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Abstract

Background: MicroRNAs(miRNAs) are 18-25 nt small RNAs playing critical roles in many biological processes. The
majority of known miRNAs were discovered by conventional cloning and a Sanger sequencing approach. The next-
generation sequencing (NGS) technologies enable in-depth characterization of the global repertoire of miRNAs,
and different protocols for miRNA library construction have been developed. However, the possible bias between
the relative expression levels and sequences introduced by different protocols of library preparation have rarely
been explored.

Results: We assessed three different miRNA library preparation protocols, SOLiD, Illumina versions 1 and 1.5, using
cloning or SBS sequencing of total RNA samples extracted from skeletal muscles from Hu sheep and Dorper sheep,
and then validated 9 miRNAs by qRT-PCR. Our results show that SBS sequencing data highly correlate with Illumina
cloning data. The SOLiD data, when compared to Illumina’s, indicate more dispersed distribution of length, higher
frequency variation for nucleotides near the 3′- and 5′-ends, higher frequency occurrence for reads containing end
secondary structure (ESS), and higher frequency for reads that do not map to known miRNAs. qRT-PCR results
showed the best correlation with SOLiD cloning data. Fold difference of Hu sheep and Dorper sheep between
qRT-PCR result and SBS sequencing data correlated well (r = 0.937), and fold difference of miR-1 and miR-206
among SOLiD cloning data, qRT-PCR and SBS sequencing data was similar.

Conclusions: The sequencing depth can influence the quantitative measurement of miRNA abundance, but the
discrepancy caused by it was not statistically significant as high correlation was observed between Illumina cloning
and SBS sequencing data. Bias of length distribution, sequence variation, and ESS was observed between data
obtained with the different protocols. SOLiD cloning data differ from Illumina cloning data mainly because of
distinct methods of adapter ligation. The good correlation between qRT-PCR result and SOLiD data might be due
to the similarities of the hybridization-based methods. The fold difference analysis indicated that methods based
on hybridization may be superior for quantitative measurement of miRNA abundance. Because of the genome
sequence of the sheep is not available, our data may not explain how the entire miRNA bias in the natural miRNAs
in sheep or other mammal miRNA expression, unbiased artificially synthesized miRNA will help on evaluating the
methodology of miRNA library preparation.

Background
MicroRNAs(miRNAs) are an abundant group of small
RNAs with length ranging from 18 to 25 nucleotides, aver-
aging 22 nucleotides, and performing post-transcriptional
regulation of the expression of genes involved in a wide
variety of biological processes. The complex biogenesis of
mature miRNAs has recently been reviewed [1]. Sequences

of more than 10883 miRNAs have been deposited in the
miRBase database [2,3], the majority of them having been
discovered by traditional cloning approach. Bioinformatics
predictions with experimental validation indicate that the
total number of miRNAs is significantly higher than pre-
viously estimated [4]. It is essential to characterize the
whole repertoire of miRNAs and to fully understand their
integrated expression patterns. The next-generation
sequencing (NGS) techniques enable these efforts with
lower cost and have been applied in miRNAs studies in
many species of animals, plants and viruses.
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Sample preparation is of major importance for NGS
and assessing the quality of a library preparation by
cloning validation before sequencing is necessary [5].
Different commercial protocols for miRNA library pre-
paration have been developed. Illumina, Inc. published a
miRNA sample preparation protocol (V1) for SBS
sequencing in 2007, which requires a minimum of
4 days of procedure. In 2009 Illumina, Inc. proposed an
alternative protocol (V1.5) which only requires one day
of sample preparation. Applied Biosystems, Inc. devel-
oped a miRNA library preparation protocol for the
SOLiD (Sequencing by Oligonucleotide Ligation and
Detection) system, also requiring one day procedure,
but its adapter ligation principle is based on hybridiza-
tion. These protocols can be applied in all current
sequencing techniques though the downstream proce-
dures can be variable.
The cloning frequency of an individual miRNA should

