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Content

• Introduction: what we would like to do…

• Data set selection

• Probe specificity: search of similarities

• Probe localisation: physical and biological constraints

• Probe sensitivity: thermodynamic analysis

• Probe sensitivity: secondary structures

• Conclusion: running ROSO on the web



Introduction: what we would like to do

- n genes of interest (“internal” genes) 

- n probes :

• 30-70 bases (synthesized oligonucleotides)

• Specific : 
- as compared with the n “internal“ genes
- as compared with the N “external“ genes

• homogeneous and optimal chemical properties:
- TM
- secondary structures
- %GC, zippering...



Data set selection
http://pbil.univ-lyon1.fr/search/query.html

Problems:
- Alternative splicing, terminating...
- Paralogous families
- Data set redondancy (human, mouse)



Probe specificity: search of similarities

Probes are selected in specific regions, i.e. regions with no homology with both 
internal and external genes (n+N). Homologous regions will be determined
(blast) and eliminated. 
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Probe specificity: search of similarities

The Blast software:
W : word size (default 11)
f : Threshold for extending hits (default 0)
q : mismatch penalty (default -3)
r : match reward (default 1)

W=11, q= -3 : minimal homology detected 80% (100 pb)
W=7, q= -2 : minimal homology detected 70% (20 pb)

Example:
ACGTAGTGACGATAGAATGATGACGATGATGACAGTAATGTGTCGTGAAC
ACGGAGTGACGCTAGAATGATCACGATGATAACAGTAATTTGTCGTGAAC

Homology = 90% (W=11 : no match)



Probe specificity: search of similarities

20 bp on the groES gene of E. coli
tggcgaagtgaagccgctgg

Blastn (W=11, q= -3, default options)



Probe specificity: search of similarities

one central mutation (95% homology with groEL):
tggcgaagtaaagccgctgg

Blastn (W=11, q= -3, default option)

The bigest homology is not found by Blast



Probe specificity: search of similarities

one central mutation (95% homology with groEL):
tggcgaagtaaagccgctgg

Blastn (W=7, q= -2)

The bigest homology is found



Probe localisation: physical and biological constraints

• Physical constraints:
- PolydT priming: probes should be designed close to the 3’ end
- Random priming: Probes should not be designed close to the 3’ end

--> 100 to 750 bp from 3’ end

• Biological constraints:
- exons / introns
- alternative splicing
- UTR are more variable than coding regions



Probe sensitivity: thermodynamic analysis

- TM = Melting temperature
50% of nucleic acids are double strand

- Hybridization (TH) is performed 5 to 10°C below TM. 

- TM depends of:
• type and position of nucleotides
• salt concentration (stringency)
• nucleic acid concentration
• denaturing agent (urea, formamid)

--> In order to compare absolute values of spot intensities, probes should 
share the same Tm however to compare relative values (Cy3/Cy5), it is 
less important. 



Probe sensitivity: thermodynamic analysis

Calculating melting temperature (Tm):

• AT/GC method: Tm = 2AT + 4GC
(very simple but really bad!)

• GC method: 
ADN/ADN : Tm = 81.5 + 0.41(%GC) + 16.6log([K+] / (1 + 0.7[K+])) - (%mes) - 500 / N
ADN/ARN : Tm = 79.8 + 0.58(%GC) + 18.5log([K+] / (1+0.7[K+])) - (%mes) - 820 / N

(very good for probe > 50 bp)

• Nearest Neighbor: 

(very good for probe < 70 bp)

These modeles give good predictions for liquide-liquide hybridization.

Tm =
∆H

∆S + RlnCT
+16.6 log

K+[ ]
1+0.7 K+[ ]
 

 
 

 

 
 −273.15



Probe sensitivity: thermodynamic analysis

Tm =
∆H

∆S + RlnCT
+16.6 log

K+[ ]
1+0.7 K+[ ]
 

 
 

 

 
 −273.15

R = 1.987 cal K-1 mol-1 (perfect gaz constant)
CT : nucleic acid concentration
∆H and ∆S : variations of enthalpy and entropy between single and double strand DNA

∆H or ∆S initiation : function of GC
∆H ou ∆S symétrie : function of mismatch
∆Hx ou ∆Sx : nearest neighbor interactions

∆H = ∆Hinitiation +∆Hsymétrie + ∆Hx∑
∆S

1M Na+[ ] = ∆Sinitiation +∆Ssymétrie + ∆Sx∑



Probe sensitivity: thermodynamic analysis

- initiation and symetry:

- interaction table:

