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Optical melting as a tool for optimizing SBH analysis of DNA 
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ABSTRACT 

Sequencing by hybridization is a technique that relies on the specific hybridization properties of nucleic acids to derive 
sequence information. Hybridization properties are highly dependent on the DNA sequence and the solution environment. 
Identification of the optimal SBH conditions can be obtained by optical melting. By optical melting of 128 octamer pairs 
that have the appropriate choice of nucleic acid structures, a useful model of stability has been obtained which will aid in the 
design and implementation of SBH assays. 
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1. INTRODUCTION 

Sequencing by hybridization (SBH) is a technique that has been proposed by several researchers as a method of deducing DNA 
sequence information without the use of gel electrophoresisl-5. The technique holds promise for improving procedures in 
DNA sequencing, sequencing verification, mapping and diagnostics. In SBH, the sequence is deduced by interpretation of 
correctly paired nucleic acid hybrids after probing with a library of known sequences. The technique is carried out either by 
probing a membrane of immobilized, unknown sequences with a known oligonucleotide probe or, in a reverse fashion, by 
immobilization of an array of known sequences to test a single target DNA. This Iatter approach employs an immobilized 
oligonucleotide array commonly referred to as an SBH or genosensor chip and the procedure for deducing sequence information 
is outlined in Figure 1. 
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correctly paired hybridizations of the 17 base sequence, 
shown on the upper right, to the 64 spot array of all 
possible 3-mers are shaded. Trimers will be replaced with 
octamers, or longer oligomers, for actual experiments. 
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In Figure 1, only perfect base pair matching between the unknown target and the genosensor chip is considered. The sequence 
overlap between the different short sequences allows a reconstruction of the target DNA. The accurate reconstruction of 
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sequence from hybridization data may be hindered by features such as short sequence repeats and branch points. These 
shortcomings are being addressed by a number of methods including appropriate aIgorithms6-8. The three base sequences used 
in this example are too short to form stable hybrids and are therefore not usable. However, probes of eight bases in length are 
believed to offer sufficient stability and sequence specificity9 and still employ a reasonable number of probes for a complete 
array (65,536 different sequences). For some applications of SBH, such as checking only specific sequences, the complete 
array is not required. 

The hybridization properties of short probes are central to the use of these chips and are different from those of longer DNA 
molecules. The hybrid stability of these short duplexes can influence the choice of the immobilized oligonucleotide probes, 
the preparation of the target DNA, the experimental conditions of hybridization and the interpretation of the hybridization 
pattern. Therefore, a thorough understanding of the hybridization properties of short oligonucleotides is necessary for success 
of the technique. One method of characterizing hybrid stability is through optical melting. In optical melting, the 
absorbance, at an appropriate wavelength, of a mixture of two complementary oligonucleotides is monitored as a function of 
temperature. The portion of molecules in either the duplex or single-stranded state can then be determined by analysis of the 
resultant curve as shown in Figure 2. v' Single Strands 

Temperature 

Figure 2. 
the molecule undergoes a cooperative transition to the single strand state. 

Example of a melting curve of a short DNA duplex. As the temperature is increased the duplex structure of 

The midpoint of the transition is referred to as the t, and serves as a convenient reference point to compare sequence stability. 
Several variables influence the t, and these include the DNA sequence, structure and buffer conditions. The choice of 
appropriate DNA sequences and conditions for the optical melting experiment can then lead to general models that are useful 
in predicting the stability of new sequences or designing experimental conditions for SBH. 

2. HYBRIDIZATION TO IMMOBILIZED OLIGONUCLEOTIDE ARRAYS 

Current methods for producing genosensor chips include surface immobiIization of previously synthesized oligonucleotideslo, 
physical masking11 or photochemical protection to synthesize the oligonucleotides directly on the surface12.13. All methods 
have particular advantages. The use of pre-synthesized oligonucleotides may allow easier mass production, while the 



simultaneous in situ synthesis methods allow production of custom sequence arrangements rapidly and less expensively. The 
use of photodeprotection can produce the smallest spot sizes to allow the greatest density of different oligonucleotides in a 
given area. 

The basic chemistry involved in synthesizing a chip using photodeprotection is similar to that used for conventional 
oligonucleotide synthesis. The sequences are synthesized in a 3' to 5' direction, however, the bases are protected with a 
photolabile blocking group as opposed to the acid labile DMT group typically used. Also, synthesis takes place on a planar 
glass surface as opposed to controlled-pore glass beads. As an example, consider the synthesis of four 8-mers chat differ in 
sequence at two sites. The general steps are outlined in Figure 3. Similar procedures could be used to synthesize any number 
of oligonucleotides with defined sequences in any desired pattern using photochemical synthesis. 

