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Beef marbling of intramuscular fat deposition is an important trait in the beef industry. To 
investigate the genes involved in intramuscular adipogenesis, the proliferation and differentiation 
phases of differential gene expression in a clonal bovine intramuscular preadipocyte (BIP) cell 
line was profiled using serial analysis of gene expression (Mizoguchi et al., Anim Genet. 41, 
2011). Previously we had analyzed 11 genes that were selected based on dramatically changed 
expression (P<10-12) after differentiation (Moriya et al., ISAG 2010 conference). In this current 
study we conducted further detailed studies to investigate the important genes by treating BIP 
cells with adipogenesis medium containing Retinoic acid (RA), which inhibits preadipocyte 
differentiation in non-ruminants. 3T3-L1 cells were used as a control. We harvested the BIP and 
3T3-L1 cells 0, 3, 6, 9 and 12 days after adipogenic stimulation and measured gene expression 
levels and the accumulation of triglyceride (TG). TG accumulation in BIP cells was not inhibited 
by RA, but it was inhibited in 3T3-L1 cells, indicating that the function of RA differs between 
BIP and 3T3-L1 on the accumulation of TG. Accordingly, we surveyed which genes in BIP cells 
had expression levels that were unaffected by RA. Of the eleven genes identified previously we 
found that adipose differentiation-related protein (ADFP) expression level was not regulated by 
RA during adipogenesis. Moreover, changes in ADFP gene expression and TG deposition 
showed the same time-dependent pattern. Therefore, these data suggest that the ADFP gene 
might be involved in accumulation of TG in BIP cells. 
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Recent experimental animal biology techniques produce large datasets that describe the 
variation of thousands of molecules according to various  conditions like environment or breed. 
Bioinformatics tools allow the clustering of these data and their annotation based on ontologies 
or produce functional networks of specific pathways. However, pointing out key regulators of 
pathways and integrating datasets as a whole remains difficult. This study proposes a new 
method for modeling both reactions and their regulations at transcriptional and metabolic levels 
in a single formalism based on influence network (i.e., a directed graph). This network was 
analyzed to identify key regulators, make prediction on phenotypes or find a set of candidates 
that explain the variations of a set of targets. For that, information from the Transpath literature 
database was merged in a common formalism integrating both flux and molecular quantities in 
an influence network. Such a network was then analyzed with computational constrained-based 
approaches (answer set programming). To test the method, lists of differentially-expressed genes 
according to breed-related differences in pig adiposity or fasting effects on chicken liver were 
used. The produced networks were analyzed to check consistencies between knowledge and 
experimental data, to make predictions on unobserved molecules or fluxes, and to find the 
minimal set of variables among a set of candidates that explain variation in lipid metabolism. 
This method could help biologists to solve problems like finding the main regulators of a gene-
set of interest or elucidating causative genes among candidates located in a specific portion of 
the genome. 
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Genes in global transcriptome profiles could be assumed to be organized as functional 
modules according to cellular processes. The aim of this study was to identify physiological 
relevant modules for meat quality and carcass composition in pigs by utilizing a weighted gene 
go-expression network analysis (WGCNA). Muscle and liver transcriptome profile of 70 and 34 
selected F2 intercross Duroc x Pietrain pigs were used for a single and a consensus network 
analysis, respectively. Single network analysis for the muscle transcriptome revealed 14 
modules, comprising 47 to 1040 genes. These modules were significantly correlated to several 
meat quality and carcass composition traits. Expected antagonistic relationship between meat 
quality and carcass composition traits were confirmed by corresponding trait – module 
correlations. Gene Ontology enrichment analysis obtained that the genes of four modules were 
mainly involved in inner cellular processes. Moreover, the characteristics of a module can be 
summarized by its eigengene value. Based on this eigengene value, 11 module quantitative trait 
loci (mQTL) were identified across porcine autosomes. These were mainly located within 
regions which have been previously reported as physiological and expression QTL for meat 
quality or carcass composition traits. To investigate the differences between the corresponding 
modules of the muscle and the liver transcriptome a consensus analysis was performed. Based on 
both tissues 10 consensus modules were obtained, comprising 32 to 1247 genes. The comparison 
showed that 77% of the modules were preserved in the muscle and the liver transcriptome 
profile. 
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High losses of fluid in the form of drip may affect financial output, nutritional value, 
consumer appeal and technological properties of porcine meat. The aim of this study was to 
identify candidate genes related to drip loss by performing a whole genome association analysis. 
A total of 169 F2 animals of a Duroc × Pietrain (DuPi) resource population were genotyped 
using the 60K Illumina porcine SNP chip. Quality control was applied using PLINK and R 
software. The following criteria for quality control were chosen: call rate of 95 %, MAF > 5 % 
and missing rate per SNP 2 %. The genome wide analysis was performed using a quantitative 
trait transmission disequilibrium test (QTDT) via PLINK. The family effect was included into 
the model to avoid population stratification. 75 significant SNPs were observed (P < 0.01). In 
order to clarify the annotation and function of each SNP the Biomart software was used, which 
revealed 14 putative functional candidate genes (NELL1, SOX6, SHANK1, SGSH, CARD14, 
GAA, NEB, CDH12, ODZ2, PTPRA, VPS16, TCF15, CSNK2A1, TRIB3). The genes NELL1 and 
SOX6 which are located on SSC2 showed more than 5 point mutations each, which could be 
candidates for further haplotype analysis. 
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The Irish dairy industry is an integral part of Irish agriculture contributing 28.1% of 
national agricultural GDP. To compete on the international stage manipulation of milk yield and 
composition traits tailored to the specific product requirements will be required. In addition, 
animal health and welfare allied with mastitis-related production costs ensure focus remains on 
mastitis control and treatment. Permanent and cumulative improvements in these aforementioned 
traits can be achieved through selection of genetically superior animals. However, although 
progress has been made with dairy cattle selection programmes, our knowledge of the intricate 
biology underlying these traits is limited. Therefore this study aims to identify genomic regions 
associated with milk production and mastitis resistance using genotypic data from 914 Holstein-
Friesian animals typed on the Illumina BovineSNP50 Beadchip. Phenotypes were based on 
national genetic evaluations. Associations, quantified using a linear mixed model, were expressed 
as p-values corrected for multiple testing using a false discovery rate methodology. Corrected p-
values <0.05 were considered significant with numerous significant associations identified for 
milk yield (363), fat yield (356), protein yield (369), fat percentage (210), protein percentage 
(226) and somatic cell score (9). The associations obtained can be used to find possible causative 
mutations governing the expression of these traits. Ultimately the utilisation of such genome-
wide association data may help elucidate the biological pathways underpinning phenotypic 
differences in bovine mastitis resistance and milk production. 
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Pathway analysis, whereby one attempts to identify biological pathways that are statistically 
enriched in a given dataset, plays a crucial role in the interpretation of high-throughput 
experimental datasets including gene or protein expression profiles and genome-wide association 
studies. Such analyses, for example, can highlight pathways that are dysregulated in certain 
pathological conditions (e.g. cancer, infection) and can guide biological understanding of 
complex datasets.  Here, we show that two  tenets of the current ‘gold standards’ of pathway 
analysis, namely the egalitarian treatment of all pathway members as equal contributors to the 
statistical significance of a given pathway and the ‘one at a time’ investigation of each pathway 
in relative isolation for enrichment, can mislead the down-stream analyses. We highlight the 
level of component sharing between pathways and demonstrate how this sharing of pathway 
members can lead to spurious pathways being ranked as highly significant in current pathway 
analysis approaches. We introduce a novel approach that accounts for the highly overlapping and 
redundancy-prone structure of pathway annotation by focusing on the statistically significant 
enrichment of unique combinations of genes ("pathway signatures") for each pathway. Applied 
to several published data sets, our approach highlights biologically meaningful processes that 
would otherwise fall below statistical significance thresholds, and avoids some of the 
biologically implausible processes highlighted by previous methods. This suggests that our 
approach delivers a useful complementary tool for pathway analysis.   
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In dairy ruminants, the early lactation is characterized by a period of negative energy balance 
when nutrient demands for lactation exceed nutrient intake. To meet their needs, animals resort 
to mobilization of body reserves through adipose tissues (AT) lipolysis. The nutritional 
restriction has a similar effect on adipose tissues and it impacts the milk production. In our study, 
microarray analyses, performed on caprine AT and in mammary gland (MG), highlighted altered 
gene expression following 48-h food deprivation (FD). Among the 456 and 199 differentially 
expressed genes in omental and perirenal AT, respectively, 97 genes were similarly altered by 
FD in both AT. Interestingly, 13.4% were involved in lipid metabolism and transport 
consistently with reduced energy deposition. Among the 161 differentially expressed genes in 
the MG, 88% were downregulated. The decrease in expression of genes involved in milk protein, 
lactose, and lipid metabolism could contribute together with the shortage of nutrients to the drop 
of milk components secretion. Two new genes, involved in lipid metabolism were found 
expressed in MG for the first time. The mammary analyses also showed differential expression 
of genes involved in type I or II programmed cell death. In addition to the expected effect of FD 
on the lipid metabolism class in AT and MG, the protein metabolism and transport class is also 
modified by FD, as the class of cell cycle, proliferation, differentiation and death. These data on 
gene expression modified by FD in AT and MG contribute to complete our understanding of 
dairy ruminants adaptations to undernutrition. 
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The objective of this study was to determine whether the genes KCNA1, KCNA2, KCNA6 and 
KCNQ2, associated with peripheral nerve hyperexcitability (PNH) in humans, are also involved 
in a similar syndrome in the Jack Russell Terrier (JRT) breed that is characterized by myokymia 
and neuromyotonia. The respective genes encode the voltage-gated potassium channels 
(VGKCs) Kv1.1, Kv1.2, Kv1.6 and Kv7.2 in the peripheral nerve. Mutations in those channels 
could lead to a decreased K-channel activity and a delayed repolarisation, resulting in a 
'hyperexcitable' phenotype. First of all, all 4 predicted canine gene sequences (NCBI Gene) 
needed to be validated experimentally by RT-PCR, since they were either incompletely or even 
incorrectly annotated. This was mainly caused by gaps in the canine genomic sequence and the 
lack of sufficient canine transcript data. During the characterization of the 4 genes, KCNQ2 was 
found to express at least 14 different transcript variants in the frontal cortex of one single dog. 
Some transcripts were also described in humans (4) and mice (2), but others contained exons that 
were never described before (2). Mutation detection in JRTs diagnosed with PNH revealed no 
mutations in KCNA1 and KCNA2, 4 silent mutations in KCNA6, and 2 intronic repeats, 9 silent 
and 4 missense mutations in KCNQ2. Although none of them were pathogenetic relevant 
structural mutations in relation to PNH, the 4 KCNQ2 missense mutations, together with the 14 
different KCNQ2 transcript variants (including the 2 newly identified exons), contribute to the 
knowledge of the functional diversity of VGKCs. 
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New Zealand sheep farmers have long been interested in the prospect of breeding ewes in 
their first breeding season (mating at ~7 months of age). This practice has the potential to 
improve productivity by adding an additional crop of lambs to a ewe’s lifetime production. 

Farmers who adopt this practice have variable success and, even the most successful only 
achieve around 80% pregnancy rates. To examine factors affecting the achievement of sexual 
maturity, all ewe lambs born at Invermay Agricultural Centre from 2005-2009 (352-591 per 
year) have been monitored for onset of oestrous behaviour using vasectomised rams (teasers) 
fitted with mating harnesses and crayons. Weight was measured at birth, weaning and 18 months 
of age (mature size), and monitored regularly during the first breeding season. On average, 18% 
of ewe lambs were not mated by the teaser before the onset of seasonal anoestrous. Growth rate 
from birth until mating, and mature weight of the ewe, both affected age of onset of sexual 
maturity. When these factors were accounted for, there remained significant differences 
(p<0.001) between closely related sires in the age of sexual maturity of their daughters. 

Thus, failure to reach sexual maturity is a key factor in limiting success of yearling mating. 
In addition to growth rate and mature size of the animal, strong effects of sires were also 
observed indicating that, in addition to management of ewe lambs to achieve sufficient growth 
rates, the effectiveness of lambing ewes as yearlings can be improved through selective breeding. 
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Advanced architectures can deliver dramatically increased throughput for genomics and 
proteomics applications, reducing time-to-completion from days to minutes, and tackling 
problem sizes unattainable with commodity servers.  One such architecture, hybrid-core 
computing, marries a traditional x86 environment with a reconfigurable FPGA-based 
coprocessor.  In addition to higher throughput, the increased performance fundamentally 
improves research quality by allowing more accurate, previously impractical approaches.  This 
work uses hybrid-core computing to solve data-intensive problems of next-generation 
sequencing analysis: de novo assembly and reference mapping of short-read sequences.     

Bioinformatics applications with random access patterns to large memory spaces, such as 
de-Bruijn-graph-based assemblers, experience memory performance bottlenecks on cache-based 
x86 servers.  Convey’s highly parallel memory subsystem reduces average memory latency and 
increases bandwidth minimizing these bottlenecks.  Other algorithms benefit not only from the 
memory subsystem, but also from massively parallel implementations of application-appropriate-
data-type operations, which use logic gates more efficiently than conventional data types.  In 
Burrows-Wheeler mapping applications, significant gains are made in the population bit count 
required to uncompress the reference in memory. 

Results for a variety of research problems will be presented comparing the performance 
of Convey’s Graph Constructor and BWAligner with Velvet and BWA, respectively, for a range 
of datasets, from small microbial and fungal genomes to plant and vertebrate genomes to large 
metagenomes.  In the case of Graph Constructor, the required memory footprint is reduced by up 
to 82 percent and run time by up to 8.4x.  In the case of BWAligner, throughput is an order of 
magnitude higher than on standard servers. 
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Mycobacterium bovis is the aetiological agent of bovine tuberculosis (TB).  Diagnosis is 
based on the tuberculin test and abattoir surveillance.  The failure of the UK and several 
countries to eradicate TB indicates a need to consider alternative strategies, such as genetic 
selection of cattle for increased resistance to TB.  There is considerable quantitative evidence 
that host genetic variation influences resistance to TB.  The aim of this study was to conduct a 
case/control genome-wide association study using the newly available Illumina bovine high 
density SNP chip to identify loci associated with variation in TB resistance in the Northern 
Ireland Holstein-Friesian dairy cattle population.  Blood samples from 3,715 cattle were 
collected from 464 herds between 2008 and 2009.  Cases were sampled at slaughter, and were 
defined as animals with both a positive reaction to the tuberculin skin test and a confirmed TB 
lesion.  Age matched controls were sampled from a subset of case herds, and were defined as 
animals that were negative to the tuberculin skin test.  In total, 1,424 cattle were genotyped for 
777,962 SNPs.  After QC edits, 1,161 cattle (596 cases and 565 controls) and genotype data from 
617,639 SNPs remained.  A chi-squared allelic test was used to test for associations between 
individual SNPs and resistance to bovine TB.  In this study, 40 resistance loci were associated 
with resistance to TB (P < 0.00001).  Future work will involve fine-mapping of these loci, 
identification of plausible candidate genes, and pathway analysis of the identified gene sets. 
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Serum lipid (SL) concentrations are considered to be one of the most important risk factors for 
the development of atherosclerosis in human. Pigs have been used as clinical models in the study 
of this disease because they present vascular atheromatous lesions that are very similar to the 
ones observed in human. The main goal of this work was to identify genomic regions that 
influence SL in pigs. The PorcineSNP60 BeadChip (Illumina) was employed to genotype 351 
Duroc individuals, distributed in five half-sib families, for which SL records were available i.e. 
total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL) and 
triglyceride (TG) serum concentrations at two ages (45 and 190 days). We have found four 
genome-wide associations for TG concentrations at 45 days (SSC7, SSC10 and SSC16) and 190 
days (SSC6). Several chromosome-wide significant associations were also found for TC and 
LDL at 190 days, namely at SSC1 and SSC3, as well as for TG at 190 days (SSC6 and SSC7).  
At 45 days of age, highly significant associations were detected for LDL (SSC3) and TG (SSC7). 
Finally, no significant associations have been found for HDL concentrations at neither 45 nor 
190 days. Identification of the causal mutations explaining these associations might provide 
valuable clues in order to define genetic factors that modulate SL levels not only in pigs but also 
in human. 
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Immunological responses of cattle to Mycobacterium bovis  (M. bovis) infection are of interest in 
terms of understanding the biology of M. bovis infection and for the development of improved 
diagnostic techniques. Although considerable time and resources have been invested in 
understanding immune responses to M. bovis infection, the protective response has yet to be 
identified. To begin to elucidate the immune response of cattle to M. bovis infection, 6 outbreed 
Holstein calves were infected via aerosol with 8 x 103 CFU/ml M. bovis. Peripheral blood was 
collected by venipuncture prior to infection and at 30 and 60 days post infection. Peripheral 
blood mononuclear cells (PBMC) were isolated and stimulated with purified protein derivative 
(PPD) of M. bovis for 16 hours. Total RNA was isolated using a Qiagen RNeasy Mini column. 
The quality of the RNA was evaluated using an Agilent 2100 Bioanalyzer. Samples were 
randomly assigned to one of two pools for each time point. Each sample pool was prepared for 
RNA-Seq and sequenced (75 base run) on the Illumina Genome Analyzer II, one pool per 
channel. Sequences were trimmed then aligned against the Btau_4.0 assembly using myrna. 
Utilizing the count data, differential gene expression was determined using EdgeR. When post 
infection was compared to pre infection, 97 genes were differentially expressed at both time 
points after infection. Differentially expressed genes were primarily composed of cytokine/T cell 
specific genes including: IFN-γ, LT-α, IL-22, CXCL-10, CXCL-9, IL-17a, IL-17F, Granzyme A 
and Granzyme B. Expression was confirmed by real-time quantitative PCR using RNA from 
individual animals. Differential splicing and unannotated exon expression was explored. 
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This study identified genome regions associated with variation in antibody response to 
vaccination against bovine viral diarrhea virus type 2 (BVDV 2) in Angus calves.  Calves were 
born in spring or fall 2006-2008 (n=620).  Two doses of modified live vaccine were administered 
three weeks apart. Levels of viral neutralizing antibodies against BVDV2 in serum (antibody 
level) were determined based on the ability of antibodies to block the cytopathic effect (CPE) of 
BVDV2 in cultured cells.   Antibody levels, recorded as log base two reciprocal of the highest 
serum dilution that blocked CPE, were determined at initial vaccination and three weeks post-
booster vaccination (final antibody level).  Overall antibody response was measured as final 
minus initial antibody levels.  Statistical analysis indicated that initial antibody levels were 
significantly influenced by year, season, birth weight, gender, calf age, and age of 
dam(R2=0.647).  Overall antibody response was significantly effected by initial antibody level, 
year by season interaction, wean stress timing, dam age, and pinkeye infection(R2=0.794).  
Animals were genotyped using BovineSNP50 Infinium-beadchips.  Simultaneous analysis of all 
SNPs and fixed effects were performed using GenSel Bayes-C, treating SNP effects as random 
effects with an assumed fraction (pi=0.999)of SNPs having no effect. The posterior means for 
the proportion of variance in initial antibody level or overall antibody response that were 
explained by SNP were 0.09 and 0.15, respectively.  Candidate genes (BOLA-DQA1-5 and 
BOLA-DQB) in close proximity to large effect SNPs were identified.  While immune response 
appears to be lowly heritable, there were associated SNPs within the MHC region. 
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The function of agouti (ASIP) in cattle was investigated only with respect to coat color so 
far, although there are speculations on its potential importance for fat related traits. The 
expression pattern in bovine resembles that in human, where increased ASIP expression is related 
to obesity and/or diabetes. To elucidate relationships between ASIP expression and 
intramuscular fat (IMF) development, we employed expression arrays, qPCR, Western blot, and 
immuno-histochemistry. The mRNA and protein expression and localization of bovine ASIP 
were investigated in different tissues including IMF.  

Analysis of expression arrays of M. longissimus from Japanese Black (JB), Holstein (HS) 
and Charolais (CH) steers revealed significant differences of ASIP mRNA abundance between 
the breeds which differed largely in IMF content. Subsequent qPCR experiments confirmed 
higher expression in JB samples compared to HS but demonstrated a heterogeneous pattern in 
CH steers with two animals expressing ASIP at the same level as observed in JB. Similar results 
were obtained for ASIP mRNA abundance in IMF samples of the animals. We then analyzed the 
expression of a previously described transcript consisting of parts of a bovine LINE element and 
the ASIP coding sequence and found it responsible for the over-expression of ASIP mRNA in 
IMF regardless of breed. This transcript is also over-expressed in subcutaneous fat of the 
respective animals. 

Using a bovine ASIP antibody, we demonstrated for the first time ASIP protein expression 
in different tissues of cattle, with highest values in all fat depots. However, ASIP protein 
abundance did not reflect the differences observed at mRNA level suggesting additional, post-
transcriptional regulation of ASIP expression. Further investigations are required to elucidate the 
function of the over-expressed ASIP transcript in bovine tissues.     
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Mycobacterium bovis is the aetiological agent of bovine tuberculosis (TB).  Diagnosis is 
based on the tuberculin test and abattoir surveillance.  The failure of the UK and several 
countries to eradicate TB indicates a need to consider alternative strategies, such as genetic 
selection of cattle for increased resistance to TB.  There is considerable quantitative evidence 
that host genetic variation influences resistance to TB.  The aim of this study was to conduct a 
case/control genome-wide association study using the newly available Illumina bovine high 
density SNP chip to identify loci associated with variation in TB resistance in the Northern 
Ireland Holstein-Friesian dairy cattle population.  Blood samples from 3,715 cattle were 
collected from 464 herds between 2008 and 2009.  Cases were sampled at slaughter, and were 
defined as animals with both a positive reaction to the tuberculin skin test and a confirmed TB 
lesion.  Age matched controls were sampled from a subset of case herds, and were defined as 
animals that were negative to the tuberculin skin test.  In total, 1,424 cattle were genotyped for 
777,962 SNPs.  After QC edits, 1,161 cattle (596 cases and 565 controls) and genotype data from 
617,639 SNPs remained.  A chi-squared allelic test was used to test for associations between 
individual SNPs and resistance to bovine TB.  In this study, 40 resistance loci were associated 
with resistance to TB (P < 0.00001).  Future work will involve fine-mapping of these loci, 
identification of plausible candidate genes, and pathway analysis of the identified gene sets. 
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The majority of bovine embryonic mortality occurs within the first 16 days of pregnancy. 

