Genotyping by quantitative heteroduplex analysis: Theoretical derivation and experimental verification of optimal DNA mixing.
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ABSTRACT (185 words)
Heteroduplex analysis can be used effectively to screen for heterozygotes, but has limited ability to detect homozygous mutations.  If amplified products from homozygous samples of  known and  unknown genotypes are mixed, denatured, and then hybridized, formation of heteroduplexes indicates that the known and unknown samples are of different genotype. Instead of mixing after PCR, which requires two analysis steps and increases the risk of product contamination, we propose adding DNA of known homozygous genotype (usually wild type) to each unknown before PCR.  If the mixture fraction is chosen carefully, the amount of heteroduplexes produced will discriminate between heterozygous SNP, homozygous SNP, and wild type. Theoretical calculations suggested that the addition of reference DNA at one-seventh of total DNA will produce optimal discrimination between the three genotypes of bi-allelic, diploid DNA. Experimental data generated by high-resolution melting analysis and quantitative temperature gradient capillary electrophoresis confirmed this prediction, and it also highlighted the importance of the correct proportion. If the proportion is one-third or one-half, for instance, some genotypes are indistinguishable. When combined with high-resolution melting analysis, this technique allows a single-step closed-tube analysis for full genotyping. 
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INTRODUCTION
Heteroduplex analysis is a popular technique to screen for sequence variants in diploid DNA.  After PCR, heteroduplexes are analyzed by separation techniques such as conventional gel electrophoresis (1,2,3), denaturing high pressure liquid chromatography (dHPLC) (4), and temperature gradient capillary electrophoresis (TGCE) (5).  Recently, heteroduplexes have been detected directly in PCR solution by high-resolution melting analysis.  Either labeled primers (6) or a saturating DNA dye (7) were used to detect a change in shape of the fluorescent melting curve when heteroduplexes were produced by PCR.  High-resolution melting of PCR products from diploid DNA has been used for mutation scanning (8-10), HLA matching (11), and genotyping (7, 12).   


Heteroduplex analysis using separation techniques are seldom used for genotyping because different homozygotes are usually not separated.  Both dHPLC and TGCE usually fail to detect homozygous single nucleotide polymorphisms (SNPs), as well as small homozygous insertions and deletions.  If suspected, these homozygous changes can be detected by mixing the PCR product of the unknown sample with a PCR product from a known homozygous reference sample.  However, two sequential analyses are required and the concentrated PCR product is exposed to the laboratory, increasing the chance of PCR product contamination of subsequent reactions. 
In contrast, high-resolution melting can usually distinguish different homozygotes.  Complete genotyping of human SNPs is possible in over 90% of cases because different homozygotes differ in melting temperature (14).  However, even with high-resolution melting, there are a small number of cases in which the two homozygotes cannot be distinguished, and mixing studies are necessary.  

An alternative to mixing the samples after PCR is to mix the samples before PCR.  If the mixed samples have the same genotype, no heteroduplex will be produced by PCR. If the mixed samples are not the same, different amounts of heteroduplexes will be produced, depending on both the genotype and the amount of homozygous reference DNA that is added. 
Previously, we empirically determined that the addition of 15% (w/w) of homozygous reference DNA to 85% of unknown DNA prior to PCR allowed discrimination of all SNP genotypes (Ref). We now created a mathematical predictive model for heteroduplex content and its contribution to melting curve and TGCE results. Theoretical values agreed well with experimental results using a full spectrum of mixing proportions. These findings are relevant to SNP analysis as well as pooled sample studies. The experiments indicated the importance of using the correct proportion of added DNA: if the proportion is, for instance, one-third or one-half of total DNA rather than the optimal one-seventh, some genotypes can be indistinguishable.