generally reflect its relative abundance in a sample, and
the novel NGS methods offering a much richer source of
sequence information should provide more accurate quan-
titative expression measurements [6]. However, in reality
biases caused by sample preparation cannot be avoided,
sometimes leading to inaccurate conclusions. A systematic
bias in the cloning protocol has previously been detected:
miRNA clone counts did not correlate well with their con-
centrations in the pool [7]. Biased cloning efficiencies were
also observed for two different miRNAs from the same
cluster, leading to discrepancies between cloning
frequency and small RNA blot results [8].
Different protocols of library preparation may influ-

ence the cloning frequency significantly. The adapter
ligation efficiency can be affected by the 5′- and 3′-end
nucleotides or the secondary structure of miRNAs, and
the number of polymerase chain reaction cycles or gel
isolation procedures may also influence the results. In
this article we compared sequencing data of libraries
constructed by the above-mentioned three different pro-
tocols, and validated some results by qRT-PCR using
stem-loop primers [9]. Bias of length, sequence varia-
tion, and ESS were observed for all three protocols.
Based on our data, we suggest that methods such as
SOLiD and qRT-PCR, based on hybridization, may pro-
vide better quantitative measurement of miRNA
abundance.

Results and discussion
Statistics for cloning and Illumina SBS sequencing
libraries
We assessed the quality of libraries by cloning and a
Sanger sequencing approach. 211, 228 and 233 high
quality reads were obtained for Hu sheep libraries con-
structed by SOLiD, Illumina V1 and Illumina V1.5 pro-
tocols, respectively. 221, 225 and 208 high quality reads

were obtained for Dorper sheep using SOLiD, Illumina
V1 and Illumina V1.5 protocols, respectively. The ratio
of reads mapping to known microRNAs, rRNAs, and
mRNAs, and the reads which have not been mapped to
any known sequences, were compared between the
different protocols (Figure 1).
The libraries constructed from Dorper sheep and Hu

sheep, using the Illumina V1 protocol, were used for
Illumina SBS sequencing. About 6 million raw reads
were obtained for each library. Eighty-four percent of
the Hu sheep reads mapped to known Ovis aries
sequences and 111,078 were unique reads for Hu sheep.
Concerning Dorper sheep, 82% of the reads could map
to known Ovis aries sequences, and 147,044 unique
reads were observed. About 5.8 and 5.6 million reads
were obtained after adapter removing for Dorper sheep
and Hu sheep respectively. Of these reads 82% and 84%,
respectively, have previously been annotated as either
known RNAs (rRNA, tRNA, snRNA etc, incl. miRNA),
repeat regions, or are contained within the boundaries
of protein coding genes for Dorper sheep and Hu sheep.
The number of reads that were annotated as known
microRNAs was 4,812,498 and 4,904,192 for Dorper
sheep and Hu sheep respectively.

Length distribution for libraries
The length distribution of all cloning and SBS sequen-
cing data was assessed (Figure 2). They follow a Gaus-
sian-like distribution with the mean set at 22 nt.
Kurtosis of each distribution curve varies according to
the protocols. The SOLiD protocol covers a wider range
of length, as the gradient of the distribution curve is
flatter. The Illumina protocols have intensive enriching
effects for 22 nt miRNAs, the V1 protocol showing the
highest effect. A more strict length distribution may be
obtained by introducing additional gel purification steps
in the protocols. Length distribution of Illumina
Genome Analyzer (GA) data (SBS sequencing) coincided
with Illumina V1 cloning data as the same library
preparation protocol was used.

Different protocols generate different bias of sequence
variation and end secondary structure (ESS)
The sequence variations of miR-1 and miR-206 in our
data were assessed by WebLogo tool (Additional file 1,
2, 3, 4, 5, and 6). The sequences obtained by SOLiD
cloning display a higher diversity than the ones from
Illumina. We observed obvious higher-frequency varia-
tion of nucleotides near 3′-end sites. The adenine and
thymine at the 3′-end of miR-1 were truncated in the
majority of SOLiD cloning sequences. Variations of
5′-end nucleotides were also found in SOLiD cloning
data, but were rare in all the data from Illumina proto-
cols. Comparing the sequences obtained by the two
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Illumina protocol versions, we observed a generally high
conservatism, though nucleotides near the 3′-end
showed slightly more diversity using Illumina V1.5
protocol.
The 16, 17 sites of miR-1 have lower conservatism and