Prior to the commencement of implantation (~day 19) the embryo resides free-floating in uterine 
fluid on which it is dependent for normal growth and development. It has previously been 
reported that the bovine uterine proteome differs from plasma (Faulkner et al., 2011). To 
determine if the composition of the uterine proteome changes during the early stages of embryo 
development, uterine flushings (UF) were collected from the ipsi- and contralateral uterine horns 
of beef heifers on days 7 (n = 10) and 15 (n = 10) of the oestrous cycle. Samples were albumin 
depleted (Faulkner et al., 2011) before iTRAQ® labelling and subsequent SCX-LC-MS/MS 
analyses. Proteins were identified using Mascot and an in-house curated version of the IPI 
protein database for Bos taurus (version 3.66, Feb 2011) with a minimum of 2 peptides (P < 
0.05). Quantification was performed by comparing iTRAQ® reporter ion ratios to those from a 
pooled reference sample. Differentially expressed proteins were identified using the Student’s t 
test corrected for multiple testing. A 10% FDR and a 1.5-fold change cut-off were used. Western 
blotting was used to confirm expression of sample proteins. A total of 18 proteins were up to 6.1-
fold higher (P < 0.05) and 11 were up to -2.1 fold lower on day 15 compared to day 7. Proteins 
involved in metabolism, immunity, transport and anatomical structure development were among 
those identified as differentially expressed. This study has shown that the composition of the 
bovine uterine proteome is dynamic with many changes occurring close to the time of 
implantation. The specific roles of these proteins in conceptus development and uterine 
receptivity warrant further investigation. 
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Bovine tuberculosis is a significant veterinary and financial problem in many parts of the world. 
Although many factors influence infection and progression of the disease, there is a host genetic 
component and dissection of this may enlighten on the wider biology of host response to 
tuberculosis.  However, a binary phenotype of presence/absence of infection presents a noisy 
signal for genomewide association study. We calculated a composite phenotype of genetic merit 
for TB susceptibility based on disease incidence in daughters of elite sires used for artificial 
insemination in the Irish dairy herd.   This robust measure was compared with 44,426 SNP 
genotypes in the most informative 307 subjects in a genome wide association analysis. Three 
SNPs in a 65 kb genomic region on BTA 22 were associated (i.e. p<10-5, peak at position 
59588069, p=4.02 x 10-6 ) with tuberculosis susceptibility. One SNP lies within and two 
upstream of the taurine transporter gene SLC6A6, or TauT which is known to function in the 
immune system but has not previously been investigated for its role in tuberculosis infection. 
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The SCD gene, localized on pig chromosome SSC14q27 and recognized as a candidate gene for 
fatty acid composition, encodes stearoyl-CoA desaturase that plays a crucial role in the 
biosynthesis of monounsaturated fatty acids. This study aimed to analyze the variation in its  
transcription level (real time PCR) in isolated adipocytes, in vitro cultured fibroblasts and in 
longissimus dorsi muscle and subcutaneous fat tissue. Taking into account that the three-
dimensional (3D) organization of genes in the interphase nucleus plays an important role in the 
regulation of gene expression, we have examined (3D-FISH) the position of the SCD gene in the 
nuclei of adipocytes and fibroblasts. The data revealed that the transcription level was 15-fold 
higher in adipocytes, but the position of this gene was peripheral in nuclei of both types of cells. 
The comparison of fat and muscle tissues, collected post mortem from gilts (approx. 100kg) of 
Polish Large White (n=23), Polish Landrace (n=21), Duroc (n=23) and Pietrain (n=17) breeds, 
showed 24-fold higher (P<0.001) transcription level of the SCD in the subcutaneous fat than in 
the muscle tissue. The interbeed comparison revealed significantly higher transcription level of 
the SCD in fat tissue of Polish Landrace (P<0.05) and no differences in the muscle tissue. We 
have also analyzed the variation of the SCD transcription level in relation to the genotype at 
polymorphic sites in 5’-flanking region (2 SNPs, segregating as 2 haplotypes in Polish Large 
White) and 3’UTR (2 SNPs in Polish Large White and Polish Landrace). Unfortunately, the 
distribution of these genotypes was uneven (minor allele frequency was below 0.15), therefore 
only a comparison between predominant homozygous and  heterozygous genotypes could be 
performed. No significant relationships were detected.  
[This study was financed by the Polish Ministry of Science and Higher Education - grants 
N311 288 936 and IP2010 040670] 
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Meat quality (MQ) is a complex phenotype determined from a combination of individual 
traits, themselves resulting from interactions between the genetic background, rearing conditions 
and pre-slaughter handling of animals, and carcass processing. Thus, MQ depends on 
physiological processes taking place in muscle, and has a direct origin in gene expression. 
Ascertaining the transcriptome profiles in highly contrasted breeds could be helpful to identify 
the biological processes underlying MQ development. For this purpose, our experimental device 
was designed to induce a high variability in MQ using two pure breeds: Large White 
(conventional, n=20) and Basque (local breed giving rise to high sensory quality pork, n=30), 
reared in different production systems themselves influencing MQ. RNA were extracted from 
Longissimus muscles taken 30 minutes after slaughter, labelled and hybridized together with a 
reference sample to a 15K custom Agilent muscle tissue microarray containing 9169 unique 
genes. In order to find genes associated with MQ, transcriptome profiles were correlated with 5 
MQ traits: drip loss (8% ≤ R2 ≤ 33%), pH (8% ≤ R2 ≤ 34%), intramuscular fat content (8% ≤ R2 ≤ 
27%), redness (8% ≤ R2 ≤ 40%) and lightness (8% ≤ R2 ≤ 29%). These 5 gene lists containing 
hundreds of correlated genes were submitted to functional annotation clustering using DAVID 
tools (http://david.abcc.ncifcrf.gov/home.jsp), thus highlighting 10 clusters for drip loss, 5 for 
pH, 3 for redness and 1 for lightness. Besides, 76% of correlations between gene expression and 
MQ were confirmed by qRT-PCR methods. Afterwards, these correlations were checked on 50 
additional pigs from the same breeds and production systems and 39 correlations involving 23 
genes were validated using these replicate samples. Altogether, single gene expressions 
explained between 5 and 33% of the variability of MQ traits. Stepwise regression models led to 
lists of 3 up to 7 genes that explain between 29 and 47% of the variability of each MQ trait. In 
conclusion, this study is a first step towards the identification of molecular markers of MQ, and 
the subsequent development of control tools of pork quality. 



Differential microRNA expression in ovary of high and low prolificacy 
pregnant sows from an Iberian x Meishan F2 intercross  

Ingrid Balcells1, Oriol Timoneda1, Susanna Cirera2, Rolf Søkilde3, Thomas Litman3, Cristina 
Óvilo4, José L. Noguera5, Armand Sánchez1 & Anna Tomas6 

 
1. Departament de Genètica Animal, Centre de Recerca en Agrigenòmica (CRAG), Universitat Autònoma 
de Barcelona, Campus UAB, Barcelona, Spain. 
2. Department of Basic Animal and Veterinary Sciences, Division of Genetics and Bioinformatics, Faculty 
of Life Sciences, University of Copenhagen, Denmark. 
3.  Biomarker Discovery, Exiqon A/S, Vedbæk, Denmark.  
4. Departamento de Mejora Genética Animal, SGIT-INIA, Madrid, Spain.  
5. Genètica i Millora Animal, IRTA, Lleida, Spain.  
6. Program Infection and Immunity, FISIB, Bunyola, Mallorca, Spain.   
 
Corresponding author: Ingrid.Balcells@uab.cat 

 
In pig industry, small increases on the annual sow productivity have a great economic 

impact. Traditional selection of reproductive traits has been proven inefficient due to their low 
heritability, late expression in life and sex determination. Few genes or genomic regions have 
shown to be related with the phenotypic variability of such traits through QTL and candidate 
gene analyses; however, little is known about the role that microRNAs (miRNAs) can play on 
this variability. miRNAs are posttranscriptional regulators of gene expression implicated in 
various aspects of ovarian physiology. During pregnancy, the ovary is important for the 
segregation of steroid hormones required for the preparation of the reproductive tract tissues for 
fertilization, embryo implantation and the establishment of normal pregnancy.  

The aim of this work was to determine differences in expression levels of miRNAs in 
ovaries of Meishan x Iberian (MexIb) F2 sows that differ in the number of embryos (NE) at 30-
32 days of gestation. miRNA microarrays miRCURY™ LNA™ (Exiqon) revealed eight 
miRNAs differentially expressed (DE) between high (NE≥16) and low (NE≤6) prolificacy sows. 
Three out of eight DE miRNAs could be validated by real time quantitative PCR: miR-146a, 
miR-142-3p and miR-129-3p. To understand the biological role of the DE miRNAs, an in silico 
prediction of the putative mRNAs targets was done and, once identified, the mRNAs targets 
were analysed on a functional basis using the KEGG pathways database. A total of 331 miRNA 
target genes were identified and were classified into 48 different pathways. Pathways were 
mainly related to the immune system, cellular adhesion, angiogenesis, nutrients transport and 
hormone synthesis; processes with an important role during pregnancy. 

In summary, expression of miR-146a, miR-142-3p and miR-129-3p has been associated 
with prolificacy levels. Upregulation of these miRNAs in ovaries of sows at 30-32 days of 
gestation could influence the maintenance and the survival of embryos attached to the uterus and 
consequently, increases the size of the litter. 
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The pig is characterized by its importance for the livestock industry and also by its high 
interest as a good biomedical model. Its complex process of domestication, with independent 
geographical origins and the strong artificial selection done by human, has expanded the large 
phenotypic and genotypic variability that commercial and local porcine breeds display 
nowadays. This variability could be influenced by regulators of gene expression like microRNAs 
(miRNAs), small non-coding RNAs (18-25nt) which act repressing their targets (messenger 
RNA) at the posttranscriptional level. Despite the great effort done for miRNA discovering in the 
last decade, the number of miRNAs described in the porcine genome is still poor (257) compared 
to other species like human (1,424), mice (1,111), cow (676) or chicken (544). 

 
The main objective of this project was to describe the miRNAome of the porcine kidney 

and to compare differences between several pig breeds, such as Iberian (n=4), Landrace (n=3), 
Large White (n=2), Piétrain (n=3), Meishan (n=3), Vietnamese (n=3) and the European ancestor, 
the Wild Boar (n=2). Small RNA libraries were elaborated for each breed and they were high-
throughput sequenced using the 454 Genome Sequencer FLX (Roche). Up to 115,305 sequences 
between 15 to 29nt were obtained and were aligned to miRBase, Rfam and GenBank databases. 
From them, 103 porcine miRNAs and 196 orthologous miRNAs were identified. Interestingly, 
4,384 sequences remained unclassified being considered as possible novel porcine miRNAs. 
 

For miRNA discovery, all sequences were aligned with the pig genome to select only those 
aligning in a single site in the genome, discarting those located in repeated or in precursor 
miRNA regions. Sequences were clustered by their proximity in the genome and clusters with 
copy number less than three were discarded. Consensus sequences for each cluster were 
validated in silico using the MFold software, that predicts the typical pre-miRNA hairpin 
structure. Finally, 8 clusters, 3 of them only expressed in one breed, remained as candidates to be 
new miRNAs. Currently, these candidates are being validated through qPCR. This work will 
contribute to the increase of porcine miRNAs repertory. 
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Androstenone is one of the major compounds causing boar taint in un-castrated male pigs. A 
genome-wide association study revealed a cluster of SNPs on pig chromosome 6 associated with 
androstenone levels in boars with distinct haplotypes linked to either high or low androstenone 
levels (Duijvesteijn et al. 2010). After slaughter, liver and testis tissue from animals from the 
same breed were collected  and stored in RNALater. A total of 48 animals were genotyped for 31 
SNPs covering the whole region. Four animals homozygous for one of the two main haplotypes 
associated with high and low androstenone levels were selected for RNA isolation. For each 
group, the isolated RNA  was pooled and subjected to 100 bp single-end cDNA sequencing on 
the Illumina HighSeq 2000 platform. After clipping of vector sequence and quality trimming 
(quality >20), between 56 – 60 million sequence reads were available for each group. The reads 
were aligned against the pig reference genome (build10) with TopHat (Trapnell et al. 2010). 
Estimation of differential expression with Cufflinks (Trapnell et al. 2010) suggests 13 and 34 
transcripts in the associated region differing significantly in expression levels between high and 
low androstenone pools from liver and testis, respectively. Differential expression will be 
explored on a genome-wide scale and genes showing significant differential expression will be 
annotated based on pig reference genome build 9 and comparative human annotation. Results of  
first analyses will be presented. 
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As disease resistance traits are difficult or impossible to measure directly in livestock, 
potential indirect immunocompetence criteria are measurements of immune traits (ITs). In this 
perspective, we are currently studying porcine ITs by combining genetics and functional 
genomics approaches, with no initial focus on resistance to a specific pathogen (Flori et al., BMC 
Proc, 2011). Blood was sampled from a population of 60 days old Large White pigs (N=443) 
three weeks after vaccination against Mycoplasma hyopneumoniae. The measured ITs were 
related to blood cell counts (hemogram, proportions of cell sub-populations by flow cytometry), 
inflammation (seric inflammatory proteins), innate immunity (phagocytosis, in vitro production 
of IL-IB, IL-6, IL-8, IL-12, TNF), and adaptive immunity (specific and non specific antibodies, 
in vitro cell proliferation and production of IFNG, IL-2, IL-4, IL-10). Estimates of heritabilites 
and correlations revealed that numerous ITs show substantial genetic variation despite limited 
co-variation (Flori et al., PLoS ONE, 2011). For functional genomic studies, we considered 
blood a relevant target tissue to explore and used an in-house developed microarray (SLA-
RI/NRSP8-13K chip; Gao et al., BMC Genomics, 2010). We compared groups of animals 
contrasted in levels of white blood cell count, CD4-CD8+ or TCRγδ+ lymphocyte counts, 
phagocytosis, in vitro production of IL-2, IL-10, TNF, IFNG, and specific antibodies. For each 
phenotype, the two analysed groups comprised 4 to 10 animals from the extreme tails of the trait 
distribution. Among the nine ITs studied, blood transcriptome analysis revealed differentially 
expressed genes for six traits. The expression of genes in blood was not significantly affected for 
animals traits contrasted in levels of TNF production, specific IgGs, and TCRγδ+ cell count. 
Within the differentially expressed genes, we uncovered significantly enriched pathways related 
to immunity. An extensive analysis of the transcriptome data is ongoing to decipher the 
biological insights at the level of functional modules. In conclusion, we show that differences in 
some ITs’ levels are associated with transcriptome modifications, meaning that blood 
transcriptome is a relevant molecular phenotype for these ITs. Thus, blood gene expression 
levels could be combined with genetic studies to identify candidate genes underlying heritable 
immunity traits. 
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The hypothalamic-pituitary-adrenal (HPA) axis plays a central role in maintaining 
homeostasis, particularly during stress. Hormones secreted by the HPA-axis facilitate coping 
with stress and adaptation by influencing various neurobiological, metabolic, and immune 
processes, and consequently affect diverse economically relevant traits, i.a. meat and carcass 
quality. The activity of the HPA-axis shows large interindividual variation which has a 
considerable genetic component. However, presently little is known about its molecular-genetic 
background in farm animals. To identify genetic determinants of HPA-axis activity in pigs we 
analyzed DNA polymorphisms in genes encoding members of the HPA-axis pathway including 
CRH, AVP, UCN, CRHR1, CRHR2, CRHBP, AVPR1B, POMC, MC2R and NR3C1, and 
performed a genome-wide association study (GWAS) in a crossbred Pietrain × (Large White × 
Landrace) population (PiF1). The GWAS was based on genotypes of a total of 47524 SNPs 
obtained using the Illumina’s PorcineSNP60 BeadChip. As parameters of HPA-axis activity we 
measured plasma cortisol (n=476) and ACTH (n=80) levels in slaughter blood using 
commercially available immunoassays. In addition, left adrenal gland was dissected and the 
weight was considered as a parameter of the activity of the central branch of the HPA axis over 
time (n=409). Out of the candidate genes UCN, POMC, MC2R, and NR3C1 showed significant 
associations at p≤0.05. The GWAS yielded one SNP associated with cortisol levels, two SNP 
associated with ACTH levels, and two SNP associated with adrenal weight respectively at 
log10(1/p)≤5. Presently we are performing functional analyses to identify causal loci and their 
variants. 
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All cows experience bacterial contamination of the uterus postpartum, which initiates a 
local innate immune response to resolve inflammation and clear infection. In 40% of the cows 
which fail to resolve the infection, an extended period of perturbed uterine involution ensues. Of 
these cows, 20% subsequently develop uterine disease, a major cause of sub-fertility in cattle. In 
order to understand the immune mechanisms underpinning postpartum bacterial clearance, 
comprehensive characterisation of 13 cows was performed (microbiology, endocrinology, 
cytology and histology). Results showed evidence for a pro-inflammatory endometrial 
environment at day 15 postpartum, which is resolved by 30 days after calving.  

To elucidate changes regulating the endometrial immune response, an Illumina® Genome 
Analyser was used to sequence the endometrial transcriptome, from the biopsies of 3 cows at 
both 15 and 30 days postpartum. Data analysis aligned sequence reads to the bovine genome 
utilising TopHat and identified differentially expressed genes between these post-partum time 
points with DESeq. Preliminary results have demonstrated significantly increased gene 
expression of 1,661 genes and decreased expression of 610 genes respectively, at day 15 relative 
to day 30 postpartum (P<0.01). GoSeq pathway analysis indicated “signalling in the immune 
system” to be the most enriched immune pathway, within which the expression of 82 genes are 
differentially increased and 4 genes differentially decreased. Quantitative RT-PCR will be used 
to validate a panel of differentially expressed genes in a larger panel of post-partum cattle. 

A systems level understanding of the post-partum uterine changes will hopefully identify 
genes involved in regulating the immune response post-partum, and thereby identify potential 
biomarkers for the early identification of problem animals. 
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The IFNG gene encodes interferon-γ, a member of the type II interferon family. 
Interferon-γ is a soluble cytokine with immunoregulatory, anti-viral and anti-tumour properties 
and is a potent activator of macrophages. It is produced by lymphocytes activated by specific 
antigens and is a critical component of the immune response to intracellular pathogens such as 
Mycobacterium tuberculosis. The transcriptional regulation of the human gene promoter has 
been well characterised, and the bovine gene shows significant sequence similarity (85%) in the 
proximal promoter region. In human studies, it has also been shown that the IFNG gene can be 
epigenetically regulated by DNA methylation.  

Our hypothesis is that the proximal promoter of the bovine IFNG gene is subject to 
methylation at key CpG sites that will reduce interferon-γ production during infection, 
potentially via abrogated transcription factor binding. Serial deletion analysis of a 2kb fragment 
of the IFNG proximal promoter was carried out to identify important regulatory elements for 
IFNG expression. The functional effect of a novel SNP identified in the bovine IFNG promoter 
(-508 T/C) which introduces a TFBS for RFX1 was also examined. 

Transfection experiments using luciferase reporter vectors were carried out in Jurkat T 
cells stimulated with PMA (50ng/ml) and ionomycin (500ng/ml). Preliminary analysis indicates 
that the SNP does not functionally effect gene expression. However, artificial methylation of the 
IFNG reporter vector significantly reduced luciferase expression by ~10 fold (P< 0.05). 
Preliminary results suggest that methylation of the proximal promoter of bovine IFNG could 
play a significant role in regulating IFNG expression during the immune response to infection.  
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      We initiated studies to extend comparative genomics of the Th2 cytokine region to the rabbit, 
and to determine whether differences between the genome sequence assemblies from two donor 
rabbits may explain why one of the strains had developmental and immunological abnormalities, 
including susceptibility to Mycobacterium tuberculosis infection. Rabbits are models for various 
infectious, autoimmune, and other diseases and are becoming increasingly important for vaccine 
development, and as a resource for diagnostic and therapeutic antibodies. The unique 
characteristics of their immune system, resulting in antibodies of high affinity and specificity, 
make them a major source of polyclonal and monoclonal antibodies. Whole genome sequencing 
(WGS) at ~ 7x coverage, assembly, and annotation of a high quality draft rabbit genome 
sequence was recently completed at Broad Institute. The Thorbecke Rabbit (TR) chosen for 
sequencing was less heterozygous than outbred New Zealand White (NZW), but was 
heterozygous at the immunoglobulin heavy chain locus. The TR strain had obvious 
developmental abnormalities and was more susceptible to infection with several strains of 
Mycobacterium tuberculosis. The ENCODE Project, with ~ 1% of rabbit genomic sequence from 
a different, normal NZW animal, includes the cluster containing the coordinately regulated Th2 
cytokine genes IL5, IL13, and IL4. We extended previous studies of the Th2 cytokine region by 
comparing sequences of syntenic regions on chromosome 3 of the rabbit genome OryCun 2.0 
assembly from the tuberculosis-susceptible strain, with the corresponding region of ENCODE 
ENm002 from a normal rabbit as well as with nine other mammalian species. Cross-species 
comparative genome analysis revealed conservation of some coding and regulatory sequences 
within syntenic regions of rabbit and 9 other mammals. Among differences between the coding 
sequences of a single TR and single NZW rabbit, we found a well-supported replacement change 
(Pro or Thr) at position 27 of IL13, and a possible fmift insertion in exon 2 of the IL4 gene that 
could have caused forced production of the IL4delta2 form (if further supported by more 
sequencing). Some other differences in regulatory sequences between rabbits and across 
mammals were found. Work is in progress to further evaluate the significance of the identified 
sequence differences. 
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Recent discoveries have revealed that high prolificacy in some sheep breeds is the result 
of two different mutations: FecB and FecXI.  

FecB mutation was first discover in Booroola sheep and is located in the highly 
conserved kinase domain of the bone morphogenetic protein receptor 1B, and is characterized by 
a single amino acid substitution (Q249R) associated with a precocious differentiation of ovarian 
granulosa cells. The polymorphism is represented by a single point mutation (G/A) in BMPR-1B 
gene located on sheep chromosome 6 (Souza et al., 2001; Fabre et al., 2003).  

The high prolificacy in Inverdale Romney sheep is due to a mutation (FecXI) in the Bone 
Morphogenetic Protein-15 (BMP15) gene. The effect of the mutation is an increase in the 
ovulation rate. The hyperprolificacy phenotype was identified as a single amino acid substitution 
(V299D) in the bone morphogenetic protein 15, caused by a single point mutation (T/A) in 
BMP15 gene, located on sheep chromosome X (Galloway et al., 2000). 

The aim of this work was to analyze the genotype distribution of FecB and FecXI 

mutations in three Romanian sheep breeds: Botosani Karakul, Palas Milk Line, and Palas 
Merino. In order to emphasize the modifications we propose a study using the PCR-RFLP and 
sequencing techniques. Amplification of DNA was realized by PCR and the products were 
digested with restriction endonuclease AvaII and XbaI. Restricted products were analyzed by 
electrophoresis in agarose gel stained with ethidium bromide. In order to confirm the results 
obtained using the PCR-RFLP we have sequenced the amplicons. The sequencing reactions 
were done using the BigDye Terminator v3.1 Cycle Sequencing Ready Reaction Kit 
(AppliedBiosystems). After enzymatic restriction and sequencing, we have obtained in all three 
breeds only the wild alleles which represent the non-carrier animals. 

Using PCR-RFLP technique is easy to identify the animals which have the favourable 
allele for reproduction and the method can be successfully applied in the wide-scale screening of 
different sheep populations. These molecular methods increase the panel of molecular tools 
available for sheep breeders to choose the most prolific genotypes for improving the artificial 
selection. 
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Theileria annulata is a tick-borne protozoan parasite that infects bovine macrophages (mφ), 
causing an overwhelming inflammatory response in Holstein (Bos taurus) cattle but not in the 
Sahiwal (Bos indicus) breed. Holstein and Sahiwal mφ have distinct transcriptome profiles; in 
particular signal regulatory protein (SIRP) beta is present at 24.5 fold higher levels in Holstein-
derived mφ than Sahiwal-derived mφ. The SIRP family is expressed primarily by myeloid cells 
and regulates inflammatory responses. Known as counter-balance receptors, inhibitory SIRPA, 
activating SIRPB and non-signalling SIRPG have opposing functions. SIRPB1 is thought to 
activate cells and promote phagocytosis by the interaction of a transmembrane lysine residue 
with DAP12. We hypothesize that the difference in SIRP expression may underlie the observed 
genetic tolerance to T. annulata infection.  Therefore we are investigating the regulation of SIRP 
expression in bovine mφ. Sequence analysis shows the SIRPB1 promoter sequence in both 
breeds is identical; however the 3’ untranslated region contains four SNPs which may affect 
post-transcriptional processing and lead to the observed differential expression. Furthermore, 
SIRPB1, SIRPB2 and SIRPB3 are subject to alternative splicing. Increased expression of a 
SIRPB1 splice variant, which lacks the transmembrane-encoding region, and also SIRPB3, may 
be associated with T. annulata infection. To investigate modulation of expression, uninfected 
macrophages were activated with LPS, interferon (IFN)-α or IFN-γ and increased expression of 
SIRPB1 and SIRPB2 was observed. Further studies on the functional relevance of SIRP splice 
variants will include siRNA knockdown of SIRPB1 in particular to explore its suggested role in 
mφ activation and phagocytosis.  
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The PRKAG3 gene encodes the γ3 subunit of adenosine monophosphate activated protein kinase 
(AMPK), a protein that plays a key role in energy metabolism in skeletal muscle. Non-synonymous SNPs 
in this gene have been associated with important meat quality traits.  The objectives of this study were to 
determine if there are relationships between gene expression and genetic variation in the promoter region 
of the PRKAG3 gene with muscle biology traits in the pig.  The expression of the PRKAG3 gene was 
determined in three phenotypically diverse F1 cross populations (n=85) by qPCR.  SNP discovery was 
performed by sequencing a 1.3 kb region of the promoter in these animals and haplotypes constructed.  
Tagging SNPs were identified and subsequently genotyped in larger purebred populations (Large White, 
Duroc and Pietrain n=96 per breed) for association analyses with meat quality.  A promoter assay was 
carried out on the three main haplotypes.  

