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Abstract: We investigated the mobility of DNA fragments labeled with the 
fluorescent dyes R110 and R6G, specifically for use in genotyping using 
capillary electrophoresis. Genomic DNA was isolated from blood, and a highly 
polymorphic region of the HLA-C gene was amplified by PCR with the use of 
either [F]-dNTP-[R110] or [F]-dNTP-[R6G]. Pre-diluted (30-fold) PCR products 
were mixed with formamide, denatured (at 95ºC for 2 min.), and rapidly cooled 
on ice before being subjected to electrophoresis. The results showed that the 
number and mobility of allele-specific DNA fragments were independent of the 
two dyes used. Both dyes were equally efficient at differentiating homozygous 
or heterozygous allelic presentation. An additional dye-specific peak of 132-
base-pair mobility was observed with the use of [F]-dNTP-[R110]; it 
significantly impaired the resolution of one allele-specific peak. The 
electropherograms obtained with [F]-dNTP-[R6G] were free from any 
interfering peaks within the target region, thus the [R6G]-based procedure is 
more preferable for genotype analysis. As this procedure does not involve any 
post-PCR cleanup, it is simple, rapid and cost-effective.  
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INTRODUCTION 
 
Capillary electrophoresis coupled with laser-induced fluorescence detection 
(CE-LIF) is a highly sensitive, rapid and reproducible technique for a wide range 
of applications in genetic analysis. CE-LIF has been applied for genotyping [1-
3], mutation detection [4-6], paternity testing [7], bacterial identification [8] and 
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gene expression analysis [9-10]. There are two basic approaches to introduce 
fluorescent dye into the DNA fragment to be analyzed. In the first method, one 
or both primers are dye-labeled at the 5′- end, and fluorescently labeled DNA 
fragments are synthesized during the amplification steps of PCR. The 
disadvantage of this method is that the labeled primers are very expensive. The 
second method uses dye-labeled deoxyribonucleoside triphosphates (F-dNTPs), 
and is more economical, flexible and convenient. Due to its simplicity and 
sensitivity, this approach is applied for fluorescence-based PCR single-stranded 
conformational polymorphism (PCR-SSCP) analysis [11].  
The ready-to-use [F]-dNTPs are directly added to the PCR mix keeping the ratio 
of dNTPs and [F]-dNTPs between 100:1 and 1000:1, depending on the signal 
intensity. R110 (6-carboxyrhodamine), R6G (N,N′-diethyl-2′,7′-dimethyl-6-
carboxyrhodamine), and TAMRA (N,N,N′,N′-tetramethyl-6-carboxyrho-
damine) are the commonly used fluorescent dyes in [F]-dNTP reagents. Of 
these, TAMRA is often used in commercially available size standards. R110 and 
R6G have different chemical structures that may have some influence on the 
extent of DNA labeling and/or the mobility of labeled DNA fragments in 
capillary electrophoresis.  
To perform a comparative evaluation of the two [F]-dNTPs (R110 and R6G), we 
selected the genotyping of the HLA-C locus due to its highly polymorphic 
presentation and its association with various diseases [12-16]. Serological typing 
of the HLA-C locus is difficult because of its low level of surface expression, the 
structural similarities of the alleles and the lack of proper typing reagents [17, 
18]. On the other hand, HLA typing by PCR has been successfully applied for 
the accurate detection of HLA-C alleles [12, 17, 19, 20]. This study examined 
the relative efficiency of the two [F]-dNTPs (R110 and R6G) for HLA-C 
genotyping. 
 