more diversity for SOLiD cloning sequences (Additional
file 1 and 4), this phenomenon can also be observed at
the 17, 18 sites of miR-206 in SOLiD data, but not in
Illumina′s (Additional file 2 and 5). The sites listed
above all locate near the 3′-end, however, the sites near
the 5′-end indicated high conservatism for both SOLiD
and Illumina data. Diversity of these sites near the 3′-
end may be caused by the hybridization-based adapter
ligation in the SOLiD protocol.
Bias of ESS for miR-1 sequences were observed

between SOLiD and Illumina protocols (Figure 3). The
presence of ESS at 5′- or 3′-ends was highly uneven.
The frequency of 5′-ESS was much lower than 3′-ESS
for miR-1 sequences, which may be due to lower-

frequency variation in 5′-end sequences. In the SOLiD
cloning data 75% and 80% of the miR-1 sequences con-
tained 3′-ESS for Dorper sheep and Hu sheep, respec-
tively. Conversely, the 3′-ESS sequences accounted for
less than 15% of the Illumina data. 5′-ESS sequences
were rather rare in the Illumina GA data (0.16%), and
were absent in the Illumina cloning data with the two
version protocols due to limited counts of reads, but
5′-ESS accounted for 10% and 6.3% for SOLiD cloning
data of Hu sheep and Dorper sheep, respectively. The
SOLiD data contained significantly more ESS than Illu-
mina′s, which may be caused by an enrichment effect
on ESS using the SOLiD protocol, or an enrichment
effect on non-ESS using the Illumina protocol.
Bias of ESS also existed between the two versions of

Illumina protocols (Figure 3). Data acquired with the
V1.5 protocol contained more than 10% 3′-ESS for miR-
1 sequences, while the data of the V1 protocol did not
contain any ESS for miR-1 sequences.

Figure 1 Annotation for cloning data. The count of reads mapping to known microRNAs (slate), rRNAs (dark green), to mRNAs (green) or not
mapping to any known sequences (No-match, light green) were assessed for cloning data of Dorper sheep (A) and Hu sheep (B), respectively.
The data were obtained by sequencing of libraries constructed by protocols of Illumina V1, Illumina V1.5, and SOLiD, respectively.
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Relative abundance of miRNAs varied for different
protocols
We sorted the reads mapping to known microRNAs into
different families, assessing the read counts of each
miRNA family by correlative analysis. For Dorper sheep,
we obtained sequences from 199 miRNA families for Illu-
mina SBS sequencing while only 26 families were
observed when combining the results from the three
libraries for cloning and Sanger sequencing (Additional
file 7 and 8), indicating a high depth of SBS sequencing.
The 26 families mentioned above were analyzed in SBS
and Sanger sequencing data, and the same procedure was
used for Hu sheep. The sequencing data all correlate

significantly, but the correlation coefficients varied for
different protocols. The correlation coefficients between
SOLiD and Illumina data were the lowest, regardless of
SBS or Sanger sequencing, and the Illumina GA data cor-
related best with Illumina cloning data because the same
protocol was used (0.944 and 0.949 for Dorper sheep and
Hu sheep, respectively) (Table 1).
A relatively higher frequency of sequences that do not
map to known miRNAs was observed for SOLiD cloning
data (about 20%), including the sequences mapping to
mRNAs, repeats, or rRNA genes, and sequences that do
not map to any known sequences (Figure 1).

qRT-PCR results correlate the best with SOLiD
cloning data
The relative abundance of 9 miRNAs calculated by qRT-
PCR was compared with the read counts of the same

Figure 2 Length distribution of Hu sheep and Dorper sheep
sequencing data. Length distribution of sequencing data of
libraries by Illumina Genome Analyzer (black), Illumina V1 cloning
(blue), Illumina V1.5 cloning (red), SOLiD cloning (green) for Hu
sheep (A) and Dorper sheep (B) are shown. X-axis corresponds to
the length, Y-axis to the ratio of count of reads for specific length.