PRKAG3 gene expression was significantly correlated with a number of traits relating to glycolytic 
potential and intramuscular fat (IMF%). Ten SNPs were identified and three major haplotypes inferred, 
the frequencies of which were variable across breeds. In the Large White breed, HAP1 was associated 
with traits relating to glycolytic potential (pH, driploss and colour) while HAP2 was associated with 
IMF% and glycolytic traits (pH and colour).   In the Duroc breed, HAP1 was associated with a number of 
sensory phenotypes while HAP3 was associated with IMF%. The most frequent haplotype (HAP1) 
demonstrated a 23 fold increase in activity when compared to the least frequent (HAP3) and a five fold 
increase when compared to HAP2 in the promoter assay.  In conclusion, SNPs in the promotor region of 
the PRKAG3 gene are of relevance to both gene expression levels and associated meat quality 
phenotypes.  
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The prebiotic properties of milk free oligosaccharides, stimulated the study of the genetic 
variability of the enzymes involved in the biosynthesis process. 

B4GalT-1 is one of the best studied galactosyltransferase enzyme, it is a trans-Golgi 
resident type II membrane-bound glycoprotein that catalyzes the transfer of galactose to N-
acetylglucosamine residues and participate in the biosynthesis process of the oligosaccharides 
structures of glycans. In the mammary gland, B4GalT-1  interacts with the α-lactalbumin protein 
to form the lactose synthase complex that transfers galactose moiety to free glucose to produce 
lactose that is the starting molecule from which the oligosaccharides are synthesized.  

The aim of this work was the identification of the goat and sheep cDNA encoding 
B4GalT1 enzyme. RNA was extracted from colostrum and the cDNA was PCR amplified by 
using two pairs of primers. The obtained new sequences, HQ700335 and JF510320, gave rise to 
an open reading frame coding for a polypeptide of 402 amino acids in both species. Full protein 
alignments revealed identity with the four functional domain of the B4GalT1 protein and an 
overall similarity of 91,25% with bovine, pig, murine, human proteins. Two initial methionine 
residues were present, in common to the known mammalian B4GalT1 genes, leading to 
hypothesize  the synthesis of the long isoform of the enzyme. Comparison of the predicted sheep 
and goat protein sequences  showed 99,25% degree of similarity and three amino acidic 
differences. In sheep the amino acid 348 is a Leu  instead of the totally conserved Ser between 
mammals and it is situated in a region that is close to α-lactalbumin when bound. Comparison of 
the sequences of the two species with the  bovine showed 98,34% degree similarity and fifteen 
amino acidic differences. The cDNA sequences from 4 goat samples revealed the presence of 2 
SNP in the 3’UTR while the cDNA sequences from 2 sheep revealed the presence of 2 SNP in 
the 3’UTR and 2 SNP in the coding region that do not cause amino acid changes. 
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Maedi-Visna (MV) and Ovine Pulmonary Adenocarcinoma (OPA) are two chronic contagious 

diseases of sheep caused by Jaagsiekte Retrovirus (JSRV) and Maedi-Visna Virus (MVV), 
respectively. Although both diseases are widespread, neither treatment nor vaccination is 
currently available and therefore they are responsible for considerable production losses and 
have major welfare implications. Moreover, aspects of the pathology of MV and OPA are still 
unclear. 
 
The objective of this study was to determine if the host’s genetic background could elicit 

different immune responses resulting in Resistance or Susceptibility to MV and OPA 
progression. For this purpose, variation at ovine genetic markers (SNPs, microsatellites and 
haplotypes) located in genes involved in innate and adaptive immunity was investigated. Genes 
analysed included cytokines, loci of the Major Histocompatibility Complex (MHC), Toll-like 
receptors (TLRs) and other innate immunity genes. 
 
Latxa breed sheep were analyzed post-mortem by histopathologic techniques and classified as 

Control, OPA-affected and MV-affected based on presence/absence of disease-related lesions in 
the target organs. SNPlex® and Taqman® technologies were employed to type SNPs located in 
15 genes in up to 232 animals, depending on the marker. Association studies were performed by 
means of logistic regressions with the statistical packages SAS v9.0 and R v2.7.0 adjusting for 
marker type, sample size, age and structuration. 
 
Moreover, a SYBR® Green-based RT-qPCR expression method was developed to investigate 

the involvement of 14 genes in MV progression. Expression data was investigated with REST 
v2.0.13.  
 
Following the discovery of association between MHC Class I and II microsatellite and 

haplotype markers with disease progression, several SNPs in cytokines (IFNγ, IL2, IL12) and 
innate immunity genes with antiviral activity (CCR5, MX1) also yielded significant association, 
mainly for OPA. The expression assay revealed several genes up- or down-regulated (IL2, 
TNFα, TLRs 7-8, CCR5, SP-A) in MV-affected individuals.  
 
In view of the promising results obtained, we are currently in the process of conducting 

association analyses in MVV-infection samples. In addition, we have extended our analysis to 



another sheep breed population to establish the role of the selected genes in the pathogenesis of 
these viral diseases. 
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α1-antitrypsin (AAT) is the most abundant serine protease inhibitor in human milk as well as in 
bovine and porcine colostrum. AAT binds tightly to trypsin and could play a role in the intestinal 
absorption of proteins.  
The differential expression of AAT, at different lactation stages, was made evident by Signorelli 
et al. (2010) that analyzed  mammary gland proteome in sheep.     
The aim of this work was to identify the AAT cDNA and the gene structure  in sheep. 
Total RNA was extracted from both milk and mammary gland samples collected at different 
lactation stages. cDNA from mammary gland and from milk was PCR amplified, and two 
different transcripts (540bp and 1470bp) of the AAT gene were detected, cloned and sequenced.  
The long transcript encode a protein of 416 aa with an amino acid identity of 71% and 95% with 
human and bovine respectively. This putative protein has the molecular weight corresponding to 
the previously identified protein (Signorelli et al., 2010). The short transcript encode a  protein of 
113 aa (12176 D)  corresponding to the C’ termini and shares 31% of amino acid with a short 
AAT of human. The cDNA sequence from 9 sheep samples revealed the presence of  2 SNP in 
both 5’UTR and II exon, 1 SNP in III exon, 3 SNP in IV exon and 4 SNP in V exon. 
Different regions of the gene were amplified and sequenced: 5’UTR, from exon 2 to exon 5 and 
3’UTR,  and 4 SNP were detected in the II intron. The exon-intron structure  is similar to that of 
human and bovine gene. 



 
Analysis of Runs of Homozygosity in Cattle Breeds 
 
Deirdre C. Purfield1,2, Donagh P. Berry2, Sinead Mc Parland2 and Daniel.G Bradley1  
 

1Smurfit Institute of Genetics, University of Dublin, Trinity College, Dublin 2, Ireland.  
2Animal & Grassland Research and Innovation Center, Teagasc, Moorepark, Fermoy, Co. Cork, Ireland.  
Corresponding author: dbradley@tcd.ie 
 
Runs of Homozygosity (ROH) are lengths of homozygous genotypes present in an animal due to 
both parents transmitting the same DNA segment sequence to their offspring. ROH may be an 
indication of how consanguineous an animal is; the longer the ROH segment is, the more likely 
that recent inbreeding has occurred in the animal’s pedigree. Shorter runs may be due to ancient 
ancestral relatedness, as over time these lengths have been broken up by recombination. 
Therefore, ROH can provide an insight into the population history of breeds. Genotypes on 891 
artificial insemination bulls, from eight purebred dairy and beef cattle breeds and one crossbreed, 
using the Illumina Bovine high-density panel were available. In addition, genotypes on 1,188 
animals from 42 worldwide breeds using the Illumina Bovine50 Beadchip were also available. 
Identification of ROH was carried out using PLINK v1.07, which takes a sliding window of 
5000kb across the genome, and allowing no more than two missing genotypes and one possible 
heterozygous genotype, identified ROHs. All HD genotyped animals had at least one ROH 
present in their genome that was between 1-5 Mb in length. The Holsteins, Friesians and 
crossbreds had the greater incidence of long ROHs (>30Mb) indicative of recent inbreeding 
whereas the two British breeds, Angus and Hereford, had substantially more of their genome 
covered in shorter (1-5Mb) runs. Analyses of SNP involvement in a ROH showed certain areas 
of the genome are more commonly involved in a ROH, in particular a ROH surrounding the 
TOX gene on chromosome 14 was present in 87.4% of the population. The measure of 
homozygosity per animal was also calculated using ROH and a moderate correlation (r = 0.65) 
between this and traditional inbreeding coefficients was detected. Analyses of the 42 worldwide 
breeds found that shorter (1-5Mb) runs were more common in zebu breeds while the Hereford 
breed had the highest amount of genome coverage in longer ROH. Here we present detailed 
analyses on the levels of homozygosity in cattle breeds, allowing us to see the current level of 
genetic diversity that exists, as well as providing additional information on the population history 
of that breed. 
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Intra-muscular fat (IMF) content is significantly correlated with aspects of pork palatability, such 
as flavour, juiciness and overall acceptability. The ratio of energy to protein in the finishing diet 
of growing pigs can impact on IMF content and therefore eating quality of pork. The objective of 
this study was to compare gene expression profiles of M. semimembranosus (SM) muscle of 
animals divergent for IMF, with a view to elucidating the transcriptomic mechanisms regulating 
this trait in porcine muscle. The animal model was derived through the imposition of a low 
protein (LP) diet during the grower-finisher stage in Duroc gilts (n=5), in comparison to a high 
protein diet (HP) (n=6). SM tissue was preserved at slaughter, RNA was extracted, processed 
and hybridised to Affymetrix porcine GeneChip® arrays, followed by statistical analysis using 
Bioconductor in R. The puma method was used to estimate fold changes and P-like values for 
differentially expressed transcripts and probesets were annotated using Anexdb. Transcript 
differences were validated for a subset of genes by qPCR. The IMF content of SM muscle was 
significantly increased in LP, compared to HP animals (3.60 ± 0.38 % versus 1.92 ± 0.35 %; P < 
0.001). Microarray results indicated that a total of 542 annotated genes (191 up- and 351 down-
regulated) were significantly altered in expression between conditions. Ten differentially 
expressed and three non-changing genes were validated, with fold changes displaying similar 
magnitude and direction to the microarray data. Overall, numerous metabolic pathways were 
modulated in relation to IMF content. The top canonical pathway consistently identified by IPA, 
MetaCore and DAVID databases for the DE genes was the arachidonic acid pathway, important 
for growth and development, which was largely down-regulated (e.g. ALOX12, GPX3, PLOD3) 
in high IMF muscle. As expected, genes in the leptin signalling pathway (e.g. LEP, ACSL1, 
PNPLA3), the PPARα/RXRα activation pathway and stearoyl coA desaturase (SCD) were up-
regulated in high IMF tissue. A number of genes involved in the cellular response to hypoxic 
stress were also up-regulated (e.g. HIF1α,  NOS2, P4HTM) in high IMF tissue. Identified panels 
of genes have potential as biomarkers of fat deposition in muscle.  
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       Among modern western pigs, Duroc (high meat fat ratio) and Pietrain (low meat fat ratio) 
breeds extensively utilized in commercial pork production differ extremely for their muscle 
phenotypes. The molecular mechanism, especially the epigenetic mechanism, underlying these 
breed-specific differences is poorly known. Myogenic factor 6 (MYF6) is the most abundantly 
expressed myogenic factor in adult muscle. Moreover, MYF6 tends to be expressed more highly 
in muscle tissue of the lean selection line and is supposed to be one promising candidate gene for 
growth- and meat quality-related traits in adult pigs. Six months old female Duroc and Pietrain 
pure breed pigs were used in this study. Protein and mRNA levels of MYF6 in loin eye muscle 
were determined by Western blotting and quantitative Real-time reverse transcription PCR 
(qRT-PCR), respectively. The DNA methylation status of the MYF6 5´-regulatory region was 
determined by bisulfite sequencing PCR (BSP). The global Histone 4 acetylation at lysines 5 
(H4K5) and 8 (H4K8) were examined by Western blotting. Pietrain pigs exhibited significant 
higher expression of MYF6 and hypermethylated E2F1 binding element within MYF6 5´-
regulatory region as compared with Duroc pigs. Significant elevation in DNA methyltransferase 
1 (DNMT1) expression was observed in Pietrain pigs which is in agreement with 
hypermethylation of MYF6. Histone acetylation level at neither H4K5 nor H4K8 is significant 
between two breed pigs. Nevertheless, mRNA and protein expression of E2F1 were significantly 
elevated in the Pietrain breed. It is thus conceivable that the upregulation of MYF6 transcription 
in postnatal Pietrain pigs is not associated with cis-activation by epigenetic modification of 
MYF6 5´-regulatory region, but may be attributed to trans-activation through enriched expression 
of E2F1. (These data have published as: Fan, H., et al., Molecular mechanism underlying the 
differential MYF6 expression in postnatal skeletal muscle of Duroc and Pietrain breeds, Gene 
(2011), doi:10.1016/j.gene.2011.06.031) 
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RFI is defined as the most appropriate approach for selection of more energetically 
efficient beef cattle without compromising animal growth or performance. Recent evidence 
suggests an association between rumen bacterial profiles and host feed efficiency. However, little 
is known on which specific bacteria differ between animals of different RFI phenotypes. The 
objective of this study was to identify the bacterial populations in the rumen of beef cattle 
divergently selected for phenotypic RFI by employing pyrosequencing technology. Beef heifers 
(n = 86), initially selected on the basis of sire EBV for RFI, were ranked on the basis of 
phenotypic RFI (Kelly et al., 2010). The 7 highest (H-RFI; inefficient) and 7 lowest (L-RFI; 
efficient) ranking animals were selected for use in this study. Both groups had similar mean 
bodyweight and ADG at ranking but H-RFI had, on average, 20% higher DMI. All animals were 
offered a grass silage diet ad libitum for a 6 week period. Ruminal fluid was sampled at the end 
of this period using a trans-oesophageal sampling device. Total microbial DNA was isolated 
from samples and subjected to pyrosequencing of the V3 16S rRNA. Sequences were clustered 
at 98% identity with CD-hit followed by taxonomic identification using STAP. All statistical 
analyses were performed with DEseq. Only statistically overrepresented clusters (at a corrected 
significance level of 0.1) after correction for multiple testing were retained. In total 138,145 
sequences were obtained and clustering at 98% identity provided 2,429 clusters. Data analysis 
revealed many shared constituent bacterial populations between H-RFI and L-RFI animals, 
predominantly from the Firmicutes and Bacteroidetes clades. Most interestingly however, 
although in the minority, a significantly higher number of fibrobacter clusters were found in the 
L-RFI compared to the H-RFI animals. Fibrobacteres are the primary fibrolytic bacteria in the 
rumen and play an important role in fibre digestion. This result suggests a correlation between 
specific microbial populations and host feed efficiency in cattle and provide further insight into 
the mechanisms regulating rumen microbial-host interactions. Furthermore, this result will 
contribute to developing novel management process by which rumen microbial populations may 
be altered to benefit host metabolism and performance.  

Reference: Kelly, A. K., McGee, M., Crews, D.H. Jr., Boland T.M., Sweeney, T. and Kenny 
D.A. 2010. J.Anim.Sci. 88:109-123. 
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Systemic salmonellosis in chickens causes a typhoid-like infection and destruction of the spleen 
and liver of infected animals. Resistance to this disease is a genetically determined complex trait, 
with bacterial numbers at systemic sites in susceptible chickens up to 1000-fold higher than in 
resistant birds. We previously identified a novel resistance QTL for systemic salmonellosis on 
chicken Chromosome 5, designated SAL1. Through the availability of high density SNP panels 
in the chicken, combined with advanced crossing of the resistant and susceptible inbred chicken 
lines, we further refined the SAL1 locus to the long arm of Chromosome 5 (Gga 54.0-54.8 MB).  
This region spans 14 genes, including a microRNA and two very striking functional candidate 
genes: CD27-binding protein (Siva) and the RAC-alpha serine/threonine protein kinase, AKT1 
(protein kinase B, PKB). Identification of genes contributing to disease resistance in inbred 
poultry lines is of great scientific interest. However, the question remains as to whether these 
observations are relevant in commercial poultry flocks. In a recent devastating outbreak of 
Salmonella Gallinarum on a UK poultry farm, it was observed that, despite all birds being 
exposed to the pathogen, a small percentage of birds appeared to show resistance. Analysis of the 
SAL1 locus in this population enabled replication of the original association and confirmation 
that the resistance locus is relevant in commercial poultry. The presence of the “protective” allele 
in this commercial population is significant, as genetic selection of lines with “resistant” SAL1 
haplotypes will increase Salmonella resistance in commercial poultry flocks, and therefore 
mitigate outbreaks of disease and avoid the severe economic consequences. 
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Prolactin (PRL) is a polypeptide hormone with multiple physiological functions including 
lactation, reproduction, homeostasis and involvement in immune responses. It has multiple 
variants assumed to be results of alternative splicing, proteolytic cleavage and other 
posttranslational modifications of the amino acid chain (Freeman et al. 2000; Physiol Rev 80: 
1523-1631). However, little information is available on the type and expression of prolactin 
related transcripts during bovine conceptus development. The aim of this study was, therefore 
taking the advantage of the bovine conceptus global gene expression profiles, to examine the 
expression of different prolactin related transcripts during the various stages of bovine conceptus 
growth. Global transcriptome profiling of the bovine conceptuses at five key stages of pre- and 
peri-implantation growth (days 7, 10, 13, 16 and 19) was carried out using in vivo-derived 
embryos and state-of-the-art RNA sequencing techniques, following the Illumina standard 
procedures for library preparation and genome analyzer sequencing (Illumina, San Diego, USA). 
Following various quality control procedures, the transcripts were mapped to the bovine genome. 
Analysis of variance was carried out to detect the differentially regulated transcripts between any 
two developmental stages. Subsequently, prolactin related transcripts were screened and their 
expression profiles were examined. Analysis of expression profiles across the five key 
developmental stages of conceptus development revealed seven prolactin related transcripts 
(PRP1, PRP2, PRP3, PRP4, PREB, PRP8, and PRP9). Of these PREB and PRP8 were detected 
in all examined developmental stages. However PRP3 was scarcely detected until day 13 with 
dramatic increase during days 16 and 19 while the remaining four transcripts were exclusively 
detected during days 16 and 19. The exclusive detection and up regulation of those transcripts 
during days 16 and 19 may suggest an important role during the critical stages of maternal 
recognition of pregnancy and implantation.   
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Studies have shown clear differences between dairy breeds in their feed intake and production 
efficiencies. This study examined gene transcript abundance for important classes of nutrient and 
mineral transporters in the duodenum of cows of different feed efficiency potential, namely 
Holstein-Friesian (HF), Jersey (JE) and their F1 hybrid. From an initial population of 110 animals 
10 HF, 10 JE and 10 F1 cows were selected for inclusion in this study. Duodenal epithelial tissue 
was collected at slaughter and subsequently frozen at -80ºC. Total RNA was extracted using 
TRIzol reagent and reverse transcribed to generate cDNA. Primers were designed to amplify 
specific fragments of the following transporters, namely nucleoside transporters: SLC28A1; 
SLC28A2; SLC28A3; SLC29A1; amino acid transporters; SLC3A1; SLC3A2; SLC6A14; 
SLC7A1; SLC7A6; SLC7A7; SLC15A1; sugar transporters; SLC2A2; SLC2A5; SLC5A1; lipid 
transporter; ABCG8 and the mineral transporters: SLC11A2; SLC31A1; SLC39A4; TRPV6. 
Quantitative real-time RT-PCR reactions were performed to measure the relative expression of 
these genes with B-actin, RPS9 and GAPDH employed as reference genes. GenEx 4.3.5 software 
was used to normalise and transform expression values. Data were statistically analysed using 
mixed models ANOVA in SAS with breed included as a fixed effect and parity as a covariate. 
Orthogonal contrasts were used to test for any potential heterotic effects. Spearman partial 
correlation coefficients were calculated to determine associations between gene expression 
values and production efficiency variables measured. A heterotic effect (P<0.05) in the duodenal 
expression of the ABCG8 gene was observed in the F1 genotype. In addition, a negative (P<0.05) 
association was identified between the expression of the glucose transporter gene SLC5A1 and 
total lactational milk solids corrected for body weight. Furthermore, positive correlations 
(P<0.05) were observed between the expression values of genes involved in common 
transporters roles. Results of this study suggest it is unlikely that the documented differences in 
feed efficiency between HF, JE and their F1 hybrid are mediated through differences in the 
expression of nutrient and mineral transporters in the duodenum. However, the expression of 
genes involved in common transproter roles which were positively correlated suggests that these 
may be co-regulated. 
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Current genotyping technology allows the generation of increasingly large datasets, for 

tens of thousands of markers assayed across large study pedigrees. These datasets typically 
contain a significant proportion of pedigree and genotype errors, which can be exposed by 
genotype checking algorithms as inconsistent inheritance patterns. However, without tool 
support, the task of locating and cleaning such errors within large-scale modern datasets becomes 
intractable.  

We have previously reported on our freely available GenotypeChecker tool for analysing 
pedigree datasets, which allows the localisation and cleansing of genotype errors (Paterson and 
Law, 2011). However, the tabular display of genotypes in GenotypeChecker does not support 
exploration of the inheritance patterns of errors in the context of the pedigree structure, which is 
necessary for pinpointing the source of inconsistencies. 

We are currently developing VIPER (Visual Pedigree Explorer) which incorporates a 
novel pedigree visualisation layout to allow the inheritance patterns of genotype information to 
be explored. The animal pedigree is presented in a family-centric generational layout, which can 
be interactively resorted and filtered. Genotype information is overlaid on the pedigree structure, 
highlighting both genotype error rates and the location of missing/inferred data. The genotype 
information can be presented in summary view (i.e. with error rates averaged across all markers) 
or for an individually selected marker. Markers and individuals with high and low error rates can 
be filtered via slider bars on error–rate histograms. The summary view overlaid on the pedigree 
structure clearly exposes problematic individuals and families, whereas sporadic genotyping 
errors are more readily resolved by examining inheritance patterns for a single marker. As with 
the GenotypeChecker application, suspect data points in the dataset can be masked (individuals, 
genotypes, markers), and their location/identity confirmed by reapplying the inheritance 
checking algorithm in the absence of these points. The tool allows iterative identification and 
removal of all inconsistent data from the datasets: pedigree errors, unreliable genotype assays, 
and sporadic genotype miscalls. 
 
PATERSON, T. and LAW, A. (2011) GENOTYPECHECKER: an interactive tool for checking 
the inheritance consistency of genotyped pedigrees. Animal Genetics. doi: 10.1111/j.1365-
2052.2011.02183.x 
 
This work was supported by the BBSRC [grant number BB/H023879/1]. 



 
Polymorphism discovery and allele frequency estimation using high-
throughput DNA sequencing of target-enriched pooled DNA samples. 
 
Michael P. Mullen1, Matthew S. McCabe2, Donagh P. Berry3, David A. Magee4, Christopher J. 
Creevey2, Aideen P. Killeen2, Stephen D. Park4, Paul A. McGettigan4, Matthew C. Lucy5, David 
E. MacHugh4,6 and Sinead M. Waters2. 
 

