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Abstract
We have developed an improved method for con-
structing a full-length cDNA library using small 
quantity of material by modifying the original 
oligo-capping method. In our devised method, 
total RNAs are used in sequential oligo-capping 
steps directly without preliminary mRNA puri-
fication. Using this method, we constructed full- 
length cDNA libraries from 100 µµg of total RNA. 
These libraries contained 8×105 to 8×106 inde-
pendent clones with average insert sizes of 2.0 kb. 
Moreover, the number of full-length cDNAs con-
taining the translation initiation codon ATG in the 
constructed libraries was estimated to 60-70%. In 
addition, 54% of the known cDNAs had a longer 
5' end than the corresponding genes in the public 
database. Our results show that the method can 
be effectively used to construct full-length enri-
ched cDNA libraries, especially, if starting material 
is limited.

Keywords: cDNA library; full-length; oligo-capping; 
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Introduction

As a result of the extensive efforts put into the human 
genome project, a steady stream of ever-larger and 
more complex genomic data sets have been gener-
ated and stored in public databases (Lander et al., 

2001; Venter et al., 2001). Identifying genes from 
these genome sequences by bioinformatic analysis 
alone is still not a trivial task, because of our limited 
knowledge of the rules of transcription and the proc-
essing of the transcripts. Since full-length cDNAs car-
ry complete protein coding sequences and untrans-
lated regions, they are indispensable for the identifi-
cation of genes and for the determination of protein pri-
mary structure. In particular, full-length cDNAs represent 
a valuable resource for functional gene studies. 
  The methods for effectively producing full-length 
cDNA mainly involve selecting the cap structure, 
which is the specific structure of the 5'-end mRNA 
in eukaryotic cells. Methods such as, oligo-capping 
(Kato et al., 1994; Maruyama and Sugano, 1994; 
Suzuki and Sugano, 2001), Biotinylated CAP Trapper 
(Carninci et al., 1996) and CAPture (Edery et al., 
1995) have been known. However, all of them require 
a large amount of starting material, at least 5 to 10 
µg of poly (A)+ RNA, due to necessary multiple puri-
fication or precipitation steps to recover the mRNA 
cap structure. Thus, it is difficult to construct full- 
length enriched cDNA libraries by these methods if 
only small amount of biological materials is available 
as starting material. In many instances, availability of 
starting material for molecular analysis is limited. To 
construct cDNA libraries from such small amount, 
several PCR-based methods have been reported 
(Belyavsky et al., 1989; Bertiol et al., 1994; Lambert 
et al., 1997; Peterson et al., 1998). However, these 
methods are unsuitable for obtaining full-length cDNA 
clones because the cap structure of the mRNAs is 
not selected. 
  In this study, a method was developed for con-
structing a full-length cDNA library using small quan-
tity of material by modifying the original oligo- capping 
method (Maruyama and Sugano, 1994) using total 
RNA instead of mRNA as a starting material. Using 
this method, a number of full-length enriched cDNA 
libraries were constructed successfully, and adopted 
as the method for in the 21C Functional Human 
Genome Project in Korea. We are hopeful that this 
method will become a useful tool for generating 
resources for the study of gene function and trans-
criptional regulation, especially, where an accurate 
data acquisition from a limited amounts of clinical 
sample will be a tremendous advantage.

An improved method for constructing a full-length enriched
cDNA library using small amounts of total RNA as a starting
material
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Materials and Methods

Sample Source and Total RNA Preparation

Two different cell lines, SNU475-a hepatocellular car-
cinoma cell line, and SNU17-a cervical carcinoma cell 
line, were obtained from the Korean Cell Line Bank 
(http://cellbank.snu.ac.kr/, Korea). In addition, a nor-
mal liver tissue, N779227, was obtained from the Col-
lege of Medicine, ChungNam National University, 
Korea. Total RNAs were isolated from cultured cells 
and tissues using a commercially available RNA iso-
lation kit (ISOGEN, QIAGEN). 