MATERIALS AND METHODS 
 
Genomic DNA of an individual previously confirmed to carry the HLA-C locus 
was extracted from a blood sample using a GenomicPrep Blood DNA Isolation 
Kit (Amersham Biosciences, Piscataway, NJ, USA). Specific amplification of 
the HLA-C gene (residues 45 to 88) was accomplished with primer pair C133P 
(coding for amino-acid residues 45 to 52 of the α1 domain of the HLA-C 
molecules) and C243PR (residues 82 to 88), as suggested by earlier researchers 
[12]. To study the effect of the fluorescent dyes, two sets of PCR (one for R110 
and the other for R6G) were performed in triplicate using the same DNA 
sample. The respective blanks had all the reagents except DNA.  
For PCR amplification, genomic DNA (0.2 µg), primers (200 pM each), and 
deionized formamide (0.5 µl) were added to thin-walled PCR tubes containing 1 
µM of either [F]-dNTP-[R110] or [F]-dNTP-[R6G] (Applied Biosystems, Foster 
City, CA, USA) and Ready-to-Go PCR beads (Amersham Biosciences). Each 
PCR bead contained 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2, 200 µM of 
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each dNTP and 1.5 units of Taq DNA polymerase in a final reaction volume of 
25 µl. The reaction mixture was overlayed with 40 µl of Nujol mineral oil 
(Applied Biosystems) and denatured by heating at 95ºC for 5 min. Thirty PCR 
cycles of denaturation at 94ºC for 30 s, annealing at 65ºC for 60 s and extension 
at 72ºC for 45 s were carried out followed by a final extension at 72ºC for 7 min, 
using a programmable Model 480 DNA thermal cycler, (Perkin Elmer, USA).  
Prior to capillary electrophoresis, the PCR products were diluted (30-fold) to 
minimize the interference of unincorporated dye. A 47-cm long capillary was 
installed in the automated ABI Prism 310 genetic analyzer (Applied Biosystems) 
and filled with performance-optimized polymer-4 (POP-4). Pre-diluted PCR 
products (1 µl) were mixed with 12 µl deionized formamide and 0.5 µl 
TAMRA-500 size standard (Applied Biosystems), injected electrokinetically for 
10 s at 7 kV, and electrophoresed for 25 min at 13 kV and 30ºC. The virtual 
filter was set to ‘C’, and the laser was run at a constant power of 9.9 mW. The 
raw data were analyzed for electropherogram color and fragment size using 
Genescan Analysis Software, Version 2.1 (Applied Biosystems). 
 
RESULTS 
 
The number and mobility of amplified DNA fragments were not affected by the 
dye type; both [F]-dNTP-[R110] and [F]-dNTP-[R6G] produced the same 
number of allele-specific peaks at the respective locations (Fig. 1). Both 
procedures were highly precise in terms of replicate concordance. An additional 
dye-specific peak with 132-base-pair mobility was found with the use of [F]-
dNTP-[R110]; it significantly affected the quality of the genotyping results, as it 
partially overlapped one allele-specific peak (Fig. 1, left panel). The genotyping 
pattern obtained with [F]-dNTP-[R6G] was free from non-specific peaks in the 
target region (the vicinity of 125, spanning base pairs 115-135) (Fig. 1, right 
panel). Although a non-specific peak at base pair 93 was common to all the 
samples and blanks, its location did not interfere with the interpretation of the 
genotyping pattern (Fig. 1).  
 
Tab. 1. The effect of [F]-dNTP-[R110] and [F]-dNTP-[R6G] on the intensity of the 
fluorescence signal for the detection of allele-specific peaks. 
 

Peak height (RFU) Peak identity R110 R6G 
1 
 

596.26 ± 7.99 262.63 ± 41.00 
2 649.72 ± 19.20 

 
319.19 ± 51.58 

 3 530.62 ± 8.16 
 

327.32 ± 63.03 
   4* 

 
1200.00 ± 28.27 690.96 ± 135.10 

5 595.92 ± 8.16 347.47 ± 56.56 
*Homozygous allele. All the values are the means of 3 samples ± SEM. RFU 
stands for relative fluorescence unit, an arbitrary unit of fluorescence intensity.  
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The peak heights of all 5 peaks detected in the electropherograms are given in 
Tab. 1. The data indicate the presence of 3 alleles, 2 heterozygous (4 small 
peaks) and 1 homozygous (1 double-sized peak, identified as peak no. 4 in Fig. 
1). The average ratio of peak heights of homozygous/heterozygous alleles was 
2.02 (R110) and 2.19 (R6G). The peak heights were comparatively smaller 
(0.53-fold) when [F]-dNTP-[R6G] was used (Fig. 1, Tab. 1). 
 

 
 
Fig. 1. Capillary gel electropherograms showing the genotyping patterns of the HLA-C 
region as determined using [F]-dNTP-[R110] (left panel) and [F]-dNTP-[R6G] (right 
panel). The top three electropherograms correspond to separate PCR reactions using the 
same DNA sample (triplicates). The bottom electropherograms are the respective blanks 
(all PCR reagents except DNA). Both R110 and R6G produced same number of allele-
specific peaks, and a clear interpretation of homozygocity was possible (peak no. 4). An 
additional dye-specific interfering peak (arrow) was also observed with [F]-dNTP-[R110] 
which was absent when [F]-dNTP-[R6G] was used. 
 
