




Figure 9 (A) KL-divergence between sequential models. (B) Pairwise KL-divergences between models.

Figure 10 Representative structures for states 4 (green) and 6 (magenta).
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insights into important phenomena, such as allosteric
regulation. Our models can also be used to investigate
motions that are localized to specific regions of the
system.
Finally, we note that because our first algorithm pro-

duces a regularized estimate of the true covariance
matrix, Σ, it could potentially be used as a pre-proces-
sing step for PCA-based methods, which normally take
as input the sample covariance matrix.

Conclusions and future work
We have introduced three novel methods for analyzing
Molecular Dynamics simulation data. Our algorithms
learn regularized graphical models of the data which can
then be used to: (i) investigate the networks of correla-
tions in the data; (ii) sample novel configurations; or (iii)
perform in silico perturbation studies. We note that our
methods are complementary to existing analysis techni-
ques, and are not intended to replace them.
There are a number of important areas for future

research. Gaussian Graphical Models have a number of
limitations, most notably that they encode uni-modal
distributions and are best suited to modeling harmonic
motions. Boltzmann distributions, in contrast, are
usually multi-modal. Our third algorithm partially
addresses this problem by creating a Markov chain over

GGMs but the motions are still harmonic. Discrete dis-
tributions could be used to model anharmonic motions
(e.g., by adapting the algorithm in [24]). Gaussian distri-
butions are also best suited to modeling variables
defined on the real-line. Angular variables, naturally, are
best modeled with circular distributions, like the von
Mises. We’ve recently developed an algorithm for learn-
ing multivariate von Mises graphical models [25] which
could be used to model distributions over bond and
dihedral angles.

List of abbreviations used
GGM: Gaussian Graphical Model; KL: Kullback Leibler; MAP: maximum a
posteriori; MD: Molecular dynamics; MRF: Markov Random Field; MSM:
Markov State Model; PCA: Principal Components Analysis; QHA: Quasi-
Harmonic Analysis.
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