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The identification of genes regulating milk secretion by mammary glands is a key-step for exploiting changes in
milk composition induced by different diet regimens. Linseed supplementation is a reliable feeding strategy to
enhance polyunsaturated fatty acid content in milk fat from sheep, increasing milk quality and nutraceutical
value. To investigate the molecular bases of diet induced differences in milk composition, we collected milk
from dairy ewes at 90 day of lactation and after 3 weeks of diet supplementation with extruded linseed. The
milk of dairy ewes contains milk somatic cells mostly derived by mammary glands. After isolating milk somatic
cells by centrifugation, RNAs were purified from these cells, and Illumina RNA sequencing was performed to an-
alyze RNA synthesis. Our data provide a resource (available at Gene Expression Omnibus database under
GSE89163) to be employed for comparative analyses of gene expression in milk somatic cells in different breeds

and different diets, with the long-term aim of developing strategies to improve sheep milk quality.
© 2016 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

2. Experimental design, materials and methods

Specifications

2.1. Sample collection and RNA isolation

Organism/cell Ovis aries/Comisana breed/milk somatic cells . . .

fne /tiSS/Lle / / To analyze trapscrlptome in the mammary glang:l a blop.sy would be
Sex F necessary, but this technique is particularly invasive and it can cause
Sequencer or array  Illumina HiSeq2000 udder damage and infection [1]. Using milk somatic cells (MSC) is pref-

type erable for RNA isolation [2]. For transcriptomic analyses on sheep milk
Data format Raw data: FASTQ files, analyzed data: txt files . . . . .

. ) ) ) . somatic cells, five Comisana mid-lactation sheep were used. Starting

Experimental Milk somatic cells before vs. after 3 weeks linseed feeding N .

factors in February 2015, each sheep was fed grass hay and a commercial con-
Experimental RNA-Seq dataset for gene expression profiling in sheep milk centrate for three weeks, then the same sheep were fed grass hay and a

features somatic cells concentrate containing 20% of extruded linseed on dry matter basis for
Consent Full consent 3 weeks. In both periods, the diets were formulated according to the nu-
Sample source Perugia, Italy . . Loy .

location trient requirements of an ewe weighing 65 kg and producing 1 kg of

1. Direct link to deposited data

milk at 6.5% fat. Animal health was constantly monitored and since
some ewes turned sick, they were excluded from the experiment.
Milk from each sheep was collected at the beginning and at the end of
the experiment. Total RNA was isolated from MSC, according to the
method described by Wickramasinghe et al. [3], with minor modifica-
tions [4]. Briefly, MSC were pelleted from 250 ml fresh milk at 1100 g
for 10 min at 4 °C. The cell pellet was washed twice in phosphate-buff-
ered saline solution, pH 7.2 with 0.5 mM EDTA and resuspended in 3 ml

Deposited data can be found here: http://www.ncbi.nlm.nih.gov/ of Trizol reagent (Life Technologies). RNA extraction continued follow-

geo/info/linking.html.
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ing the Trizol protocol, except that all centrifugations were performed
at 4 °C and precipitation in isopropanol was carried on at —80 °C for
30 min. Then, a DNAse I (Roche) treatment was performed according

E-mail address: andrea.cavallini@unipi.it (A. Cavallini). to the manufacturer's instructions, to completely remove genomic
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Table 1
Number of raw and high-quality [llumina reads, and number of reads matching the Ovis
aries transcriptome for each library (C, control; L, after 3 weeks linseed feeding).

Library  Total reads HQ reads Aligned HQ reads  Aligned HQ reads (%)
C1 28,098,370 25,682,138 22,644,050 80.59
2 15,834,738 12,902,452 8,805,705 55.61
3 18,805,590 14,994,960 10,602,801 56.38
L1 17,380,388 5,973,508 4,941,935 28.43
L2 20,894,652 8,478,368 5,978,026 28.61
L3 26,732,292 24,451,846 19,912,996 74.49
Total 127,746,030 92,483,272 72,885,513 57.06

DNA contamination. Finally, RNA was purified by phenol/chloroform
extraction and precipitated following standard procedures.

The handling of the animals was carried out according to the guide-
lines of the EU Directive 2010/63/EU for animal experiments and to the
Institutional Animal Care and Use Committee of the University of
Perugia.

2.2. Generation of RNA-Seq data

RNA-Seq libraries were generated using the TruSeq RNA-Seq Sample
Prep kit according to the manufacturer’s protocol (Illumina Inc., San
Diego, CA). Poly-A RNAs were isolated from total RNA and chemically
fragmented. First and second strand cDNA synthesis were followed by
end-repair and adenosines were added to the 3’ ends. Adapters were li-
gated to the cDNA and 200 + 25 bp fragments were gel purified and
enriched by PCR. The libraries were quantified using Bioanalyzer 2100
(Agilent Technologies, Santa Clara, CA) and run on the Illumina
HiSeq2000 (Illumina Inc.) using version 3 reagents. Paired-read
sequences,125 nt in length, were collected. Whole RNA-Seq data were
submitted to NCBI Sequence Read Archive and Gene Expression Omni-
bus (series accession number GSE89163).