1Animal and Bioscience Research Department, Animal and Grassland Research and Innovation Centre, 
Teagasc, Athenry, Galway, Ireland. 
2Grange, Dunsany, Meath, Ireland.  
3Moorepark, Fermoy, Cork, Ireland. 
4Animal Genomics Laboratory, UCD School of Agriculture, Food Science and Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, Ireland.  
5Department of Animal Sciences, University of Missouri, Columbia, USA. 
6UCD Conway Institute of Biomolecular and Biomedical Research, University College Dublin, Belfield, 
Dublin 4, Ireland. 
Corresponding author: michael.mullen@teagasc.ie 
 

The central role of the somatotrophic axis in animal post-natal growth, development and 
fertility is well established; therefore, the identification of genetic variants affecting quantitative 
traits within this axis is an attractive goal. However, large sample numbers are a pre-requisite for 
the identification of genetic variants underlying complex traits and although technologies are 
improving rapidly, high-throughput sequencing of large numbers of individual genomes remains 
prohibitively expensive. The aim of this study, using a pooled DNA approach coupled with 
target enrichment and high-throughput sequencing, was to identify polymorphisms and estimate 
allele frequency differences across 85 candidate genes of the somatotrophic axis, in dairy bulls of 
high or low genetic merit for fertility. DNA samples from 150 Holstein-Friesian bulls were 
divided into two groups divergent for genetic merit for calving interval (CIV) and pooled using 
equimolar quantities from each animal to construct two Illumina® sequence libraries. A custom 
Agilent Technologies SureSelect™ Target Enrichment System was used to selectively capture 
and enrich approximately 2 Mb of coding, intronic and regulatory sequences from the 85 
targeted genes; these enriched libraries were then sequenced using an Illumina® Genome 
Analyzer II. In total, 4,949 SNPs and 903 indels were identified. Eighteen percent (n = 913) of 
SNPs were located within 5’ and 3’ UTRs. Seventy-one percent (n = 3,496) were intronic and 
11% (n = 540) were exonic, including 324 non-synonymous substitutions (NSS). Significant 
(≥ 2-fold; P < 0.01) allele frequency differentials between low and high CIV groups were 
observed for 266 SNPs (30 NSS). Allele frequencies for 24 of the SNPs were also estimated by 
genotyping of individual animals (Sequenom® MassARRAY). No significant differences 
(P > 0.05) were observed between the two methods for 22 of the 24 SNPs across both the low 
and high CIV groups. To our knowledge, this is the first report describing sequencing of targeted 
genomic regions in cattle using animal groups with divergent phenotypes for an economically 
important production trait. Our results support the use of DNA sample pooling and high-
throughput sequencing as a viable strategy for polymorphism discovery and allele frequency 
estimation. 
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Endogenous retroviruses (ERV) are the proviral phases of exogenous retroviruses that become 
incorporated into a host germ line, and that have remained incorporated in the host genome for 
generations. Even though several exogenous retroviruses have been described in the horse, little 
is known about ERVs in the equine genome. In this work, the detection and characterization of 
ERVs is carried out by means of three bioinformatic methods: two programmes specifically 
designed to detect ERVs and a BLAST-based search. 
 
Combining the three methods, only 1947 putative ERVs were detected. The number of detected 
ERVs by each method was lower than in the cow, where the same detection approach was 
applied. The most representative elements were classified based on their phylogenetic 
relationship in 15 previously unknown families. Among them, the majority were classified as 
Class I members, but ERVs from Class II and Class III could be detected also.  
 
The limited presence of ERVs in the horse genome could be due to (1) the detection 
constrictions, e.g. the lack of detection of equine-specific ERVs or ERVs with non-canonical 
structure, (2) the particular characteristics of the horse genome, e.g. higher events of deletions of 
ERVs by means of LTR recombination, (3) the horses’ best immune defence against 
retroviruses,  or (4) to the effect of the domestication-process in the equine genome.  
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Mastitis is considered to be the most economically important infectious disease of dairy 

cattle across the globe, affecting both the quality and quantity of milk produced. A wide variety 
of pathogens are linked with being the causative agent of mastitis infections in dairy cattle, with 
Staphylococcus aureus traditionally considered to be the most common pathogen in Ireland. S. 
aureus is typically considered to be a contagious pathogen and to spread across a herd through 
poor hygiene in milking practices. However, the ability of S. aureus to spread from cow to cow 
is strain dependent. Additionally, strain typing studies have shown that some cases of S. aureus 
mastitis are environmental rather than contagious in origin. A variety of mastitis prevention and 
control programmes have been implemented in recent years to limit the spread of contagious 
pathogens and to reduce the burden of this disease. Such measures can result in a shift in the 
pathogen challenge on-farm with environmental pathogens coming to predominate over 
contagious pathogens. In order to determine if a pathogen shift has taken place in Ireland, the 
pathogens associated with cases of clinical mastitis from 32 dairy farms in Ireland were 
monitored across lactation. The major species associated with mastitis in Ireland were found to 
be S. aureus, Streptococcus uberis and Escherichia coli. Although a reduction in the proportion 
of S. aureus mastitis has been observed in comparison to an earlier study, it is still the 
predominant mastitis-associated species in Ireland. The proportion of S. uberis and E. coli 
mastitis has increased compared to an earlier study indicating that a pathogen shift has occurred. 
In order to determine if the S. aureus genotypes present on Irish farms had changed since 
previous studies, multi-locus sequence typing was carried out on over 100 S. aureus isolates 
from multiple farms in order to identify the predominant genotypes. The results were compared 
to previous studies. 
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A number of studies have recently explored the possibility of utilizing functional genomics, in 
particular, transcriptome and proteome profiling to discriminate between meat from animals 
reared under different production systems. The objective of this study was to identify and 
validate a minimal robust panel of differentially expressed genes that could be utilized to 
authenticate muscle from cattle raised on pasture versus animals raised indoors on a concentrate 
based diet.  Charolais × Limousin crossbred heifers (age 252 ± SD 28 d) were randomly assigned 
to one of two production systems: a pasture-fed group (P; n=25) and a concentrate-fed group (C; 
n=25) for one year.  Longissimus dorsi samples were collected and processed for RNA analysis.  
Seven animals were randomly selected from each treatment group and profiled using the 
Affymetrix Bovine GeneChip®. Array data were validated using qPCR on all 50 animals 
(r2=0.9).  Of 165 differentially expressed transcripts observed in the microarray experiment, 131 
were annotated. Ingenuity Pathway Analysis was used to identify significantly over-represented 
pathways.  In total, four canonical pathways were significant. The pathway for biosynthesis of 
pantothenate and CoA was most significantly affected (P = 0.002), with 3 genes represented 
(BCAT1, DPYS, ENPP2). Arachadonic acid metabolism and linoleic acid metabolism pathways 
were both identified with 3 genes (CYP1A1, ALOX15B, PLA2G2D) contributing to both 
pathways.  Glycerophospholipid metabolism and phospholipid degradation pathways had 3 
genes (PLA2G2D, SPHK1, PLD1) in common, with ELOVL6 also contributing to the 
glycerophospholipid pathway. A more stringent analysis using the Robust multichip average in 
Bioconductor identified 30 transcripts as differentially expressed, of which 21 were annotated. 
Twelve of these genes were up-regulated in P animals and 9 were up-regulated in C animals. 
Using partial least squares discriminant analysis a predictive model consisting of 3 genes (ALAD, 
EIF4EBP1 and NPNT1) was developed with an overall correct classification rate of 95.5% for 
muscle from C vs P animals. In conclusion, the results demonstrate the potential of functional 
genomics in authenticating meat from different animal production systems. The robustness of the 
proposed 3 gene model should be further validated in meat from animals in similar grass and 
concentrate based production systems.  
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As part of several biomarker discovery projects we have generated abundant transcriptomic 
data from bovine reproductive tissues using the Illumina RNA-seq technology. This technology 
generates large numbers of reads (5-30 million per sample) and produces information on 
transcript expression levels, exon usage and alternate splicing. It also provides information on 
currently unannotated genes – a major advantage over expression arrays.   
 

In this meta-analysis we do a comparison 5 different bovine tissues from a total of 151 
samples. The different tissues include 5 embryo development timepoints (from day 5 to day 19), 
ovarian follicle theca and granulosa cells, the cervix and the endometrium.  

 
Comparing each tissue to all others we see a small number of transcripts that are 

significantly over-expressed in a tissue compared to all others. Examples of this include fatty 
acid metabolism transcripts over-expressed in the endometrium; specific transcription factors 
over-expressed in the cervix; and specific cytoskeletal transcripts over-expressed in the 
granulosa tissue of the follicle. These may be relevant to the specific function of these tissues. 

 
Out of a total of 28,054 annotated transcripts in the Ensembl Bovine transcriptome we 

detect 25,832 in at least 1 tissue sample. The numbers of transcripts ranged from 21,547 detected 
in the endometrial samples to 23,873 in Day 16 embryos. 7,549 transcripts were detected in all 
151 samples. Of the 2,222 transcripts not detected in any samples we see enrichment for 
olfactory receptors as well as subgroups of histones and cytokines. 
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Knowledge of the mechanisms underlying resistance/susceptibility of different sheep breeds to 
disease will enhance breeding programmes for sheep. Variation in environmental factors, such as 
climate, diet and exposure to microbial and parasitic infection is expected to influcence the 
evolution of the immune system and the pattern of genes expressed in lymphoid cells in sheep 
breeds from different geographic regions. The objective of this study was to compare the 
expression of genes in the lymph nodes of five sheep breeds of European (Suffolk, Texel and 
Blackface Mountain) and Asian (Garole and Chhotanagpuri) origin. Total RNA was extracted 
(RIN value 7.63±0.2) from the submandibular lymph node and RNA sequencing was performed 
using the Illumina GA II system. Approximately 35 to 40 million reads of 80 bp lengths were 
generated per sample. Based on the principal component analysis of RNA sequencing data, 
distinctions were evident as between the resistant and susceptible breeds and breeds of European 
and Asian origin. Only 65 genes were differentially expressed between the European versus 
Asian breeds, while a total of 489 genes were differentially expressed between breeds classified 
as resistant and susceptible. The Blackface mountain breed associated with the resistant group, 
while the Chhotanagpuri breed associated with the susceptible Suffolk breed.  It is concluded 
that there is a greater diversity in the expression of immune related genes in relation to resistance 
to parasitic infections, than to geographical location. 
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Weaning of the suckled beef calf from its dam induces a multifaceted stress response 
with alterations in behaviour, hormonal mediators of stress, and immune function post-weaning.  
The objective of the study was to characterise the molecular mechanisms essential to the 
biological response to weaning at housing in beef calves. To achieve this objective, global gene 
expression patterns, alternative splicing events and transcription factor binding sites (TFBS) in 
blood leukocytes were detected with  Illumina RNA-seq technology, and data were analysed 
using EdgeR, GO-seq, InnateDB and oPOSSUM  tools. On the day (d) of weaning (d 0), calves 
were assigned to one of two treatments: 1), Control calves (C; n = 8; mean weight (s.d) 251.0 
(47.8) kg; mean age (s.d.) 199 (34.4) days),  were housed in pens with their dams and, 2), 
Weaned calves (W; n = 8; mean weight (s.d.) 250.4 (29.1) kg; mean age (s.d.) 209 (35.4) days), 
were abruptly separated from their dams and housed with other abruptly weaned calves.. Calves 
were blood sampled for haematological and gene expression analysis via jugular venipuncture on 
d -4, 0, 1, 2, 3 and 7 relative to weaning (d 0).  Neutrophil number in circulation was found to 
increase (P≤0.001) in weaned calves while lymphocyte and platelet number decreased (P≤0.05).  
Our results indicate that weaning can have a profound impact on the leukocyte transcriptome for 
at least the first 7 days post-weaning.  Pathway analysis revealed four main pathways, cytokine 
signalling, transmembrane transport, haemostasis and G-protein-coupled receptor (GPRC) 
signalling were activated by weaning stress on d 1 through to d 7.  Weaning stress induced the 
activation of a number of cytokine, chemokine and integrin transcripts which may alter the 
immune response.  Genes involved in cell signalling, adhesion and transport also played a 
significant role following weaning.  Evidence for alternative splicing of genes was also detected, 
indicating a number of genes involved in the innate and adaptive immune response may be 
alternatively transcribed.  The identification of regulatory gene networks that are stress activated 
provides a mechanistic framework to characterise the multifaceted nature of weaning stress 
adaptation in beef calves.   



 

Cytokine gene expression in abomasal mucosa of Scottish Blackface lambs 
artificially challenged with Teladorsagia circumcincta. 

Kathryn M. McRae1, 2, Barbara Good3, James P. Hanrahan3, Torres Sweeney4, Mary J. 
O’Connell2 & Orla M. Keane1 

1. Animal & Grassland Research and Innovation Centre, Teagasc, Grange, Dunsany, Co. Meath, Ireland. 

2. Bioinformatics & Molecular Evolution Group, School of Biotechnology, Dublin City University, 
Dublin 9, Ireland. 

3. Teagasc Animal Production Research Centre, Athenry, Co. Galway, Ireland. 

4. School of Agriculture, Food Science & Veterinary Medicine, University College Dublin, Dublin 4, 
Ireland. 

Corresponding author: kathryn.mcrae@teagasc.ie 

Gastrointestinal nematodes are one of the major constraints of sheep production 
worldwide, with costs including not only treatment and prevention measures, but also production 
losses associated with sub-clinical infections. An increase in resistance to anthelmintics, 
combined with a growing demand for fewer chemical residues in food has lead to a search for 
alternative control strategies. One such strategy is to utilise marker assisted selection, where 
genes or QTL associated with parasite resistance can be used to select genetically superior 
animals. Suffolk sheep carrying the DRB1*1101 allele have been reported to show increased 
resistance to natural Teladorsagia circumcincta infection compared to non-carriers. It has been 
demonstrated that this variation is due to a differential interplay between the expression of Th1, 
Th2 and Treg related cytokine genes. Scottish Blackface, found predominantly in Ireland and the 
UK, show a within-breed variation in resistance to gastrointestinal nematodes. In this study we 
tested the hypothesis that this variation could be explained by differential expression of cytokine 
genes. Scottish Blackface lambs, selected on the basis of high and low faecal egg count (FEC), 
were artificially challenged with T. circumcincta, and slaughtered at 7 and 14 days post 
infection. Five cytokine genes (IL1β, IFNγ, IL13, Arg2 & MIF), shown to be differentially 
expressed between resistant and susceptible Suffolk lambs, were chosen for transcript abundance 
analysis. Transcript expression in the abomasal mucosa, the site of infection, was quantified 
using qPCR and results compared between breeds. 
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The genes GDF9 and BMP15 are known to regulate mammalian fertility. Both genes are 
members of the transforming growth factor beta (TGFβ) superfamily and mutations in these 
genes have been associated with high ovulation rate (OR) and sterility in ewes. A flock of 
Cambridge sheep maintained at the Teagasc Research Centre Athenry, Co. Galway is 
characterised by high ovulation rate and extreme variation among individuals due to segregation 
of SNPs in both GDF9 and BMP15.  Ewes that are homozygous for either of these mutations 
exhibit ovarian hypoplasia with resultant female sterility.  Recent data have provided evidence of 
a third major gene controlling OR in this breed. A total of 23 sterile ewes (ovarian hypoplasia) 
have been identified in this flock whose sterility cannot be explained by mutations in either 
GDF9 or BMP15. An additional 26 heterozygous carriers of the putative mutation have also been 
identified. The inheritance pattern suggests that this putative major gene is an autosomal 
recessive with respect to ovarian hypoplasia and is not linked to GDF9. Ewes heterozygous for 
this putative mutation, and wild type for the BMP15 and GDF9 mutations, do not exhibit an 
exceptional OR but this trait is canalised around 3. The Illumina ovine 50 Beadchip was used to 
map this putative gene regulating OR in the Cambridge breed. The identification of a gene that 
controls the variability of OR, would greatly enhance the utility of genes that have a large effect 
on this trait as well as enhance understanding of processes that control OR in sheep. Since many 
of  the genes known to regulate OR in sheep, have also been shown to control OR in other 
mammals, including humans, the present findings are likely to have general relevance in relation 
to ovarian function. 
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Bovine skeletal muscle is a tissue of significant value to the beef industry and global 
economy. Through proteome analysis, it may be feasible to detect potential molecular 
mechanisms regulating muscle growth and intramuscular fat accumulation. The current study 
aimed to investigate differences in protein abundance in skeletal muscle tissue of two cattle 
breeds of contrasting maturity (early v. late maturing), adiposity and muscle growth potential, 
Belgian Blue × Holstein Friesian (BB) and Aberdeen Angus × Holstein Friesian (AA). Twenty 
AA (n=10) and BB (n=10) steers, the progeny by artificial insemination of sires of either high 
(H) or low (L) genetic merit, expressed as expected progeny difference for carcass weight 
(EPDcwt), were evaluated as four genetic groups viz. BBH, BBL, AAH, and AAL (n=5 per 
treatment). Chemical composition analysis of M. longissimus dorsi showed higher protein and 
moisture, and lower lipid concentrations for BB compared to AA. To investigate the effect of 
sire breed and EPDcwt on M. longissimus dorsi, proteomic analysis was performed using two-
dimensional (2-D) gel electrophoresis followed by mass spectrometry.  Proteins were identified 
from their peptide sequences, using the NCBI and Swiss-prot databases. In terms of sire breed, 
metabolic enzymes involved in glycolysis (glycogen phosphorylase, phosphoglycerate mutase) 
and the citric cycle (aconitase-2, oxoglutarate dehydrogenase) were increased in AA whereas 
myosin light chain isoforms were decreased in AA compared to BB animals. Protein abundance 
of glucose-6-phosphate isomerase, enolase and pyruvate kinase was higher in AAH compared to 
AAL animals. No difference in protein spot abundance was detected between BBH and BBL 
animals. This information will aid in our understanding of genetic influences controlling muscle 
growth and fat accumulation, and could contribute to future breeding programmes to increase 
lean tissue gain of beef cattle. 
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Significant decreases in dairy cow fertility, ranging from 0.45% to 1% per annum, have been 
reported in cattle populations worldwide. Previous data generated from our group revealed 
distinct gene expression profiles from endometrial tissue harvested on days 7 and 14 of the 
oestrous cycle, between heifers ranked as either high or low for fertility. Furthermore, in silico 
analysis of conserved transcription factor binding sites (TFBS) among day 7 and 14 gene 
expression datasets, identified key regulatory mechanisms driving the observed transcriptional 
differences in conception rate. In the current study, we have analysed the DNA sequences of 10 
candidate fertility genes (ALB, BMPR2, COL4A3, COL4A4, CYP4F2, DAP, FST, GALNT6, 
PCCB and SFRP1), identified from our previous research, using DNA isolated from 
performance-tested sires displaying differential genetic merit for fertility. DNA from single 
inseminates of 150 Holstein-Friesian (HF) bulls, 75 with high genetic merit for calving-calving 
interval (HCIV), and 75 with low genetic merit for calving-calving interval (LCIV), was 
extracted and pooled using equimolar quantities from each animal. Illumina® sequence libraries 
for each group were constructed and a custom Agilent SureSelect™ Target Enrichment System 
was used to selectively capture and enrich approximately 500Kb coding, intronic and regulatory 
sequences for the 10 selected genes. Subsequently, the enriched libraries were sequenced using 
an Illumina® Genome Analyser II. In total, 288 SNPs and 78 indels were identified. Forty nine 
percent (n = 142) of SNPs were intronic and 22% (n = 64) were exonic including 33 non-
synonymous substitutions (NSS). Twenty nine percent (n = 82) were located within regulatory 
regions in the 5’ and 3’ UTRs. A ≥ 2-fold allele frequency differential between HCIV and LCIV 
animals were observed for 58 SNPs (11 NSS). This is the first study to report the use of DNA 
pooling and high-throughput sequencing across panels of cattle to characterise candidate genes 
for fertility identified from transcriptional profiling.  
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Recent experimental animal biology techniques produce large datasets that describe the 
variation of thousands of molecules according to various  conditions like environment or breed. 
Bioinformatics tools allow the clustering of these data and their annotation based on ontologies 
or produce functional networks of specific pathways. However, pointing out key regulators of 
pathways and integrating datasets as a whole remains difficult. This study proposes a new 
method for modeling both reactions and their regulations at transcriptional and metabolic levels 
in a single formalism based on influence network (i.e., a directed graph). This network was 
analyzed to identify key regulators, make prediction on phenotypes or find a set of candidates 
that explain the variations of a set of targets. For that, information from the Transpath literature 
database was merged in a common formalism integrating both flux and molecular quantities in 
an influence network. Such a network was then analyzed with computational constrained-based 
approaches (answer set programming). To test the method, lists of differentially-expressed genes 
according to breed-related differences in pig adiposity or fasting effects on chicken liver were 
used. The produced networks were analyzed to check consistencies between knowledge and 
experimental data, to make predictions on unobserved molecules or fluxes, and to find the 
minimal set of variables among a set of candidates that explain variation in lipid metabolism. 
This method could help biologists to solve problems like finding the main regulators of a gene-
set of interest or elucidating causative genes among candidates located in a specific portion of 
the genome. 
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β-defensins are small cationic peptides, with potent immunoregulatory and antimicrobial 
activity which are produced constitutively and inducibly by eukaryotic cells. This study profiles 
the expression of a cluster of 19 novel defensin genes which spans 320 kb on chromosome 13 in 
Bos taurus. It also assesses the genetic variation in these genes between two divergently selected 
cattle breeds. Using quantitative real-time PCR (qRT-PCR), all 19 genes in this cluster were 
shown to be expressed in the male genital tract and 9 in the female genital tract, in a region-
specific manner. These genes were sequenced in Norwegian Red (NR) and Holstein-Friesian 
(HF) cattle for population genetic analysis. Of the 17 novel single nucleotide polymorphisms 
(SNPs) identified, 7 were non-synonymous, 6 synonymous and 4 outside the protein coding 
region. Significant frequency differences in SNPs in bovine β-defensins (BBD) 115, 117, 121, 
and 122 were detected between the two breeds, which was also reflected at the haplotype level 
(P < 0.05). There was clear segregation of the haplotypes into two blocks on chromosome 13 in 
both breeds, presumably due to historical recombination. This study documents genetic variation 
in this β-defensin gene cluster between Norwegian Red and Holstein-Friesian cattle which may 
result from divergent selection for production and fertility traits in these two breeds. Regional 
expression in the epididymis and fallopian tube suggests a potential reproductive-
immunobiology role for these genes in cattle. 
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The pig is an excellent model for human immunology, yet the structure and function of the pig 
immunome is poorly characterized. Increased understanding of the pig immunome would benefit 
biomedicine as well as progress toward porcine disease resistance through genetics. The 
international Immune Response Annotation Group (IRAG) comprises scientists that work on 
swine immunity and resistance to disease. The main purpose of IRAG is to use computational 
curation to refine the currently available automated annotation of immunity-related genes 
through sequence-based comparison to such genes in other species. Global gene expression data 
are being used to identify both shared and species-specific immune responses.  A list of over 
1,000 genes was compiled using gene ontology annotation (GO:0002376; immune system 
process), a core set of genes involved in host-pathogen interplay (Jenner and Young, 2005), the 
online Porcine Immunology and Nutrition database, and gene sets under positive selection in 
humans (Barreiro and Quintana-Murci, 2010) and cattle (Bovine Genome Sequencing and 
Analysis Consortium, 2009).  Sequence data and text searches using information from these 
genes were used to find candidate regions for annotation. Manual annotation for ~1,500 loci has 
been completed by group members using genome sequence assembly 9 (Sscrofa9) and WTSI 
Otterlace software, which provides alignments of genomic contigs with publicly available 
sequence data. These alignments are analyzed to confirm and extend exon-intron boundaries, 
propose new alternative splice products, and improve protein sequence predictions.  Preliminary 
results have provided evidence for 46 gene duplications and many new alternative splice 
variants. Forty-three immune genes were not found. All results will be checked against assembly 
10. To confirm functional relevance to immunome characterization for the genes selected for 
annotation, a correlation-based network of 58 porcine Affymetrix-based expression datasets was 
created. This analysis confirmed IRAG gene immune function as their tissue expression patterns 
across 30+ tissues and cell types closely matched known immune-related genes. A refined 
analysis of transcriptomic data from experimental infections or immune stimulations provided 
evidence for involvement of the IRAG gene set in immune response. Our future challenge will 
be to identify the underlying biology specific to the pig species from this major annotation effort. 
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Belgian blue cattle breed (BBCB) is a specialized meat breed, famous for its extreme 
muscular development.  Hence, growth and height are key components of its economical value.  
In order to dissect the complex determinants of growth retardation, a cohort of 147 BBCB 
calves, older than five months and presenting an obvious developmental delay without known 
etiology, was collected.    

