1 Name

MELTING - nearest-neighbor computation of nucleic acid hybridatio

2 Synopsis

melting [options]

3 Description

MELTING computes, for a nucleic acid duplex, the enthalpy and theopytof the
helix-coil transition, and then its melting temperaturarée types of hybridisation are
possible: DNA/DNA, DNA/RNA, and RNA/RNA. The program usdgetmethod of
nearest-neighbors. The set of thermodynamic parametersecaasely changed, for
instance following an experimental breakthrough. Meltim@ free program in both
sense of the term. It comes with no cost and it is open-soln@adition it is coded in
ISO C and can be compiled on any operating system. Some pgtssare provided
to show how melting can be used as a block to construct moréiaogbprograms.
If you USEMELTING, please quote

Le Novére.MELTING, a free tool to compute the melting temperature of
nucleic acid duplexBioinformatics 17: 1226-1227.

4 Options

The options are treated sequentially. If there is a confiétiveen the value of two
options, the latter normally erases the former.

-Afile.nn
Informs the program to usie.nnas an alternative set of nearest-neighbor pa-
rameters, rather than the default for the specified hylzidis type (optiorrH).
The standard distribution of melting provides some fileslye-use:all97a.nn
(Allawi et al 1997),bre86a.nnBreslauer et al 19863an96a.n{SantalLucia et
al 1996),sug96a.nr(Sugimoto et al 1996) (DNA/DNA)re86a.nn(Freier et al
1986),xia98a.nn(Xia et al 1998) (RNA/RNA) andug95a.nr(Sugimoto et al
1995) (DNA/RNA). The program will look for the file in a direarty specified
during the installation. However, if an environment valéahiN_PATH is de-
fined, melting will search in this one first. Be careful, thdiop-A changes the
default parameter set defined by the optibn

-Ccomplementary_sequence
Enters the complementary sequence, from 3’ to 5. This opgganandatory if
there are mismatches between the two strands. If it is nat, tise program will
compute it as the complement of the sequence entered withptien-S



-Ddnadnade.nn
Informs the program to use the fitlhadnade.nmo compute the contribution of
dangling ends to the thermodynamic of helix-coil transitid he dangling ends
are not taken into account by the approximative mode.

-Ffactor
This is the a correction factor used to modulate the effedhefnucleic acid
concentration in the computation of the melting tempermti8ee section AL-
GORITHM for details.

-h
Displays a short help and quit with EXIT_SUCCESS.

-Hhybridisation_type
Specifies the hybridisation type. This will set the neareshbor set to use if
no alternative set is provided by the optioh (remember the options are read
sequentially). Moreover this parameter determines thatgjuto use if the se-
guence length exceeds the limit of application of the ne¢areghbor approach
(arbitrarily set up by the author). Possible valuestaredna dnarnaandrnadna
(synonymous), antharna. For reasons of compatibility the values of the previ-
ous versions of melting\,B,C,F,R,S, T,U,Vdre still available althougktrongly
deprecated. Use the optief: to require an alternative set of thermodynamic pa-
rametersImportant: If the duplex is a DNA/RNA heteroduplex, the sequence
of the DNA strand has to be entered with the opti&n

-linput_file
Provides the name of an input file containing the parametetiseorun. The
input has to contain one parameter per line, formatted aseércommand line.
The order is not important, as well as blank lines. example:

- Hdnadna

- Asug96a. nn
- SAGCTCGACTC
- CTCGAGGTGAG
-NO. 2

- P0O. 0001

-V

- Ksan96a

-Ksalt_correction
Permits to chose another correction for the concentraticgodium. Currently,
one can chose betwearet9la, san96a, san988ee section ALGORITHM

-L
Prints the legal informations and quit with EXIT_SUCCESS.



-Mdnadnamm.nn

Informs the program to use the fillmadnamm.nto compute the contribution of
mismatches to the thermodynamic of helix-coil transitiblate that not all the
mismatched Crick’s pairs have been investigated. Thezdfaould be impos-
sible to compute the Tm of a mismatched duplex. Moreovegdhnismatches
are not taken into account by the approximative mode.

-NX.xxe-xx

Sodium concentration (between 0 and 10 M). The effect of mmshermody-
namic stability of nucleic acid duplexes is complex, anddbeecting functions
are at best rough approximations. Moreover, they are giynestable only for
[Na*] belonging to [0.1,1 M]. Note that the divalent ions, notaMg?t have
a drastic effect, and therefore the resultMELTING is correct only in absence
of such divalent ions. Some authors showed that a mix of 0.18a@I with
10 mM MgCI2 could be equivalent to 1 M NaCl. An artificial ineige of the
sodium concentration prior to the computation could be atogyroceed.