∆H kcal.mol-1 ∆S cal.mol-1 ∆G kcal.mol-1
Initiation (A, T, G,C) 0,1 -2,8 0,98

Initiation ( only A and T) 2,3 4,1 1,03
Symétrie 0 -1,4 -0,4

Right Base
A T C G

∆H ∆S ∆G ∆H ∆S ∆G ∆H ∆S ∆G ∆H ∆S ∆G
A -7,9 -22,2 -1,00 -7,2 -20,4 -0,88 -8,4 -22,4 -1,44 -7,8 -21,0 -1,28
T -7,2 -21,3 -0,58 -7,9 -22,2 -1,00 -8,2 -22,2 -1,30 -8,5 -22,7 -1,45

C -8,5 -22,7 -1,45 -7,8 -21,0 -1,28 -8,0 -19,9 -1,42 -10,6 -27,2 -2,24

L
ef

t B
as

e

G -8,2 -22,2 -1,30 -8,4 -22,4 -1 ,4 -9,8 -24,4 -1,84 -8,0 -19,9 -1,84

(Santa Lucia, PNAS, 1995)



Probe sensitivity: thermodynamic analysis

Example : GCTAGC

∆Htotal = ∆Hinitation + ∆Hsymétrie + ∆HGC + ∆HCT + ∆HTA + ∆HAG + ∆HGC
∆Htotal = 0.1 + 0 - 9.8 - 7.8 - 7.2 - 7.8 - 9.8 = - 42.3 kcal.mol-1
∆Stotal = ∆Sinitation + ∆Ssymétrie + ∆SGC + ∆SCT + ∆STA + ∆SAG + ∆SGC
∆Stotal = -2.8 - 1.4 - 24.4 - 21 - 21.3 - 21 - 24.4 = - 116.3 cal.mol-1

Tm =
−  42300

− 116.3+1.987ln10−6 +16.6 log
1[ ]

1+0.7 1[ ]
 
 
  

 
 −273.15=  28.7 °C

Mismatch can be considered in the formula but the table are not all published



Probe sensitivity: thermodynamic analysis

Tm (hybridization rate) is function of the probe size

--> compromise between Tm and specificity



Probe sensitivity: thermodynamic analysis

Tm is function of DNA concentration 
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Probe sensitivity: secondary structures

Two kinds of secondary structures: 

Hairpin

Homoduplex

--> Stable secondary structures decrease hybridization rates



Probe sensitivity: secondary structures

A reference software: MFOLD 
(http://bioinfo.math.rpi.edu/~mfold/rna/form1.cgi)



Probe sensitivity: secondary structures

- The formation free energy for the two distal pentamers has a key rule 
in hybridization « zippering effect »,  probes with G or C at both ends 
are more stable.

- probe GC contents should not be outside 40-65% GC.

- motif such as N4 or GGG and CCC should be avoided.



Conclusion: running ROSO on the web

selecting data sets

Removing regions with x% 
homology

Homology search
(blast)

Thermodynamic analysis:
(Tm and secondary structure stability)

Removing probes with stable 
secondary structures

Increment homology,
stability thresholds, probe 

length, localisation... 

Probe set:
(at least one probe per gene)

Optimal probe set:
m probes per internal gene with the 

lowest Tm variability
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A few web sites...

!! TmTm
httphttp://://wwwwww..cbscbs..dtudtu..dkdk/services//services/DNAarrayDNAarray//probewizprobewiz.html.html
http://www.http://www.nwfscnwfsc..noaanoaa..govgov/protocols//protocols/oligoTMcalcoligoTMcalc.html.html
http://www.http://www.anachemanachem.co..co.ukuk/public/new/public/new--products/products/hybsimulatorhybsimulator/default.asp/default.asp
http://wwwhttp://www--genome.genome.wiwi..mitmit..eduedu//cgicgi--bin/primer/primer3_www.bin/primer/primer3_www.cgicgi
httphttp://://biowebbioweb.pasteur.fr/.pasteur.fr/seqanalseqanal/interfaces//interfaces/meltingmelting..htmlhtml

!! probe probe and and primer design:primer design:
http://berry.http://berry.enginengin..umichumich..eduedu//oligoarrayoligoarray/index.html (JM/index.html (JM RouillardRouillard))
http://http://arrayitarrayit.com/Services/.com/Services/ArrayDesignArrayDesign//arraydesignarraydesign.html.html
httphttp://://uralural..wustlwustl..eduedu/~/~liflif/probe./probe.plpl
httphttp://://wwwwww..labvelocitylabvelocity.com/jellyfish/index..com/jellyfish/index.jhtmljhtml

!! Secondary Secondary structures:structures:
http://http://bioinfobioinfo.math..math.rpirpi..eduedu/~/~zukermzukerm//



Thanks...
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