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I. EXPERIMENTAL METHODS FOR LINK
CHARACTERIZATION IN PROKARYOTIC TRNS

Experimental methods used in transcriptional regu-
lation inference are numerous. For the three updated
networks analyzed in this work [1–3], we have listed
as many as 25 methods from the dataset of E.coli, 73
in B.subtilis repository and 22 method annotations for
M.tuberculosis (M.tb) case. A complete list of them is in-
cluded in a separate file (see section 2).

Despite these relatively high numbers, methodology
annotations of most of the links in the three networks
belong to two main groups: target expression level
comparisons (TELCs) and protein-DNA binding assays
(BAs).

Concerning the first group, typical experiments have
two phases. First, a mutant of the organism has to be
generated, in which the regulator under study presents
expression levels or functionality significantly altered
with respect to the wild type. The first common option
is to completely disrupt the transcription factor gene so
as to impair its function in the mutant strain. In the case
that the regulator is essential for cell survival, additional
copies of the transcription factor gene can be attached to
a strong promoter and inserted into the organism within
plasmids in order to produce a mutant in which the reg-
ulator has an enhanced expression level. The second
phase consists of studying the expression of other genes,
in order to identify those whose expression is modified
as a consequence of the changes associated to the tran-
scription factor. In order to do that, mRNA concentra-
tions of a precise gene can be measured using RT-qPCR,
or mRNA concentrations of large amounts of genes can
be simultaneously checked using a microarray. In or-
der to register expression changes in single genes, re-
porter genes are usually attached to the promoter of the
target under study. By measuring the signal associated
to the reporter –for example a fluorescence signal–, one
obtains a relative measure of how expression levels of
that gene change due to the regulator function. Alterna-
tive expression measurement approaches rely on mix-
ture separation blotting techniques to isolate the precise
mRNAs of eventual targets (northern blot), or even sep-
arate the target proteins from an heterogeneous cell ex-
tract (western blot). All the method annotations that can
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be assimilated to this scheme have been marked in red
in the document “MethodsSummary.xls” (see section 2)
and we call them TELCs.

The second approach –BAs– consists essentially of ex-
plicitly testing whether a protein-DNA interaction be-
tween the transcription factor and target gene’s pro-
moter exists. Electrophoretic mobility shift assay
(EMSA) represents the paradigm of this approach to test
whether a regulator binds to the promoter of a precise
gene. ChiP-on-chip technique gives the same informa-
tion in a parallel fashion, on a high amount of possible
targets. In turn, foot-printing assays, besides proving
a transcription factor is binding to the DNA, informs
about the precise position of the binding site. Once the
binding site of the regulator has been found –or once
one has only partial evidence of it–, directed mutagene-
sis techniques at the cis-regulatory element can be used
to prove the specificity of the interaction. Usually, a
regulator recognizes specific sequences, with small vari-
ations, which also allows us to computationally infer
transcriptional regulations according to the similarity of
gene promoters sequences to those already identified as
binding sites for the regulator under study. This kind of
evidences can be considered as binding proofs, as they
are based on previous sequences experimentally proved
to be actually recognized by the regulator; but they are
only weak evidences. In our work, we only have con-
sidered them as binding proofs for the case of M.tb. The
reason to proceed in this way is that this bacterium is
clearly the worst characterized of the three under study
here, and explicit binding evidence for it are yet rare
[3]. So, in order to recover a minimum statistics, we are
forced to include computational inferences of binding
sites as evidences in this case. If we also consider com-
putational inferences as binding proofs in the other two
systems, results do not significantly change (results not
shown). An alternative way to prove the physical impli-
cation of a certain regulator on the transcription of a cer-
tain gene is to reproduce an in vitro transcription assay
(or a run off transcription assay) in which one can verify
whether the presence of a regulator (transcription factor
or sigma factor) is required to start transcription of a cer-
tain gene(s). All the annotations associated to this kind
of methods have been marked in blue at “MethodsSum-
mary.xls”, and they have been associated to BAs in the
analysis.

For all datasets under study, there are method anno-
tations that can not be associated to any of the described
groups for many reasons. Some of them refer to meth-
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ods that can be used in combination to expression mea-
sures but also to binding assays. That is the case of tran-
scriptional initiation mapping techniques. These meth-
ods use mRNA samples to infer the initiation sites of the
genes from which they were transcribed. The explicit
implication of a transcription factor in the transcription
of the mRNA samples could be determined or not, us-
ing additional techniques; whilst the technique can also
be used (or not) to measure the mRNA concentrations
and eventually compare it to that of other set-up. Other
method annotations that have been excluded from our
analysis are those which are not direct references to ex-
perimental support (like previous bibliographic generic
references or orthology based inferences). For last, some
method annotations are too general or barely informa-
tive, or refer to measurements related to precise phys-
iological processes in which the genes involved in the
link take place. We have also excluded these annota-
tions from our analysis.

In conclusion, we define well characterized links
as those which have been annotated, at least, with a
method belonging to each of the two main groups:
TELCs and BAs. Thus, it must be stressed that we focus,
beyond the “strength” of the experimental evidences, on
the information about the aspects of the regulatory in-
teraction each evidence gives us: TELCs tell us what the

influence of the presence/absence of a certain regulator
on target levels is like; while BAs tell us whether the in-
teraction is direct or whether it has not yet been found
to be so.

II. METHODS LIST

The list with all methodological annotations provided
by the databases [1–3] and analyzed here is included in
“MethodsSummary.xls”.

III. SIGNED TRN OF M.TB.

We present in this work a second release of the tran-
criptional regulatory network of Mycobacterium tuber-
culosis first compiled in [3] now providing interaction
signs when possible. Exhaustive information ordered
by experimental sources is provided in the spreadsheet
“bibliographicalRevision.xls”. A list of the genes of the
network is found at “IDlistMtb.txt”, and the network it-
self at “MtbTRnetwork.txt”. At “readme.txt“ informa-
tion about the changes incorporated to this second ver-
sion of the dataset can be found.
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