Figure 3 End Secondary Structure (ESS) of miR-1 sequences in
Dorper sheep and Hu sheep data. Reads mapping to miR-1
sequence from Illumina GA data, Illumina V1 cloning, Illumina V1.5
cloning, and SOLiD cloning data of Dorper sheep (A) and Hu sheep
(B) were assessed by RNA mfold software. The ratio of reads
containing secondary structure at 5’- or/and 3’-end, or containing
secondary structure within the sequence (non-ESS) were shown.
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families in sequencing data. The muscle-specific miR-
NAs, miR-1 and miR-206, were the two most abundant
miRNAs as analyzed by qRT-PCR, and confirmed by
sequencing data, as well as by a previous report [10].
Sequencing and qRT-PCR data all significantly corre-
lated, displaying correlation coefficients above 0.9 (Table
1). Correlation coefficients between SOLiD cloning data
and qRT-PCR were the highest (0.954 and 0.94 for Hu
sheep and Dorper sheep, respectively) (Table 1 and Fig-
ure 4). The correlation between Illumina GA data and
qRT-PCR were also excellent (0.947 and 0.918, respec-
tively). The high correlation between data from qRT-
PCR and SOLiD protocol may be explained by the simi-
lar principle of hybridization between the miRNA tem-
plates and the stem-loop primers or the adapter mix.

Fold difference analysis between Hu sheep and
Dorper sheep using qRT-PCR and sequencing
Except for miR-486-5p, the miRNAs assessed showed a
similar orientation of fold change using qRT-PCR or
Illumina GA (Figure 5). The correlation coefficient
between the fold difference of the 8 miRNAs calculated
by qRT-PCR and Illumina GA was 0.937. Fold difference
of miR-1 and miR-206 for cloning data using different
protocols were compared with SBS sequencing data and
qRT-PCR (Figure 6). Fold difference of miR-206 was
inverted for Illumina V1.5 cloning data, and fold differ-
ence of miR-1 could not be detected by cloning using
Illumina V1 protocol. For SOLiD cloning data, the fold
difference of miR-1 and miR-206 was similar with Illu-
mina GA data and qRT-PCR, indicating relatively more
accurate quantitative measurement for miRNA abun-
dance of the SOLiD protocol.

Conclusions
In the present study, we assessed three different proto-
cols of miRNA library construction using cloning or

SBS sequencing, and validated our results by qRT-
PCR. SBS sequencing provided a high-throughput and
deep measurement for miRNA expression, while the
sequencing depth of cloning was much lower, though a
concatemerization cloning strategy was developed [11].
SBS sequencing data correlated better with qRT-PCR
results than did Illumina cloning data, indicating that
sequencing depth would influence the quantitative

Table 1 Correlation coefficients between qRT-PCR and
sequencing data for Dorper sheep and Hu sheep

SOLiD lllumina
V1

lllumina
V1.5

lllumina
GA

qRT-PCR 0.9399 0.9118 0.9036 0.9178

Dorper
sheep

Lllumina V1 0.7785 0.9441 0.9427

Lllumina V1 0.7797 0.9478

Hu sheep Lllumina V1 0.8400

qRT-PCR 0.9543 0.9180 0.9246 0.9474

Lllumina GA 0.8818 0.9491 0.9172

Lllumina V1.5 0.8639 0.9244

Lllumina V1 0.9105

Correlation coefficients between qRT-PCR and sequencing data were
calculated by the data listed in Additional File 10. Correlation coefficients
between different sequencing data were calculated by the data listed in
Additional File 7.