-Ooutput_file

The output is directed to this file instead of the standargwiut The name of
the file can be omitted. An automatic name is then generatededorm melt-

ingYYYYMMMDD_HHhMMm.out (of course, on POSIX compliant syems,

you can emulate this with the redirection of stdout to a filestoucted with the
program date).

-Px.xxe-xx

P

Concentration of the nucleic acid strand in excess (betWesrd 0.1 M).

Return the directory supposed to contain the sets of caricparameters and
quit with EXIT_SUCCESS. If the environment variable NN_PATS set, it is
returned. Otherwise, the value defined by default duringctirapilation is re-
turned.

Turn off the interactive correction of wrongly entered paeder. Useful for run
through a server, or a batch script. Default is OFF (i.e. radive on). The
switch works in both sens. Therefore-if has been set in an input file, another
-q on the command line will switch the quiet mode OFF (same tifihgo -q
are set on the same command line).

-Ssequence

Sequence of one strand of the nucleic acid duplex, entered3®. mportant:

If it is a DNA/RNA heteroduplex, the sequence of the DNA sttdras to be
entered. Uridine and thymidine are considered as identithé bases can be
upper or lowercase.

-TXXX

Size threshold before approximative computation. The estareighbour ap-
proach will be used only if the length of the sequence is infdo this threshold.



Control the verbose mode, issuing a lot more informatiorualite current run
(try it once to see if you can get something interesting). ab#fis OFF. The
switch works in both sens. ThereforeWf has been set in an input file, another
-v on the command line will switch the verbose mode OFF (sammytifitwo

-v are set on the same command line).

-V
Displays the version number and quit with EXIT_SUCCESS

-X
Force the program to compute an approximative tm, based @hddntent. This
option has to be used with caution. Note that such a calcotigasingly incor-
rect when the length of the duplex decreases. Moreover,ds chot take into
account nucleic acid concentration, which is a strong rkésta

5 Algorithm

5.1 Thermodynamics of helix-coil transition of nucleic acid

The nearest-neighbor approach is based on the fact thaetixecil transition works
as a zipper. After an initial attachment, the hybridisatioopagates laterally. There-
fore, the process depends on the adjacent nucleotides bisiand (the Crick’s pairs).
Two duplexes with the same base pairs could have differabiigtes, and on the con-
trary, two duplexes with different sequences but idense#d of Crick’s pairs will have
the same thermodynamics properties (see Sugimoto et ak)19%is program first
computes the hybridisation enthalpy and entropy from tleenehtary parameters of
each Crick’s pair.

AH = Shinitiation + D 8Ncrick spair

AS = JSnitiation + Z dScrick'spair

See Wetmur J.G. (1991) and Santalucia (1998) for deep reviewthe nucleic
acid hybridisation and on the different set of nearestmeig parameters.

5.2 Effect of mismatches and dangling ends

The mismatching pairs are also taken into account. Howéeethtermodynamic pa-
rameters are still not available for every possible casetality when both positions
are mismatched). In such a case, the program, unable to ¢erapy relevant result,
will quit with a warning. The two first and positions cannotipésmatched. in such
a case, the result is unpredictable, and all cases are oskibinstance (see Allawi
and SanLucia 1997), the duplex

A T
GTGAGCTCAT
TACTCGAGTG

T A



Figure 1: Comparison of experimental and computed Tm foiouarsets of nearest-
neighbor parameters. [Nd = 1 M, [nucleic acid]= 4- 1074 M
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Figure 2: Comparison of experimental and computed Tm foiouarsets of nearest-
neighbor parameters. [Nd = 0.11 M, [nucleic acid}= 8- 106 M
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is more stable than

AGTGAGCTCATT
TTACTCGAGTGA

The dangling ends, that is the unmatched terminal nuclestidan be taken into
account.

5.3 Example

AGCGATGAA- AG
AH + AH
(-CGCTGCTTT) < > ( )
can(g) +an(})
C init T init
GA AA
AH AH 2xAH AH
o) +an(g) +2ran () + a4 (7r)
AT TG
AH(_~ AH(
+ a4 (1) +an ()
(The same computation is performed o)

54 Themeting temperature

Then the melting temperature is computed by the followirrgiida:

— AH +
™ = IsEhes F(Nat]) — 27315
Tmin K (for [Nat]=1 M) correctionfor the salt concentration and to get the

temperature in degree Celsius. (In fact some cor-
rections are directly included in th&eS see that of
SanLucia 1998)

5.5 Correction for the concentration of nucleic acid

F is 1 in the case of self-complementarity oligonucleotidéthe ODNs are not self-
complementany is 4 if both strands are present in equivalent amountais® if one
strand is in excess (for instance RTR experiments). Actually in the latter case, the
formula would have to use the difference of concentratiatisar than the total concen-
tration. But if the excess is sufficient, the total conceitracan be assumed to be iden-
tical to the concentration of the strand in excess. That aneé strand is in excess, the
actual formula is effectivelyfCmax — Crin)/2 but if Cmax > Ciin: Cmax— Cmin
is close to the total concentrati@y . If Cmaxis close toCyyin, (Cmax— Cpin)/2 is
equivalent taCy /4, which is the default correction.