Construction of a full-length enriched cDNA library

Libraries were constructed by using a modification of 
Maruyama and Sugano's method (Maruyama and 
Sugano, 1994). 100 µg of total RNA was treated with 
3 units of bacterial alkaline phosphatase (TaKaRa) in 
100 µl of 100 mM Tris-HCl (pH 7.5), 2 mM DTT and 
80 units of RNasin (Promega) at 37

oC for 60 min. 
After phenol extraction and ethanol precipitation, the 
total RNA was treated with 100 units of tobacco acid 
pyrophosphatase (Waco) in 100 µl of 50 mM sodium 
acetate (pH 5.5), 5 mM EDTA, 10 mM 2-mercapto-
ehanol and 80 units of RNasin at 37oC for 60 min.  
Pre-treated total RNA was then ligated with 0.4 µg 
of 5'-oligoribonucleotide (5'-oligo: 5'-AGC AUC GAG 
UCG GCC UUG UUG GCC UAC UGG-3') using 250 
units of RNA ligase (TaKaRa) in 100 µl of 50 mM 
Tris-HCl (pH7.5), 5 mM MgCl2, 5 mM 2-mercapto-
ethanol, 0.5 mM ATP, 25% PEG 8,000 and 100 units 
of RNasin at 20

oC for 3 h. After completing these 
oligo-capping reactions, mRNA was isolated using a 
commercial kit, QIAGEN Oligotex

TM
. The synthesis of 

first-strand cDNA from the purified mRNA and cDNA 
amplification were performed as described by 
Maruyama and Sugano (1994). The amplified PCR 
Products were then digested with SfiI, and cDNAs 
longer than 1.3 kb were ligated into DraIII-digested 
pCNS-D2 in an orientation-defined manner. The 
pCNS-D2 vector contains 5' EcoRI-DraIII-EcoRV-DraIII 
sites at multi cloning sites, which was achieved by 
modifying pCNS vector (GenBank Accession no. 
AF416744). The ligated cDNA was then transformed 
into E. coli Top10F' (Invitrogen) by electroporation 
(Gene Pulser II, BioRad).

Sequencing and sequence analysis

Plasmid DNAs were extracted using a MWG plasmi-
dprep 96 (MWG AG Biotech). Sequencing reactions 
were performed on a GeneAmp PCR System 9700 
thermal reactor (Perkin-Elmer) using a BigDye Termi-
nator Sequencing kit and an ABI prism 3700 DNA 
analyzer (PE Applied Biosystems). Base-calling and 
quality assessment were performed using the phred 

program (Ewing et al., 1998). ESTs with at least 100 
bp after both vector and low-quality trimming were 
regarded as “high-quality” ESTs. Sequence similar-
ities were searched for in the NCBI GenBank data-
base and in the RefSeq database using BLASTN. 

Results and Discussion

To construct a full-length enriched cDNA library using 
small amounts of biological material, an improved 
oligo-capping method was developed using total RNA 
as a starting material. The method strategy is illus-
trated in Figure 1. Total RNA extracted from biological 
samples, is subjected to sequential oligo-capping 
steps directly without preliminary mRNA purification. 
The cap structure of the intact mRNA in the total RNA 
is replaced by a 5'-oligomer in the oligo-capping steps, 
which consist of three enzymatic reaction steps. BAP 
hydrolyzes the 5'-end phosphate of the truncated 
mRNA, rRNA and tRNA in total RNA. TAP then re-
moves the cap structure, leaving a phosphate at the 
5'-end of intact mRNA. RNA ligase then ligates the 
5'-oligomer to the 5'-end phosphate of the intact 
mRNA, which originally had the cap structure. The 
pretreated intact mRNA is purified from the total RNA 
and used directly as a template for the first-strand 
cDNA synthesis. The first-strand cDNA is amplified by 
PCR using specific primers containing the sequence 
of the 5'-end oligomer and of the dT adapter linker. 
Thus, amplified PCR products originate from only the 
mRNA containing the 5'-end oligomer, i.e., ligated 
intact mRNA with the cap structure. The PCR prod-
ucts are then digested with restriction enzyme SfiI 
and cloned into DraIII digested pCNS-D2 vector. 
Finally, a full-length enriched cDNA library was con-
structed by transforming the ligated cDNA into E. coli 
Top10F'.
  Based on this strategy, three full-length cDNA li-
braries-L4SNU475, L19N779227, and C1SNU17 was 
made using 100 µg of total RNA. From each library, 
8×105∼8×106 independent clones were obtained 
from 100 µg of total RNA. 100 µg of total RNA as-
sumed to contain about 0.5-5 µg of mRNA, based on 
the earlier study where total RNA was found to 
contain 0.5-5% of mRNA (Maniatis et al., 1982; Albert 
et al., 1994). In the originally described oligo-capping 
method, the size of the cDNA library was reported 
to be about 2.0×104/µg of mRNA with the use of 
over 5 µg of mRNA (Maruyama and Sugano, 1994; 
Suzuki et al., 1997). As compared with the original 
method, our results indicate that 100 µg of total RNA 
is sufficient to produce a full-length enriched cDNA 
library, and that the sequential enzymatic reactions 
required for oligo-capping are performed efficiently 
even when total RNA is used. Furthermore, when 50 
µg of starting total RNA was used, about 5×105
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independent clones were obtained from each library 
(data not shown). These results demonstrate that the 
developed method can efficiently generate a full- 
length enriched cDNA library from small amounts of 
starting material.  
  To assess the quality of the constructed cDNA 
libraries, the lengths of cDNAs and the fullness ratios 
of the three constructed cDNA libraries were exam-
ined. At first, plasmids were prepared from randomly 
chosen 192 cDNA clones in each library, and digest-
ed with EcoRI and NotI. The cDNAs were inserted 
in the region between the EcoRI and NotI sites. As 
shown in Figure 2, most of the cDNA in the three 
cDNA libraries ranged from 1 kb to 4 kb, and 
averaged 2.0 kb. Longer cDNAs of over 4 kb, can 
be obtained using the developed method, though their 
frequencies are very low. These cDNA size dis-
tributions have been found in most cDNA libraries 
constructed using the previously reported methods, 
which is probably explained by the low quality of the 
starting material, an inability of these methods to

