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Introduction

Circadian Rhythms are characterized as endoge-

nous and self sustaining oscillators with a pe-

riod of approximately 24 hours (temperature

compensated)[1].

The molecular basis of the circadian oscillator

is currently described as many components in-

terlocked in a set of negative and positive feed-

back loops[1]. They evolved to react and an-

ticipate daily light-dark cycles, in order to con-

trol gene expression that regulates metabolic and

behavioural processes. These oscillations are

present in many kinds of living organisms (eu-

karyotes and cyanobacteria). To describe these

oscillations, modelling tools such as ODE, differ-

ential equations with delays, Boolean networks

and State Space models among others are used.

Ostreococcus Tauri is a pico alga[3], a species of

unicellular plant; it has been described as the

smallest known free-living eukaryote. As such

it has a compact genome, so is a good stepping

stone into the study of plants. At the heart of

its oscillator, two genes have been identified[4],

but the exact mechanism and configuration is

still under study[5]. Finally, there are non-

transcriptional oscillations, which are present in

the absence of transcription factor expression.

The exact function and origin of these oscillations

is still a great source of speculation[7].

Research questions and

methods

One of the first models to be tested experimen-

tally was the Repressillator, a three gene oscilla-

tor present in fruit flies. The figure shows a sim-

plified representation of the Repressillator, the

first repressor gene TetR inhibits the transcrip-

tion of the second repressor gene which in turns

inhibit the expression of the third gene. Finally

the third gene inhibits TetR production, closing

the feedback loop[2].

Repressillator model

The repressilator can be expressed in general

terms using a system of nonlinear ODE.
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ṗ3 = k3m3 − k
p
3p (6)

With vi being the maximum rate of transcrip-

tion of gene i, ki,j is the concentration of protein

pj at which gene i reaches half of it’s maximum

transcription rate, k
p
i and km

i are the degradation

rates of protein and mRNA of gene i and ki is the

translational constant.

Results

The research just started, the objective will

consist in use computational and mathematical

methodologies, in order to help biologists study

and analyse data produced by circadian rhythm

experiments involving O. Tauri and other plant

organisms. Currently I am evaluating schemes for

parameter estimation using Kalman filter meth-

ods for state space models. Some preliminary

results include the application of a UKF filter

to estimate some parameters over the classic Re-

pressillator model presented in the previous sec-

tion, using a slight modification to the algorithm

presented in [6]. The UKF is a Kalman Filter

variaton, its purpose is to estimate the continu-

ous hidden state Xt of a state space model of the

form:

θt = θt−1 (7)

Xt = F (Xt−1; θt−1) + ηx
t (8)

Yt = H (Xt−1; θt−1) + η
y
t (9)

by reducing the error between the predicted esti-

mate F (Xt−1; θt−1) and the observations Yt; sub-

ject to process and observation noise . Because

the studied model is non-linear, the predicted

estimate is obtained using a method called Un-

scented Transform, that produces a set of points,

called sigma points. These points are then propa-

gated through the non-linear dynamics and used

to calculate an approximation to the true mean

and variance of the hidden state. The following

figures show some estimations of constants ki,j

and protein concentrations using a UKF filter-

smoothing process with a joint ”state-parameter”

variable. It has shown to be a fast estima-

tion process, but prone to find local minima.

k1,2 k2,3

k3,1
Protein 1

concentratios

Future Work

Ongoing work includes the development of a tool

to apply any model to the inference scheme.

An SBML representation of the models will be

used. SBML is a XML dialect focusing in mod-

elling of biological and chemical reactions. Fu-

ture perspectives include the application of ma-

chine learning models to study interactions be-

tween the components of the O. Tauri oscillator

and to identify possible components of the non-

transcriptional oscillator.
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