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ABSTRACT: Increasing global temperatures might affect 
negatively the availability of food resources. Therefore, 
selecting animals adapted to climate change could be a way 
to guarantee the continuous production of food. With this 
motivation, genome wide association analysis (GWAS) for 
susceptibility/tolerance to heat stress was carried out in 
Spanish Florida dairy goats (n = 538). Several significant 
SNPs at whole genome level, located in different 
chromosomes, were identified. Gene annotation and 
functional classification analysis carried out with BioMart 
and DAVID online tools showed significant SNP located in 
genes involved in milk composition such as kappa casein 
(CSN3), acetyl-coenzyme A carboxylase alpha (ACACA) 
and malic enzyme 1 (ME1) and a significant SNP 
(snp39045-scaffold-3419) mapped at the heat shock 27 kDa 
associated protein 1 (HSPBAP1) which inhibits the 
antiapoptotic and thermotolerance function of heat shock 
protein 27 kDa (HSP27) at cell level. 
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Introduction 
 

The change of atmospheric concentrations of gases 
with a greenhouse effect taking place during decades, as a 
consequence of human activities, could increase the global 
temperature from 1.1 to 6.4 ºC towards 2100 (IPCC 
(2007)). In this scenario, the availability of food for humans 
and animals could be affected, due to the negative effects of 
heat stress on the yields of crops and animals. Under high 
values of ambient temperature and humidity the ability of 
animals to dissipate heat is reduced, causing an increase in 
their body temperature. In fact, animals under high heat 
stress have a lower production rate (Fuquay (1981)). 
Menéndez-Buxadera et al. ((2012)), using the reaction norm 
animal model, identified some dairy goats showing the 
same performance throughout the temperature humidity 
index (THI) trajectory (robust) and others with varying 
performances (tolerant and non-tolerant to heat stress). The 
aim of this work was to investigate the genetic architecture 
of heat stress tolerance in Spanish Florida dairy goats. 

 
Materials and Methods 

 
Animal data. 100,787 test day records registered 

from 10,283 Florida goats (daughters of 88 A.I. sires) from 
2006 to 2012 were provided by the breeders association 
(ACRIFLOR). Daily average temperature (T) and relative 
humidity (RH) collected during the same period in weather 
stations located less than 20 Km from the herds, provided 

by the Spanish Meteorological Agency (AEMET), were 
used to compute the THI values, according to Finocchiaro 
et al. (2005), as T–(0.55*(1-RH))*(T–14.4). Genetic values 
for daily fat plus protein yields were estimated through the 
trajectory of THI values (6 to 36) by means of a norm of 
reaction model (Menéndez-Buxadera et al. (2012). Most 
tolerant (278) and more sensitive (260) goats were selected 
to be genotyped. Differences between the genetic values at 
THI=30 (stress zone) and THI=20 (comfort zone) of these 
goats were used as phenotypic response to heat stress for 
the GWAS. 

 
Genotyping and quality control.  A total of 538 

female goats were genotyped using 50K Goat BeadChip 
(Illumina) which contains 53347 SNPs assays (International 
Goat Genome Consortium). The location of SNPs within 
the goat genome was provided by the International Goat 
Genome Consortium. Genotype quality analysis and 
filtering were done using PLINK v1.07 software (Purcell et 
al. (2007)). Animals with pedigree errors were removed 
from the data base, and SNPs presenting a Mendelian error 
were set as missing genotypes. In addition, samples were 
screened for the proportion of missing genotypes, and 
animal with missing genotypes greater than 3% were 
removed. SNPs were retained for the analysis if they have a 
call rate>98%. 

 
Genome-wide association (GWAS). The study 

was  performed using a mixed model approach considering 
the relatedness of animals as implemented in the function 
mmscore in GenABEL R package (Aulchenko et al. 
(2007)). The inflation factor λ for the distribution of P-
values was examined using the function estlambda of 
GenABEL in order to limit the false positive association 
signals (Aulchenko et al. (2007)). SGof software (Carvajal-
Rodríguez et al. (2009)) was used for multitest correction. 
A SNP was considered significantly associated to the trait 
at a whole genome level if their corrected P-values (PSGof ) 
were lower than 5%.  

 
Gene annotation and functional classification. 

Significantly associated SNPs (PSGof  < 0.05) were initially 
mapped in the  Bovine UMD3.1 assembly facilitated by the 
International Goat Genome Consortium for all SNPs 
included in the goat beadchip (Illumina). Gene annotations 
were retrieved from the Ensembl Genes 74 Database using 
Biomart online tool 
(http://www.ensembl.org/biomart/martview/0691c98fd4e23
31497e9bca27bd8b7d8; Flicek et al., 2010). The functional 
classification of genes was performed using the DAVID 



online annotation database (http://david.abcc.ncifcrf.gov; 
Huang et al., 2008, 2009).  
 

Results and Discussion 
 

 A total of 522 female goats and 49156 SNPs 
passed the quality filters and were considered in the GWAS 
for susceptibility/tolerance to heat stress. In the current 
study minor allele frequency (MAF) was not used in order 
to include all SNPs: common variants (MAF > 0.05) and 
rare variants (MAF < 0.05) in GWAS. Recently, 
Montgomery et al. (2014) reported that rare variants could 
have, sometimes, large effect on the phenotypic trait 
variance which could not be captured by the common 
variants. In the same way, Dickson et al. (2010) showed via 
simulation that an association assigned to common variants 
could be, in fact, caused by rare variants. Interestingly, 
Thun et al. (2013) showed that low frequency and rare 
variants at Serpin peptidase inhibitor clade A gene 
(SERPINA1) affect significantly the serum level of alpha1-
antitrypsin (AAT) which, at low concentration, increases 
the risk for early onset chronic obstructive pulmonary 
disease (COPD). However, in the current study, significant 
association signal may be cautiously interpreted because 
this result could be, in fact, a statistical artifact due to the 
imbalanced distribution of animals between genotype 
groups. It is important to mention that the multitest 
correction used in the current study, based on a sequential 
goodness of fit metatest (SGoF), permits to increase the 
statistical power with the number of test, contrary to other 
methods such as False Discovery Rate or Bonferroni, being 
very useful for omics studies with thousands of test 
comparison (Carvajal-Rodríguez et al., 2009).  

