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Accurate and low-cost methods of genotyping of single

nucleotide polymorphism (SNP) caused by single base-pair

substitution are crucially important for prediction of here-

ditary diseases, design of individualized medicine, and pro-

gnosis of SNP-related diseases.1 For example, drug resistance

in leukemia is often caused by several point mutations

occurred in the leukemogenic gene. Such point mutations

that constitute drug-resistant SNPs in chronic myelogenous

leukemia (CML) include the T315I mutant, in which

threonine (T) at position 315 is replaced with isoleucine (I)

due to a single base change (C to U) in the ABL gene.2 

A number of methods to precisely detect SNPs have been

developed to date, including allele-specific PCR3 and ex-

tended DNA primers analysis by mass spectrometry (MS).4

Previously, we developed methods to quantitatively detect

SNP in RNA containing a single-base mutation by using

PNA-directed clamping PCR,5 or RNA nick-joining or nick-

generation method.6 In the nick-generation method for SNP

detection, we used RNA-cleaving DNAzyme to make a site-

selective scission at the mutant base in RNA. DNAzyme is a

novel oligoDNA that can bind to specific sequences of RNA

through Watson-Crick base-pairing and cleave target RNA

at a phosphodiester bond located between an unpaired

purine and pyrimidine.7 The DNAzyme can be designed to

target different RNA substrates by changing the substrate

recognition sequences of DNAzyme.

Here we present a new method for genotyping of SNP

utilizing MS analysis of RNA fragments, in which short

RNA fragments of interest that are generated by clipping out

of the RNA substrate with the tandem DNAzyme. It is based

on our recent finding of site-selective cleavage of RNA

strand at two sites with the tandem DNAzyme that combines

two separate DNAzymes with oligo dT spacers.1 By using

the tandem DNAzyme with two separate binding sequences,

two distant phosphodiester linkages in RNA were selec-

tively hydrolyzed. Thus, two-site RNA scission should be

possible with the use of tandem DNAzyme designed for

clipping out RNA fragments. 

Our previously designed DNAzyme (T315IDz)8 was engi-

neered as a tandem DNAzyme to generate RNA fragments,

in which the GU-T315I tandem DNAzyme cleaves ABL-U

RNA substrate at the point mutation site (T315I) as well as

at the upstream control site (Scheme 1). In Figure 1(a), each

RNA substrate was treated with DNAzyme (GU Dz or T315

Dz) or mixed DNAzymes. The 5'-32P end labeled RNA sub-

strate was selectively cleaved at the targeted site by each

DNAzyme: GU DNAzyme and T315I DNAzyme generated

10-mer and 23-mer RNA fragments, respectively. Because

the RNA substrate was labeled with 32P at the 5'-terminal ofaThese authors contributed equally to this work.

Scheme 1. Sequences of DNAzymes and generation of RNA
fragments for MS analysis. (a) The RNA oligonucleotides of wild
type ABL and T315I mutant ABL. Two DNAzymes are shown to
cleave at two different sites in ABL-U RNA. (b) Tandem
DNAzyme is shown with two cleavage sites in ABL-U RNA.
Shown are RNA fragments of expected size, which are produced
by tandem DNAzyme.
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45-mer RNA substrate, the 13-mer RNA fragment that would

be generated by a mixture of GU Dz and T315I Dz was not

observed.

The two DNAzymes were connected together to make the

tandem DNAzyme to cleave the ABL-U RNA at two separate

sites (Scheme 1(b)). Both of the target sites were efficiently

cleaved by the tandem DNAzyme, generating RNA fragments

of expected size (Fig. 1(b)). Of importance, the 13-mer RNA

fragment was obviously produced by treating the T315I

mutant ABL-U RNA with tandem DNAzyme. The RNA

fragments were readily observed in PAGE analysis due to

body-labeling of RNA substrate with 32P. However, the 13-

mer RNA fragment was not produced with the ABL-C RNA.

Thus, generation of the 13-mer RNA fragment by the tandem

DNAzyme is dependent upon the presence of the single

base-exchange. In addition, the 13-mer RNA fragments are

appropriate for subsequent MS analysis.

Next, mass analysis of RNA fragments using matrix-as-

sisted laser desorption/ionization time of flight mass spectro-

metry (MALDI-TOF MS) was performed (Fig. 2). In the

case of RNA substrate (100 nM), peaks were detected at m/z

14.1 KDa and 7.4 KDa corresponding to the singly and

doubly charged ions of the 45-mer substrate, respectively.

As expected, in the analysis of ABL-U RNA treated with the

tandem DNAzyme (1.0 µM) the peaks were detected at m/z

3.2 KDa, 4.1 KDa, and 6.7 KDa, which corresponds to the

10-, 13-, and 22-mer RNA fragments, respectively. Therefore,

the short RNA fragments generated by tandem DNAzyme

were clearly detected for a purpose of SNP genotyping in

RNA.

In summary, we have a new method to clip out RNA

substrate containing the point mutation by using the bi-

dentate RNA-cleaving tandem DNAzyme. The clipped out

RNA fragments are readily analyzed for their exact sizes by

MALDI-TOF MS. Our strategy can be applicable for precise

genotyping of SNPs in RNA samples derived from human

serum or cells. Such applications, as well as studies to im-

prove sensitivity and RNA cleavage efficiencies are current-

ly underway in our group.
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Figure 1. RNA-cleavage with DNAzymes. (a) GU DNAzyme and/
or T315 DNAzyme (1.0 µM) and 5'-32P labeled RNA substrate
(100 nM) was mixed and incubated at room temperature for 2 h,
and the RNA cleavage products were separated by 10% denaturing
PAGE. (b) The GU-T315I tandem DNAzyme was used to cleave at
two distant sites (shown in red arrows) in ABL-U RNA substrate
that is internally labeled at each phosphate with 32P (i.e. Body-
labeling). Resulting RNA fragments were resolved by 10% denatur-
ing PAGE.

Figure 2. The mass spectra of T315I mutant ABL-U RNA (45-
mer) (a), and after incubation with the GU-T315I tandem Dz (b).9


