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Tm

• Tm – the melting temperature Tm refers to 
the temperature where 50% of the DNA is 
in a duplex form. In other words, 50% of 
the DNA has been denatured into single 
strands. 

• Usually the optimal annealing temperature 
(Ta) is 5°C lower than the melting 
temperature of primer-template DNA 
duplex.



Tm

• Tm calculation types:
Basic – %G+C content
(Marmur and Doty, 1962; Wallace et al., 1979)
Salt Adjusted (SA) – usually Na+

(Howley et al., 1979)
Nearest Neighbor (NN) – closest nucleotides 
thermodynamics + salt and oligo concentrations
(Breslauer et al., 1986; SantaLucia et al., 1998 etc.)

• Several programs to determine the 
properties of oligonucleotides



Secondary structures

• Self-dimers, hairpins, cross dimers of oligos
(Gamper et al., 1987)

• Target DNA secondary structures
(Fedorova et al., 1992)

• Prediction relies on energy minimization 
algorithms

• Many methods give poor predictions
(Dong et al., 2001)



Aim of the study

• Identification of the best oligonucleotide 
properties calculator that predicts Tm with 
least deviation

• Evaluate secondary structure prediction 
methods

• Testing the efficiency of primer designing 
software

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Experimental data

• 108 different oligos for thermal studies
– 18 self-designed (6 with rich AT content [GC<45%], 6 with 

equal proportions [GC 45-55%], 6 with rich GC content 
[GC>55%])

– 30 (Owczarzy et al., 1997)
– 60 (Owczarzy et al., 2004)

• 25 freely available programs for Tm prediction
• Root mean square deviation (rmsd) were 

computed to determine the program providing 
least deviation between experiment and 
prediction

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Owczarzy et al., Biochemistry. 2004 Mar 30;43(12):3537-54.



Experimental data

• 18 different oligos for secondary structure 
studies
– 9 sense and 9 antisense

• 6 programs was used for structure prediction
• Self-dimer and hairpins were checked

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Experimental data
• 9 regions (1 kb each) from human genome for 

primer design studies
– 3 AT-rich (from AMPK, NKX6.1, F3 genes)
– 3 equal AT-GC (from PKLR, NKX6.1, ISL1 

genes)
– 3 GC-rich (from VEGF, IPF1, INS genes)

• RepeatMasker scanned
• 11 programs was used for primer design
• GC-content, salt conc., strand conc., length of the 

sequence
• One best candidate for each tool selected and PCR 

experiments were attempted
Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Tm results (1)

• 56 different modules were tested
• Default parameters:

– Basic -> no salt and oligo concentrations
– SA -> [Na+] 50 mM
– NN -> [Na+] 50 mM, [oligo] 250 pM

• Experimental parameters were used where 
possible

• 25 modules (rmds <= 5) were selected
• All Basic modules were filtered out

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Tm results (2)

• 17 of 25 modules were tested with different salt 
concentrations

• 60 (Owczarzy et al., 2004) oligos
• SA modules could not perform better than NN 

modules
• Best predictors: 

– MELTING (Le Novere, 2001) with Allawi (Santa 
Lucia, 1998) module

– Oligo calulator (McLab) 
(http://tool.mclab.com/toolbox/oligo_calculator.jsp)

– HYTHER (http://ozone2.chem.wayne.edu/)
– Tm calculator for oligos (Biomath Calculator; Promega)

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Tm results (3)

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Structure results

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Primer design results (1)

• Optimal annealing temperature prediction:

modified (Rychlik et al., 1990) formula 
• Used best Tm predictors (MELTING and Oligo 

calculator (McLab))
• Ta

OPT calculated for all amplicons
• Experiments with those optimised Ta

OPT values
• +/- <- successful PCR or not

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Primer design results (2)

Chavali et al., Bioinformatics. 2005 Oct 15;21(20):3918-25.



Consensus Tm estimation method

• Comparison of differences among of the 
published DNA/DNA Tm calculation 
methods

• Oligos ranging 16 – 30 bp
• Whole range GC-content
• 348 experimentally validated oligos 

Panjkovich et al., Bioinformatics. 2005 Mar;21(6):711-22.



Consensus Tm estimation method

Panjkovich et al., Nucleic Acids Res. 2005 Jul 1;33(Web Server issue):W570-2. 



Panjkovich et al., Bioinformatics. 2005 Mar;21(6):711-22.



Consensus Tm estimation method

• Avoid secondary structures (because such 
sequences are not going to follow a two-state 
transition such sequences are not going to follow a 
two-state transition)

• Avoid using sequences that fall in those regions of 
oligonucleotide feature space where none of the 
current methods agrees whole range GC-content

• If possible, use oligonucleotide sequences that fall
in the middle range of CG-content and of a length 
16–22mer

Panjkovich et al., Nucleic Acids Res. 2005 Jul 1;33(Web Server issue):W570-2.
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