The observed −log10 P-values were plotted against 
the expected −log10 P-values and the quantile-quantile plots 
indicated that the population was not stratified with the 
statistical model employed (Figure. 1-A). The inflation 
factor (λ = 1.03) was inferior to upper limit 1.05 which 
indicates population stratification (Price et al., 2010). The 
whole genome association permitted to identify different 
SNPs distributed through the genome (except at 
chromosome 14 and 25), reaching the significance level 
after the correction for multitest (Figure 1-B). In the same 
way, Hayes et al. (2009) identified different SNPs 
associated with heat stress across the genome in Holstein 
Friesian and Jersey dairy cows, which were validated in 
Jersey dairy breed, thus highlighting the polygenic 
characteristic of the adaptation to climate change. BioMart 
online tool identified a total of 37 genes harboring 
significant SNP associated to tolerance/susceptibility to 
heat stress at whole genome level (PSGof  < 0.05),  involved 
in different functional charts. The investigation of this list 
of genes and their reported functions revealed at least three 
candidate genes for milk traits (Table 1) with associated 
SNPs: snp59460-scaffold980-512583 and snp59463-
scaffold980-517776 located at kappa casein gene (CSN3; 
Caravaca et al. (2009), snp27905-scaffold2992-54355 at 
acetyl-coenzyme A carboxylase alpha gene (ACACA; 
Badaoui et al. (2007)) and snp58910-scaffold965-277081 at 
malic enzyme 1 gene (ME1, Zidi et al. (2010)). In this way, 

heat stress caused a depression of milk yield, and protein 
and lactose contents in Murciano-Granadina goats 
(Hamzaoui et al. (2012, 2013)).  Moreover, the gene 
expression profile of milk epithelial cells of goat under heat 
stress revealed a downregulation of the expression level of 
several genes such as ACACA and CSN3 genes (Salama et 
al. (2014)).   
 As a response to condition of stress, families of 
heat shock proteins (HSPs) play important physiological 
roles at cellular level (Kregel (2002)). In the current study, 
we revealed a SNP, snp39045-scaffold-3419 located at the 
intron 2-3 of the heat shock 27 kDa associated protein 1 
(HSPBAP1), significantly associated with 
resistance/susceptibly to heat stress at GWAS level (Table 
1). The functional role of HSPBAP1 remains unclear, 
however it is known that this protein inhibits the function of 
heat shock protein 27 (HSP27, Xi et al., 2007). Kergel et al. 
(2002) reported that HSP27 protects against apoptosis 
assuring the survival of cells under several stress 
conditions. For instance, cells of human aortic smooth 
muscle transfected with HSP27 presented a lower rate of 
apoptosis in comparison with cells transfected with mock 
plasmid (Zhang et al. (2013)). In addition, transfected 
Chinese hamster and mouse cell lines with human HSP27 
gene presented more resistance to hyperthermia (Landry et 
al. (1989)). Interestingly, Salama et al. (2014) observed a 
down regulation of Lactoferrin gene expression level in 
mammary epithelial cells from goats suffering heat stress. 
Kutila et al. (2003) showed that lactorferrin is an 
antimicrobial milk protein. In this way, goats under heat 
stress might be more susceptible to mastitis as indicator of 
high level of cell apoptosis at mammary gland (Salama et 
al. (2014)).  
 

Conclusion 
 
The current study of GWAS for 

tolerance/susceptibility to heat stress in goats permitted to 
identify several possible candidate genes influencing milk 
yield, milk composition and cells death level at mammary 
gland. It is important to mention that the current results 
reported only those significant SNP mapped at possible 
candidate genes. Therefore, a future gene annotation 
analysis through a window of at least 1 Mb, for example, 
could ensure the capture of “the majority” of possible 
candidate genes harboring causal mutations on linkage 
disequilibrium with significant SNPs. In addition, copy 
number variation analysis, as a different approach, could be 
helpful to identify candidate genomic regions associated to 
resistance to heat stress. Regarding that the design of 50K 
Goat BeadChip (Illumina) did not include Spanish goat 
breed, it seems to be essential to sequence some 
“important” candidate gene, as HSPBAP gene for example, 
with the aim to identify those inherited SNPs at Spanish 
goats breed. 
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Figure 1. A- Q-Q plot of observed versus expected P-
values and B- Manhattan plot  of –log10 P value of the 
genome association analysis for heat stress 
susceptibility/tolerance in Florida goat breed. The 
horizontal line corresponds to a P-value of PSGof  = 0.05. 
 
Table 1. Genotype frequencies of significant SNP (PSGof  
< 0.05), mapped at candidate genes. 
 

SNP AA 
(%) 

AB 
(%) 

BB 
(%) Gen 

snp58910-
scaffold965-277081 77.0 21.1 1.9 ME1 

snp59460-
scaffold980-512583 91.1 7.7 1.2 CSN3 

snp59463-
scaffold980-517776 73.6 24.8 1.7 CSN3 

snp27905-
scaffold2992-54355 59.3 34.7 6 ACACA 

snp39045-scaffold-
3419 60.9 31.7 7.4 HSPBAP1 

	  
	  