Figure 1. Overall strategy for constructing a full-length enriched cDNA library using small amount of total RNA. RNA molecules are represented
by solid lines and 5'-oligo is represented by a gray box. Gppp, cap structure; p, phosphate; OH, hydroxyl; BAP, bacterial alkaline phosphatase;
TAP, tobacco acid pyrophosphatase.
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clone longer cDNAs, or by the instability of the long 
plasmid clones.
  To determine the fullness ratios of these libraries, 
randomly selected 192 cDNA clones in each library 
were subjected to single-pass sequencing from their 
5'-ends. The sequences obtained were then matched 
to the GenBank and RefSeq databases. An EST 
scored as a “Full-length cDNA” if it contained the 
translation initiation codon ATG and had a homology 
of at least 90% over the first 50 bp of its coding se-
quence with the human RefSeq or mRNA. As shown 
in Table 1, this analysis showed that, of the known 
gene clones, 112 clones (64%) in the C1SNU17 
library, 104 clones (60%) in the L4SNU475 library and 
118 clones (72%) in the L19N779227 library con-
tained full-length cDNAs. Of these 334 full-length 
cDNAs, 181 cDNAs (54%) had a longer 5' end than 
the human RefSeq (data not shown). Some examples 
of this are shown in Figure 3. In cDNA libraries 
constructed using conventional methods of selecting 

the cap structure, the fullness ratio was reported to 
be ca. 60-70% (Kato et al., 1994; Maruyama and 
Sugano, 1994; Edery et al., 1995; Carninci et al., 
1996; Suzuki et al., 2000; Suzuki and Sugano, 2001). 
These results indicate that the libraries constructed by 
our method have similar or higher fullness ratios than 
those constructed using methods involving lower 
amount of starting RNA, or selecting the cap struc-
ture of the starting poly (A)+ RNA.
  In this report, we described an improved method 
for constructing full-length enriched cDNA libraries 
from small amount of mRNA. Large-scale cDNA 
collection from cDNA libraries of the different organs, 
tissues, or cells has been performed to elucidate 
gene functioning in the cells. Of the collected cDNAs, 
the novel genes rarely or specifically expressed in 
only a few cells of a tissue have been a few included, 
although these genes are of great interest in studies 
of cell differentiation, neurobiology, developmental bi-
ology and related fields. The collection of these genes, 

Figure 3. Sequence comparisons between the 5'-end sequences of our cDNA clones and those of corresponding genes in the human RefSeq
database. The upper sequence represents the known gene in the existing database and the lower the corresponding cDNA sequence selected
from our libraries. The first nucleotide in uppercase, which is located in the known gene, is numbered 1. Identical nucleotides obtained by aligning
two sequences are marked with asterisks (*) below the pair of nucleotides. The middle sections of the novel sequences shown by only our
cDNA clones, have been omitted and are shown as double slashes (//). The lengths of novel sequences are represented under the horizontal
arrow.