Genome-wide genotyping with a custom 60K Illumina gene chip was performed for 33 
selected cases and 364 healthy controls.  Genome-wide association study mapped the 
corresponding locus on bovine chromosome 3.  In this region, a 3.2 Mb homozygous segment 
was shared by 14 cases (41%), indicating a recessive mode of inheritance for a subset of them.  It 
encompassed 30 annotated genes.  Coding regions of positional candidates were amplified and 
sequenced from cases and controls.  During this process, an A to G transition (c.124-2A>G) in 
the intron 1 splice acceptor site of the RING finger protein 11 gene (RNF11) was revealed.     

Rnf11 is a 154 aa protein, ubiquitously expressed, highly conserved through evolution, known 
to be involved in growth factor signaling, ubiquitination and transcriptional regulation.  More 
recently, Rnf11 was recognized as a member of the A20 (Tnfaip3) ubiquitin-editing complex.  It 
has been proposed that both the Rnf11 RING domain and its PPXY motif are playing important 
roles in the complex assembly.  As the A20 complex is required to limit the duration of NF-kB 
activation, Rnf11 is thought to be essential to control inflammatory responses.     

At the mRNA level, the point mutation leads to the production of two coexistent mutated 
spliced forms, one with a 7bp deletion at the beginning of exon 2 and the second with its 
complete skipping.  Both result in a frame-shift, each introducing a premature stop codon.  
Consequently, the two putative truncated proteins (E42fsX55 and E42fsX70) - 73% shorter - are 
missing the main functional domains.     

None of the 500 artificial insemination sires was homozygous mutant, despite a carrier 
frequency reaching 30%.  However, we noticed an intriguing discrepancy between this high 
carrier frequency and a deficit in acknowledged growth-retarded mutated cases.  A prospective 
study was designed to quantify and characterize this observed deviation from expected 
mendelian ratios.  It has required the blind watch over, from birth to at least six months of age, of 
a cohort of 105 calves, born from carrier-carrier mating.  The study main results were (i) no 
significant effect of the mutation at birth, but (ii) a highly significant difference at six months 
with 40% of homozygous cases dead from inflammatory disorders, (iii) a severe growth 
retardation of all remaining mutants resulting in their subsequent economic culling.    

In conclusion, our study highlights the major impact of a single recessive mutation on traits 
like growth and resistance to diseases, traits usually considered as complex traits. 
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In a previous study, we identified a putative imprinted gene PHLDA2 whose upregulation 
was associated with abnormal development of bovine embryos cultured in vitro. The objectives 
of this study were to further validate the association between PHLDA2 differential expression 
and early embryonic development in an independent set of embryos, determine the imprinting 
status of this gene in cattle tissues, and examine whether or not the methylation of the gene is 
associated with differential expression in bovine embryos and fetal tissues. In vitro embryos 
were produced and cultured until Day 8 of development. At this point, they were classified into 
two groups according to the presence of blastocoele and inner cell mass. Those showed obvious 
blastocoele and a distinct inner cell mass were classified as “blastocysts” while the others were 
classified as “degenerative embryos”. Four pairs of pools each containing 20 blastocysts or 
degneratives were obtained. Fetal and adult cow tissue samples were obtained from a local 
slaughterhouse and immediately stored in RNALater. Quantitative real time PCR analysis 
revealed upregulation of PHLDA2 expression by an average of 15 fold in the pairs of pools of 
blastocysts and degenerative embryos. We also provided evidence that PHLDA2 was imprinted 
in placental tissues and fetal liver. Finally, we identified CG sites whose methylation appeared to 
be associated with increased PHLDA2 expression in embryos and with the expression of 
PHLDA2 in bovine fetal tissues. This is the first experimental evidence for PHLDA2 imprinting 
in domestic cattle and for possible links between PHLDA2 expression and DNA methylation.  
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We have annotated, across swine genome assemblies Sscrofa9.2-Sscrofa10.2, innate 
immune gene families including β-defensins (pBDs), interferons (IFNs), IFN regulatory factors 
(IRFs), interleukin-17 (IL-17), IL-17 receptors (IL-17Rs), S100 proteins (S100) and tripartite 
motif proteins (TRIMs). Evalution of current databases shows that the swine genome predictably 
contains the functional genes of at least 24 pBDs, 37 IFNs, 8 IRFs, 5 IL-17 isoforms (plus IL-22 
and IL-23), 5 IL-17Rs, 17 S100 and 75 TRIMs. In addition to these functional genes, 
pseudogenes, which appear to lose their protein-coding ability, are frequently detected in 
association with these gene families. We have analysed the expression of some genes in the pBD 
and IFN families, examining the gene transcription profiles in porcine cells treated with different 
activation stimuli including infection with porcine reproductive and respiratory syndrome virus 
(PRRSV). Using RT-qPCR arrays, we detected authentic transcription of most functional genes 
in IFN, IRF and IL-17/IL17R families in porcine alveolar macrophages (PAMs) and/or 
peripheral blood mononuclear cells (PBMCs). The differential expression of some innate 
immune genes merits further investigation of their role in PAM activation and anti-PRRSV 
infection. These genome-wide gene annotation and expression analyses indicate a general 
conservation of these innate immune gene families across mammalian species and show that 
some gene families in pigs, such as pBDs, IFNs and TRIMs, have species-specific member 
compositions.    
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Obestatin is an endo-hormone produced in gastric mucosa. It plays a significant role in 
energy balance regulation in organisms as well as in developmental processes in alimentary tract, 
reproduction system and circulatory system. The aim of the present study was to investigate the 
molecular mechanism of obestatin action and to identify the genes regulated by obestatin in 
small intestine mucosa of newborn piglets fed with milk replacement formula. The experiment 
was conducted on two groups of newborn piglets transported 24 hours after the birth into 
laboratory and kept for 6 consecutive days in artificial sow system and fed with milk 
replacement formula. One group of piglets received every 8 hours 5 ml of saline through 
intragastric tube, the second group received in the same manner 5 ml of saline with obestatin in 
dose 10 µg/kg b.w.  

Intragastric obestatin administration resulted in significant changes in the expression of genes 
involved in processes of gametes generation, apoptosis, extracellular transport and amino acids 
metabolism. We observed also significant regulation of angiogenesis pathway with changed 
expression of vascular endothelial growth factor (VEGF). These results with concomitant 
significant regulation of FGF (Fibroblast growth factor) signalling pathway point out an 
important role of obestatin in the generation of new vessels and intestinal wall development.   
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Bovine mammary epithelial cells (MECs) cultured on plastic surface display a non-polarised 
morphology, whereas in the presence of ECM proteins (MatrigelTM) form 3D alveoli-like 
structures – mammospheres. The aim of the present study was to determine the transcriptional 
profile of bovine MECs on different stages of development, depending on the applied type of cell 
culture (2D vs. 3D). The analysis was performed using Bovine Long Oligo (BLO+) microarrays. 
We compared the gene expression of non-polarised cells from 2D culture with cells cultured on 
Matrigel for 3 or 12 days, when the mammospheres formation is at the beginning or in final 
stage, respectively. The analysis revealed 55 differentially expressed genes between the 2D 
culture and the 3rd day of 3D culture, and 370 genes with different expression in monolayer and 
12th day of 3D culture. Most of the genes differing in expression between the 3rd day of 3D 
culture and monolayer were involved in protein and lipid metabolism. The comparison of the 
mammospheres from 12th  day of  3D culture and the monolayer showed a large group of 
differentially expressed genes involved in vesicle transport. Additionally an analysis of direct 
interaction between the identified genes was performed using Ariadne Pathway Studio Software. 
The results revealed a key role of EGFR – highly expressed in cells forming mammospheres - in 
mediating signals from genes forming a network of direct interactions. The identified signalling 
pathways regulated by EGFR were involved in regulation of vesicle transport, protein 
ubiquitination, autophagy, mRNA synthesis and function and Wnt signalling.  
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After calving, the bovine endometrium undergoes marked morphological and functional changes 

which are necessary for conception. Regulation and integration of these events are 

uncharacterised, but a key role for immune mechanisms is increasingly recognised. In this study, 

blood samples, endometrial biopsies and swabs for bacteriological examination were taken at 15, 

30 and 60 days postpartum (DPP) from 13 normal healthy animals, 10 of which subsequently 

conceived, with a view to characterising innate and inflammatory gene expression profiles. At 15 

DPP, endometrial biopsies exhibited a severe inflammation which had begun to resolve by 30 

DPP, and was completely resolved by 60 DPP. The severe inflammation at 15 DPP coincided 

with mucosal bacterial infection in all animals and significant expression of innate immune 

genes; CD45 expression was increased 104-fold, IL-8 117-fold, IL-6 31-fold, IL-1 18-fold, TNF 

68-fold, TAP 110-fold, SAA3 37-fold and HP 36-fold (P<0.05) at 15 DPP, relative to 60 DPP. 

These parameters all began to return to normal at 30 DPP. Systemically, serum protein 

concentrations of IL8 were elevated at 15 DPP compared to 60 DPP (78 pg/ml and 48 pg/ml; 

P=0.02). These data indicate that endometrial inflammation, leukocyte infiltration and increased 

expression of pro-inflammatory, AMP and APP genes are expected features of the postpartum 

period, critical to bacterial clearance and uterine involution.  
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Domestic emu (Dromaius novaehollandiae) produces fat (back and abdominal) which is 
rendered into oil. Emu oil has good anti-oxidant and anti-inflammatory properties and has been 
used widely in cosmetics as a carrier. Emu has seasonal fat deposition (April to August), and 
understanding the regulation and expression of genes associated with fat metabolism and 
deposition is important for identifying marker genes that can be used in marker-assisted selection 
to improve fat production. Two genes were examined as a starter. The fatty acid binding protein 
(FABP) and stearoyl-CoA desaturase-1 (SCD-1), which are key enzymes involved in fat 
metabolism, were selected. Full-length cDNA sequences of the two genes were isolated from 
emu back fat using the rapid amplification of cDNA ends (RACE) based on EST sequences. The 
emu FABP encodes a protein of 133 amino acids which shares high similarities with wild duck 
(95%), chicken (93%), zebra finch (93%) and greyleg goose (90%). The emu SCD-1 encodes a 
protein of 361 amino acids which shares similarities with chicken (87%), zebra finch (90%), and 
swan goose (78%). For seasonal gene expression profile, we tracked both female and male 
groups over one breeding season. Body weights were measured and back fat tissues were 
collected for gene transcription level in April, June, August and November. Both male and 
female body weights increased significantly from April to August and remained stable from 
August to November, reflecting the period of fat deposition. Quantitative real time PCR (qRT-
PCR) results indicated that SCD-1 and FABP expression levels were not significantly different 
from April to November in the females.  In males, FABP expression levels significantly 
increased from April to August, and significantly decreased from August to November (back to 
the April level). Male FABP expression level regressed significantly and positively on body 
weight.  Male SCD-1 expression level showed a significant but stepwise increase from April to 
November but the expression level did not regress significantly on body weight.   
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Bovine mastitis is an inflammatory condition of the mammary gland which leads to reduced milk 
yield and increased milk somatic cell counts (SCC) resulting in an estimated annual cost to the 
dairy industry worldwide of ~€2 billion. Mastitis has a complex etiology, with pathogenic, host 
and environmental factors influencing pathology. We are using a systems biology approach to 
profile the host response in blood and milk isolated monocytes to pathogenic Streptococcus 
uberis (0510J), a major causative agent of bovine mastitis. In a pilot study, one mammary quarter 
of each of two Holstein Friesian cows was infected with 500 CFU of S. uberis via the teat canal 
and compared with an uninfected cow from the same herd. A dramatic increase in SCC was 
observed in the infected animal and bacteriology confirmed infection. Milk and blood samples 
were taken from the infected and control animal at 0, 12, 24, 36 and 48hrs post-infection. CD14+ 
monocytes were isolated by cell sorting from both milk and blood samples. Five additional 
animals are being infected and will be compared with 5 control cows. From the cells processed 
to date, total RNA (RINs > 8) has been extracted using the Ambion mirVana RNA isolation kit 
and this RNA is being prepared for RNAseq using the Illumina HiSeq machine. To profile 
miRNA expression, small RNAs have also been extracted using Sigma mirPremier small RNA 
isolation kit and microRNAseq libraries are also being prepared for sequencing. Bioinformatics 
analysis of RNAseq and miRNAseq will then be undertaken to simultaneously profile gene and 
miRNA regulatory network expression in response to S. uberis, providing unprecedented 
resolution of the local and systemic monocyte transcriptional networks induced in mastitis as 
well as  some insight into the role of miRNAs have in regulating these responses.   

 
 

 
 

 
 



 

A translational hypothesis that the differences in the RNA secondary 
structure of the GHSR1b mRNAs among the 5’UTR microsatellite - the nt-
7(C>A) haplotypes affect the functional Ghrelin receptor (GHSR1a) level. 

Masanori KOMATSU1, Tomohito ITOH2, Hideaki TAKAHASHI1 and Masahiro SATOH1  

1National Institute of Livestock and Grassland Science (NILGS), Tsukuba, Ibaraki, Japan. 

2Maebashi Institute of Animal Science, Livestock Improvement Association of Japan (LIAJ) Inc, 
Maebashi, Gunma, Japan. 

Corresponding author: mkomatsu@affrc.go.jp 

We have reported a significant association between the 5’UTR microsatellite and nt-
7(C>A) loci of the growth hormone secretagogue receptor 1a gene (GHSR1a) and growth and 
carcass traits in Japanese Black cattle. To test a hypothesis that the significant genetic association 
with growth and carcass traits is attributable to translational levels of the GHSR1a gene among 
the GHSR1a gene haplotypes, the RNA secondary structure analysis for GHSR1b (1b; the non-
spliced type with the 5’UTR microsatellite) and GHSR1a (1a ; the spliced type without the 
5’UTR microsatellite) mRNAs was carried out. The Vienna RNA secondary structure server 
(http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi) was used to predict the optimal secondary 
structure for 1b and 1a mRNAs. The optimal RNA secondary structures of the 1a mRNAs 
appeared to be almost the same among haplotypes or between the A and C types (nt-7(C>A). The 
number of Kozak sequence bases (“AGCAUGU”) bound in secondary structure of these types 
was the same as 2 regardless of the haplotypes. On the other hand, the optimal RNA secondary 
structure of the 5’UTR regions of the 1b mRNAs appeared to be different between the [19-TG] 
and [non-19-TG] types or between the A and the C types (nt-7(C>A)). A secondary structure of 
5’UTR microsatellite region for the [non-19-TG] 1b mRNAs seems to have a bending knot but 
not in the [19-TG] type. It would seem that the secondary structure of the 5’UTR microsatellite 
region of the [19-TG]-1b mRNAs had a small dominant negative effect on the translation 
efficiency of the 1b mRNA due to its unique structure. There were 5 Kozak sequence bases 
bound in the secondary structures for the A type (nt-7(C>A)) and 2 for the C type. The A type of 
the 1b mRNAs seemed to have a lower effect on translation efficiency than that of the C type 
because of the different number of Kozak sequence bases bound in the secondary structure. On 
the basis of these results, we proposed a translational hypothesis that the differences in the RNA 
secondary structure of the 1b mRNAs among the 5’UTR microsatellite - the nt-7(C>A) 
haplotypes affect the functional Ghrelin receptor (GHSR1a) level.  
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The knowledge about the interdependence of functional and production traits is 
ambiguous. Selection for high performance is suspected to lead to an impaired immune 
competence. However, pigs selected for high immune response were shown to exhibit enhanced 
weight gain. We address this issue by analysing the transcriptomic response of PBMCs to tetanus 
toxoid (TT) taking into account for divergent manifestation of immune and performance traits. 
Therefore, weaned pigs (n=223, German Landrace) were sampled before (0), and 2, 4, 8, 30 and 
75 hours after 1st and 2nd vaccination against TT and at day 28 before performance testing. 
Complete blood cell counts (13 time points) and antibody titers (day 14 after 1st and 2nd 
vaccination) were recorded and revealed considerable variation (e.g. total leukocyte cell counts 
CV=0.2; antibody titers CV=0.7). Temporal transcriptional regulation of PBMCs at 13 time 
points was explored in a subset of 18 animals by microarray analysis (Affymetrix) showing in 
total >5000 regulated genes (p<0.05). Differentially expressed genes of canonical pathways 
related to immune response and functions in cell organisation, metabolism and biosynthesis were 
observed. In terms of immune functions interleukin-, interferon-, NK-, B-cell and T-cell specific 
pathways were modulated. Regulation of pathways, like integrin, JAK/Stat, growth factors, 
ubiquitination and ERK/MAPK signaling, affects the cell cycle, communication, proliferation 
and development. These data indicate an acute and prolonged co-regulation of the immune 
system and metabolic and endocrine biofunctions. Regulatory networks among key genes for 
functional and production traits provide new insight into relationship between immune and 
performance traits. 
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Broiler breeders fed ad libitum develop abnormally large ovarian follicular hierarchies. 
This can lead to multiple ovulation, and subsequently, poor shell quality and egg production. 
Multiple ovulation is controlled by food restriction in commercial flocks. However, the level of 
food restriction employed raises welfare concerns, most notably severe hunger. Microarray 
analysis of the differential effect on gene expression of feed restriction in broiler breeders, and 
expression profiling throughout follicle development in layers by qPCR combined with QTL 
analysis for follicle numbers, identified 10 candidate genes for follicle recruitment. The 
expression of several genes was shown to be associated with significant temporal effects as well 
as effects due to nutrition, suggesting a possible role in recruitment to the follicular hierarchy. 
SLIT3 demonstrated a 2.28-fold increase between the F2 and F1 follicles (P = 0.001) while 
VDAC1 demonstrated a 1-fold increase between 8-10mm and the F5 follicle (P = <0.001). These 
genes are both associated with a QTL for follicle number and are involved in apoptotic 
signalling. PDGFRL, a candidate for steroidogenesis, showed a 2-fold increase between 4-5mm 
and 5-6mm, and a 5.4-fold increase between 6-7mm and 7-8mm (P = <0.001). Candidate genes 
could be investigated for inclusion into breeding programs to improve regulation of follicle 
selection and thereby limit multiple ovulation. While food restriction is necessary to prevent 
obesity and other adverse effects of genetic selection for high body weight, reduction of multiple 
ovulation might lead to relaxation of feed restriction and improve welfare for the birds. 
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Dermal hyperpigmentation or Fibromelanosis (FM) is an autosomal dominant gene in the 
chicken characterized by extensive pigmentation of the dermis and internal connective tissue. 
FM is one of the few examples of skin pigmentation phenotypes in the chicken whereas most 
attention is focused on feather color and patterning variants. We have used within and between 
population genetic mapping approaches to identify the causal variant of FM as an inverted 
duplication of two distinct genomic regions spanning over 400 kb at the endothelin 3 (EDN3) 
locus. EDN3 has a known role in promoting melanoblast proliferation and here we show that this 
complex genomic rearrangement results in increased EDN3 expression during embryonic 
developmental stages when melanoblasts are migrating to their target tissues. Furthermore, this 
increase in EDN3 expression is maintained in adult skin tissue suggesting a possible role for 
EDN3 in maintaining the melanocyte population associated with the dermal hyperpigmentation 
phenotype. We have used a diverse panel of chicken breeds from around the world to determine 
that the same complex genomic rearrangement is exclusive to Fibromelanotic chicken breeds. 
The presence of the same mutation in all of these FM breeds currently found in Asia, Europe and 
the USA highlights the causality of this complex genomic rearrangement in the dermal 
hyperpigmentation phenotype and how the same mutation has been reused in breed formation. 
While the exact mechanism of increased EDN3 expression remains unknown due to the size of 
the genomic rearrangement, a lack of sequence diversity at the duplication junction points within 
FM populations suggests that the structure of the rearrangement event is critical for the 
phenotype and possibly disrupts long range cis-regulatory elements associated with EDN3. 
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Although ‘the genome sequence’ of numerous diploid animals is being obtained, the use of 
the singular ‘consensus sequence’ glosses over the fact that each organism contains two haploid 
genome sequences that differ in both structure and regulation.  Although the locations of 
differences between the two genomes can be captured by standard sequencing strategies the 
relationship between linked polymorphisms that form a haplotype block is lost. Haplotypes can 
be imputed, given large datasets and pedigrees, however direct sequencing of molecular 
haplotypes would require smaller sample sizes and can discover polymorphisms present in a 
population that are invisible to genotyping assays.   Knowledge of haplotypes can increase the 
power of GWAS studies and aid in understanding genome regulation.  

We are developing a simple protocol for the precise dilution of cells to obtain less than 1 
cell per microlitre. Individual cells are lysed and diluted to obtain six aliquots, each of which 
contains a random representation of about 1/3 of the haploid genome but with only about 15% of 
sequences derived from both orthologues. These trace amounts of DNA can be reliably amplified 
with phi29 polymerase (Genomiphi™, GE Healthcare Life Sciences) using appropriate 
precautions to avoid cross contamination. Phi29 amplification from these picogram amount 
samples yields sufficient DNA derived from single molecules for sequencing on current next 
generation platforms.  

