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Introduction

MicroRNAs (miRNAs) are ~22 nt RNA molecules
that are processed from larger hairpin precursors
and can regulate gene expression (I). The role of
miRNAs in diverse developmental processes and
disease is increasingly recognized (2). Several hun-
dred miRNA genes have been identified by sequen-
cing size-fractionated small RNA libraries in human
and other vertebrates (3), and computational analy-
ses indicated that there could be substantially more
miRNAs in the human genome (4,5).

To discover miRNAs that escaped cloning in pre-
vious studies, we used the Genome Sequencer
System for deep sequencing small RNA libraries
prepared from human fetal brain and specific
regions of adult chimpanzee brain (6). Our results
show that this approach is suitable for miRNA dis-
covery as well as miRNA expression profiling.

Materials and Methods

Materials

Methods

Equipment:

Genome Sequencer Instrument (20 or FLX)
(GS 20: Software Version 1.0.53 or

GS FLX: Software Version 1.1.01

Reagents from Roche Applied Science:

Sample Preparation:

GS emPCR Kit Il (Amplicon A, Paired End);

GS emPCR Kit Il (Amplicon B),

FastStart High Fidelity PCR System

Sequencing: GS 20 Sequencing Kit (40x75 or 70x75)*;
GS SR70 Sequencing Kit**
GS LR70 Sequencing Kit**
GS PicoTiterPlate Kit (40x75* or 70*x75**)

*for GS 20
** for GS FLX

For complete details on the Library preparation procedure
and sequencing, please refer to the GS Guide to Amplicon
Sequencing, the GS emPCR Kit User's Manual, and the
Operator's Manual appropriate for your Genome Sequencer
Instrument.

The sequence data is analyzed as raw reads in a FASTA file.
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Procedure

Library Construction

To synthesize cDNA from microRNA, we utilized a
method developed by Vertis Biotechnologie AG.

A critical step in the method is the controlled
polyadenylation of the 3'-OH ends of purified
miRNA. This very reliable and sensitive method
results in cDNA that is ready for sequencing with
the Genome Sequencer System.

Tissues used for cDNA synthesis were human fetal
brain (mixed composition) and adult chimpanzee
brain regions. Tissues were ground under liquid
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For cDNA synthesis, the miRNAs were first
poly(A)-tailed using poly(A) polymerase followed
by ligation of a specific RNA adapter to the 5' phos-
phate of the miRNAs. First-strand cDNA synthesis
was then performed using an oligo(dT)-adapter
primer and M-MLV-RNase H- reverse transcrip-
tase. The resulting cDNAs were then PCR-amplified
in 22 cycles using Taq polymerase. The 5' RNA
adapter, the oligo(dT)-adapter, and the primers
used for PCR amplification were designed for
amplicon sequencing according to the instructions
of the GS Guide to Amplicon Sequencing.

The combined length of the flanking sequences is
105 bases. Therefore, PCR products containing
miRNA ¢cDNAs of 15-30 bp must have a total length
of 120 to 135 bp. PCR products of this size range
were obtained by purification on a 6% PAA gel. For
both samples, cDNA yields were approximately 200
ng. The gel-purified cDNAs were analyzed on a 4%
agarose gel (Figure 2).

nitrogen and RNA species smaller than 200 nt were
enriched using the mirVana miRNA Isolation Kit
(Ambion, Austin, Texas, USA). The small RNAs
were then separated on a denaturing 12.5% poly-
acrylamide (PAA) gel. As molecular mass standard,
a mixture of oligonucleotides that range in size
from 15 to 30 bases was used (Figure 1). The popu-
lation of small RNA in this size range, including the
main fraction of mature miRNA (20-22 nt), was
obtained by passive elution of the RNAs from the gel.

Figure 1: Analysis of small RNAs from human (lane HB) and chim-
panzee (lane CB) brain on a denaturing 12.5% polyacrylamide gel.
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Figure 2: Agarose (4%) gel electrophoresis of PCR-
amplified and gel-purified cDNAs (20 ng each) syn-
thesized from human (lane HB) and chimpanzee
(lane CB) brain miRNAs.



DNA sequencing

Massively parallel sequencing was performed by
454 Life Sciences Corporation (Branford, CT, USA)
using the Genome Sequencer System (one 20 Gb
sequence run per library).

Computational analysis of cloned small RNA sequencing reads

Base calling and quality trimming of sequence reads
were performed by the Genome Sequencer soft-
ware. A computational pipeline was developed to
further process the sequencing data and to distin-

guish miRNA candidates from other types of small
RNAs. In addition, phylogenetic conservation was
determined throughout species for which
sequenced genomes were available.

More than 87,000 human reads and 140,000 chim-
panzee reads were mapped to the respective genome
sequences, and annotations for the mapped loci
were retrieved from the Ensembl database
www.ensemble.org. The distribution of the types
of the sequenced elements for the human library is
shown in Figure 3. Known miRNAs represent 80
and 60% of the reads in the human and chimpanzee
library, respectively. The fraction of reads derived
from repeat elements, rRNAs, tRNAs, other non-
coding RNA, and repeat-related regions is three
times higher in the chimpanzee library (31% versus
11%). Reads that do not correspond to known

miRNAs, other noncoding RNAs, and repeats com-
prise 9% of the reads in both libraries. Of these, 244
human and 230 chimpanzee regions have the pre-
dicted hairpin structure characteristic of miRNAs
and are therefore very likely to be novel miRNAs.
Many of the novel miRNAs are not conserved
beyond primates, indicating their recent origin, and
some miRNAs appear species specific, whereas
others are expanded in one species through dupli-
cation events (6). These data suggest that evolution
of miRNAs is an ongoing process and that along
with ancient, highly conserved miRNAs, there are a
number of emerging miRNAs.
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Figure 3: Sequence composition of human fetal brain small RNA libraries.



Novel miRNAs are expressed at low levels, with only
a few miRNAs represented by more than one read.
Although the novel discovered miRNAs constitute
only 1% of the small RNA transcripts in the tissues
studied, they more than double the diversity of
already known miRNAs. Furthermore, a significant
number of novel small RNA molecules were identi-
fied that do not belong to the miRNA class and for
which the function is currently unknown. There-
fore, the Genome Sequencer System appears to be
an extremely valuable tool for the exhaustive analy-
sis and rapid experimental discovery of naturally
occurring endogenous small RNAs. In addition,
deep sequencing results in a quantitative measure-
ment of known small RNAs and can thus be used

for expression profiling of this class of molecules.
Although the current study was not set up for a
direct expression comparison, we can easily detect
expression differences between the human fetal
brain sample and the adult chimpanzee brain sam-
ple (Figure 4).

In conclusion, deep sequencing of small RNA
libraries using the Genome Sequencer System is a
powerful approach for the simultaneous expression
profiling of known small RNA molecules as well as
for the discovery of novel small RNA species. As no
prior knowledge of genome or transcriptome
sequences is absolutely required, this approach can,
in principle, be applied to any species of interest.
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