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Rapid isolation of differentially expressed cDNAs from near
isogenic lines of mungbean
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Abstract. We describe an application of cDNA libraries constructed from total RNA to isolate simultaneously many
differentially expressed cDNAs between a pair of near isogenic lines of mungbean in a short period of time. All ten
selected individual cDNA clones, containing inserts ranging from 1.1�1.9 kb, clearly showed positive Northern blot-
ting. Nucleotide sequencing indicated that six of the clones were probably full-length cDNAs.
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size distribution. It was also found that the differentially
expressed cDNAs from the near isogenic lines were re-
solved nicely on the agarose gel. As a result, some differ-
entially expressed cDNA species were recovered from the
agarose gel and subcloned. The individual cloned cDNA
showed positive results in Northern blot analysis, and their
nucleotide sequences were determined. This method seems
particularly useful in the isolation of differentially ex-
pressed abundant genes in a short period of time.

Materials and Methods

Plant Varieties
Vigna radiata L. VC 1973A and VC 6089A were bred

in the Asian Vegetable Research and Development Cen-
ter (AVRDC). VC 6089A (BC

6
S

2
) populations were

crossed using a wild mungbean TC 1966 as donor parents
and breeding lines VC 1973A as recurrent parents.

RNA Preparation
Total RNA was extracted from the 15 DAF developing

seeds of VC 1973A and VC 6089A by hot phenol method
(Verwocrd et al., 1989). DNA-free total RNA was prepared
as described previously (Oh et al., 1995).

Preparation of Full-Length Double-Stranded cDNA
The total RNAs were used to synthesize first and sec-

ond-strand cDNAs using a CapFinderTM PCR cDNA li-
brary construction kit (Clontech). For the first step of the
procedure, a 10 µl reverse transcription reaction mixture
contained 1 × first-strand buffer, 10 µg of DNA-free total
RNA, 1 µM of CapSwitch ol igonucleotide (5 '-
TGCTGCGGAAGACGACAGAAGGG-3'), 1 µM of

Introduction

RNA fingerprint by arbitrarily primed PCR (Welsh et
al., 1992) and differential display of RNA (Liang and
Pardee, 1992) have been successfully used to isolate dif-
ferentially expressed genes in two different states of many
biological systems. Both techniques are powerful and re-
quire only small amounts of total RNA, but they also share
some limitations. First, these methods produce a rather
high rate of false positives, in which usually more than
one cDNA species is present within one amplified band.
Therefore, cloning a gene from the cDNA mixture is dif-
ficult. Consequently, obtaining cDNA clones that show
positive results in Northern blotting is laborous and time-
consuming. Various strategies have been tried to circum-
vent this problem (Mathieu-Daude et al., 1996; Zhao et
al., 1996; Zhang et al., 1996; Shoham et al., 1996; Poirier
et al., 1997). Secondly, it is impossible to obtain a full
length cDNA by these methods, because of the limitation
of the DNA sequencing gel that allows determination of
only a maximal length of 500 bp. A full length cDNA has
to be isolated from a cDNA library or by means of a RNA-
anchored cDNA extension (RACE) method. Thirdly, these
methods use radioisotopes. In this paper, we describe a
rapid method based on the CapFinder Kit to simulta-
neously isolate many differentially expressed cDNAs with-
out the use of radioisotopes.

In our study on the isolation of differentially expressed
full-length cDNAs from a pair of near isogenic lines of
mungbean, it was found that cDNA bandings generated
by the CapFinder Kit were directly visualized on an agar-
ose gel. No radioactivity was required to estimate yield or
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CDS/3' PCR primer (5'-AATTCGAGCGGCCGCT
30

VN-
3', N= A, G, C, or T; V= A, G, or C), 1 mM of dNTP, 2
mM of DTT, and 100 units of Moloney Murine Leukemia
Virus (MMLV) reverse transcriptase. The reaction was
performed at 42°C for 1 h in an air incubator, and the re-
action mixture was put on ice to terminate first-strand syn-
thesis. For the second step (cDNA amplification by
long-distance PCR), a 100 µl reaction mixture contained
2 µl of first-strand cDNA solution from the previous step,
1 × KlenTaq PCR reaction buffer, 0.2 µM of 5' PCR primer
(5'-TGCTGCGGAAGACGACAGAA-3'), 0.2 µM of
CDS/3' PCR primer, 200 µM of dNTP, and 1 × Advantage
KlenTaq Polymerase mix. The mixture was heat-denatured
in a GeneAmp PCR System 2400 (Perkin Elmer) at 95°C
for 1 min and then amplified for 20 cycles (95°C for 15
sec and 68°C for 5 min). Aliquots of a 5 µl sample of the
PCR product were run on a 1.5% agarose/EtBr gel. All of
the different cDNA bandings at the 1.1�1.9 kb position
was generated from differential expression between VC
1973A and VC 6089A. The major cDNA banding in the
range of 1.1�1.9 kb was specific to VC 6089A, and entire
various lengths of cDNAs were excised under long
wavelength ultraviolet (UV) light and eluted from home-
made spin column (Chuang and Blattner, 1994), followed
by phenol-chloroform (1:1) extraction and alcohol precipi-
tation. Northern blot analysis was performed at this stage
to confirm these various lengths of cDNA mixture being
specific to VC 6089A.