Cell lysis, aliquoting and amplification inevitably shears the DNA. The objective is to 
obtain fragments that are larger than typical haplotype blocks to enable the discovery of 
molecular haplotypes. Bovine haplotype blocks are relatively large, with r2 between 0.1 and 0.2 
at 100 kb. By using SNP data to combine overlapping fragments from multiple libraries, we 
expect to obtain haplotype blocks of this size or larger. The size distribution of the sequenced 
fragments will be described together with heuristics for identifying contigs derived from single 
chromosome templates and excluding those from overlapping templates.  
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Male infertility is a significant problem in all mammalian species. In productive livestock the 
economic losses due to reproductive inefficiency in males can be substantial, particularly when 
infertility affects a genetically superior individual. Spermatogenic arrest (SA) at various stages of 
spermatogenesis has been known to cause infertility in several mammalian species, but only 
recently the genes and interaction networks behind these defects have been under investigation. 
Within the Finnish Yorkshire pig population several boars with azoospermia were identified 
during years 1995-2008. Affected boars had reduced testicular size and total absence of 
spermatozoa in the ejaculate. Further histological examination showed markedly reduced number 
of late meiotic cells and absence of postmeiotic cells. Genome wide screen using the 
PorcineSNP60 BeadChip showed significant association of SNPs and the defect within 10 Mbp 
region on porcine chromosome 12. SA affected boars had a common haplotype covering a 2 
Mbp region. A promising candidate gene, Tex14, was identified within this region and 
sequenced. Although several polymorphisms were detected within the Tex14 coding frame, a 51 
bp insertion in exon 27 appeared to be the obvious cause for the SA defect. This insertion results 
in differential splicing of exon 27, which creates a premature translation stop codon.  The 
expression of Tex14 was markedly down regulated in the SA affected boar and the 3’end of 
Tex14 appears to be testis specific. Thus, the insertion in exon 27 probably does not affect the 
Tex14 expression in the female. Identification of the causal mutation for SA defect also enables 
the gene assisted selection against the defect. Although the SA carrier status is fearly easy to 
determine on an agarose gel, we further examined the possibility to use SNPs on Illumina 
Porcine60 beadchip for identification of the SA carriers and affected animals. Two SNPs 
(ALGA0066210 and ASGA0054360) were strongly associated with the SA defect and a 
haplotype of these SNPs appears to be usable marker for marker assisted selection against the 
defect. Thus, the disease status could be determined from the data generated for example for 
genome wide selection, if desired.  
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Weaned piglets are exposed to several stresses leading to health issues and subsequent 
lower performance.  Bioactive food ingredients are proposed to ameliorate health problems such 
as pathogenic, bacterial and inflammation. Sea weeds and sea weed extracts (SWE) are a rich 
source of laminarin and fucoidan which have antimicrobial, anti-inflammatory and anti-tumor 
properties. The objectives of this experiment were to identify the effect of laminarin and 
fucoidan from Laminaria digitata on the inflammatory cytokine profile of the ileum and colon of 
newly weaned pigs and to evaluate the effect of drying of the supplement on the cytokine profile. 
Weaning piglets were assigned to either: 1) basal-control, 2) basal + wet formulation or 3) basal 
+ dry formulation of laminarin and fucoidan for 21 days. Ileal and colonic tissues were collected 
and were either left unchallenged or received an LPS challenge. RNA was extracted and gene 
expression levels of interleukins (IL-1α, IL-4, IL-6, IL-8, IL-10, IL-17A), interferon (IFNγ), 
tumor necrosis factor (TNFα), mucin (MUC2, MUC4) and trefoil factor (TFF3) were 
investigated. IL-1α, IL-4, IL-6, IL-8, IL-17A, IFNγ and TNFα belong to the pro-inflamatory 
cytokine group, IL-10 belongs to anti-inflamatory cytokine group and MUC2, MUC4 and TFF3 
are involved in gut repair mechanism. In the unchallenged ileum, IL-10 gene expression was 
upregulated (p=0.05) in both wet and dry formulations.  In unchallenged colon, IFNγ (p=0.05) 
and MUC4 (p=0.05) gene expression were down regulated in the dry formulation. In LPS 
challenged ileum, TFF3 gene expression level was upregulated (p=0.05) in both dry and wet 
formulations. In LPS challenged, colon IL-8 was upregulated (p=0.05) in the dried formulation. 
Thus, from this study we can conclude that the dietary supplementation of laminarin and 
fucoidan did not negatively affect the performance of the weaned piglets but was able to 
strengthen the inflammatory response and repair mechanism of the gut in the challenged 
condition.  
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Initial applications of RNA-seq focused on qualitative characterisation of transcriptomes to 
discover previously unknown transcripts, whilst microarrays were still used to measure the levels 
of known transcripts. Due to the relatively low cost of microarrays, biological replicates can be 
used to distinguish significantly differentially expressed genes from background biological 
variation. As the cost of RNA-seq falls, this technology is increasing being used to replace 
microarrays in experiments designed to identify such genes. Whilst several RNA-seq studies 
have used technical replicates to assess technical variability, studies using biological replicates 
are rare. Given limited space on a sequencer there is inevitable trade off between depth of 
coverage per sample and number of biological replicates. Here we present an unusually rich 
RNA-seq dataset from the infection of cow macrophages with M.bovis. This 120 sample dataset 
is comprised of a time course of four time points across five treatments, each with six biological 
replicates. We use this large dataset to consider how depth of coverage and number of replicates 
effects the reliability of the identification of differentially expressed genes. The results of this 
study can provide rules of thumb for less well resourced experiments, both in terms of how they 
should be designed to optimise the use of sequencing resources, and the quality of results that 
may be realistically expected. 
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In 2010, ISAG released the official parentage SNP panel developed using information 
derived mostly from important taurine cattle breeds. However, indicine and composite breeds 
derived from both sub-species play an important role in global livestock production, and should 
also be considered as resource for the development of a truly global parentage SNP panel. Using 
a dataset composed of about 777K SNP genotypes generated from the Illumina BovineHD assay 
(472 individuals from 12 taurine, 3 indicine and 2 cross breeds), we designed six SNP subpanels: 
(S1) universal parentage panel suitable for parentage testing and traceability in cattle across sub-
species, (S2 and S3) taurine and indicine specific panels, respectively, to better discriminate sub-
species, (S4) an introgression panel capable of measuring admixture and assisting crossbreeding, 
(S5) mtDNA markers for identification of maternal origin and (S6) Y chr markers for traceability 
and sex determination. For panels S1-3, SNPs were selected based on MAF threshold trials from 
0.25 to 0.50 across breeds in attempt to identify as many markers with high MAF as possible, 
and neutrality was tested using FST outlier detection method. Panels S4 and S5 were defined as 
loci where genotypes were oppositely fixed in indicine and taurine breeds. S6 consists of ten 
random Y chr markers, which are not in the pseudoautosomal region. Combined Probabilities of 
Exclusion (PC) were tested for three scenarios: (a) both parents exclusion, (b) one parent 
genotype missing and (c) one parent exclusion. Probabilities of Identification (ID) and PC values 
were calculated for S1. Numbers of SNPs yielded for each subpanel were: S1 = 41 (MAF ≥ 0.30), 
S2 = 103 (MAF ≥ 0.32), S3 = 153 (MAF ≥ 0.47), S4 = 28, S5 = 13 and S6 = 10. S1 average ID 
was 5e-18 and average PCs were 99.99%, 99.38% and 99.98% for a, b and c, respectively. A 
customized chip was designed including SNPs for all six panels, as well as ISAG’s 
recommended SNPs. Several breed trios are being genotyped for validation and comparison. 
This multipurpose low density panel presents itself as a powerful tool that will fit all scenarios to 
all aspects of cattle diversity. 
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The importance of leishmaniasis in public health has increased in the last decade due to 
its urbanization and geographical expansion. Domestic dogs are the main reservoirs and their 
immune response to leishmaniasis plays a key role in the disease’s dynamics. The major 
histocompatibility complex (MHC) is a highly polymorphic group of genes involved in the 
establishment and regulation of the immune response, which is known as canine leukocyte 
antigen (DLA) in dogs. DLA-DRB1 is one of the genes of this complex, which was previously 
demonstrated to carry haplotypes within exon2 region associated to leishmaniasis susceptibility. 
Phylogeny studies of this site suggest this is a hotspot of recombination in several vertebrate 
species, although flanking introns seem to have a common history disconnected from exon2. 
This study evaluated DLA-DRB1 exon2 polymorphisms individually rather than haplotypes and 
their association to leishmaniasis in dogs from an endemic area (Araçatuba-SP, Brazil). We 
performed PCR and indirect ELISA diagnostic tests for leishmaniasis in 442 blood samples from 
mixed breed adult dogs (>2 years old) and the 284 samples that exhibited concordance between 
tests had their DNA sequenced for a 270bp DLA-DRB1 target comprising the entire exon2 and a 
171bp-long portion of intro2. Positive and negative results for leishmaniasis were adopted as 
phenotypes for our binary trait of study. From 72 polymorphic identified sites, only 43 were bi-
allelic and had data coded as SNPs for analysis. Principal Component (PC) analysis revealed our 
samples to be stratified, but there was no correlation between strata and affection status. Quality 
control procedures excluded outliers, retrieving 23 SNPs and 153 individuals. A linear model of 
association corrected for PCs, age and gender (alpha=0.05) was applied to the allelic model, 
reveling an intronic SNP at position 5,160,571 associated with positivity (P=0.02). Computations 
of r2 showed weak linkage disequilibrium (LD) in this region, especially when comparisons were 
made against the significant SNP (average r2=0.07). These findings suggest that previous 
haplotype association described in pre-Genome-wide association studies era literature, if 
reproducible, may not be related to exon2. Instead, this can be due to intron2 variants affecting 
post-transcriptional events or harboring nonsynonimous alleles in exon3. 
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MicroRNAs are important regulators of eukaryotic gene expression. Polymorphisms in the 
3’-untranslated region (3’UTR) of target genes may abolish, weaken or create illegitimate 
microRNA binding sites, resulting in different levels of gene and protein expression.  

The swine Major Histocompatibility Complex (MHC) also known as Swine Leukocyte 
Antigen (SLA) has been associated with several production and immune traits including vaccine 
response and outcome of infectious diseases. SLA comprises 121 protein coding genes and is 
one of the best annotated loci of the pig genome so far. As in other species MHC is highly 
polymorphic, and non coding SNPs at the 3’UTRs may affect microRNAs targeting. In humans, 
haplotype-specific microRNA deregulations affecting MHC genes have recently been associated 
with disease susceptibility or risk, e.g. in HIV control [1]. 

Our aim is to gain insights into the microRNA targeting of SLA and other main immune 
genes of swine, in first instance by predicting in silico (PACMIT [2] and RNAhybrid [3]) 
whether observed polymorphisms may affect recognition of such genes by microRNAs of host 
and viral pathogens. Genome-mapped sequence data are being provided by RNA-seq 
experiments performed on different tissues and conditions from pigs with different genetic 
backgrounds - kindly provided by M. Groenen, O. Madsen, D. Beraldi, H. Jensen, J. Lunney – in 
order to i) refine the gene boundaries annotation of less characterized immune genes of the swine 
genome, and ii) identify single nucleotide polymorphisms reflecting intra- and inter-specific 
variation putatively affecting 3’UTRs recognition by microRNAs.  

We predicted with PACMIT microRNAs targeting class I and class II SLA genes. Among 
class I protein coding genes, most microRNA/mRNA duplexes involved SLA-2 (10 
microRNAs/SLA-2 duplexes) whereas the class II protein coding genes SLA-DRA was targeted 
by more than 20 microRNAs. We searched for polymorphisms that may affect these interactions 
and found that one SLA-7 transcript variant with a shorter 3’UTR than other transcripts lack three 
binding sites for ssc-miR-500, ssc-miR-664-5p and ssc-miR-140. Additional results from 
ongoing activities will be presented. References: [1] Kulkarni et al. 2011 Nature 472:495-7 ; [2] 
Marin and Vanicek 2011 Nucl.Acid Res. 39:19-29 ; [3] Rehmsmeier et al. 2004 RNA, 10:1507-
1517. 
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The field of epigenetics has expanded rapidly in recent years. Epigenetic modifications of 
the genome appear to be stable in somatic cells, but in germ cells and early embryos, epigenetic 
reprogramming occurs on a genome-wide scale, which includes de-methylation of DNA and 
remodeling of histones and their modifications. Imprinted genes are epigenetically regulated so 
that only one allele is expressed in a parent-of-origin-dependent manner. Although they represent 
a small subset of the mammalian genome, imprinted genes are essential for normal development. 
After some investigation there has been no direct data for a similar parent-of-origin mechanism 
in birds, while phenotypic evidence for sire and dam effects has accumulated. DNA 
methylation is the most-established epigenetic mark that is critical for the allele-specific 
expression of imprinted genes. Recent data in the chicken, demonstrating differential promoter 
methylation patterns, which correlates with gene expression, resulting from environmental 
manipulation raises new questions on the role of epigenetics in birds. In order to better 
understand the underlying landscape of DNA methylation in the chicken, genome-wide DNA 
methylation analysis was conducted on primordial germ cells (PGCs) and partially developed 
embryo (day 7 of incubation, E7). Genomic libraries were prepared by fragmentation, adaptor 
ligation, size selection, bisulfite conversion, and were then sequenced using the Illumina next-
gen platform. CpG island, promoter, and gene body sequence coverage were determined and 
specific genome regions with differing methylation status identified. Custom tracks were 
developed for the UCSC genome browser so that direct comparisons of the genome-wide 
methylation patterns can be visualized at the nucleotide level. The resulting data shows that 
many promoter regions are completely methylated in the PGCs as compared to the E7 embryo. 
Focusing on promoter regions that were hyper-methylated in the E7 embryo as compared to the 
PGCs, many genes were identified including the previously known germ cell marker, dead end 
homolog 1 (DND 1). A better understanding of the regulation of DNA methylation in the 
chicken will provide the foundation for further study of its role in cellular differentiation, 
migration, and maturation. 
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Different approaches have been applied to detect factors influencing gene expression. As 
the mechanisms of gene expression regulation can be quite complicated, the key to explaining 
them is dissecting the effects of multiple factors such as cis-, trans- and environmental. One of 
the approaches is to search for allelic expression imbalance (AEI) which can be used as a tool 
indicating the presence of cis-regualtory factors.  

We have analyzed the transcript ratios of  selected genes in three bovine tissues using 
pyrosequencing. This was possible by choosing a coding SNP in each gene and sequencing  a 
short gene fragment including the cSNP in cDNA samples. We presumed that each allele of the 
cSNP will represent certain allelic transcript pools. Out of 30 chosen bovine genes in three 
studied tissues: liver, pituitary and kidney of Holstein-Friesian bulls, 3 of them – LEP, IGF2, 
CCL2 showed allelic expression imbalance. LEP showed overexpression of only one allele in all 
studied samples. IGF2 showed a large disproportion of both allele ratios in kidney and pituitary 
but not in liver, where biallelic expression occurred. CCL2 presented AEI in kidney (for both 
alleles) and in pituitary (for only one allele). 

The discovered AEI patterns in these genes can indicate what kind cis-factor is the main 
cause for asymmetrical allelic expression, and can shorten the way to explaining the possible 
mechanisms regulating phenotype differences. 
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Due to activity against bacteria and viruses, antimicrobial peptides are important factors in the 
innate resistance system of humans and animals. They are called as new generation antibiotics 
for potential use in preventive and therapeutic veterinary medicine. The class of beta-defensins is 
the largest one. The aim of study was to determine the mammary gland transcriptomic profile of 
dairy cows with infection caused by coagulase negative or positive staphylococci with an 
emphasis on b-defensins. The study was performed in secretory tissues and gland cisternal 
epithelium. The agilent bovine gene expression microarrays and quantitive real-time PCR 
approach with set of stable, reference genes were used. Studies are based on the assumption that 
there are differences in m RNA abundance of immune effector genes in mammary gland tissues 
in infected cows. The mRNA level of b-defensin genes was deregulated in secretory tissues of 
infected cows as compared to healthy control. Other gene changes were those related to immune 
effectors processes, and/or leukocyte mediated immunity.  
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Body composition has a close relationship to human diseases. For example, excessive fat 
accumulation increases the risk of diabetes (Resnick et al., 2000). A few human obesity 
quantitative trait loci (QTL) have been identified through genome-wide association studies 
(Almasy et al., 2007, Diego et al., 2006, North et al., 2003). Similarly, mouse lines have been 
developed to map candidate genes that affect body composition traits (Cheverud et al., 2004, 
2001). Here, we report a detailed study of additive, dominance, imprinting and interaction effects 
in muscle, adipose and morphometric phenotypic QTL (pQTL), transcription and translation 
QTL (tQTL) and expression QTL (eQTL). We developed an F2 population of 1000 mice from 
the myostatin null C57BL/6 (McPherron et al., 1997) and M16i (Hanrahan et al., 1973) lines. 
Body composition traits (including body length, muscle and adipose weight), transcription and 
translation traits (total DNA, RNA, protein amount), and expression profiles of nine genes 
(Steelman et al., 2006) were measured. This was followed by QTL and eQTL mapping in 
GridQTL (Seaton et al., 2006).  Models containing additive, dominance, imprinting and 
interaction effects were compared to identify their statistical significance.  Six imprinted pQTL 
impacted fat and body size traits. Two eQTL (Tnni1, IGF1) and forty non-imprinted pQTL were 
discovered (5% genome-wide level). We also identified QTL that interacted with myostatin, 
reciprocal cross and sex (nineteen, twenty and sixteen QTL, respectively).  When taken in 
combination with our previously reported findings for body weight QTL (Cheng et al., 2011), 
two IGF1 eQTL could be trans-regulatory elements that control muscle and body weight. Two 
Atp2a2 eQTL loci might be important candidates that interact with myostatin to regulate muscle 
fiber type. Our study indicates that a more complicated genetic model that contains interaction 
and imprinting effects is needed to explain the molecular mechanisms that underlie body 
composition phenotypes. Furthermore, the integration of eQTL mapping and traditional QTL 
may help to explain more phenotypic variation than either alone.  
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Dysregulation of iron homeostasis results in hemochromatosis (iron overload) or anemia 
(iron deficiency). Anemia is a common disease among humans and requires increased iron 
consumption from dietary sources such as beef.  Therefore, two studies were performed to 
investigate the genetic control of bovine skeletal muscle iron content to improve the 
healthfulness of beef.  Study 1: The genetic architecture of bovine skeletal muscle total iron 
content was investigated by GWAS. Genotypes from the Illumina 54k bovine SNP chip 
(N=2259) were modelled using the Bayes Cpi genomic selection model (GenSel software) where 
pi was estimated from a previous Bayes C analysis to be 0.993. Study 2: Transcriptional control 
of skeletal muscle iron content was assayed using RNA-seq of five high and five low (N=10) 
total iron content Longissimus dorsi samples to quantify mRNA differences. Sequence tags were 
aligned to the UMD3 bovine genome build using the Cufflinks software suit. Transcripts were 
analyzed in R with the lme4 package using a log logit function assuming a Poisson distribution 
accounting for fixed effects of iron content, sex, age and contemporary group.  False discovery 
rate was controlled using qvalues. GWAS Results: The five largest marker effects were observed 
on chromosomes 1, 7, 15, and 17.  Interestingly, marker associations on chromosome 7 and 17 
were near GDF15 and SMAD1, two genes implicated in human hemochromatosis. Genomic 
selection analysis accounted for 0.44 of the variation in skeletal muscle total iron content.  Based 
on these results, RNA-seq was used to determine which genetic pathways regulating iron content 
were differentially expressed. RNA-seq Results: Transcriptional profiling identified 3010 genes 
differentially expressed (q < 0.05). Pathway Studio software was used to determine if specific 
pathways were enriched.  Pathways with documented roles in iron homeostasis were enriched, 
including: BMP6 (p < 6.38E-8), and STAT1 (p < 1.3 E-27).  BMP6 is believed to be a key 
regulator of iron homeostasis in humans based on mouse models that exhibit hemochromatosis.  
In summary, our study indicates that many of the same genes involved in human 
hemochromatosis may be responsible for variation in bovine skeletal muscle total iron content. 
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Fertility in dairy cattle has declined during the last 50 years.  This represents a major barrier to 
efficient milk production, especially in seasonal calving systems where reproductive 
performance is a key driver of profitability. The Economic Breeding Index (EBI) was introduced 
in 2000, and non-production traits were incorporated in 2001.  The EBI currently has 6 sub-
indices, with the fertility sub-index accounting for 34.8% of the total weighting. The fertility 
sub-index is comprised of 2 traits; survival (11.5%) and calving interval (23.2%). Animals with 
similar genetic merit for milk production traits and similar proportions of Holstein ancestry but 
with extremes of good (Fert+) or poor (Fert-) genetic merit for fertility traits were identified by 
screening the national dairy cattle database in collaboration with the Irish Cattle Breeding 
Federation. This facilitated the establishment of a herd with similar genetic merit for milk 
production and phenotypic milk yield, but divergent genetic merit for fertility traits and 
phenotypic fertility performance. This animal model is a unique and powerful tool to elucidate 
the underlying physiological basis of subfertility in the Holstein dairy cow.  

 Next generation sequencing of messenger RNA (mRNA) allows investigation of the 
entire transcriptome of a particular cell or tissue at a specific point in time. By determining 
differences between Fert+ and Fert- cows in the global gene expression profile of endometrial 
tissue, it will be possible to discover genes and pathways involved in regulating endometrial 
receptivity and uterine histotroph composition. These processes are critical to fertility in dairy 
cows. Endometrial biopsies were collected from fourteen animals (7 Fert+, 7 Fert-). Samples 
were taken on day 70 postpartum, on day 7 of the oestrous cycle; mRNA was extracted and used 
to construct cDNA libraries which were subsequently sequenced using an Illumina GAIIx. The 
identification of differential mRNA expression between Fert+ and Fert- cows will allow 
identification of key processes in the endometrium that are critical for fertility in dairy cattle. 
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Mutations in the human Mediterranean fever (MEFV) gene are associated with the autoinflammatory 
disease Familial Mediterranean Fever (FMF), which is characterized by recurring, spontaneous episodes 
of fever and localized inflammation.  MEFV is predominantly expressed in innate immune cells, e.g. 
monocytes, macrophages and neutrophils.  MEFV is composed of several domains, including an N-
terminal Pyrin domain.  Proteins containing Pyrin domains are frequently involved in the regulation of 
inflammation, by forming part of inflammasomes; cytoplasmic multiprotein complexes mediating the 
proteolytic activation of caspase-1, thus regulating the release of active interleukin (IL) 1β and IL18.  The 
autoinflammatory disease associated with mutations in MEFV and the presence of the Pyrin domain 
suggest that MEFV plays an important role in the regulation of inflammation.  We have been 
investigating the importance of MEFV in cattle. 

MEFV is expressed in bovine monocytes and, to a lesser extent, in bovine macrophages.  However, 
MEFV is rapidly up-regulated after infection of macrophages with Salmonella enterica serovar 
Typhimurium, Mycobacterium bovis and stimulation with Escherichia coli-derived lipopolysaccharide 
(LPS).  Therefore, we hypothesize that MEFV plays an important role in the response of bovine 
macrophages to pathogens.  RT-PCR analysis has revealed that there are two dominant splice variants 
expressed in bovine macrophages and the expression of additional splice variants is induced by LPS 
stimulation.  The splice variants do not differ in their predicted amino acid sequences and therefore their 
functional importance is not understood.   Similar to murine MEFV, the predicted bovine protein lacks 
the C-terminal Spry domain found in human MEFV, where the majority of mutations associated with 
FMF are located.  We are currently furthering our understanding of bovine MEFV by extending our 
analysis of the splice variants, investigating sequence variation amongst bovine breeds and studying the 
effect on macrophage activation of MEFV knockdown by siRNA. 
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autoinflammatory disease associated with mutations in MEFV and the presence of the Pyrin 
domain suggest that MEFV plays an important role in the regulation of inflammation.  We have 
been investigating the importance of MEFV in cattle. 

