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One technique that can distinguish low-abundant mutant DNA from wild-type DNA is the ligase detection reaction (LDR) 

coupled to a primary polymerase chain reaction (PCR). The LDR products obtained by the PCR/LDR assay can be analyzed in a 

variety of fashions such as microarray and slab gel electrophoresis. In the present work, we applied capillary gel electrophoresis 

(CGE) with fluorescence detection (FL) (CGE-FL) for analyzing the LDR products. Polyethylene oxide (PEO) polymer solution 

containing SYBR Gold, which could bind to a single strand DNA, was used as a separation matrix in the CGE-FL system. The LDR 

products could successfully be separated from other DNA fragments such as LDR primers and template, enabling the determination 

of the single base substitutions on codon 12 of K-ras gene. 
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Fig. 1. Conceptual schematic of the PCR/LDR assay. 
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 (CMC)

 (

)  (Tris)

 (EDTA)

10x Tris- -EDTA Bio-Rad 

Laboratories Taq DNA

dNTP mix  (wild-type) 

DNA (G12G; GGT) Promega Taq 

DNA New England BioLabs

SYBR Gold Invitrogen

 (PEO; Mr 8,000,000) 

 (PVP; Mr 130,000) Sigma-Aldrich

PCR LDR DNA 

(Table 1) Invitrogen Sigma Genosys

 

nuclease-free water 

(Promega) CE

 (MILLIPORE, Elix 3 UV) 

RO K-ras 1

12.2  (G12V; GTT) 

 (SW480) Gene Tex

Wizard SV Genomic DNA Purification System 

(Promega)  

 

200 μL PCR 1.5 mM MgCl2

1x PCR 200 μM dNTPs

500 nM K-ras forward reverse  

(Table 1) 4.2 ng/ L DNA

 Master cycler (Eppendorf) PCR

95 2 min 2.5 U DNA

 ( 50 μL)

95 30 s 60 1 min 72 1 min 30 s

40

2 DNA 72 3 min

Table 1. Sequences of oligonucleotide used in the PCR/LDR assays 

Primer  Sequences (5’  3’)  Size (mer) 

K-ras forward TTAAAAGGTACTGGTGGAGTATTTGATA 28 

K-ras reverse AAAATGGTCAGAGAAACCTTTATCTGT 27 
K-ras Com-2 pTGGCGTAGGCAAGAGTGCCT-Fluorescein 20 
K-ras c12.2 WtG AAACTTGTGGTAGTTGGAGCTGG 23 

K-ras c12.2V AAACTTGTGGTAGTTGGAGCTGT 23 

K-ras c12.2D AAACTTGTGGTAGTTGGAGCTGA 23 

K-ras c12.2A AAACTTGTGGTAGTTGGAGCTGC 23 

 

Fig. 2. Size confirmation for the PCR products 
derived from (a) wild-type and (b) mutant 
(SW480). 
500 bp PCR product was used as a size standard. 
Conditions: gel matrix, 0.5%(w/v) PEO in 1xTBE buffer 
containing 1x SYBR Gold; applied voltage, 12 kV. 
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PCR

290 bp PEO

CGE  (Fig. 2)  

200 μl 20 mM Tris-HCl 

(pH 8.3) 25 mM 10 mM 

10 mM DTT 1 mM NAD+ 0.1 % 

Triton X-100 LDR Reaction buffer 30 nM 

30 nM

 (Table 1) PCR 2 U Taq 

DNA Ligase  ( 50 μL) Master cycler

94 2 min 94

30 s 65 2 min

40  

LDR 4 3

4

DNA (G12V) 

3  (K-ras c12.2V in 

Table 1) 

43-mer LDR

1x TBE  (89 mM Tris-

-2 mM EDTA (pH 8.3)) 0.5 % (w/v) 

PEO 25 mM TGE  (25 

mM Tris- -5 mM EDTA (pH 8.3)) 

0.3 % (w/v) CMC

CGE

900 

rpm

60 min 15 min

 

CE

 (GL Sciences)

(Model HZCE-30PNO.25 Matsuda Precision Devices 

Co.) FL  (RF-550 Shimadzu)

 (CR-6A Shimadzu)

Window MakerTM (Micro Solv) 2 mm

1 M NaOH 10 

min 0.2 M NaOH 5 min RO

2 min

2.0 % (w/v) PVP

PEO

CMC

 ( 75 μm 150 μm, 

70 cm ( 50 cm)) 

FL

FL

 

 

SW480 

(G12V) K-ras 1 12.2

C A 6)

4  (K-ras c12.2WtG, 

c12.2V, c12.2D, c12.2A) (Table 1) K-ras 

c12.2V LDR LDR

 

LDR 4 LDR FL

CMC CGE

LDR

Fig. 3(a) 4

LDR
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Fig. 3. Electropherograms of the LDR products without (a) and with 20-fold 
preconcentration (b).
Conditions: gel matrix, 0.3%(w/v) CMC in 25 mM TGE buffer; applied voltage, 12 kV. 
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