DISCUSSION 
 
The results of this study clearly demonstrated that DNA fragments labeled with 
R110 and R6G possess identical mobility in denaturing gels. Iwahana et al. [11] 
also observed that internal- and post-labeling of DNA fragments using different 
[F]-dUTPs did not affect the SSCP profiles under native conditions. One of the 
important findings of this study was the presence of a very sharp dye-specific 
peak which impaired the recognition of one allele-specific peak with the use of 
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R110 (Fig. 1, left panel). The crucial location of this peak (132-base-pair 
mobility) clearly shows the limitation of [F]-dNTP-[R110] for genotype analysis 
using crude PCR products. It is important to note that electrokinetic injection not 
only allows the migration of targeted fragments but also other components like 
excess dNTPs, unincorporated dye and primers/dimmers. In routine use, the 
interference from these unwanted species can be significantly minimized by 
appropriately diluting the PCR products prior to sample injection. However, a 
30-fold dilution of PCR products failed to rectify the interference of the R110 
dye-specific peak. Hence, the PCR products of R110 labeling must be cleaned 
prior to electrophoresis for interference-free output [9]. However, this additional 
step will ultimately increase the time and cost of the assay, and may sometimes 
be associated with poor recovery of amplicons. Although post-PCR cleanup is 
an integral part of certain protocols (e.g. sequencing of DNA), this approach 
may not always be necessary for genotyping. Simple and economical protocols 
with minimal steps are usually preferred for large-scale genotype screening.  
The superiority of R6G was clearly observed in the absence of any interfering 
peaks within the target region when it was used. Thus, amplified DNA 
fragments labeled with [F]-dNTP-[R6G] can be directly electrophoresed without 
any pre-cleanup. A common non-specific peak at base pair 93 is absolutely 
harmless because most of the genotype studies are designed for base-pair 
fragments around 100-300. Since R110 and R6G have different spectral 
properties, i.e. R110 absorption and emission maxima are 500 and 530 nm, 
while for R6G the respective values are 520 and 545 nm, their respective PCR 
products can be mixed and electrophoresed simultaneously in a single run, 
provided the PCR products resulting from [F]-dNTP-[R110] have been cleaned 
to get rid of the interfering peak.     
The electropherograms obtained with the two dyes were highly reproducible and 
detected the presence of 3 alleles on the HLA-C locus, which concurs with the 
results of an earlier study reporting on multiple alleles of HLA-C in an 
individual [17]. The present methodology clearly differentiated between 
homozygous and heterozygous presentation of alleles (Fig. 1). Previous studies 
have also shown the advantage of PCR-based genotyping over serology for 
correct identification of homozygocity [17, 20]. The relative fluorescence unit 
intensity (RFU, peak height) corresponding to [F]-dNTP-[R6G] was relatively 
smaller than that from [F]-dNTP-[R110] (Tab. 1). However, since RFU is not an 
intrinsic property, it would have no analytical impact on the allelic recognition. 
Even the peaks obtained after a 30-fold dilution of PCR products were well 
resolved and above the default threshold of 50 RFU. Moreover, the intensity of 
RFU can easily be controlled by adjusting the injection time and voltage, and 
should be kept below 2000 for optimal resolution. 
In conclusion, this preliminary study clearly demonstrated the superiority of [F]-
dNTP-[R6G] over [F]-dNTP-[R110] for sensitive and reliable genotyping of the 
HLA-C gene using capillary electrophoresis without necessitating any post-PCR 
cleanup.  
 



CELL. MOL. BIOL. LETT.        Vol. 10. No. 2. 2005 
 

252 

REFERENCES 
 
1. Somsen, G.W., Welten, H.T., Mulder, F.P., Swart, C.W., Kema, I.P. and de 

Jong, G.J. Capillary electrophoresis with laser-induced fluorescence 
detection for fast and reliable apolipoprotein E genotyping. J. Chromatogr. 
B. Analyt. Technol. Biomed. Life Sci. 775 (2002) 17-26.  

2. Wenz, H., Robertson, J.M., Menchen, S., Oaks, F., Demorest, D.M., 
Scheibler, D., Rosenblum, B.B., Wike, C., Gilbert, D.A. and Efcavitch, J.W. 
High-precision genotyping by denaturing capillary electrophoresis. Genome 
Res. 8 (1998) 69-80. 

3. Schlenck, A., Bohnet, K., Aguillon, D., Lafaurie, C., Siest, G. and Visvikis, 
S. High sensitivity of laser-induced fluorescence detection in capillary gel 
electrophoresis for accurate apolipoprotein E genotyping. Biotechniques 22 
(1997) 736-742. 

4. Kringen, P., Egedal, S., Pedersen, J.C., Harbitz, T.B., Tveit, K.M., Berg, K., 
Borresen-Dale, A.L. and Andersen, T.I. BRCA1 mutation screening using 
restriction endonuclase fingerprinting-single-strand conformational 
polymorphism in an automated capillary electrophoresis system. 
Electrophoresis 23 (2002) 4085-4091.  