Northern Blot Analysis
The above mentioned cDNA mixture specific to VC

6089A was purified from agarose gel and used as a probe
for Northern blot analysis as follows: 10 µg of Total RNAs
purified from 15 DAF seeds of VC 1973A and VC 6089A
were electrophoresed in  a  1% agarose-0.41 M
formaldehyde gel and blotted onto Hybond-N+ membranes
(Amersham) with Chomczynski�s alkaline downward
transfer method (Chomczynski, 1992). The membranes
were incubated in 4 ml prehybridization buffer (Church
and Gilbert, 1984) containing 7% SDS, 0.25 M sodium
phosphate, pH 7.2, 1 mM EDTA, 1% albumin, and 2.5 mg/
ml denatured salmon sperm single-strand DNA for 5 h at
65°C and then in hybridization buffer (newly prepared
prehybridization buffer) containing a random-primed [32P]
cDNA probe (1 × 106 cpm/ml) (Feinberg and Vogelstein,
1984). Hybridization was performed at 65°C for 16�24 h.
The membranes were washed twice with 2 × SSC, 1% SDS
and 0.2 × SSC, 1% SDS for 15 min at 65°C. Signals were
visualized and analyzed using a PhosphorImager system
(Molecular Dynamics). The blots were striped and
rehybridized with a probe specific to 25S ribosomal RNA
to normalize them for equivalent loading of total RNA.

Cloning and Sequencing of Differentially Expressed
cDNAs

These above mentioned various lengths of cDNA mix-
ture that showed positive results in Northern blot analysis
were ligated with pGEM-T easy vector (Promega) for 16

h at 14°C. After transformation using a standard CaCl
2

method (Sambrook et al., 1989) with the host strain DH5α,
one-fifth of the transformation mixture was directly spread
onto MacConkey-lactose agar plate (Jennings and
Beacham, 1989) (Difco) supplemented with 100 µg/ml of
ampici l l in (without  addit ion of  isopropyl-β-D-
thiogalactopyranoside). The plates were incubated over-
night at  37°C. White recombinants were easily
distinguishable from red non-recombinants. The white
colonies were randomly picked, and insert length was
checked by colony PCR. We selected ten clones based on
various lengths of insert ranging from 1.1 to 1.9 kb. Each
cDNA clone was used as a probe for further Northern blot
analysis and sequencing. Nucleotide sequences were de-
termined by directly sequencing double-stranded DNA
templates using Sanger�s dideoxy sequence method (Ap-
plied Biosystems Taq DyeDeoxy Terminator Cycle Se-
quencing Kit), and the homology search was carried out
using the FastA program of the Wisconsin Package ver-
sion 9.0 (Genetics Computer Group, Madison, Wisc).

Results and Discussion

Figure 1A shows agarose gel electrophoresis of double
stranded cDNA synthesized with the CapFinder Kit using
10 µg of total RNA purified from the 15 DAF seeds of
two mungbean varieties VC 1973A or VC 6089A. The dif-
ferentially expressed cDNAs in the range of 1.1�1.9 kb
generated from these two varieties were visible directly
on the gel. These various lengths of cDNA mixture on the
gel were purified as described under Materials and Meth-
ods and used as a probe for Northern blot analysis. Posi-
tive results were obtained (Figure 1B). Mungbean VC
1973A and VC 6089A are a pair of near isogenic lines
with an approximate 1% sequence difference between both
genomes (470�560 × 106 bp) (Young et al., 1992). These
1% sequence differences of genome could be potentially
transcribed to many differentially expressed RNAs. The
CapFinder Kit was based on a PCR technique which would
probably preferentially amplify PCR products with sizes
less than 2 kb DNA. Therefore, we observed these major
DNA bandings in the range of 1.1�1.9 kb on the agarose
gel.