Note however thaMELTING makes the assumption of no self-assembéy, the
computation does not take any entropic term to correct fibiceenplementarity.



Figure 3: Comparison of experimental and computed Tm fapuarcorrection of salt
concentration.
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5.6 Correction for the concentration of salt

Currently, the only available correction is for sodium (imonovalent cations). the
correction can be chosen betweeet91apresented in Wetmur 199%.

[Na*]

166log—— o 1__
91T 07INa]

+3.85

san96goresented in SantalLucia et al. 1936
12.5log[Na']

andsan98apresented in SantalLucia 19B8. a correction of the entropic term without
modification of enthalpy

AS= ASNgr_1m T 0-368(N — 1) In[Na*]

WhereN is the length of the duplex.



5.7 Longsequences

It is important to realise that the nearest-neighbor apgrdms been established on
small oligonucleotides. Therefore the usev#ELTING in the non-approximative mode
is really accurate only for relatively short sequencesh@ligh if the sequences are
two short, let's say< 6 bp, the influence of extremities becomes too important and
the reliability decreases a lot). For long sequences anoappative mode has been
designed. This mode is launched if the sequence lengthliehtpan the value given
by the option -T (the default threshold is 60 bp).

The melting temperature is computed by the following forasul

ADN/ADN:
[Nat] 500
Tm=815+166log—————— + 0.41%GC — —
m + Og1+ 0.7[Na*] + size
ADN/ARN:
[Nat] 500
Tm=67+16.6log—————— + 0.8%GC — —
m + Og1+O.7[Na+] + size
ARN/ARN:
[Nat] 500
Tm=78+166log————— + 0.7%GC — —
+ g1+O.7[Na+] + size

The usage of this mode is neverthelss®ngly disencour aged.

5.8 Miscellaneous comments

MELTING is currently accurate only when the hybridisation is perfed at pH 7+ 1.
The computation is valid only for the hybridisations penfigd in aqueous medium.
Therefore the use of denaturing agents such as formamidpletaty invalidates the
results.
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7 Files

*.nn Files containing the nearest-neighbor parameters, gtlaald entropy, for each
Crick’s pair. They have to be placed in a directory definedrdpthe compilation
or targeted by the environment variable NN_PATH.

tkmelting.pl A Graphical User Interface written in perl/tk is availabte tisers who prefer the
'button and menu’ approach.

*.pl Scripts are available to useeLTING iteratively. For instance, the script multi.pl
permits to predict the Tm of several duplexes in one shot. Sdnigt profil.pl
allow an interactive computation along a sequence, byrglidiwindow of spec-
ified width.

8 SeeAlso

New versions and related material can be fountitatp: / / ww. past eur. fr/
recher che/ uni t es/ neubi onol / el ti nghone. ht n

You can USeMELTING through a web server dit t p: / / bi oweb. past eur.
fr/seqanal /interfaces/nelting. htm

9 Known Bugs

The infiles have to be ended by a blank line because otherWéséast line is not
decoded.

If an infile is called, containing the address of another trijhe, it does not care of
this latter. If it is its own address, the program quit (is by or a feature?).
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In interactive mode, a sequence can be entered on sevasMith a backslash
AGCGACGAGCTAGCCTA\
AGGACCTATACGAC
If by mistake it is entered as
AGCGACGAGCTAGCCTA\ AGGACCTATACGAC

The backslash will be considered as an illegal charactee Egain, | do not think
it is actually a bug (even if it is unlikely, there is a smalbpability that the backslash
could actually be a mistyped base).

10 Copyright

Melting is copyright©1997, 2002 by Nicolas Le Novére

This program is free software; you can redistribute it andiodify it under the
terms of the GNU General Public License as published by tlee Boftware Foun-
dation; either version 2 of the License, or (at your optiony #ater version. This
program is distributed in the hope that it will be useful, BMTHOUT ANY WAR-
RANTY; without even the implied warranty of MERCHANTABILIY or FITNESS
FOR A PARTICULAR PURPOSE. See the GNU General Public Licefosemore
details.

You should have received a copy of the GNU General Publicriseealong with
this program; if not, write to the Free Software Foundatime,, 59 Temple Place,
Suite 330, Boston, MA 02111-1307 USA
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13 History

The version 4 has been entirely rewritten from zero. Theesém history of previous
versions would be of little interest.
See the file ChangelLog for the changes of the versions 4 ang raoent.
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