5. Zhang, Z., Wu, Y., Cheng, W. and Wu, R. Single strand conformational 
polymorphism analysis of K-ras gene mutations by capillary electrophoresis 
with laser-induced fluorescence (LIF) detector. Clin. Chim. Acta. 301 
(2000) 205-211. 

6. Liu, M.S., Rampal, S., Hsiang, D. and Chen, F.T. Automated DNA mutation 
analysis by single-strand conformation polymorphism using capillary 
electrophoresis with laser-induced fluorescence detection. Mol. Biotechnol. 
15 (2000) 21-27. 

7. Laszik, A., Brinkmann, B., Sotonyi, P. and Falus, A. Automated fluorescent 
detection of a 10 loci multiplex for paternity testing. Acta. Biol. Hung. 51 
(2000) 99-105. 

8. Gillman, L.M., Gunton, J., Turenne, C.Y., Wolfe, J. and Kabani, A.M. 
Identification of Mycobacterium species by multiple-fluorescence PCR-
single-strand conformation polymorphism analysis of the 16S rRNA gene. J. 
Clin. Microbiol. 39 (2001) 3085-3091. 

9. Khan, H.A. Detection and semi-quantitative determination of low abundance 
GFAP mRNA in mouse brain by capillary electrophoresis coupled with 
laser-induced fluorescence. Brain Res. Protocol. 14 (2004) 13-17. 

10. Richards, M.P. and Poch, S.M. Quantitative analysis of gene expression by 
reverse transcription polymerase chain reaction and capillary electrophoresis 
with laser-induced fluorescence detection. Mol. Biotechnol. 21 (2002) 19-
37.  

11. Iwahana, H., Fujimura, M., Takahashi, Y., Iwabuchi, T., Yoshimoto, K. and 
Itakura, M. Multiple fluorescence-based PCR-SSCP analysis using internal 
fluorescent labeling of PCR products. Biotechniques 21 (1996) 510-519. 



CELLULAR & MOLECULAR BIOLOGY LETTERS 
 

253 

12. Asahina, A., Akazaki, S., Nakagawa, H., Kuwata, S., Tokunaga, K., 
Ishibashi, Y. and Juji, T. Specific nucleotide sequence of HLA-C is strongly 
associated with Psoriasis Vulgaris. J. Invest. Dermatol. 97 (1991) 254-258. 

13. Tsai, T.F., Hu, C.Y., Tsai, W.L., Chu, C.Y., Lin, S.J., Liaw, S.H., Chiang, 
B.L., Lin, P.J. and Jee, S.H. HLA-Cw6 specificity and polymorphic residues 
are associated with susceptibility among Chinese proriatics in Taiwan. 
Arch. Dermatol. Res. 294 (2002) 214-220. 

14. Rios, A., Rodriguez, J.M., Moya, M.R., Galindo, P.J., Canteras, M., 
Alvarez, M.R. and Parrilla, P. Frequency of HLA-C alleles in differentiated 
thyroid carcinoma in southeastern Spain. Cancer 100 (2004) 264-269. 

15. Sanz, L., Gonzalez Escribano, F., de Pablo, R., Nunez Roldan, A., Kreisler, 
M. and Vilches, C. HLA-Cw*1602: a new susceptibility marker of Behcet’s 
disease in southern Spain. Tissue Antigens 51 (1998) 111-114. 

16. Moya Quiles, M.R., Torio, A., Muro, M., Montes Ares, O., Marin, L., 
Minguela, A., Sanchez Bueno, F., Garcia Alonso, A.M., Parrilla, P. and 
Alvarez Lopez, M.R. Impact of HLA-C on acute rejection in liver 
transplantation. Transplant. Proc. 35 (2003) 1892-1893. 

17. Bunce, M. and Welsh, K.I. Rapid DNA typing for HLA-C using sequence-
specific primers (PCR-SSP): Identification of serological and non-
serologically defined HLA-C alleles including several new alleles. Tissue 
Antigens 43 (1994) 7-17. 

18. Zemmour, J. and Parham, P. Distinctive polymorphism at the HLA-C locus. 
J. Exp. Med. 176 (1992) 937-950. 

19. Kennedy, L., Poulton, K.V., Dyer, P.A., Ollier, W.E.R. and Thomson, W. 
Definition of HLA-C alleles using sequence-specific oligonucleotide probes 
(PCR-SSOP). Tissue Antigens 46 (1995) 187-195. 

20. Bunce, M., Barnardo, M.C.N.M., Procter, J., Marsh, S.G.E., Vilches, C. and 
Welsh, K.I. High resolution HLA-C typing by PCR-SSP: identification of 
allelic frequencies and linkage disequilibria in 604 unrelated random UK 
Caucasoids and a comparison with serology. Tissue Antigens 48 (1996) 
680-691. 