2.3. Data processing

Raw single reads (in FASTQ format) were subjected to sequence
quality control using FastQC (http://www.bioinformatics.babraham.ac.
uk/projects/fastqc/). FastQC performed a series of analysis modules on
raw data and created a report with statistics for the data analyzed. For
each library, FastQC showed high per base sequence quality, exceeding
30 on Phred scale (<1/1000 chance of a base being wrong) and detected
adapter contamination, matching the reads to known adapter se-
quences. Then, raw reads were trimmed using Trimmomatic [5], version
0.33, with the following parameters: CROP:115 HEADCROP:15
MINLEN:100. After trimming, ribosomal reads were mapped against

Ovis aries and Bos taurus ribosomal DNA sequences and rDNA matching
reads were removed.

Finally, FastQC was used again to examine the characteristics of the
libraries and to verify trimming efficiency, which resulted into removal
of a total of 54,860,517 (42.94%) low quality or ribosomal sequences
(Table 1).

2.4. Differential expression quantification

Reads were aligned to the Ovis aries transcriptome (Oar), version 4.0,
available at the NCBI site (https://www.ncbi.nlm.nih.gov/genome/?
term=ovis%20aries) [6], with a tolerance of up to 2 mismatches, using
CLC-BIO Genomic Workbench 8.0.3 (CLC). The percentage of aligned
reads per each sample is reported in Table 1.

The sample cluster of linseed feeding in determining gene expres-
sion differences was verified applying a Multi Dimensional Scaling
(MDS) plot to the gene expression data of the whole set of genes (Fig.
1). MSC before and after linseed feeding formed two separate groups.

Gene expression level was calculated and expressed as Reads Per Ki-
lobase per Million reads mapped (RPKM [7]). Expression data were
evaluated considering RPKM values before and after linseed feeding
using likelihood test on edgeR [8]. The log fold changes between treat-
ments were considered as significant when the weight of a sample
was at least one-fold higher or lower than another, with an FDR
corrected p-value < 0.05. The analysis was limited to genes showing
RPKM >1 in at least one sample, as used in other studies [9]. Of a total
of 22,328 analyzed genes, 1421 resulted over-expressed and 1343
under-expressed in ewes after linseed feeding compared to the same
sheep before linseed feeding. Genes affected by treatment were anno-
tated by gene ontology analysis using BLAST2GO [10]. The most repre-
sented GOs are reported in Fig. 2.

3. Discussion

It is known that feeding regimen plays a pivot role in affecting milk
nutrient composition. Also milk nutraceutical compounds (products de-
rived from food sources that are purported to provide extra health ben-
efits) can change with animal diet. For example, linseed
supplementation in the diet of dairy ewes resulted in an increase of
milk polyunsaturated fatty acids, including conjugated linoleic acids
(CLA) and alpha-linolenic acid (ALA) [11]. Cheese from sheep milk
enriched with CLA and ALA was proven to be effective in reducing plas-
ma cholesterol and endocannabinoids in human [12]. These data
prompted us to study mammary gland gene expression of dairy ewes,
as affected by linseed-enriched diet.
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Fig. 1. Multidimensional scaling plot of sheep libraries showing cluster of samples. (C, ewes before linseed feeding; L, ewes after linseed feeding). Each ewe is identified by a number.
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Fig. 2. The most represented (n > 10) gene ontologies of differentially over- (above) and under-expressed genes (below) in milk somatic cells after 3 weeks of linseed feeding. Columns are
separated into molecular functions (blue), biological processes (green), and cellular components (yellow).

The expression of 22,328 genes included in the O. aries tran-
scriptome database was studied in milk somatic cells to infer the effect
of linseed feeding on gene expression in mammary glands. Linseed
feeding determined deep variation in the overall expression of genes,
as indicated by MDS plot. Most detected genes were expressed before
and after linseed feeding, however a number of genes were significantly
induced or repressed by linseed, similar to results obtained in the liver
of cows fed with CLA [13].

Expressed genes were characterised by gene ontology. Considering
the three principal gene ontologies, molecular functions, biological pro-
cesses, and cellular components, the most represented ontologies of
genes induced by linseed feeding were lon Binding, Response to Stress,
and Protein Complex, respectively. On the other hand, the most com-
mon ontologies of repressed genes were Ion Binding, Biosynthetic Pro-
cess, and Cytoplasm, respectively.

The biological significance of this finding remains to be elucidated in
the future. The dataset of expression data will help improving our un-
derstanding of molecular mechanisms regulating sheep milk quality as
affected by different diets.
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