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Context
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Password
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Context

http://pbil.univ-lyonl.fr/roso/loadWkgFiles.php

Metscape: Bun ROS0

I A 4 » £ <+ &£

Pracédente Recharger  Accueil  Rechercher Guide Imprimer  Sacurita

- -
| Adresze '\&lhttp:.-".-"pbil.univ-lynn1 frdrosadloadwWkgFiles php | @ Infos connexes

-

ROSO
a friend for your design

BEEE contibution to PEIL in Lwon, France

(  HOME ][ ARTICLES )( PRINCIPLES )(STASTISTICS)
( USE ROSO |[CREDENTIALS)( COMMENTS |( HELP |

Send directly your formated files

The softwrare require FARTA formmated files.

@ Inferest zequences file: |

@ Inferest hits file; | Parconr. ..

® External hits file: |

| sendfiles || CLEAR |

Lo ST S Gy e L e
LR PR AR Dernipananr TR AR
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- I ntroduction: what we would liketo do...

 Data set selection

 Probe specificity: search of smilarities

* Probe localisation: physical and biological constraints
* Probe sensitivity: thermodynamic analysis

* Probe sensitivity: secondary structures

e Conclusion: running ROSO on the web
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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-lyonl.fr/search/query.htmil

: EEE confributon to PEIL in Lon, France

species | Send | Modity | Retrieve | Releases| Help |

Datsbank: [ GenBank =] GenBank: "sp=mus” et "m=MRNA"

2election critera;
Modity | Retrieve | Analyze |
L. | DEFAULT & I[ Apecies i] [RE
2. [ AND i][ Molecule i] |[‘EITA 2598493 matching sequences found
3. [ AN

| D = I[ Foeyrirord = || AA000002 mgZ7E05.r1 Scares movse embryo WBMELZ.S 14.5 us musculus cDFA
clone IMAGE:425025 3', mEN&4 sequence.
4. [ AND % ][ Keyrword 2]
A4000003

List name: [1ist [ SUIBMIT ][ CLEAR ]

mgZ7E06 . r1 Soares mouse embryo NBUELZ.S 14.5 MHus musculus cDHA
clone IHAGE: 425027 5° , mPHA sequence.

La00nnnd mg27£07.r1 Soares mouse embryo WNBUELIZ.S 14.5 Mus musculus DL
clone IHAGE:425029 5' similar to gb:X&7083 M. musculus chop-10 mENA
[LIOUSEY ; , mBML seguence.

LA000005 mg27g0S.rl Soares mowse embryo NBIEIZ.S 14.5 Mus musculus cDHA
clome IHMAGE:425048 5' similar to gb:D14531 605 EIEOSOMAL FEOTEIN L9
[HULIANY ; , mBHA segquence.

LA000008 mg27gls.rl Soares mowse embryo NBIEIZ.S 14.5 Mus musculous cDHA
clome IMAGE:423030 5° similar to gb:X714%1 TACTOLAE ATF SYNTHASE

Problems: Flone Tiace dan0st 3 siuslar to

- Alternative splicing, terminating... SADNONDD 79T 51 Soares ponce enbryo IBIELS 5 14.5 fos muscnins o
- 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.

70%

internal gene 06
85%
65%

internal gene 12

internal gene 45
internal genei ATCGTAGGTAGATCGATCCCGATAGATTTACAGATACACGTAGACATAGATTTAGAATGACCAGATGACAGATAGA
66%

external gene 123
2% 5%

external gene 49

external gene 13 8% _ —82%_




Probe specificity: search of similarities

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

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

Example:

ACGTAGT GACGATAGAAT GATGACGATGATGACAGTAATGTGTCGTGAAC
ACG AGTGACG TAGAATGAT ACGATGAT ACAGTAAT TGTCGTGAAC

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



Probe specificity: search of similarities

20 bp on the groES gene of E. coli
tggcgaagtgaagcegetggy

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

I_"I1_1,E-rhr: 1 t.gg.::g:a,:a,g't.g:a,:ag.::.::g.::t.gg 20
(AERRRRRRRRRRRRRRRRN
E:]:ljl::t.: 155 t.ggl::g’:i:'1g‘t.g’:i:ig'l::l::g'l::t.gg 1':-'-1




Probe specificity: search of similarities

one central mutation (95% homology with groEL):
tggcgaagt aagcegetggy

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

genome

Length = 10162

0.2 bits (15, Expect
Identiti 15/15 (100%)

Strand = = S Flus

> The bigest homology is not found by Blast




Probe specificity: search of similarities

one central mutation (95% homology with groEL):
tggcgaagt aagcegetggy

Blastn (W=7, q=-2)

[ |i';_.
Length = 2

Juer ¥ i t JOCqas g't. A8 A Qoo t fany 20
RERRRRREEN (111

E:]:l :| [ t . 1 '5'5 t |;|'|;|'|:: |;|':3_ 3 |;|'t. |;|':3_ 3 |;|'|_: [ |;|'|:: t |;|'|;|' 1 ':-'-1

> The bigest homology isfound




Probe localisation: physical and biological constraints

* Physical constraints:
- PolydT priming: probes should be designed closeto 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
- dternative splicing
- UTR are more variable than coding regions



Probe sensitivity: thermodynamic analysis

- T\, = Melting temperature
50% of nucleic acids are double strand

- Hybridization (T,) is performed 5 to 10°C below T,.