Figure 4 qRT-PCR and SOLiD cloning data for Hu sheep and
Dorper sheep. The relative abundance of 9 miRNAs calculated by
qRT-PCR (red) and SOLiD cloning sequencing (green) for Hu sheep
(A) and Dorper sheep (B) are shown. Relative abundance of the
miRNAs was calculated by the 2-ΔΔCT method using miR-16 as
reference to normalize the results. Relative abundance of the
miRNAs for the SOLiD cloning data was calculated by the frequency
of reads count of each miRNA.
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measurement of miRNA abundance, but the discre-
pancy caused by it was not significant, as seen from
the high correlation between SBS and Illumina cloning
data.
Bias of sequence variation, end secondary structure

(ESS), and length distribution was observed for the differ-
ent protocols of library construction. The SOLiD data dif-
fer from the Illumina data, due to distinct principles of
adapter ligation in protocol. The adapter ligation principle
based on 6 random nucleotides (N6) hybridization seemed
to provide a more dispersed distribution of length, higher
frequency variation for nucleotides near the 3′- or 5′-ends,
higher frequency of reads containing ESS, and higher fre-
quency of reads which do not map to known miRNAs in
sequencing data. The two nucleotides at the 3′-end of the
majority of the reads of miR-1 in SOLiD cloning data were
truncated, which may be due to RNA editing. We also
found that the truncated sequence of miR-1 can form 3′-
ESS while the original sequence can not (Figure 7). The
end secondary structures can hide the 5′- or 3′- end
nucleotide, so that the direct adapter ligation may fail, but
the pre-hybridization step preceding ligation may eliminate
the ESS, enabling subsequent successful ligation. That can
explain the high-frequency of ESS occurring in the SOLiD
cloning data. We also observed more than 10% 3′-ESS for
miR-1 sequences in Illumina V1.5 cloning data, but no ESS
for the Illumina V1 protocol, indicating that the T4 RNA
ligase 2 (Rnl2) used in V1.5 protocol may enable more
adapters to ligate to miRNAs with a double-stranded struc-
ture at the 3′-end [12].
We finally assessed the relative abundance of 9 miR-

NAs by qRT-PCR. The principle of reverse transcription
(RT)-PCR with stem-loop primer is based on hybridiza-
tion as for the SOLiD protocol, which could explain the

Figure 5 Fold difference of qRT-PCR and Illumina GA data
between Hu sheep and Dorper sheep. Fold difference between
Hu sheep and Dorper sheep of qRT-PCR (grey) and Illumina GA data
(black) for 9 miRNAs are shown. Fold differences for qRT-PCR data
were calculated by ΔΔCT between Hu sheep and Dorper sheep,
where ΔΔCT = ΔCTmiRNA-ΔCTmiR-16. Fold differences for Illumina GA
data were calculated by the equation: log2 (ratio of read count of
Hu sheep/ratio of read count of Dorper sheep).

Figure 6 Fold difference of miR-1 and miR-206 between Hu
sheep and Dorper sheep. Fold differences of muscle-specific
miRNAs, miR-1 and miR-206, between Hu sheep and Dorper sheep
were assessed amongst cloning and SBS sequencing data and qRT-
PCR. Fold differences for qRT-PCR data were calculated by ΔΔCT
between Hu sheep and Dorper sheep, where ΔΔCT = ΔCTmiRNA-
ΔCTmiR-16. Fold differences for sequencing data were calculated by
the equation: log2 (ratio of reads count of Hu sheep/ratio of reads
count of Dorper sheep).

Figure 7 Structure of original and truncated sequences of miR-
1. Structures of two miR-1 sequences that appeared in SOLiD
cloning data are shown. The left part of the figure represents the
truncated sequence (A), and the right part represents the original
sequence (B). 3’- ESS appears on the truncated sequence, while the
original sequence contains secondary structures which are not
located on the ends.
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high correlation between qRT-PCR and SOLiD cloning
data. The fold difference data between Hu sheep and
Dorper sheep using qRT-PCR and SBS sequencing cor-
related significantly, and the fold difference data for
miR-1 and miR-206 using SOLiD cloning were similar
to data obtained with SBS sequencing and qRT-PCR,
indicating that the methods using a hybridization princi-
ple may be more suitable for quantitative measurement
of miRNA abundance. Moreover, qRT-PCR has been
used prevalently for validation of microarray results
[13,14] and its accuracy has been recognized.

Methods
Total RNA preparation and DNase I treatment, Isolation of
small RNAs
Total RNA from skeletal muscle tissues of Hu sheep and
Dorper sheep were extracted using Trizol (Invitrogen,
Carlsbad, CA) according to the manufacturer’s protocol.
About 10 ug total RNA was treated with DNase I (NEB)
and then purified by ethanol precipitation.