MEFV is expressed in bovine monocytes and, to a lesser extent, in bovine macrophages.  
However, MEFV is rapidly up-regulated after infection of macrophages with Salmonella 
enterica serovar Typhimurium, Mycobacterium bovis and stimulation with Escherichia coli-
derived lipopolysaccharide (LPS).  Therefore, we hypothesize that MEFV plays an important 
role in the response of bovine macrophages to pathogens.  RT-PCR analysis has revealed that 
there are two dominant splice variants expressed in bovine macrophages and the expression of 
additional splice variants is induced by LPS stimulation.  The splice variants do not differ in their 
predicted amino acid sequences and therefore their functional importance is not understood.   
Similar to murine MEFV, the predicted bovine protein lacks the C-terminal Spry domain found 
in human MEFV, where the majority of mutations associated with FMF are located.  We are 
currently furthering our understanding of bovine MEFV by extending our analysis of the splice 
variants, investigating sequence variation amongst bovine breeds and studying the effect on 
macrophage activation of MEFV knockdown by siRNA. 
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RTq-PCR can be used to accurately determine expression levels of genes following RNA 
extraction from tissue samples. If blood is the source of total RNA, it is often desirable to 
process the samples immediately following collection because delays in processing for RNA 
extraction may influence mRNA expression estimates obtained from RT-qPCR analyses. 
However, this may not be feasible if the site of blood collection is distant from the processing 
laboratory. In the present study, the effect of delays in the processing of blood samples on 
mRNA expression data was investigated using a panel of 23 functionally diverse genes from five 
different gene ontology (GO) categories in peripheral blood sampled from ten age-matched 
healthy cattle. Venous blood was collected in Tempus™ Blood RNA tubes, which contain 
reagents that lyse blood cells immediately and stabilise the RNA signature (T0). Blood was also 
collected in conventional lithium heparin collection tubes, and stored at ambient temperature for 
T4, T6 and T8 h, prior to total RNA extraction. The mRNA expression profiles of these 23 genes 
were determined by RT-qPCR and compared across the time course. Thirteen genes showed 
significant up- or down-fold changes in mRNA expression over the 8 h time course. Among the 
GO categories, genes in the Immune response category showed the most differential expression. 
These results also demonstrated that the changes in mRNA expression for the IFNG gene, which 
encodes the cytokine IFN-γ, did not correspond to IFN-γ protein levels estimated using ELISA. 
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Abstract 
Campylobacter jejuni is the most common cause of gastroenteritis in humans causing significant 
morbidity and mortality as well as enormous economic implications due to labor loss and health 
costs. Poorly-cooked chicken meat is the most frequent source of infection as chickens are 
usually colonized with Campylobacter. However, not all chickens are equally colonized and 
resistance seems to be genetically determined, making the possibility of Campylobacter-free 
chicken a reality even though mechanisms of avian resistance to Campylobacter colonization are 
poorly understood.  Here, using high-throughput sequencing in an avian infection model, we 
found that gut related immune mechanisms are critical for regulating colonization.  Amongst 300 
2-week old Barred Rock chickens, there was clear segregation in levels of colonization with 
Campylobacter, supporting the concept of genetic regulation.  RNAseq analysis of caecal tissue 
identified 218 differentially expressed genes between the 14 highest-colonized (Campylobacter-
susceptible) and 14 nil-colonized (Campylobacter-resistant) birds. Gene ontological analyses 
indicated significantly increased expression of genes involved in the innate immune response, 
cytokine signaling, the renin-angiotensin pathway and IgA production in the birds which 
prevented colonization, suggesting an early active immune response to Campylobacter.  Lower 
expression of these genes in colonized birds suggests suppression or inhibition of a clearing 
immune response thus facilitating colonization and generating a reservoir of infection as well as 
vectors for zoonotic transmission. This study supports the concept that birds with higher genetic 
resistance to Campylobacter colonization may be selectively bred, thereby reducing the 
transmission potential and health effects of this bacterium in animal and human populations. 
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Mycobacterium bovis is the causative agent of bovine tuberculosis (BTB), a pathological 

infection with significant economic impact. Current BTB diagnostics have poor specificity and 
sensitivity; therefore, we propose that differential gene expression may help identify more 
precise biomarkers. The present study, using a whole genome microarray and more diverse 
samples of peripheral blood leukocytes (PBL), extends our previous work that demonstrated 
significant suppression of immune gene expression in BTB. The Affymetrix GeneChip® Bovine 
Genome Array was used to examine genome-wide expression profiles in PBL from eight BTB 
chronically infected and eight control non-infected Holstein-Friesian cattle.  Control and infected 
animals had similar total white blood cell counts, but lymphocyte numbers were significantly 
increased in the infected animal group (+1.76-fold; P = 0.001), while monocyte numbers were 
significantly decreased (-3.32-fold; P = 0.002). Hierarchical clustering analysis using gene 
expression data from all detectable mRNA transcripts unambiguously partitioned the animals 
according to their disease status. In total, 2,960 gene transcripts were differentially expressed 
(DE) between the infected and control animal groups (adjusted P-value threshold ≤ 0.05), with 
more showing decreased (1,563) than increased relative expression (1,397). Gene Ontology (GO) 
analysis using the Ingenuity Pathway Analysis (IPA) knowledgebase, revealed an over-
representation of DE genes involved in the immune response functional category. More 
specifically, 64.5% of genes in the affects immune response subcategory displayed decreased 
relative expression levels in the infected animals compared to the control group. This study 
demonstrates that genome-wide transcriptional profiling of PBL can distinguish chronically 
BTB-infected animals from control non-infected animals. Many immune genes are differentially 
expressed suggesting that these may be useful indicators of robust, reliable biomarkers of chronic 
BTB infection. 
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Genome-wide methods have been identified as the foremost approach to fully investigate 
polygenic traits such as disease susceptibility, health and growth. Animal growth is undoubtedly 
a complex process, most likely influenced by many thousands of genes. The aim of this study 
was to unravel the genetic architecture influencing growth and carcass characteristics using  
phenotypes of four carcass traits; carcass weight (CWT), carcass fat (CFAT), carcass 
conformation (CONF) of progeny as well as cow carcass weight (CULL). To quantify the 
relationship between animal genotypes and the phenotypes two genome-wide association 
approaches, each utilising a different mathematical model, were performed on data from 
Holstein-Friesian artificial insemination bulls. Genotypes obtained from the Bovine SNP50 
beadchip and extensive predicted transmitting abilities (i.e., measure of genetic merit) for each 
trait on 1,061 bulls with progeny in Ireland were available. The first approach included SNPs 
individually in a linear mixed model. Following adjustment for a false discovery rate of <5%, the 
number of SNPs associated with each trait were 2, 25, 496 and 48 for CWT, CFAT, CONF and 
CULL respectively. SNPs associated with more than one trait were found on chromosomes 2, 8, 
11 (CFAT-CULL); 2, 20 (CONF-CULL) and 25 (CFAT-CONF). No SNPs were found 
associated to CWT and another trait. The second statistical approach used a Bayesian mixture 
model. This method allowed the incorporation of prior knowledge about the distribution of SNP 
variances and effects. SNP posterior probabilities (PP) for each trait were calculated using 
alternative prior distributions of the proportion of SNPs that were associated with each trait. 
Investigation of PP found 3, 1, 2, and 1 SNPs associated (PP > 0.95) with CWT, CFAT, CONF 
and CULL respectively. No SNPs were found associated to more than one trait using the 
Bayesian method. One SNP was found associated to CFAT in both methods (chromosome 3). 
There were no SNPs found associated to CWT, CONF or CULL in both methods. Results from 
this study have identified candidate regions of the genome that warrant further investigation to 
identify key genes and gene pathways involved in growth and carcass related traits. 
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Functional genomic analyses of host gene expression have great potential for dissecting the 
immune response to infection with Mycobacterium bovis―the intracellular pathogen responsible 
for bovine tuberculosis. Typically, these analyses rely on the retrieval of high quality RNA from 
appropriately collected and stored biological samples, as RNA degradation may influence the 
interpretation of results. Recently, however, it has been shown that informative gene expression 
profiles can be obtained from studies using degraded RNA isolated from compromised biological 
samples. These investigations demonstrate that meaningful biological inference is possible using 
low quality RNA template. For the current study, we present the transcriptional profiles of seven 
bovine chemokine and cytokine genes (CCL4, IFNG, IL1B, IL4, IL10, IL12 and TNF) analysed 
using degraded RNA from peripheral blood mononuclear cells (PBMC) collected from eight age- 
and sex-matched animals experimentally-infected with M. bovis (six-month-old castrated male 
Holstein-Frisian animals were infected by the endobronchial route with 2,000 CFU of M. bovis, 
strain AF2122/97). Total RNA was isolated from PBMC harvested prior to infection (0 week 
control) and 2, 4, 6 and 8 weeks subsequent to M. bovis infection and quality assessment of all 
samples using an Agilent 2100 Bioanalyzer gave RNA integrity number (RIN) values ≤ 3.0. The 
expression profile of each gene was determined using real time quantitative reverse transcription 
PCR (qRT-PCR), which revealed that all genes displayed significant differential expression 
(P ≤ 0.05) at several of the time-points post-infection relative to the week 0 controls. These 
results suggest the expression of host chemokine and cytokine genes examined is perturbed in 
PBMC in response to M. bovis infection and that the expression profiles of these genes vary 
across the infection time course. Furthermore, these results also support the use of compromised, 
but valuable RNA samples as potentially useful material for functional genomic research. 
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Background 
The functional roles of PE and PPE proteins in Mycobacterium tuberculosis remain mysterious. 
PE20 and PPE31, encoded Rv1806 and Rv1807, form a single transcriptional unit and are 
predicted to be an interacting pair. Genome wide mutagenesis studies have implicated PPE31 in 
the virulence of M. tuberculosis. Expression of this gene pair is upregulated under a range of 
environmental conditions including membrane stress and Mg2+ starvation. By elucidating the 
molecular basis for gene regulation under diverse stimuli we hope to shed light on the function of 
PE20-PPE31.  
Methods 
We mapped the transcriptional start site of Rv1807/1807 transcription and used Rv1806 
promoter/lacZ fusions to assay gene expression under a range of environmental conditions. We 
over-expressed the transcriptional regulator Rv2745c and analysed Rv1806/1807 promoter 
activity. To investigate the secretion of these proteins, C-terminal HA tagged versions of PE20 
and PPE31 were expressed in BCG Pasteur and H37Rv.  
Results 
Our results indicate the presence of a functional Magnesium riboswitch (M-box) RNA regulatory 
element controlling expression of PE20/PPE31 in M. tuberculosis. We have also identified the 
Rv2745c as a positive regulator of Rv1806/1807 expression. Rv2745c expression is upregulated 
by a range of environmental conditions and this in turn upregulates Rv1806/1807 transcription. 
However, in the laboratory significant amounts of Miller assay activity are detected only in the 
presence of Rv2745c and in the absence of Mg2+ ions. Finally, PE20/PPE31 were secreted by 
both BCG Pasteur and H37Rv. 
Conclusions 
Rv1806/1807 expression is controlled at the transcriptional level by the regulator Rv2745c 
(ClgR) and at the post-transcriptional level by an M-box regulatory element. We believe these 
proteins are produced in vivo only under conditions that result in high levels of Rv2745c 
expression coupled with low [Mg2+]. Secretion of these proteins coupled with the unique 
expression conditions indicates a role for PE20-PPE31 in M. tuberculosis pathogenesis. 
(298 words) 
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Mycobacterium bovis, the pathogen responsible for bovine tuberculosis, is an intracellular 
facultative anaerobic pathogen that is phagocytosed by host alveolar macrophages during the 
early stages of infection. M. bovis survives inside infected macrophages via a diverse range of 
mechanisms―including the prevention of phagosome maturation, resistance to cytokine-
mediated defences and suppression of host immune pathways―which subvert the host immune 
response and can lead to chronic infection. To gain better insight into the interactions between 
M. bovis and the host macrophage, we have compared the monocyte-derived macrophage 
(MDM) transcriptomes of seven unrelated Holstein-Friesian animals pre- and 24 hours post-
challenge with M. bovis (multiplicity of infection 2:1) using indexed Illumina® strand-specific, 
high-throughput RNA sequencing (RNA-seq) with read lengths of 84 bp. De-multiplexing of 
library sequence data revealed that the mean number of reads obtained per library sample was 
11.3 × 106. Alignment of these reads to Btau 4.0 showed that approximately 62% of sequences 
mapped uniquely and unambiguously to single locations on the bovine genome. Statistical 
analyses of the mapped reads aligning to annotated bovine genes will be used to identify 
differentially expressed genes with appropriate false discovery rate (FDR) adjustments to 
account for multiple testing. These RNA-seq data will then be used to investigate perturbations 
of the host macrophage transcriptome in response to stimulation with M. bovis in vitro. In 
addition, differentially expressed genes will be used to reconstruct important cellular regulatory 
networks and pathways that are associated with macrophage-mycobacteria interactions. 
 
 



 

A complete nuclear genome sequence from the extinct Eurasian wild aurochs 
(Bos primigenius). 

Stephen D.E. Park1, David A. Magee1, Paul A. McGettigan1, Matthew Teasdale2, Ceiridwen J. 
Edwards3, Amanda J. Lohan4, Alison Murphy4, Yuan Liu5, Emma K. Finlay2, Andrew T. 
Chamberlain6, Stephen Schroeder7, Daniel G. Bradley2, Tad S. Sonstegard7, Brendan J. Loftus4 
and David E. MacHugh1,4 

1Animal Genomics Laboratory, UCD School of Agriculture, Food Science and Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, Ireland. 
2Smurfit Institute of Genetics, Trinity College, Dublin 2, Ireland. 
3Henry Wellcome Ancient Biomolecules Centre, Department of Zoology, Oxford University, Oxford 
OX1 3PS, UK. 
4UCD Conway Institute of Biomolecular and Biomedical Research, University College Dublin, Dublin 4, 
Ireland. 
5BGI-Shenzhen, Shenzhen 518083, China. 
6Department of Archaeology, University of Sheffield, Sheffield S1 4ET, UK. 
7Bovine Functional Genomics Laboratory, Agricultural Research Service, USDA, Beltsville, MD 20705-
2350, USA. 
Corresponding author:  stephen.park@ucd.ie 
 

The extinct wild Eurasian aurochs (Bos primigenius) was the progenitor of domestic 
taurine cattle (B. taurus). Although genetic and archaeological studies pinpoint the Near East as 
the centre of origin for Bos taurus, recent genetic evidence suggests that historical admixture 
may have occurred between domestic taurine cattle and wild aurochsen. Here, we present 
analyses of the first complete nuclear genome from an archaeologically-verified and 
exceptionally well preserved aurochs humerus bone sample recovered from a cave site in 
Derbyshire, England and radiocarbon-dated to 6,738 ± 68 calibrated years before present 
(laboratory sample code: CPC98). Previous work in our laboratory has shown that this aurochs 
possessed a haplogroup P mitochondrial sequence, which predominates in Northern European 
aurochs samples examined to-date. For the present study, DNA extracts from the CPC98 
humerus bone were prepared for Illumina® short read, high-throughput DNA sequencing. 
Targeted sequence capture (Agilent SureSelect) was used to enrich coding and regulatory 
sequences for 123 genes identified as likely targets for natural and/or artificial selection. In 
addition, sequences containing SNPs featured on the Illumina® BovineSNP50 genotyping array 
were also enriched. A consensus CPC98 B. primigenius nuclear genome was assembled, using 
the complete B. taurus genome and a mean read depth of 7.8× was generated from 692 million 
non-duplicate reads and read pairs, yielding a genome coverage of 2.71 Gb. Putative functional 
SNPs were identified from coding and regulatory sequence differences between the CPC98 
aurochs and reference B. taurus genomes. This complete B. primigenius genome sequence will 
also be used for population genomics analyses with BovineSNP50 array data from a wide range 
of modern breeds to detect evidence of post-domestication gene flow. 
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taurine cattle (B. taurus). Although genetic and archaeological studies pinpoint the Near East as 
the centre of origin for Bos taurus, recent genetic evidence suggests that historical admixture 
may have occurred between domestic taurine cattle and wild aurochsen. Here, we present 
analyses of the first complete nuclear genome from an archaeologically-verified and 
exceptionally well preserved aurochs humerus bone sample recovered from a cave site in 
Derbyshire, England and radiocarbon-dated to 6,738 ± 68 calibrated years before present 
(laboratory sample code: CPC98). Previous work in our laboratory has shown that this aurochs 
possessed a haplogroup P mitochondrial sequence, which predominates in Northern European 
aurochs samples examined to-date. For the present study, DNA extracts from the CPC98 
humerus bone were prepared for Illumina® short read, high-throughput DNA sequencing. 
Targeted sequence capture (Agilent SureSelect) was used to enrich coding and regulatory 
sequences for 123 genes identified as likely targets for natural and/or artificial selection. In 
addition, sequences containing SNPs featured on the Illumina® BovineSNP50 genotyping array 
were also enriched. A consensus CPC98 B. primigenius nuclear genome was assembled, using 
the complete B. taurus genome and a mean read depth of 7.8× was generated from 692 million 
non-duplicate reads and read pairs, yielding a genome coverage of 2.71 Gb. Putative functional 
SNPs were identified from coding and regulatory sequence differences between the CPC98 
aurochs and reference B. taurus genomes. This complete B. primigenius genome sequence will 
also be used for population genomics analyses with BovineSNP50 array data from a wide range 
of modern breeds to detect evidence of post-domestication gene flow. 
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Mycobacterium bovis is the aetiological agent of bovine tuberculosis (TB).  Diagnosis is 
based on the tuberculin test and abattoir surveillance.  The failure of the UK and several 
countries to eradicate TB indicates a need to consider alternative strategies, such as genetic 
selection of cattle for increased resistance to TB.  There is considerable quantitative evidence 
that host genetic variation influences resistance to TB.  The aim of this study was to conduct a 
case/control genome-wide association study using the newly available Illumina bovine high 
density SNP chip to identify loci associated with variation in TB resistance in the Northern 
Ireland Holstein-Friesian dairy cattle population.  Blood samples from 3,715 cattle were 
collected from 464 herds between 2008 and 2009.  Cases were sampled at slaughter, and were 
defined as animals with both a positive reaction to the tuberculin skin test and a confirmed TB 
lesion.  Age matched controls were sampled from a subset of case herds, and were defined as 
animals that were negative to the tuberculin skin test.  In total, 1,424 cattle were genotyped for 
777,962 SNPs.  After QC edits, 1,161 cattle (596 cases and 565 controls) and genotype data from 
617,639 SNPs remained.  A chi-squared allelic test was used to test for associations between 
individual SNPs and resistance to bovine TB.  In this study, 40 resistance loci were associated 
with resistance to TB (P < 0.00001).  Future work will involve fine-mapping of these loci, 
identification of plausible candidate genes, and pathway analysis of the identified gene sets. 
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Immunological responses of cattle to Mycobacterium bovis  (M. bovis) infection are of interest in 
terms of understanding the biology of M. bovis infection and for the development of improved 
diagnostic techniques. Although considerable time and resources have been invested in 
understanding immune responses to M. bovis infection, the protective response has yet to be 
identified. To begin to elucidate the immune response of cattle to M. bovis infection, 6 outbreed 
Holstein calves were infected via aerosol with 8 x 103 CFU/ml M. bovis. Peripheral blood was 
collected by venipuncture prior to infection and at 30 and 60 days post infection. Peripheral 
blood mononuclear cells (PBMC) were isolated and stimulated with purified protein derivative 
(PPD) of M. bovis for 16 hours. Total RNA was isolated using a Qiagen RNeasy Mini column. 
The quality of the RNA was evaluated using an Agilent 2100 Bioanalyzer. Samples were 
randomly assigned to one of two pools for each time point. Each sample pool was prepared for 
RNA-Seq and sequenced (75 base run) on the Illumina Genome Analyzer II, one pool per 
channel. Sequences were trimmed then aligned against the Btau_4.0 assembly using myrna. 
Utilizing the count data, differential gene expression was determined using EdgeR. When post 
infection was compared to pre infection, 97 genes were differentially expressed at both time 
points after infection. Differentially expressed genes were primarily composed of cytokine/T cell 
specific genes including: IFN-γ, LT-α, IL-22, CXCL-10, CXCL-9, IL-17a, IL-17F, Granzyme A 
and Granzyme B. Expression was confirmed by real-time quantitative PCR using RNA from 
individual animals. Differential splicing and unannotated exon expression was explored. 
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Mycobacterium bovis, the causative agent of bovine tuberculosis is a facultative anaerobic 
intracellular pathogen, which, during infection, is phagocytised by host alveolar macrophages. 
During the infection process, M. bovis survives and replicates within host macrophages; it does 
this by a number of mechanisms, including inhibition of phagosome maturation and suppression 
of host immune processes. In this regard, the cellular pathways and networks governing the host 
response to M. bovis infection have yet to be fully elucidated. Therefore, for the present study, 
Affymetrix GeneChip® Bovine Genome arrays were used for functional genomics analyses of 
total RNA purified from bovine monocyte-derived macrophages (MDM) cultured in vitro with 
M. bovis (multiplicity of infection 2:1) at time points 2, 6 and 24 h post-infection. A list of 
differentially expressed genes detected with a false discovery rate (FDR) threshold of ≤ 0.05 and 
a log2 fold change cut-off of ±2.0 was generated. These genes were then used for systems 
biology analyses to study de novo host cellular networks perturbed during M. bovis infection. 
The publically available InnateDB knowledgebase (www.innatedb.org), which facilitates 
systems-level analyses of immunobiology, was used to generate a list of interactions occurring 
among differentially expressed genes across the experimental time course. These interaction 
networks were visualised using the BioLayout Express3D software package, revealing the NF-κB 
complex as a key regulatory network hub. Analyses of transcription factor binding sites on 
clusters of genes that showed similar patterns of expression were also performed. The results of 
this work provide a novel perspective on the host macrophage response during M. bovis 
infection. 
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Body composition has a close relationship to human diseases. For example, excessive fat 
accumulation increases the risk of diabetes (Resnick et al., 2000). A few human obesity 
quantitative trait loci (QTL) have been identified through genome-wide association studies 
(Almasy et al., 2007, Diego et al., 2006, North et al., 2003). Similarly, mouse lines have been 
developed to map candidate genes that affect body composition traits (Cheverud et al., 2004, 
2001). Here, we report a detailed study of additive, dominance, imprinting and interaction effects 
in muscle, adipose and morphometric phenotypic QTL (pQTL), transcription and translation 
QTL (tQTL) and expression QTL (eQTL). We developed an F2 population of 1000 mice from 
the myostatin null C57BL/6 (McPherron et al., 1997) and M16i (Hanrahan et al., 1973) lines. 
Body composition traits (including body length, muscle and adipose weight), transcription and 
translation traits (total DNA, RNA, protein amount), and expression profiles of nine genes 
(Steelman et al., 2006) were measured. This was followed by QTL and eQTL mapping in 
GridQTL (Seaton et al., 2006).  Models containing additive, dominance, imprinting and 
interaction effects were compared to identify their statistical significance.  Six imprinted pQTL 
impacted fat and body size traits. Two eQTL (Tnni1, IGF1) and forty non-imprinted pQTL were 
discovered (5% genome-wide level). We also identified QTL that interacted with myostatin, 
reciprocal cross and sex (nineteen, twenty and sixteen QTL, respectively).  When taken in 
combination with our previously reported findings for body weight QTL (Cheng et al., 2011), 
two IGF1 eQTL could be trans-regulatory elements that control muscle and body weight. Two 
Atp2a2 eQTL loci might be important candidates that interact with myostatin to regulate muscle 
fiber type. Our study indicates that a more complicated genetic model that contains interaction 
and imprinting effects is needed to explain the molecular mechanisms that underlie body 
composition phenotypes. Furthermore, the integration of eQTL mapping and traditional QTL 
may help to explain more phenotypic variation than either alone.  
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Natural Killer (NK) cells play a vital role in the immune response, cancer and reproduction. 
These diverse functions are mediated by an array of variably expressed activating and inhibitory 
receptors. In different mammalian lineages, positive selection pressure has resulted in the 
diversification of alternative and unrelated NK cell receptor families. In humans, the killer-cell 
immunoglobulin-like receptors (KIR) have expanded and determine the progression and 
resolution of viral infection, including HIV and HCV. Cattle are the only non-primate species 
with a polygenic and polymorphic KIR gene family. Cattle have uniquely expanded the 3DX-
lineage KIR, which diverged 135.5 million years ago from the 3DL-lineage which has expanded 
in primates. Previous analysis revealed that 3DL-lineage KIR remain in cattle as a single likely 
functional gene, Bota-KIR2DL1 and a pseudogene. To understand the evolution and function of 
cattle KIR it is essential to determine their genetic organization. Using a mixed strategy of 454 
pyrosequencing and finishing by standard sequencing we have produced the first cattle KIR 
haplotype from four BAC clones. This directed approach allowed assembly of the cattle KIR 
region that had not been possible during previous whole-genome attempts. As in primates, cattle 
KIR haplotypes have variable gene content and considerable genetic polymorphism. Unlike 
primates, there have been multiple gene duplications within both KIR lineages resulting in 3DX 
and 3DL-lineage KIR being interspersed within the cattle KIR locus. Duplicated 3DL-lineage 
KIR appear to have evolved an activating function before becoming pseudogenes. The larger 
expansion of 3DX-lineage KIR has also produced activating KIR that have subsequently become 
non-functional. The cattle KIR region has been subject to significant recombination during 
ruminant evolution that has resulted in variable haplotypes that predominantly encode inhibitory 
3DX-lineage KIR. It is essential to further study cattle KIR as this considerable genetic 
variability likely translates into variable NK cell responses to pathogen challenge. 
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Myostatin protein, a negative regulator of skeletal muscle mass, is encoded by the gene 
MSTN. Mutations in MSTN have been shown to affect muscle mass in mammals, most notably in 
null mutants that display a double muscling phenotype. In Thoroughbred racehorses a significant 
association has been found between MSTN genotype at g.66493737 (C/T) and racing 
performance traits. It has also been demonstrated that MSTN expression is significantly 
associated with the MSTN genotypes C/C, C/T and T/T prior to training. Post training MSTN 
expression is decreased and normalised between genotypes.  In this study the expression levels 
of MSTN and six candidate genes [forkhead box O1 (FOXO1A); F-box protein 32 (FBXO32), 
myogenin (MYOG), myogenic factor 6 (MYF6), ribosomal protein S6 kinase (RPS6KB1) and, 
myoglobin (MB)] were measured pre- and post-training to investigate the effect of MSTN 
genotype and gene expression on the regulation of the pathways involved in muscle 
development. In this study we identified four genes that were significantly differentially 
expressed post-training FOXO1A (-1.57-fold; P = 0.025), FBXO32 (1.48-fold; P = 0.003), 
MYOG (1.43-fold; P = 0.005), and MB (1.83-fold; P = 1.78 × 10-5). Significant (P<0.05) 
differential expression was observed for two of these genes (FBXO32 and MYOG) depending on 
MSTN genotype. FBXO32 mRNA expression was significantly increased only in homozygotes 
(C/C and T/T) whereas MYOG mRNA expression was increased significantly in heterozygotes 
alone. This pattern of differential expression does not indicate that MSTN genotype influences 
the expression of these genes in response to training. These results suggest that the effect of 
MSTN genotype on racing performance is directly due to variation in MSTN gene expression 
rather than through modulation of other myogenic regulatory genes. 
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Coat colour is an adaptive trait in mammals with implications for physiological efficiency. A 
wide range of coat colour phenotypes have been observed in many mammalian species. This 
diversity in coat colour is due to the presence and distribution of melanosomes, found within 
melanocytes, in which eumelanins and pheomelanins that produce black/brown and red/yellow 
colours, respectively, are synthesized. Extension, also known as melanocortin-1 receptor 
(MC1R), and agouti signaling protein (ASIP) are the main loci that affect the relative amount of 
eumelanin and pheomelanin synthesis in melanosomes. We sequenced a 687 bp portion of the 
coding region of the MC1R gene in six goat breeds with different coat colours: three Nigerian 
goat breeds (West African Dwarf, predominantly black; Red Sokoto, mostly red; and Sahel, 
mostly white) and three American goat breeds (black and white Alpine, brown and white 
Spanish and white Saanen). We identified two missense mutations that changed glutamic acid to 
lysine at position 55 (p.E55K) and serine to arginine at position 52 (p.S52R) in association with 
black coat colour. The p.E55K mutation was identified in both the Nigerian and American goat 
populations and was found to be specific to the West African Dwarf goat (mostly black) and the 
Alpine breed (black and white). The p.S52R mutation was, however, identified only in the 
American goat population and was found to be specific to the Alpine breed. These mutations 
which occur in the first transmembrane domain probably cause permanent activation of the 
MC1R thereby resulting in black coat colour, as the glutamic acid to lysine substitution, for 
instance, is thought to be a gain of function mutation.  
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Extending genome wide association analysis by the inclusion of gene expression data may 
assist in the dissection of complex traits. Following an approach recently published (García-
Gámez et al. 2011. PLoS ONE 6(6): e21158), we examined piebald, a pigmentation phenotype in 
both human and Merino sheep, by analysing multiple data types using a systems approach. First, 
a case control analysis of 49,034 ovine SNP was performed which confirmed a multigenic basis 
for the condition. We combined these results with gene expression data from five tissue types 
analysed with a skin-specific microarray. A search for transcription factor binding sites in the 
promoter sequence of differentially expressed genes allowed us to reverse-engineer a regulatory 
network. Likewise, by testing two-loci models derived from all pair-wise comparisons across 
piebald-associated SNP, we generated an epistatic network. At the intersection of both networks, 
we identified thirteen genes with insulin-like growth factor binding protein 7 (IGFBP7), platelet-
derived growth factor alpha (PDGFRA) and the tetraspanin platelet activator CD9 at the kernel 
of the intersection. Further, we report a number of differentially expressed genes in regions 
containing highly associated SNP including ATRN, DOCK7, FGFR1OP, GLI3, SILV and TBX15. 
The application of a systems biology gene network theory: (1) facilitated co-analysis of genetic 
variation with gene expression; (2) recapitulated aspects of the known molecular biology of skin 
pigmentation; and (4) provided insights into the transcription regulation and epistatic interactions 
involved in piebald Merino sheep. 
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The preovulatory surge of LH induces oocyte maturation and ovulation, but also initiates 
luteinisation of theca and granulosa cells even before ovulation, leading to a functional switch 
from estradiol (E2) to progesterone (P4) production. Lactating dairy cows display low circulating 
P4 concentrations and this contributes to their poor fertility compared with heifers. As this may 
be due to compromised luteinisation, the objective of this study was to compare the transcription 
profiles of theca and granulosa cells from preovulatory follicles recovered 20 hours after the LH 
surge (before ovulation) between nulliparous heifers and lactating dairy cows. Pre-synchronised 
cows (n=4) and heifers (n=6) were treated with a used CIDR on Day 8 (Day 0=estrus), followed 
by a luteolytic dose of prostaglandin on Day 13, and CIDR removal on Day 15. Animals 
received an ovulatory dose of GnRH to induce the LH surge 30 hours after CIDR removal, and 
were slaughtered 20±2 hours after injection. Following ovary recovery, preovulatory follicles 
were dissected and measured, follicular fluid was aspirated for determination of P4 and E2 
concentrations, and theca and granulosa cells were isolated for total RNA extraction and mRNA 
profiling using RNAseq technology (Illumina Genome Analyzer). 

