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One of the most challenging tasks in systems biology is the reconciliation
of the mathematical models with experimental data. Biological models usually
contain unknown and unmeasurable parameters whose values must be estimated
from data. Parameter estimation can be carried out by minimizing a cost func-
tion of the fit (like the log-likelihood) in combination with an adequate global
optimiser (in order to avoid convergence to local solutions).

However, in the presence of scarce and noisy data a good fit does not guar-
antee unique parameter estimations. In other words, the parameters may vary
significantly despite providing fits of equivalent quality. Practical identifiability
analysis enables the possibility to asses the reliability of the estimates, both in
terms of confidence regions and correlation. This information is critical to define
the confidence on model predictions.

In linear models confidence intervals are proportional to the square root of
the eigenvalues of the covariance matrix. Since, systems biology models are non-
linear, and there is no general method to obtain the covariance matrix, it is
usually approximated by the inverse of the Fisher information matrix. Unfor-
tunately this approximation is only valid under specific conditions that are not
fulfilled in most practical cases. In addition, high correlation of the parameters
may induce rank deficient Fisher information matrices, thus precluding the com-
putation of confidence intervals. More reliable results can be achieved with Monte
Carlo based approaches. The underlying idea is to simulate a sufficiently large
number of experiments (several hundreds), and then perform parameter estima-
tion for all data realisations. The resulting population of parameter solutions is
then analysed to obtain information about confidence and correlation.

Both the Fisher information matrix and Monte Carlo based approaches re-
quire information about the type and amount of experimental noise. In practise,
Gaussian noise distribution is assumed with a given standard deviation. Never-
theless, whether the Gaussian assumption or the standard deviation are correct
is, in most cases, unknown.

In this work, we investigate the possibility of using the Leave One Out (LOO)
and Leave Several Out (LSO) methods, typically used for cross-validation, to
study identifiability. In addition, we propose the use of a residuals based boot-
strap approach (RBB) to enable the use of bootstrap methods to general (non
stationary) time series data. The LOO method solves successive parameter esti-
mation problems eliminating a single data point in each estimation, this trans-
lates in the necessity of solving nd (number of data) parameter estimation prob-
lems. The LSO method was designed to solve a sufficiently large number of
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parameter estimation problems (500 in this work) neglecting a random selection
of nlso ≥

√
nd data points in each estimation. The RBB approach generates a

sufficiently large number of pseudo-experimental data realisations (500 in this
work) by perturbing the residuals of the model at the best fit, the parameter
estimation problem is then solved for all realisations. The populations of pa-
rameter solutions achieved in all cases are analysed to obtain information about
confidence and correlation.

To study the properties of the proposed approaches we have selected a col-
lection of examples representative of biological systems, covering different sizes
and types of non-linear terms. Results achieved were compared to those reported
in the literature or those achieved by either the Fisher information matrix or
the Monte Carlo based approaches under the assumption that exact information
about the experimental noise is available.

Results
Our results indicate that the LOO approach is not suitable to estimate con-

fidence intervals, although it is quite reliable for the estimation of correlation
between parameters. In the examples considered, this method tended to over-
estimate the confidence intervals when the number of data is limited and to
underestimate them when the number of data is high.

The LSO and RBB alternatives provide pretty similar results, in agreement
with those from the literature or those obtained with the Fisher information
matrix and Monte Carlo based methods with exact information about the ex-
perimental noise. In addition both methods are capable of detecting lack of
identifiability.

It should be noted that both methods are equally successful in those cases
in which the ratio between the number of data and the number of parameters
(nd/nθ) is large, i.e. (nd−

√
nd)/nθ >> 2. The LSO method will tend to overes-

timate confidence intervals in those cases in which the data is limited, since lack
of identifiability in each realisation may be induced by the reduction of

√
(nd)

data.
As the main conclusion, the proposed RBB method presents clear advan-

tages since it does not require prior knowledge of the experimental error or the
parameters distribution and will provide confidence information even in highly
correlated scenarios.
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