MiRNA libraries construction
In Illumina V1 protocol, isolated 18-30 nt small RNAs
were first ligated with 5′ adapter using T4 RNA ligase.
Ligation products were gel-purified, then ligated with 3′
adapter using T4 RNA ligase and purified. Small RNAs
with adapters on both ends were used as templates for
reverse transcription PCR to create cDNA constructs.
The amplified cDNA constructs were subsequently puri-
fied and used for loading on an Illumina Cluster Station
(Figure 8).
The Illumina V1.5 protocol has been previously

described [15]. Pre-adenylated 3′ adapter deoxyoligonu-
cleotides were used, and their 3′ ends blocked. A trun-
cated form of T4 RNA ligase 2, Rnl2, was used for 3′
adapter ligation without ATP. Then 5′ adapter, ATP,
and T4 RNA ligase were added to the ligation mix with-
out purification. Then reverse transcription PCR was
performed to create and amplifiy cDNA constructs,
which were then gel-purified.
The SOLiD protocol allows simultaneous 5′ and 3′

adapter ligation to the ends of small RNAs, a method
based on hybridization of N6 at the end of the adapters.
After ligation of adapters, reverse transcription was per-
formed followed by RNase H digestion and cDNA
library amplification. The library was finally size-selected
and purified.

Cloning and SBS sequencing
Cloning of miRNAs was performed as described pre-
viously [16]. The resulting cDNA libraries following the
three protocols for Hu sheep and Dorper sheep were
cloned and transformed into competent cells. Plasmids
were isolated from individual colonies and sequenced.

The sequences were subsequently processed to remove
vector sequences and used for BLASTN analysis against
the miRBase database [2,3].
SBS sequencing using Illumina Genome Analyzer was

performed for cDNA libraries of Hu sheep and Dorper
sheep constructed by Illumina V1 protocol. 10 pM of
each sample was used for cluster generation. After
hybridization of sequencing primer, 35 cycles of base
incorporation were carried out on the 1 G analyzer.
Image analysis and basecalling were performed using
Illumina Pipeline. The sequence tags obtained after pur-
ity filtering were sorted and annotated. The reads map-
ping to known miRNAs were annotated using the
miRBase database [17].

Prediction of End Secondary Structure (ESS) for
miR-1 and miR-206
We predicted the secondary structure for the reads of
miR-1 in sequencing data by an RNA mfold web server
using default parameters [18,19]. Whenever a stem-loop
structure was able to be formed in the 5′- or 3′-end of
an miRNA sequence so that a terminal double-stranded
structure would appear, we considered this sequence as
containing ESS. We counted the reads with and without
either 5′- ESS or 3′- ESS, or both.

Assessment of sequence variation of miR-1 and miR-206
by WebLogo
We assessed the variation of miR-1 and miR-206
sequences in our data by a WebLogo tool [20]. In order
to reflect the variation of 3′-end sequences, we added
“N” to the vacancy sites at the 3′-end to bring all the
sequences to the same length. miR-1 and miR-206

Figure 8 Flow-sheet of protocols. Flow-sheet of Illumina V1,
Illumina V1.5 and SOLiD protocols for miRNA library construction
are shown.
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sequences of cloning and Illumina GA data were all
assessed.

Real-time quantitative RT-PCR (qRT-PCR)
We selected the following nine miRNAs including miR-
1, miR-206, miR-378, miR-486-5p, miR-140, miR-191,
miR-16, let-7b, and let-7f. miR-16 was used as reference.
The sequences of the primers are listed in Additional
file 9. Stem-loop primers were preheated at 95°C for 3
min, then gradually cooled down to room temperature.
10 ng purified total RNA was used as template for a
total of 10 ul reaction. 10 nM of each miRNA specific
reverse transcription primer together with 10 U RNase
Out, 5U Superscript II, 5 mM DTT and 20 mM dNTP
were used for each RT reaction. Samples were incubated
at 16°C for 30 min, then at 42°C for 30 min, and finally
at 75°C for 15 min to inactivate the Superscript II
enzyme.
Four microlitres of RT product were used as template

