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Several methods for the detection of transcripts

that are differentially expressed in various tissues or
at various developmental stages have been developed.

Among these, methods for the fingerprinting of
mRNA using PCR have been shown to be convenient
and efficient in many situations [1-4], and two previ-
ously published methods [5, 6] employ the AFLP
technology that was developed initially for the finger-
printing of genomic DNA [7]. For AFLP-based
fingerprinting of DNA, genomic DNA is digested
simultaneously with two restriction enzymes that

recognize 6-bp and 4-bp sequences, respectively.

The fragments were ligated to appropriate adapters
and amplified with primers that anneal to the comple-

mentary sequences in the adapters. These primers

have three selective nucleotides at their 3' ends and

only the 5' end of the primer, which anneals to the

adapters at the ends generated by enzyme that recog-
nizes 6 bp, is labeled. This pattern of labeling
reduces the complexity of bands during subsequent

electrophoresis on a denaturing polyacrylamide gel.

Application of AFLP technology to mRNA finger-
printing can be expected to have several intrinsic

advantages [5, 6, 8] as compared to the differential

display method with arbitrary primers, which is very
sensitive to the reaction conditions and the quality of

the template DNA [9-1l]. However, one of the limi-
tations of the AFLP-based fingerprinting of mRNA is
the dependence upon the presence of the 6-bp recogni-

tion site of the restriction enzyme used, since such
sites can be anticipated in only a small fraction of

cDNA species.
In this protocol, we show a modified protocol for
the AFLP-based fingerprinting of mRNA using Taq
I, which recognizes a 4-bp sequence (Fig. 1). A
combination of two primers, one with a single selec-

tive nucleotide at its 3' end and the other with three

selective nucleotides at its 3' end and a radio-labeled
5' end, results in a clear and highly reproducible

pattern of bands on a denaturing polyacrylamide gel
(Fig. 2)

.

1. Templates for analysis of AFLP
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A schematic representation of the strategy for
the AFLP-based fingerprinting of mRNA

.

Double-stranded CDNA was synthesized by
the standard protocol with oligo (dT) primers

,

and then it was digested with Taql. The Taql
adapter was then ligated to each end of the
fragments

,
and two-step amplification was

performed with selective primers
.
Two types

of selective primer were used : the first had a
single selective nucleotide at its 3' end

,
and

the other had three selective nucleotides at its

3' end and was labeled at its 5' end. The
combination of these primers allowed system-

atic screening of CDNAS and reduced the com-
plexity of bands visualiz:ed on autoradiograms

to a manageable level
.
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Fig. 2 A magnification of an autoradiogram of AFLP
-based fingerprinting of mRNA.
Reaction products derived from buds of a
plant carrying wild type A gene (A/A) and
another plant carrying mutated a gene (a'/a')

of lpomoea purpurea, respectively, were anal-

yzed in two adjacent lanes for each combina-

tion of two selective primers. Two bands
generated with the CCAIC primer combina-
tion (indicated by triangles in the left of the

paneD are only seen in the lane of the A/A
plant but not in the a'/a' plant. NNN,
Sequences of seiective nucleotides at the 3'

ends of labeled primers (in this case. CCA) ;
N', seiective nucleotides at the 3' ends of non-
labeled primers.

(A)+ RNA with a commercially available kit. The
amount of the CDNA was estimated by counting the
incorporation of radioactivity. One hundred nano-

grams of CDNA were digested with Taql (10 U) and
ligated to 175 pmol of Taq I adapters as described
elsewhere [/~] The sequence of the Taq I adapters
were as follows: top linker, 5'-GACGATGAGTCCT-
GAG-3'; bottom linker, 5'-CGCTCAGGACTCAT-3'.
The 5' end of the bottom linker was phosphorylated.

Preamplification was performed in 20 pl of a reaction

mixture that contained lOmM Tris-HCI (pH 8. 3)
,
50

mM KCl, 1. 5mM MgCl,, O. 2plvi dNTPs, O. 24pM of
two different Taql+N primers (see below), 2. 5U of
recombinant Thq polymerase (Takara Shuzo), and 2
pl of lO-fold-diluted ligation mix. The nucleotide

sequences of Taql + N primers, each of which had a
single selective nucleotide at its 3' end, were as fol-

lows: 5'-GATGAGTCCTGAGCGAN-3' (where N
represents A, C, G or T)_ PCR was performed for 20
cycles with the following temperature profile : 30 sec

at 94'C, 30 sec at 56'C, and Imin at 72'C_ The reac-
tion mixture was then diluted 50-fold with TE (10

mM Tris-HCI pH 8. O, ImM Na.EDTA, pH8. O).