Synthesis Steps 

1 .) Synthesize 3'-CAT on entire surface. (P= Thymidine 
with 5'-0 photolabile protecting group.) 
2.) Mask surface except spots 1 and 2 and photodeprotect. 
3.) Add T. 
4.)Mask surface except spots 3 and 4 and photodeprotect. 
5.) Add G. 
6.) Add T*. 
7.) Mask surface except spots 1 and 3 and photodeprotect. 

9.) Mask surface except spots 2 and 4 and photodeprotect. 

11 .) Add G, then C. 

1 = 3LCAmGC-IJ 

3 = 3 i - ~ ~ ~ ~ ~ ~ ~ ~ 5 i  
2 = 3'-CAmAGC-5' 

4 = 3'-CATGTAGC-5' 

8.) Add T. 

IO.)  Add A. 
= 3'-CAT-5' 

Figure 3. Steps required to simultaneously synthesize the sequences WATTTTGCS', 3'CATTTAGCS', 
s'CATGlTGC5' and s'CATGTAGC5' by photodeprotection, an acid label 5'-0 blocking group is used except where T* is 
noted. 

The array can be tested by hybridization with 32P-labeled target DNA. This is accomplished by radioactively end-labeling the 
DNA using polynucleotide kinase and [@2P]-ATP. The chip described in Figure 3 was successively hybridized using 17- 
mers and washed as described in Figure 4. 

Figure 4. 
5'GTAAAACGACGGCCAGV', 5'GTAAATCGACGGCCAGV', 5'GTACAACGACGGCCAGV', or 
S'GTACATCGACGGCCAGV' in 1 M NaCI, 10 mM sodium phosphate buffer, pH 7. 

Autoradiographs of hybridization to the chip described in Figure 3 with a 2 nM solution of either 



3. OPTICAL MELTING EXPERIMENTS 

Collecting thermodynamic data in a parallel format with hybridization chips will be useful for understanding the stability of 
nucleic acid hybrids and determining how best to utilize SBH analysis. The procedures to collect and analyze data in this 
fashion are underway and should accelerate our understanding of the physical chemical properties of nucleic acids. Currently, 
we are using optical melting to evaluate model structures and guide the design of experiments using hybridization chips. An 
example is the determination of the positional dependence of mismatched base pair stability relative to the perfectly matched 
duplex. Mismatched base pairs are base pair combinations other than A with T and G with C. The stability of these 
mismatches varies with the position of the mispair relative to the ends of the duplex. This is due to the preference of melting 
to initiate from the ends and is believed to propagate in a few base pairsW Longer oligonucleotide duplexes are less affected 
by this perturbation, due to the lower relative contribution. However, for the short oligonucleotides used in SBH this effect 
can be substantial. 

An example of some representative optical melting curves and the positionally dependent destabilizing effects of a C*T 
mismatch relative to its A.T and C*G base pair references are displayed in Figure 5. 

1.0 

~4 0.8 

tr 3 0.6 
4 
1 4 0.4 

& 0.2 

! 
P 

B 

Decrease inMelting Tanperature ("C) 
C*T Mismatch in: From A=T Fran C* G 

Position 1 5.1 9.5 
Pasition2 17.6 2L9 
Position3 19.9 2 1  8 
Position4 183 24.1 

0.0 
0 10 20 30 40 

Temperature ("C) 
50 60 

Figure 5 Optical melting curves of duplexes containing a COT, A*T and C*G base pair (from left to right) in the 
fourth position. The drop in melting temperature of a COT mismatch relative to reference molecules containing an A*T and 
C*G base pair in the first four positions from the 5' end of an 8 bp duplex are shown at the right. 

The effect of the mismatched base pair is to destabilize the duplex relative to the perfectly matched references. The 
destabilizing effect, however, is less for the positions located near the end. Results such as these have been evaluated with 
128 octamer duplexes and the results have led to insights into the design and interpretation of SBH assays. Sequence 
information derived from base pairs located near the end of a duplex are less reliable due to the greater stability of mismatches 
in this position. Furthermore, knowledge of the thermostability of the perfectly matched duplexes will aid in designing 
conditions for the best discrimination against mismatches. 

4. CONCLUSIONS 

SBH promises to be a valuable technique for the rapid analysis of DNA sequence with the use of photosynthetic techniques 
allowing production of chips with the small format needed for miniaturized instrumentation. Full implementation of the 
capabilities of hybridization analysis will come with a better understanding of the relative stabilities of DNA duplexes, the 



alternative structures that can form and the dependence on solution environment. Optical melting is a technique that can 
provide this information. 
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