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

--> |n 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):

e AT/GC method: Tm = 2AT + 4GC
(very ssmple 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.



Probe sensitivity: thermodynamic analysis

T = 4166 log

AS+RInC;

R = 1.987 cal K- mol-! (perfect gaz constant)
C; : nucleic acid concentration
AH and AS: variations of enthalpy and entropy between single and double strand DNA

AH = AHmltlatlon AHsymétrie-l_ZAl_I

[Na ] ASnltlatlon A%ymetrle-l_ ZA3<

AH or ASinitiation : function of GC
AH ou AS symétrie : function of mismatch
AH, ou AS, : nearest neighbor interactions



Probe sensitivity: thermodynamic analysis

- Initiation and symetry:

| AHkcalmol? AS cal.mol™ AG kcal.mol™
Initiation (A, T, G,C)

Initiation (only A and T)
. symétte | o0 | 14 [ 04

- Interaction table:

Right Base
(A | 9 |22 [-100] 72 |-204|-08€] 84 |-224] 1] -7 |-200] 1)

-21,3 -0,58 -22,2| - -8,2 [-22,2]-1,3 -22,
G (o5 727 18] 7o [2r0] 128] 50| o9l 12| o 272 228
K

[ [ 57 [722[ 1] 54| 224 1] 98 [284] 1] S0 | o[ 1ok

(Santa Lucia, PNAS, 1995)



Probe sensitivity: thermodynamic analysis

Example: GCTAGC

AHtotal = AHinitation + AHsyméftrie + AHGC + AHCT + AI_ITA + AHAG + AHGC
AH,,=01+0-9.8-7.8-72-7.8-98=-423kca.mol-1

AStotal = ASnitation + ASsymétrie + ASGC + ASCT + ASTA t ASAG + ASGC
NS, =-28-14-244-21-213-21-244=-116.3 ca.mol-1

T=— — 40 6 |0Lj—27315: 287 °C

m~ - 1163+1987IM0° 1+0.7d

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

=20

Taille

--> compromise between Tm and specificity




Probe sensitivity: thermodynamic analysis

Tm isfunction of DNA concentration

84,0

83,0

82,0

81,0

80,0

79,0

78,0

77,0

1010 109 108 1077 106
concentration en acide nucléique cible (en M)
(échelle logarithmique)




Probe sensitivity: secondary structures

Two kinds of secondary structures:

5' BATGOARAGGECTGATTTCTGATCCAGATTTAAAT 3
3 TAAATTTAGACCTAGTCTTTAGTCOGGAAAGETAG

2’ GATGIii???EGE—-
C
2 TAAATTTAGACCTAGTCTTTAGT-

--> Stable secondary structures decrease hybridization rates

: 1
|



Probe sensitivity: secondary structures

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

MFOLD : Prediction of RNA secondary structure (M. Zuker)

[ Reset ][ Fun mfiold ] e |

Zequence File (SEC) (fommat

Bequence type (default = lnear) (L0 7 () [defanlt]
RH& (defaulfy or DA (MAY 7 () [defanlt] @ RIS

dG = -23.9 [initially -23.9] 02MarZi-13-15-5




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 N, or GGG and CCC should be avoided.



Conclusion: running ROSO on the web )

Homology search Removing regions with x%
(blast) homology

Increment homology, Thermodynamic analygi S Removing probes with stable
stability thresholds, probe (Tm and secondary structure stability) secondary structures

Probe sat:
(at least one probe per gene)

length, localisation...

Optimal probe set:

m probes per internal gene with the
lowest Tm variability
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A few web sites...

http://www.cbs.dtu.dk/servicessDNAarray/probewiz.htmi
http://www.nwfsc.noaa.gov/protocols/oligoTMcal c.html
http://www.anachem.co.uk/public/new-products/hybsimul ator/default.asp
http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cg

http://bioweb. pasteur.fr/seganal/interfaces/mel ting.html

m probeand primer design:
http://berry.engin.umich.edu/oligoarray/index.html (JM Rouillard)
http://arrayit.com/Services/ArrayDesign/arraydesign.html
http://ural .wustl.edu/~lif/probe.pl
http://www.labvel ocity.com/jellyfish/index.jhtml

m  Secondary structures;
http://bioinfo.math.rpi.edu/~zukerm/
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