2. AFLP Reactions

TaqI+NNN primers, each with three selective
nucleotides at the 3' end, Ivere labeled with *'P as

described previously [7]. The nucleotide sequences
of Taql+NNN primers were as follows: 5'-GAT-
GAGTCCTGAGCGANNN-3' (where N represents A,
C, G or T)

.

Reactions were periormed in 20pl of a
reaction mixture that contained 10mM Tris-HCI (pH
8. 3)
,
50mlvl KCl, 1. 5mM MgCl., O. 2pM dNTPs, O. 24
pM Taql+N primer, Ipl of the reaction mixture for
labeling of the Taql+NNN primer, O. 5U of recom-
binant Taq polymerase, and 5pl of 50-fold-diluted

preamplification mix. The temperature profile for

PCR was as follows. The first cycle included 30sec
at 94'C, 30sec at 65'C, and Imin at 72'C. For the next
following 12 cycles, the annealing temperature was
reduced by 0.7=C per cycle. The final 23 cycles in-

cluded 30 sec at 94'C, 30 sec at 56'C, and Imin at /~2'

C After amplification, the reaction mixtures were
combined with an equal volume of dye solution L98%

(v/v) formamide, 10mlvl Na.EDTA, pH 8. O, O 1%
(w/v) bromo phenol blue, and O. 1% (w/v) xylene
cyanol FF]

.

The mixture was heated for 3min at 90'
C and then quickly cooled to 4=C. A portion of the
sample (2pl) was loaded on a 4% (w/v) polya-
crylamide/7. 5M urea sequencing gel (acrylamide :
bisacrylamide = 30: l). Electrophoresis was perfor-

med at constant power (70 W) for 2hr. After electro-
phoresis, the gel was dried on filter paper (3MM;
Whatman) and exposed to x-ray film (New A;
Konica) overnight without an intensifying screen.

3. Cloning of amplified fragments

A piece of the dried gel containing the band of
interest was cut out and soaked in 20pl of H.O for 10

min on ice. The sample was then heated for 15min at

95'C and cooled again on ice. After a brief

centrifugation, 10 pl of the supernatant were transfer-

red to another tube. Reamplification of the recover-

ed fragment was performed in 50 pl of a reaction

mixture that contained lOmM Tris-HCI (pH8.3),
50mlvl KCl, 1.5mM IvlgCl., O. 2pIYI dNTPs, O 4pM
Taql+N primer, O. 4pM Taql +NNN primer, 2. 5U
of recombinant Taq polymerase, and 2pl of the solu-
tion of DNA The temperature profile for PCR (30
cycles) was as follolvs: 30 sec at 94'C, 30 sec at 56"C,



and Imin at 72"C. A portion (5pl of the mixture
after PCR was analyzed on a 2% (w/v) agarose gel.
The rernaining mixture ~vas diluted lO-fold with TE
and lpl of the diluted sample was used for ligation

and transformation of E. coli with a TA Cloning Kit
(Invitrogen)

.

4. Typical result

A typical result of the AFLP-based fingerprinting
of mRNA is shovvn in Fig. 2 ~~Te have analyzed the
differential gene expression between red and white

flo~vers of the common morning glory (Ipomoea pur-
purea) [8] Reaction products derived from buds of

the plants carrying w'ild type A gene (red flowers, Al
A) and mutated a gene (white flowers, af/af) , respec-
tively, were analyzed in t~vo adiacent lanes for each

combination of two selective primers. Two bands
generated with the CCAIC primer combination (the
corresponding positions are indicated by triangles in

the left of the paneD Ivere only seen in the lane of the

A/A plant but not in the af/af plant. Cloning of these
fragrnents and subsequent analysis of the correspond-

ing CDNA shovved that these two fragments were
derived from a single gene encoding chalcone synthase

for anthocyanin biosynthesis. Comparing with the

result of differential display performed in parallel

using the same samples, the reproducibility of the

AFLP-based fingerprinting of mRNA vvas shown to
be extremely high L8j.

5. Trouble shooting

(I) Faint signals or no reproducibility on autor-
adiograms.

Intactness of the RNA samples should be verified
before and after the poly(A)+ RNA selection_ If the
yield of the CDNA is lo~v (less than 100 ng from lpg
of poly(A)+ RNA), other batches of RNA samples
should be prepared.
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(2) Many fragments with different sizes are
amplified from a single band excised from gel.

Excised gel pieces usually contain various amounts of

contaminating fragments that are amplified in the

subsequent PCR. This is inevitable so it is necessary
to perform Northern analysis with several indepen-

dent fragments after subcloning-
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