 
Follicle diameter (mean±sem; 18.3±0.8 v 17.8±0.6 mm) and follicular fluid E2 

concentrations (81.8±25.4 v 162.8±35.9 ng/ml) did not differ (P>0.05) between cows and 
heifers; however, heifers had higher (P<0.05) follicular fluid P4 concentrations than cows 
(154.3±14.7 vs 93.6±19.2 ng/ml). Comparison of cow and heifer theca and granulosa cell mRNA 
expression identified 53 (theca) and 82 (granulosa) differentially expressed genes (DEGs), with 
only one DEG (BOK) common to both tissue types (upregulated in heifer cells). Ingenuity 
Pathway Analysis (IPA) was performed on DEGs to identify interaction networks. The top 
interaction network identified in theca cells was Lipid Metabolism, Molecular Transport and 
Small Molecule Biochemistry, while the top interaction network indentified in granulosa cells 
was Cellular Assembly, Organization and Carbohydrate Metabolism. Our results suggest that 
dairy heifer follicles are further advanced in luteinization after the LH surge than cow follicles, 
which may be beneficial for oocyte maturation, future CL formation and function, and fertility.  
Funded by Science Foundation Ireland (07/SRC/B1156). 
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A wide array of techniques and applications from the omics-disciplines deliver 
unprecedented possibilities to investigate hypothesis on functionality of gastrointestinal tissues, 
which cannot be investigated with the conventional research techniques. Typically, tissue 
characteristics are determined in tissue samples taken in vivo or post-mortem. This fact implies 
that these characteristics are basically expressed in the unit of tissue concentration instead of in 
the unit of the whole tissue mass or organ actually present. A distinct interest exists from a 
physiological viewpoint, however, which is to determine functionality of the whole tissue mass 
present in vivo for some pre-defined compartment of the gastrointestinal tract. This functionality 
includes the underlying metabolic functions (gene expression, pathway analysis) as well as the 
various physiological functions that are expressed (physiological studies). A true quantification 
of changes or differences in functionality of gastrointestinal tissue requires closure of this 
distinction in the unit of data, and closure of the level of organization aimed to address. A 
modelling (systems biology) approach requires the simultaneous representation of observed 
characteristics in tissue samples next to the representation of the whole tissue mass present and 
its overall functions becoming apparent. As an example, recent observational and modelling 
work on rumen epithelia in lactating dairy cows demonstrated that within the first three weeks 
after calving there can be a strong change in the proliferation of rumen papillae depending on 
nutritional treatment, leading to temporal changes in thickness of rumen epithelial tissue of the 
same order of magnitude. Preliminary theoretical calculations based on geometrical parameters 
of rumen epithelia indicated the strong impact that even small changes in morphological and 
histological characteristics of rumen epithelia would have on absorptive area and on the 
epithelial mass present. It must therefore be expected that these changes contribute just as well to 
functional changes of rumen epithelia than the characteristics observed within the omics-
disciplines in samples or these epithelial. Furthermore, the highly dynamical nature of rumen 
epithelia and presence of historic effects has serious implications for the methodological 
approach to be adopted when performing these type of studies within the omics-disciplines, and 
when interpreting their outcome. 
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Previous studies carried out by our group using RNAseq identified 16 differentially expressed 
genes (DEGs) on day 13 and 460 on day 16 when comparing pregnant and cyclic bovine 
endometria.  We hypothesize that some of these DEGs are novel IFNT regulated genes.  33 
DEGs were chosen for further analysis based on gene function and fold change difference 
between pregnant and cyclic endometria.  We aimed to 1) validate the DEGs' expression by 
quantitative real-time PCR (qRT-PCR) and 2) to confirm that their expression is regulated by 
IFNT in vivo.  In Experiment 1, following oestrus synchronization, heifers were inseminated or 
kept as cyclic controls, slaughtered on day 13 or 16 of oestrous/pregnancy, and endometrial 
samples were collected (n=9±1 per treatment per day).  For Experiment 2, on day 14 of the 
oestrous cycle, non-pregnant oestrous synchronized beef heifers received a single intra-uterine 
infusion (25 ml/horn) of 0.9% NaCl solution containing recombinant ovine IFNT (200 µg/ml) or 
saline for 2 hr.  Caruncular and intercaruncular regions of the endometria were recovered (n=5 
per group).  Of the 15 DEGs chosen for validation on day 13, the expression of five genes was 
increased in pregnant compared to cyclic heifers (P<0.05: undisclosed).  From the 13 DEGs 
chosen on day 16 that validated, expression of eight increased in pregnant compared to cyclic 
endometria (P<0.05: undisclosed).  Treatment with IFNT in vivo significantly affected 
expression of one of the DEGs on day 13 (P<0.05: undisclosed) in the caruncular region.  For the 
day 16 DEGs, AGRN was not affected by IFNT infusion (P>0.05).  Exposure to IFNT 
significantly increased expression of the 6 remaining genes in the caruncular region of the 
endometrium (P<0.05: undisclosed) and four of these genes in the intercaruncular region  
(P<0.05: undisclosed).  In conclusion, using RNAseq we have identified novel IFNT stimulated 
genes on day 16, six which are directly regulated by IFNT in vivo.  We have also identified a 
number of genes that are altered between pregnant and cyclic endometria on day 13. Four of 
these are not directly regulated by short-term exposure to IFNT in vivo, implying that they may 
be regulated by unknown conceptus derived factor(s). Funded by Science Foundation Ireland 



research grants 06/IN1/B62 and 07/SRC/B1156 at UCD and ANR-08-GENM-037_MEETAC at 
INRA. 
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Backcrossing is a useful breeding strategy to recover original genetic makeup after 
introgression of specific alleles from a population to another. This approach has potential to be 
applied in livestock, allowing the insertion of heterologous economically important QTLs or 
mutations that were not present in the original herd. In this sense, selection of offspring carrying 
the desired allele and the closest purebred genetic background is a major concern, as the process 
aims at reconstructing the base population’s genome besides the target introgression. We have 
evaluated the capability of a high density SNP panel to detect ancestry proportions in a cohort 
7/8 Nelore x 1/8 Belgian Blue crossbred cattle population which is being backcrossed to produce 
a Nelore herd carrying Belgian Blue miostatin mutation. Thirty six individuals from our study 
population, three purebred Nelore and three purebred Belgian Blue individuals were genotyped 
for ~777k SNPs. A sliding window linkage disequilibrium pruning strategy was adopted to 
create an informative SNP subpanel based on the composite population and corrected for 
possible ascertainment bias. Window size was set to 50, shifting 5 markers at a time and 
retrieving only those SNPs that exhibited variance inflation factor threshold of 2, i.e. pruning in 
markers with r2 lower than or equal to 0.5 when regressed on all others within the window. A 
total of 77,850 genome-wide markers were pruned in for both the study and the reference 
population, which were considered for a fast model-based estimation of ancestry 
(ADMIXTURE) assuming two ancestral populations (K1=Nelore and K2=Belgian Blue). Based 
on pedigree record, individuals were expected to equally carry 87.5% of Nelore genetic 
information. ADMIXTURE analysis revealed 9 individuals with lower Nelore ancestry than 
expected, with a minimum of 84.4%. Average Nelore proportion was 92.12%, and the Belgian 
Blue contribution could not be explained by genotypic information for 4 animals, being 
considered as purebred by the analysis. This pilot study indicates that SNP genotypic information 



can be a powerful tool to assist crossbreeding, especially when the process aims locus-specific 
introgression followed by restoring of one of the base populations' genetic makeup. 
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Bovine tuberculosis (BTB) in cattle is caused by infection with Mycobacterium bovis, a 
facultative anaerobic intracellular pathogen which, during infection, is phagocytosed by host 
alveolar macrophages. The pathogenesis of M. bovis infection in cattle is similar to M. 
tuberculosis infection in humans; however, previous work has shown that M. tuberculosis 
infection in cattle does not cause disease. In vitro studies of bovine macrophage gene expression 
changes during co-culture with M. bovis and M. tuberculosis can shed light on host-pathogen 
interactions and the responses of host macrophages to pathogenic and non-pathogenic 
mycobacterial infections. Alveolar macrophages are among the first host cell types to encounter 
mycobacteria following exposure and are pivotal to the initiation of the adaptive immune 
response required to control infection. For the current study, alveolar macrophages isolated from 
ten Holstein-Friesian male calves (aged less than seven months) were co-cultured in vitro with 
M. bovis and M. tuberculosis for 24 hours (multiplicity of infection 5:1) and non-infected control 
cells were cultured in parallel. Total RNA was isolated and purified for real time quantitative 
reverse transcription PCR (qRT-PCR) analysis of key host immune genes, including genes 
encoding components of the Toll-like receptor (TLR) signalling pathways, interferon-signalling 
pathways and NF-κB-inducible cytokines. Comparisons of gene expression changes among cells 
co-cultured with M. bovis, M. tuberculosis, and the control cells demonstrated that expression of 
many of these genes is substantially perturbed during infection. These results also highlight the 
differential responses of bovine alveolar macrophages to M. bovis and M. tuberculosis. 
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Stress plays a key role in pathogenesis of neuropsychiatric and psychosomatic disorders. Animal 
models of these disorders are widely used in neuroscience to explore brain abnormalities and 
screen antidepressant drugs. The molecular mechanisms of stress and antidepressants actions are 
still poorly understood. To address these issues we used gene expression microarrays to examine: 
(1) differences in basal gene expression in brain of mice selected for stress responsiveness, (2) 
effects of chronic stress procedure, and (3) effects of chronic antidepressant treatment on brain 
transcriptome. Our data indicate that selection for stress responsiveness alters mainly cortical and 
hippocampal gene expression profiles. After stress procedure and chronic antidepressant 
treatment we observed alterations in expression several common factors involved in chromatin 
modifications and alterations in expression of cluster of genes involved in neuroprotection 
including amyloid precursor protein (App), transthyretin (Ttr) - encoding amyloid sequestration 
protein TTR, insulin-like growth factor 2 (Igf2) and insulin-like growth factor binding protein 2 
(Igfbp2). Therefore, altered expression of these genes mediated both, by stress and drugs may be 
important factor in monitoring of stress induced neuropathologies. Furthermore, biological 
processes evoked by stress such as chromatin modifications may be responsible for long term 
effects of stress. The genome-wide transcriptome datasets provide a window into molecular 
mechanisms of CNS plasticity and vulnerability and could bring the broad insight in animal 
physiology from pharmacogenomics to epigenomics. 
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High losses of fluid in the form of drip may affect financial output, nutritional value, 
consumer appeal and technological properties of porcine meat. The aim of this study was to 
identify candidate genes related to drip loss by performing a whole genome association analysis. 
A total of 169 F2 animals of a Duroc × Pietrain (DuPi) resource population were genotyped 
using the 60K Illumina porcine SNP chip. Quality control was applied using PLINK and R 
software. The following criteria for quality control were chosen: call rate of 95 %, MAF > 5 % 
and missing rate per SNP 2 %. The genome wide analysis was performed using a quantitative 
trait transmission disequilibrium test (QTDT) via PLINK. The family effect was included into 
the model to avoid population stratification. 75 significant SNPs were observed (P < 0.01). In 
order to clarify the annotation and function of each SNP the Biomart software was used, which 
revealed 14 putative functional candidate genes (NELL1, SOX6, SHANK1, SGSH, CARD14, 
GAA, NEB, CDH12, ODZ2, PTPRA, VPS16, TCF15, CSNK2A1, TRIB3). The genes NELL1 and 
SOX6 which are located on SSC2 showed more than 5 point mutations each, which could be 
candidates for further haplotype analysis. 
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Genetic identification and tracking of economic trait loci in animal pedigrees have considerable 
import for livestock improvement and production. In bovine, numerous QTL (quantitative trait 
loci) mapping projects aimed at isolating new breeders with several improved parameters 
including dairy and meat production, reproductive capacity, metabolism, morphology and 
behavior traits have been developed. Nevertheless, the fine mapping remains a real challenge. 
The limiting step is not the number of genetic markers on a map, nor the knowledge of the DNA 
sequence of the detected region, but the functional properties of a given DNA segment. An 
interesting alternative approach to study the bovine genome is that based on comparative 
genomics. The identification of orthologous genes and the genomes conservation (sequences and 
functions) between species allow conducting phenotypic and functional studies in model species 
like mouse. To better understand the genetic determinism of hypermuscularity in cattle, we have 
developed two different approaches in mouse:  
 
• an innovative strategy based on a sensitised ethyl-nitroso-urea screen using the 

myostatin/gdf8 knock out mouse as genetic background to mouse model skeletal muscle 
hypertrophy. Our approach is based on the analysis of a large numbers of mice with relevant 
phenotypic parameters (in our case morphological and muscle parameters) to reveal 
abnormalities of the squelettomuscular system. We established several mouse lines with 
muscle defects. One of them show a hypermuscularity associated with a high plasma 
creatinine level. We showed that the causal mutation is located on the chromosome 13. 
Currently, we focus on the accurate determination of this mutation. 
 

• In parallel, we decided to use the additive transgenesis technology to generate transgenic 
mouse lines overexpressing Gasp-1 (Growth and differentiation factor associated serum 
protein-1) gene whose product has recently been characterized as an inhibitor and a new 
partner of myostatin, a negative regulator of proliferation and differentiation of myoblasts. 
Our goal is to better understand the role Gasp-1 especially in muscle development. Here, we 
will present results of the phenotypical analysis performed on the generated mouse lines. 

In total, detailed characterization of the mouse mutants will give crucial input for a better 
understanding of hypermuscularity phenotype in cattle. 
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The focus of the MacroSys project is on understanding the genetics of susceptibility of cattle to 
bovine tuberculosis (TB), which is caused by M. bovis, and is a significant zoonotic disease of 
cattle in many countries worldwide, and Johne’s disease (Para-TB), which is caused by M avium 
subsp. paratuberculosis (MAP) and has been linked with Crohn’s disease incidence in humans. 
Left unchecked, both TB and ParaTB can have significant economic and health consequences for 
cattle and people. The MacroSys project is using a combination of functional and classical 
genomics, together with system biology approaches to investigate host-pathogen interactions and 
the host response to mycobacterium infection. 

The results of the project so far have come from a meta-analysis of published data and whole 
genome association studies.  A literature search collated published information on mycobacterial 
infection and macrophage function. Meta-analysis methods have been developed to prioritise 
information from different studies and these methods have been tested using the published data. 
The meta-analysis of 5 studies, produced a preliminary list of 74 prioritised “candidate” genes 
involved in macrophage response to mycobacterial infection. Within the project, samples from 
field cases of MAP infected cattle and controls were collected and selected samples were 
genotyped with the 50K Illumina SNP panel. Results of the genome wide association analysis 
identified several chromosomal regions associated with the disease on chromosomes 9, 11, and 
12. Pathway and network analysis of genes located in the candidate chromosomal regions 
identified biologically meaningful pathways associated with the response to disease. 
Furthermore, network analysis identified a number of genes as strong candidates to be 
investigated further for Johne’s disease susceptibility.  

The next steps will be to combine genetic and functional genomics data to better define the 
genetics of response to TB and para-TB.  The aim is to obtain a better understand the biology 
host pathogen interactions during mycobacterium infections, which may help to develop better 
genetic and  diagnostic tools that can be used to improve control programmes and reduce 
infection at the population level.  
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Abstract 
Campylobacter jejuni is the most common cause of gastroenteritis in humans causing significant 
morbidity and mortality as well as enormous economic implications due to labor loss and health 
costs. Poorly-cooked chicken meat is the most frequent source of infection as chickens are 
usually colonized with C. jejuni. However, not all chickens are equally colonized and resistance 
seems to be genetically determined, even though mechanisms of avian resistance to C. jejuni 
colonization are poorly understood.  Here, using high-throughput sequencing in an avian 
infection model, we found that gut related immune mechanisms are critical for regulating 
colonization.  Amongst a single population of 300 2-week old chickens, there was clear 
segregation in levels of colonization with  
C. jejuni.  RNAseq analysis of caecal tissue from the 14 highest-colonized (C. jejuni-susceptible) 
and 14 nil-colonized (C. jejuni-resistant) birds generated over 275 million short reads which 
aligned uniquely to the chicken genome and could be used to identify unannotated transcripts 
and 219 differentially expressed genes. Gene ontological analyses indicated significantly higher 
expression of genes involved in the innate immune response, cytokine signaling, the renin-
angiotensin pathway and IgA production in resistant birds which prevented colonization, 
suggesting an early active immune response to C. jejuni.  Lower expression of these genes in 
colonized birds suggests suppression or inhibition of a clearing immune response thus facilitating 
colonization and generating a reservoir of infection as well as vectors for zoonotic transmission. 
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One of the main advantages of genomic estimates of breeding values over the conventional 
estimates is its ability of partitioning to chromosomal levels of values. Such additional genomic 
information might help changing future breeding plans. Two strategies have been compared in this study. 
The first was selection based on genomic estimated breeding values (GS) of all animals in a four-way 
selection strategy similar to what is used in conventional progeny testing programs. The second was 
chromosome architecture (CA) in which a closed nucleus hierarchical breeding scheme like a pyramid 
including five levels of chromosome(s) lines was simulated. Chromosomal complementary crosses were 
designed to enhance average breeding values of the animals in each level to be selected as the 
replacement of the animals of their next layer. Number of dams of sires (DS) and sires of sires (SS) were 
the same for both strategies. By selecting on true genetic values in each system the same accuracy of 
selection was set for both strategies. Each level includes several separate chromosomal groups, which 
contain animals selected for their group selection index (GSI).   Annually, all candidates were sorted for 
all GSI and selection was practiced. Crosses between groups of one layer were made to produce 
replacements for the groups in the next layer. Within- group mating was designed to produce and select 
for the improvement of the averages of that group for the target chromosome.  With the set of parameters 
used in this simulation study, advantage of 19.5, 23.5, 15.8 and 17 percent was achieved for active sires, 
top dams, best-observed sires and best-observed dams respectively. Average inbreeding of active sires for 
the two strategies were also calculated. 
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Prolactin (PRL) is a polypeptide hormone with multiple physiological functions including lactation, 
reproduction, homeostasis and involvement in immune responses. It has multiple variants assumed to be 
results of alternative splicing, proteolytic cleavage and other posttranslational modifications of the amino 
acid chain (Freeman et al. 2000; Physiol Rev 80: 1523-1631). However, little information is available on 
the type and expression of prolactin related transcripts during bovine conceptus development. The aim of 
this study was, therefore taking the advantage of the bovine conceptus global gene expression profiles, to 
examine the expression of different prolactin related transcripts during the various stages of bovine 
conceptus growth. Global transcriptome profiling of the bovine conceptuses at five key stages of pre- and 
peri-implantation growth (days 7, 10, 13, 16 and 19) was carried out using in vivo-derived embryos and 
state-of-the-art RNA sequencing techniques, following the Illumina standard procedures for library 
preparation and genome analyzer sequencing (Illumina, San Diego, USA). Following various quality 
control procedures, the transcripts were mapped to the bovine genome. Analysis of variance was carried 
out to detect the differentially regulated transcripts between any two developmental stages. Subsequently, 
prolactin related transcripts were screened and their expression profiles were examined. Analysis of 
expression profiles across the five key developmental stages of conceptus development revealed seven 
prolactin related transcripts (PRP1, PRP2, PRP3, PRP4, PREB, PRP8, and PRP9). Of these PREB and 
PRP8 were detected in all examined developmental stages. However PRP3 was scarcely detected until 
day 13 with dramatic increase during days 16 and 19 while the remaining four transcripts were 
exclusively detected during days 16 and 19. The exclusive detection and up regulation of those transcripts 
during days 16 and 19 may suggest an important role during the critical stages of maternal recognition of 
pregnancy and implantation.   
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