associates each observation to
specific levels of factors in . The random effects in the model consisted of the animal and the residual

terms, which were assumed normally distributed as a ~ N (0, Gagz) and e ~ N(0,162), where G was



95

96
97

98

99

100

101
102
103
104
105
106
107

108
109
110

111
112
113
114
115
116
117

118
119
120
121

122
123
124

the genomic relationship matrix, I is an identity matrix, and crgz and o2 are the additive genomic and
residual variances, respectively. The G matrix was constructed within the GenABEL R package,

where for a given pair of individuals i and j, the identical by state coefficients (f; ;) is calculated as:

o= lz (i =Pi) X (% — Pi)
YN Ly pr X (1—px)
where N is the number of markers used, x; . is the genotype of the i individual at the k'™ SNP (coded

as 0, 2 and 1), py is the frequency of the “+” allele and k=1, ..., N.

Then, the residuals obtained in (1) were regressed on the SNP (single marker regression) to test for
associations. Associations with P-value < 5 x 1075 were considered significant (Burton et al., 2007).
The R package “qgman” was used to produce Manhtattan and quantile-quantile (Q-Q) plots (Turmner,

2014). A scan for genes 1Mbp upstream-downstream from the significant SNP was performed using

the Ensembl Capra hircus ARS1 database ://www.ensembl.org/index.html). Annotation of all

the  significant SNP  was  performed  with the  variant effect  predictor

(https://www.ensembl.org/Tools/VEP) using the Ensembl database and the ARS1 assembly.

( Codice campo modificato

( Codice campo modificato

Serological analysis revealed that twenty-one out of 48 tested sera (43.75%) resulted positive to
SRLV. Four sera reacted specifically to genotype A antigens, five to genotype B and six to genotype

E. Genotype characterization was not determined in six sera, although reactive to SRLV.

A principal component analysis revealed a “small” population structure in our dataset (Figure 1). The
three identified groups (Group 1: 33 animals; Group 2: 6 animals; Group 3: 9 animals), however, had
a similar dispersion of case/control animals. Moreover, the variation explained by the first two
principal components was relative small (~19% of the original variance). As reported previously
(Cecchi et al., 2017), we postulated that each cluster refers to daughters of related individuals.
Animals of SRLV-seropositive group were subdivided in these three groups (Group 1: 13 positive

goats; Group 2: 2 positive goats and Group 3: 6 positive goats).

One SNP was found significant (P < 5x10-%) on CHR 18 at 62,360,918bp. Figure 2 represents the
Manbhattan plot of —log(P-values) for the genome wide association study (GWAS). The red horizontal
line indicates a —logl0(P-values) of 4.30 (corresponding to P-value = 5 x 10~%). Chromosome 0

indicates single nucleotide polymorphisms with unknown position on the genome.

The significant SNP was an intron of the zinc finger protein 331 (ZNF331) protein (~62.35-
62.37Mb). In the region 1Mb upstream-downstream the significant SNP, the NLRP12 (NLR family

pyrin domain containing 12; ~62.48-62.51Mb), the PRKCG (protein kinase C gamma; ~62.32-
4
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63.34Mb) and the CACNG?7 (calcium voltage-gated channel auxiliary subunit gamma 7; ~63.34-
63.36Mb) were found.

The protein encoded by the gene NLRP12 acts as a suppressor of the inflammatory response by
activated macrophages. Mutations of this protein have been reported in patients with primary
immunodeficiencies (Borte et al. 2014). The protein encoded by PRKCG gene is one of the PKC
family members. This protein kinase is expressed solely in the brain and spinal cord and its
localization is restricted to neurons. Alterations of this protein have been related to the development
of neurodegenerative diseases in a mouse model (Ji, et al. 2014). The protein encoded by the
CACNGT7 gene is a type II transmembrane AMPA receptor regulatory protein (TARP) (Chen et al
2007). TARP regulates AMPA receptors (ionotropic non-NMDA post-synaptic receptor for

glutamate, important for rapid excitatory synaptic transmission of the central nervous system, SNC).

As previously reported, several attempt to identify loci associate with resistance to lentivirus
infections in small ruminant has been made using different markers, including microsatellites (Cecchi
etal., 2018; Larruskain et al., 2010) and SNP. In particular, using the first-generation ovine SOkSNP
chip, Heaton et al. (2012) conduced a GWAS in a mixed-breed sheep population and two SNPs in
the same region of chromosome OARI17 showed the highest and third-highest genome-wide
significance. White et al. (2012) in a separate GWAS performed on different sheep breeds confirmed
the TMEM154 results of Heaton et al. (2012) and reported 12 additional genomic regions associated

with odds of infection and provided 13 regions associated with control of infection.

In conclusion, despite that our study was performed on a limited number of individuals, it describes
for the first time the involvement in susceptibility/resistance to goat lentivirus of some genes never
identified before confirming that studies on different breeds can lead to different results. Future works
may include replication of this study with a larger number of animals and fine mapping of candidate

genes.
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156  Figure 1 - Scatterplot of the first two principal components (PC1 vs. PC2). In brackets the variance
157  explained by each principal component.
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162
163  Figure 2 - Manhattan plot of —log(P-values) for the genome wide association study (GWAS).
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