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ABSTRACT: A total of 19,426,468 and 18,702,492 
mappable reads were obtained from the RX_J (mammary 
gland of Jinhua pig) and RX_Y (mammary gland of 
Yorkshire pig) libraries, respectively. There were 8,688,717 
and 5,548,775 reads of the total mappable reads in RX_J 
and RX_Y libraries mapped to the porcine miRs in 
miRBase version 19.0. In our study, the results showed that 
a total of 212 miRNAs were differentially expressed 
between the two libraries (P<0.05), of which 46 were 
down-regulated and 166 were up-regulated in RX-Y 
compared to the RX-J. Among the up-regulated miRNAs, 
ssc-miR-21_R+1 had the highest expression, while in the 
down-regulated miRNAs, ssc-miR-30a-5p_R+2 had the 
highest expression level, and followed by ssc-let-7a. The 
expression levels of 9 differentially expressed miRNAs 
were selected randomly and validated in RX-J and RX-Y 
using real-time quantitative RT-PCR (P<0.05). The 
expression pattern was consistent with the Solexa 
sequencing  results. 
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Introduction 
MicroRNAs (miRNAs) are a new class of small RNA 

molecules (~22 nucleotides)that inhibit translation or 
induce degradation of protein-coding mRNAs that contain 
complementary sequences to miRNAs. Increasing evidence 
suggests that miRNAs play important roles in cell 
differentiation, proliferation, development,apoptosis, and 
immune response(Ambros.(2001); Guet al. (2007)). 

The mammary gland is a dynamic organ that 
undergoes structural changes during the female 
reproductive cycle (Li et al. 2012).The mammary gland has 
cycle-like characteristics in that it undergoes proliferation, 
differentiation, metabolism, cell apoptosis and death during 
the developmental progression of the organ, making it an 
excellent model organ for studying development and 
physiology (Richert et al. (2000); Ji et al. (2012)). 

Sow milk yield and quality is crucial for the survival 
and growth of piglets. Increased litter weight gains during 
lactation are mainly the result of greater milk production 
from the sow (Shu et al. 2012). Periods of extensive 
mammary gland development in swine occur during 
pregnancy and lactation. Extensive studies of miRNAs of 
mammary glands have been performed in cow and goats. 
However, little is known about porcine mammary miRNAs. 
Therefore, in this study, we used Solexa deep sequencing 
technology to identify and compare the full repertoire of 
miRNAs expressed in the porcine mammary gland of two 
distinct pig breeds 

Materials and Methods 
Animal and sample preparation. In this study, the 

mammary gland tissues of peak lactation (21-day lactation) 
for each breed (Jinhua pig and Yorkshire pig) were 
collected by surgery and were frozen immediately inliquid 
nitrogen for further use. Three pigs were used for each 
breed and pooled RNA samples were made. 

Construction of Small RNA Libraries and 
SolexaSequencing. Total RNA was extracted using a 
Qiagen miRNeasy Mini Kit (Qiagen, USA) according to the 
manufacturer’s protocol. Subsequently, the RNA samples 
were sent to LC Science (Houston, USA) to construct the 
small RNA libraries using an Illumina small RNA kit 
(Illumina, SanDiego, USA) and to be sequenced using 
Genome Analyzer (Illumina, San Diego, USA). 

Sequencing Data Analysis and Identification of 
miRNAs. The mammalian miRbase 
(ftp://mirbase.org/pub/mirbase/19/) and the swine genome 
database (ftp://ftp.ncbi.nih.gov/genomes/Sus_scrofa/)  and 
mRNA database (ftp.ensembl.org/pub/mnt2/release-
71/fasta/sus scrofa/cdna/ ) were exploited. The sequencing 
data were first filteredinto mRNA using Rfam and Repbase, 
and then mappedto miRbase. 

 
Results and Discussion 

A total of 20,167,190 raw reads were obtained from 
RX_J library and 19,898,648 raw reads from the RX_Y 
library. After filtering low-quality reads and adaptor 
sequences, 19,426,468 and 18,702,492 mappable reads 
were obtained from the RX_J and RX_Y libraries, 
respectively. After filtering reads mapped to the mRNA, 
RFam, or repbase, there were 8,688,717 and 5,548,775 
reads in RX_J and RX_Y libraries were mapped to the 
porcine miRs in miRBase version 19.0, respectively. 

To assess the sequencing quality, we analyzed the 
length distribution based on both total abundance and 
distinct Sequences. Length distribution analysis revealed 
that 41.51% and 31.38% were 22nt in length for RX_J and 
RX_Y, consistent with the typical size range of small RNA 
generated by Dicer. Dicer is an endoribonuclease in the 
RNase III family that cleaves double-stranded RNA 
(dsRNA) and pre-microRNA (pre-miRNA) into short 
double-stranded RNA fragments about 20-25 base pairs 
long, with a two-base overhang on the 3' end. 

Correlation of the two parallel libraries was shown in 
Figure 1. The data from the two libraries are highly 
correlated, most scatter plots are focused on the axis, and 
most of the expression levels are equivalent. Several 
miRNAs were significantly differentially expressed 



between the RX-J and RX-Y libraries. The results show that 
a total of 212 miRNAs were differentially expressed 
between the two libraries (P<0.05). Among the up-
regulated miRNAs, ssc-miR-21_R+1 had the highest 
expression, while in the down-regulated miRNAs, ssc-miR-
30a-5p_R+2 had the highest expression level, and followed 
by ssc-let-7a. The expression levels of 9 differentially 
expressed miRNAs were selected randomly and validated 
in RX-J and RX-Y using real-time quantitative RT-PCR 
(P<0.05). The relative quantification of expression was 
calculated using the 2-ΔΔCT method after the threshold cycle 
(Ct) and was normalized with the Ct of U6. The expression 
pattern was consistent with the Solexa sequencing results.  

 

Figure 1: Correlation of the two libraries 

 
GO is an international standardized classification 

system for gene annotations that provides insight into the 
molecular functions of genes in various biological 
processes. Each of GO-terms belongs to one type of 
ontology. The KEGG Pathway annotation showed 17,196 
target genes that were annotated for 261 biological 
processes, and most of target genes were involved in 
cellular metabolism, disease and signal transduction. 

 

Conclusion 
Solexa deep-sequencing technology provides a good 

platform for studying small RNAs in the lactating 
mammary gland. In this study, the expression profiles were 
obtained from a small RNA library built from lactating 
mammary glands of Jinhua and Yorkshire pigs during peak 
lactation. This approach can lead to the discovery of a large 
number of miRNAs. The identification of novel miRNAs 
resulted in a significant enrichment of the porcine miRNAs 
dataset. The regulation of genes targeted by miRNAs is 
potentially involved in the physiology and development of 
the lactating mammary gland. This integrated analysis 
provides important information that may inspire further 
experimental investigation into the field of miRNAs and 
their targets during lactation. 
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