A. IFIT1

NM_001548
CB121237 agttacaaaatttac atatagcaaaacgta act // gaaaatc cacaagacagaatag CCAGATCTCAGAGGA GCCTGGCTAAGCAAA 368

CCAGATCTCAGAGGA GCCTGGCTAAGCAAA   30

************* *****************

1 16

338bp 339 354

A. IFIT1

NM_001548
CB121237 agttacaaaatttac atatagcaaaacgta act // gaaaatc cacaagacagaatag CCAGATCTCAGAGGA GCCTGGCTAAGCAAA 368

CCAGATCTCAGAGGA GCCTGGCTAAGCAAA   30

************* ****************************** *****************

1 16

338bp 339 354

B. IFIT4
NM_001549
CB150565 cctggcttgcctgga tggctacatgaatat agc // cctggag cagacaggaagactt CTGAAGAACAAATCA GCCTGGTCACCAGCT 297

CTGAAGAACAAATCA GCCTGGTCACCAGCT   30

******************************

1 16

267bp 268 283

B. IFIT4
NM_001549
CB150565 cctggcttgcctgga tggctacatgaatat agc // cctggag cagacaggaagactt CTGAAGAACAAATCA GCCTGGTCACCAGCT 297

CTGAAGAACAAATCA GCCTGGTCACCAGCT   30

************************************************************

1 16

267bp 268 283

C. PPP4R2
NM_019853
CB150870 ccggtcgcctgcgtg ccggagtgtgtgcga ggg // aggggga gggcgtcgggggggt GGGGGGAGGCGTTCC GGTCCCCAAGAGACC 188

GGGGGGAGGCGTTCC GGTCCCCAAGAGACC   30

************** ***** * ************************ ***** * **********

1 16

158bp 159 174

B. IFIT4
NM_001549
CB150565 cctggcttgcctgga tggctacatgaatat agc // cctggag cagacaggaagactt

************************************************************

1 16

267bp 268 283

cctggcttgcctgga tggctacatgaatat agc // 

************************************************************

Table 1. Estimation of the fullness ratio of the full-length enriched cDNA libraries.

ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ
C1SNU17 L4SNU475 L19N779227

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
EST

a
 184 182 173

Known geneb (%) 174 (95) 172 (95) 164 (95)

5'-Fullc (%) 112 (64) 104 (60) 118 (72)

Not Full
d
 (%)  62 (36)  68 (40)  46 (28)

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
The total number of analyzed clones is shown in the appropriate column and the percentages of clones are shown in parentheses. aClones
that were regarded as “high-quality” ESTs of at least 100 bp, after both vector and low-quality trimming. 

b
Clones that were identified as known

genes by having 95% identity over 90 bp versus the GenBank and human RefSeq databases. cThe clones that contain the translation initiation
codon ATG and had homology of at least 90% over the first 50 bp of the coding sequence with human RefSeq. dThe clones that lacked the
ATG translation initiation codon.

338 bp

267 bp

158 bp
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especially of full-length cDNA, for functional studies, 
is often difficult, because the construction of full-length 
cDNA libraries requires over 5 µg of mRNA when 
conventional methods, e.g., original oligo-capping meth-
od, are used. However, the quality of full-length cDNA 
libraries constructed using our method seems to be 
comparable or better than those constructed using 
conventional methods. The majority of the conven-
tional methods require multiple purification or precipi-
tation steps to select the cap structure of the starting 
mRNA, e.g., oligo-capping steps, and significant mRNA 
degradation and loss is likely to occur. Thus, it is not 
possible to construct a full-length cDNA library of high 
quality using small amounts of mRNA as start ma-
terials. In the devised method, a large amount of total 
RNA containing a small amount of mRNA is used in 
the oligo-capping steps. This large reservoir of RNA 
seems to act as a carrier and to protect the smaller 
amount of mRNA from degradation. The remaining 
mRNA is then purified from the total RNA, directly 
used as a template for first-strand cDNA synthesis, 
and amplified by PCR. Using the process, we think 
that the degradation and loss of small amounts of 
mRNA are avoided. The full-length cDNA libraries 
constructed using the devised method were found to 
contain sufficient colony numbers and a high ratio of 
full-length cDNA. These results indicate that the de-
veloped method is efficient for generating high con-
tents of full-length cDNA clones, from limited amounts 
of starting material.
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