The above mentioned cDNA mixture was subcloned
and sequenced. All ten cDNA clones, CF2 (ca. 1800 bp),
CF4 (1431 bp), CF22 (ca. 1700 bp), CF26 (ca. 1800 bp),
CF29 (ca. 1800 bp), CF34 (ca. 1900 bp), CF41 (ca. 1900
bp), CF42 (ca. 1700 bp), CF69 (ca. 1200 bp) and CF71
(ca. 1700 bp), showed positive Northern blotting (Figure
2). Database searches revealed that the deduced partial
sequences of CF2, CF4, CF22, CF42 and CF69 gene prod-
ucts share similarity with unknown seed protein (X13211),
dehydration-responsive protein RD22 precursor (Q08298),
1L-myo-inositol-1-phosphate synthase (U30250),
phaseolin (U01121) and soybean basic 7S globulin
(X16469), respectively. The remaining clones, CF26, CF
29, CF34, CF41 and CF71 may be novel sequences as they
have no homologous plant sequences in GenBank. Partial
nucleotide sequencing indicated that six of the clones, CF2,
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CF4, CF22, CF41, CF42 and CF69, have a 5'-untranslated
region and poly A+ tail. Because total RNAs were tran-
scribed to first-strand cDNAs with a CDS/3' PCR primer
(5'-AATTCGAGCGGCCGCT

30
VN-3', N = A, G, C, or T;

V = A, G, or C) not a common oligo dT
12-18

 primer, these
six clones (CF2, CF4, CF22, CF41, CF42 and CF69) were
probably full-length cDNAs (Figure 3). In the conventional
method of cDNA library construction, only trace amounts
of double-stranded cDNAs were synthesized. The estima-
tion of yield or size distribution therefore requires radio-
isotopes. The method described in this paper is a
PCR-based technique for making a high yield of cDNA
libraries from only 50 ng or more of total RNA (Zhu et
al., 1996). No radioactivity is required to estimate yield
or size distribution, since it was found that cDNA bandings
generated by this method were directly visualized on an
agarose gel.

Figure 1. Agarose gel electrophoresis of double stranded cDNA
synthesized with the CapFinder Kit using 10 µg of total RNA
purified from the 15 DAF seeds of two mungbean varieties VC
1973A or VC 6089A. The vertical line indicates the different
cDNA banding within 1.1�1.9 kb generated from these two va-
rieties (A). These various lengths of cDNA mixture were purified
and used as probes, which showed closely positive results in
Northern blot analysis (B). S and R stand for for VC 1973A and
VC 6089A mungbean, respectively. The blots were striped and
rehybridized with a probe specific for 25S ribosomal RNA to
normalize them for equivalent loading of total RNA. 25S and
18S stand for 25S ribosomal RNA and 18S ribosomal RNA,
respectively.

Figure 3. Partial nucleotide sequences of clones CF 2, CF 4,
CF 22, CF 41, CF 42 and CF 69, which were differentially ex-
pressed cDNA clones and isolated from the 15 DAF developing
seeds of VC 6089A. The solid underlines indicate 5'-untranslate
regions and poly A+ tails of nucleotide sequences. The complete
nucleotide sequence of CF 4 (1431 bp) was determined. The se-
quences of the other five clones were only partially determined.
The number of base pairs determined for each clone was
indicated in parenthesis: CF 2 (500 bp), CF 22 (500 bp), CF 41
(500 bp), CF 42 (500 bp) and CF 69 (500 bp).

Figure 2. Northern blot analysis of ten cDNA clones that have
various inserts ranging from 1.1 to 1.9 kb was performed using
CF2 (ca. 1800 bp), CF4 (1431 bp), CF22 (ca. 1700 bp), CF26
(ca. 1800 bp), CF29 (ca. 1800 bp), CF34 (ca. 1900 bp), CF41
(ca. 1900 bp), CF42 (ca. 1700 bp), CF69 (ca. 1200 bp) and CF71
(ca. 1700 bp) as probes. Each blot was hybridized with a radio-
active labeled probe as indicated cDNA clone. All cDNA clones
showed positive results in the individual analysis. The blots were
striped and rehybridized with a probe specific to 25S ribosomal
RNA to normalize them for equivalent loading of total RNA. S
and R stand for VC 1973A and VC 6089A mungbean, respec-
tively.
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In our differential display experiments using the
CapFinder Kit, a number of cDNA clones were obtained.
All of them showed positive Northern blotting. In addi-
tion, none of these clones were false positive because the
high yield of differentially expressed cDNAs were purified
from agarose gel and ligated directly with pGEM-T easy
vector, thus avoiding further PCR amplification used in
the RNA fingerprint by an arbitrarily prime PCR or dif-
ferential display of RNA. The above-mentined PCR am-
plification step might cause a high rate of false positive
results. With the several advantages described above, this
method is obviously useful in the isolation of abundant,
differentially expressed RNA.