for a 20 ul reaction of real-time PCR. All reactions were
assayed in triplicates. Real-time PCR was performed using
a TaKaRa SYBR Premix Ex Taq kit according to the man-
ufacturer’s protocol on an Applied Biosystems StepOne-
Plus Real-time PCR System. The reaction conditions were
modified as follows: 95°C for 30 sec, followed by 40 cycles
of 5 sec at 95°C, and 63°C for 31 sec. miR-16 was used to
normalize the results. The relative abundance of miRNAs
and fold difference between Hu sheep and Dorper sheep
were calculated using the 2-ΔΔCT method.

Fold difference analysis using qRT-PCR and sequencing
data
The ΔΔCT of 8 miRNAs between DNase-treated total
RNA samples of Hu sheep and Dorper sheep were cal-
culated with miR-16 as endogenous reference to nor-
malize the qRT-PCR result. The log ratio of read counts
of the same 8 miRNAs between Illumina GA data of Hu
sheep and Dorper sheep were calculated. For limited
sequencing depth, some low-abundance miRNAs cannot
be detected by cloning. We selected the two muscle-spe-
cific miRNAs, miR-1 and miR-206, which were abun-
dant in all sequencing data, and calculated the read
counts log ratio of these two miRNAs between the data
of Hu sheep and Dorper sheep. The fold difference of
Hu sheep and Dorper sheep between qRT-PCR and
sequencing data were compared (Additional file 10).

Additional material

Additional file 1: WebLogo for miR-1 reads of Hu sheep. The miR-1
reads from Illumina GA data, Illumina V1 cloning, Illumina V1.5 cloning,
and SOLiD cloning data of Hu sheep were assessed by WebLogo tool.

Additional file 2: WebLogo for miR-206 reads of Hu sheep. The miR-
206 reads from Illumina GA data, Illumina V1 cloning, Illumina V1.5

cloning, and SOLiD cloning data of Hu sheep were assessed by
WebLogo tool.

Additional file 3: WebLogo for miR-1 and miR-206 reads of Hu
sheep. The miR-1 and miR-206 reads from Illumina GA data, Illumina V1
cloning, Illumina V1.5 cloning, and SOLiD cloning data of Hu sheep were
assessed by WebLogo tool.

Additional file 4: WebLogo for miR-1 reads of Dorper sheep. The
miR-1 reads from Illumina GA data, Illumina V1 cloning, Illumina V1.5
cloning, and SOLiD cloning data of Dorper sheep were assessed by
WebLogo tool.

Additional file 5: WebLogo for miR-206 reads of Dorper sheep. The
miR-206 reads from Illumina GA data, Illumina V1 cloning, Illumina V1.5
cloning, and SOLiD cloning data of Dorper sheep were assessed by
WebLogo tool.

Additional file 6: WebLogo for miR-1 and miR-206 reads of Dorper
sheep. The miR-1 and miR-206 reads from Illumina GA data, Illumina V1
cloning, Illumina V1.5 cloning, and SOLiD cloning data of Dorper sheep
were assessed by WebLogo tool.

Additional file 7: Read counts of miRNA families for cloning
sequencing and Illumina GA data. Read counts of miRNA families for
cloning data of Hu sheep and Dorper sheep are shown together with
Illumina GA data of the corresponding miRNA families.

Additional file 8: Read counts of miRNA families for Illumina GA
data. Read counts of all miRNA families for Illumina GA data (SBS
sequencing) of Hu sheep and Dorper sheep are shown. The miRNA ID
and accession No of each miRNA family have been listed.

Additional file 9: Primer sequences for qRT-PCR. Sequences of RT
stem-loop primers and forward/reverse primers of 9 miRNAs for qRT-PCR.

Additional file 10: The qRT-PCR result and read counts for 9
miRNAs. Relative abundance for 9 miRNAs calculated by qRT-PCR are
shown, with the read counts of sequencing data for these 9 miRNAs.
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