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Figure 2. Overview of the method to prepare a di-tagged ds cDNA library.

Introduction

Identification and analysis of small RNA by deep sequencing requires 
preparation of a di-tagged cDNA library. Most library preparation methods 
capture small-RNA molecules that have a 5′-monophosphate and a 3′-hydroxyl 
group and exclude RNA molecules, such as 5′-triphosphorylated secondary 
siRNA and small capped-RNA molecules, which have other 5′-terminal 
structures. 

We present a method to generate libraries of di-tagged cDNA from small RNA 
for discovery and profiling. The methods utilize enzymes to select the desired 
RNA molecules of interest that are used to generate the di-tagged cDNA 
library based on the structure of their 5′ ends. The streamlined protocols 
do not require gel purification to remove excess sequencing adaptors, and 
generate libraries of amplified di-tagged cDNA templates in less than 1 day. 
Multiple samples can be handled without danger of cross-contamination. 
The di-tagged cDNA libraries can be used for next-generation sequencing, 
construction of cloned libraries in E. coli, quantitative RT-PCR, microarray 
analysis, and other applications.

Methods
Enzymatic manipulation to create 5′-monophosphorylated 
RNA for tagging
A widely used method to prepare small-RNA libraries relies on sequential 
ligation of adaptors (tags) to the ends of small RNAs. This method selects 
only 5′ monophosphorylated RNA (p-RNA), while RNA having other 5′-
end groups —such as a cap (Gppp-RNA) or triphosphate (ppp-RNA)—are 
excluded. We present methods to tag RNA molecules depending on the nature 
of the 5′-end group (p-RNA, ppp-RNA, Gppp-RNA, HO-RNA). The methods 
rely on selective treatment with RNA modifying enzymes (Table 1).

Procedure to enrich for small RNAs that contain a 2’-OMe 
group at the 3′-terminus
The 3′-terminal nucleotide of plant miRNAs are methylated at the 2′-hydroxyl 
group. These end-methylated RNAs are not polyadenylated by E. coli poly(A) 
polymerase (Ebhardt HA et al., [2005] Proc. Natl. Acad. Sci. USA 102 13398-
403). We have used the absence of polyadenylation as a method to enrich for 
end-methylated small RNAs as shown in Fig. 1.

Preparation of di-tagged RNA and double stranded cDNA 
library
Adapters are ligated to the 5′ and 3′ ends of RNA using the scheme shown 
in Fig. 2 to prepare a di-tagged RNA library. To tag the 3′ end of the RNA, a 
5′-activated, 3′-blocked DNA oligonucleotide is used in a reaction mediated by 
a deletion mutant of T4 RNA Ligase 2. Excess activated oligo is removed by a 
simple enzymatic reaction*, which does not require gel purification and can be 
easily automated. The 5′ end of the RNA is then tagged by standard methods. 
First-strand cDNA is prepared from the RNA and amplified to create a dual 
end-tagged, double-stranded (ds) cDNA library.
*Covered by existing and/or pending patents.

Preparation of a wheat-germ small-RNA library
Total RNA was isolated from wheat germ and enriched for end-methylated 
small RNAs using the procedure described in Fig 1. A ds cDNA library was 
prepared using the scheme in Fig. 2. The cDNA was cloned into the cloning-
ready pCDC1-K™ vector as shown in Fig. 3 and the plasmids from the 
transformants were sequenced.

Results

The majority of the clones had inserts in the 20- to 25-bp size range, with  •	
20 bp and 22 bp being the most abundant (~33%).

A wheat expressed sequence tag (EST) database [•	 Triticum aestivum L. 
(taxid:4565)] was searched to find the matches to the insert sequence using 
BLASTn algorithm.

77% of the clones mapped to a known EST in the database (Fig. 4).•	

57% of these matches were complementary to the EST (shown in red, Fig. 4).•	

Conclusions

Using a simple and rapid procedure, di-tagged cDNA libraries can be •	
prepared from small RNA for indentification and analysis.

The small-RNA library preparation method described in this work includes •	
RNA containing capped and triphosphorylated 5′ ends in addition to those 
containing 5′-monophosphorylated ends.

A simple procedure is described to enrich for 3•	 ′-end-methylated small RNA.  

Using these methods, a wheat-germ small-RNA library was constructed.  •	
Analysis of sequences revealed that a significant number of small RNAs were 
complementary to ESTs in a Triticum aestivum L. (taxid:4565) database.
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Table 1. Activities of various enzymes applicable to the selection process.

Figure 4. Sequence analysis of di-tagged cDNA clones that mapped to EST database. Clones 
whose sequences were complementary to those in the EST database are shown in red.
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Figure 1. Enrichment for 3'-end-methylated small RNAs.
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Figure 3. Construction of cDNA library derived from wheat-germ small RNA.
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