In summary, the method described in this paper is well
suited for use in the early stage studies of differentially
expressed genes, especially for the purpose of isolating
expressed abundant genes, because potentially full-length
cDNAs can be obtained within a short period of time. This
method would also be useful in the studies of stress re-
sponse and gene induction in biological systems.

Acknowledgements. We thank Asian Regional Center of the
Asian Vegetable Research and Development Center (AVRDC)
for providing us with a pair of near isogenic lines, Vigna radiata
L. VC 1973A and VC 6089A and bruchid Callosobruchus
chinensis; Dr. Na-Sheng Lin kindly provided a CapFinderTM PCR
cDNA library construction kit for this study. This work was
supported by the National Science Council of the Republic of
China (Grant No. NSC86-2311-B-001-035-B13).

Literature Cited

Chomczynski, P. 1992. One-hour downward alkaline capillary
transfer for blotting of DNA and RNA. Anal. Biochem. 201:
134�139.

Chuang, S.E. and F.R. Blattner. 1994. Ultrafast DNA recovery
from agarose by centrifugation through a paper slurry.
BioTechniques 17: 634�636.

Church, G.M. and W. Gilbert. 1984. Genomic sequencing. Proc.
Natl. Acad. Sci. USA 81: 1991�1995.

Feinberg, A.P. and B. Vogelstein. 1984. A technique for radio-
labeling DNA restriction endonuclease fragments to high
specific activity. Addendum. Anal. Biochem. 137: 266�267.

Jennings, M.P. and I.R. Beacham. 1989. MacConkey agar as an

alternative to Xgal in the detection of recombinant plasmids.
BioTechniques 7: 1082.

Liang, P. and A.B. Pardee. 1992. Differential Display of Eukary-
otic Messenger RNA by Means of the Polymerase Chain
Reaction. Science 257: 967�971.

Mathieu-Daude, F., R. Cheng, J. Welsh, and M. McClelland.
1996. Screening of Differentially Amplified cDNA Prod-
ucts from RNA Arbitrary Primed PCR Fingerprints Using
Single Strand Conformation Polymorphism (SSCP) Gels.
Nucleic Acids Res. 24: 1504�1507.

Oh, B.-J., D.E. Balint, and J.J. Giovannoni. 1995. A modified
procedure for PCR-based differential display and demon-
stration of use in plants for isolation of genes related to fruit
ripening. Plant Mol. Biol. Rep. 13: 70�81.

Poirier, G.M.-C., J. Pyati, J.S. Wan, and M.G. Erlander. 1997.
Screening differentially expressed cDNA clones obtained
by differential display using amplified RNA. Nucleic Ac-
ids Res. 25: 913�914.

Sambrook, J., E.F. Fritsch, and T. Maniatis. 1989. Molecular
Cloning: A Laboratory Manual. 2nd ed. Cold Spring Har-
bor Laboratory Press, Cold Spring Harbor, NY.

Shoham, N.G., T. Arad, R. Rosin-Aberesfeld, A. Mashiah, A.
Gazit, and A. Yaniv. 1996. Differential display assay and
analysis. BioTechniques 20: 182�184.

Verwocrd, T.C., B.M.M. Dekker, and A. Hockema. 1989. A
Small-Scale Procedure for the Rapid Isolation of Plant
RNAs. Nucleic Acids Res. 17: 2362.

Welsh, J., K. Chada, S.S. Dalal, R. Cheng, D. Ralph, and M.
McClelland. 1992. Arbitrarily Primed PCR Fingerprinting
of RNA. Nucleic Acids Res. 20: 4965�4970.

Young, N.D., L. Kumar, D. Menancio-Hautea, D. Danesh, N.S.
Talekar, S. Shanmugasumdarum, and D.H. Kim. 1992.
RFLP Mapping of A Major Bruchid Resistance Gene in
Mungbean (Vigna radiata L. Wilczek). Theor. Appl. Genet.
84: 839�844.

Zhang, H., R. Zhang, and P. Liang. 1996. Differential screening
of gene expression difference enriched by differential dis-
play. Nucleic Acids Res. 24: 1385�1386.

Zhao, S., S.L. Ooi, F.-C. Yang, and A.B. Pardee. 1996. Three
methods for identification of true positive cloned cDNA
fragments in differential display. BioTechniques 20:
400�404.

Zhu, Y., A. Chenchik, and P.D. Siebert. 1996. Synthesis of High-
Quality cDNA from Nanograms of Total or Poly A+ RNA
with the CapFinderTM PCR cDNA Library Construction Kit.
CLONTECHniques XI(7): 30�31.


