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Short Abstract —Somatic cells can be reprogrammed to
embryonic stem cell-like state by introducing few
reprogramming factors. Inspired by the phenomenological
reprogramming model of Artyomov et al. (2010), we proposed a
novel Markov model with more realistic gene regulation rules
and explored various properties of the model with Monte Carlo
simulation. Furthermore, we demonstrated the utility of our
model by testing it with the real dynamic gene expression data
spanning across different intermediate stages in the iPSC
reprogramming process. The data can be predicted and
explained by our model reasonably well; in turn, it lands further
support on our general rules of gene regulation in iPSC
reprogramming.
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|. BACKGROUND

Somatic cells can be reprogrammed to induced-pluripotent
stem cells (iPSCs) by introducing few reprogramming factors
(such as Oct3/4, Sox2, c-Myc and KIf4) [1]. However, the
mechanism of induced pluripotency is still unknown.

Experiments showed that gene expression and epigenetic
modifications change dramatically in the reprogramming
process [2,3], which makes us depict the reprogramming
process as pushing the cell going up epigenetic energy
landscape by a set of reprogramming factors. Although all the
cells have the potency to be reprogrammed, only the cells
having overcome all the epigenetic barriers can be
reprogrammed to the iPSC state, which partly explains the
low efficiency of reprogramming.

In this framework, we proposed a novel Markov model,
stepwise reprogramming Markov (SRM) model, depicting
that the somatic cells dedifferentiate towards pluripotent state
gradually and stochastically in the reverse order of pluripotent
stem cell differentiation.

Il. METHODS

We modeled the reprogramming process by a Markov
chain whose states are different differentiation stages of a cell,
cell death or intermediate state in reprogramming. We
assumed that cell differentiation forms a binary tree and
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group of cell type specific genes can be granulated as a
module to represent each cell type. Thus states in the Markov
chain can be defined by the “open” or “close” of expression
and epigenetic states of the modules. The transition
probability can be calculated by two phenomenological rules
of gene and epigenetic interaction of within a module or
between a pair of modules. As reprogramming factors
activate or repress a module stochastically, the cells starting
from somatic state transit between the states in the Markov
chain and eventually reprogram to iPSC state or die.

A. Estimating reprogramming rate and time

Reprogramming rate is estimated by the probability of cells
getting to IPSC state and reprogramming time is the
expectation of number of transitions getting to iPSC state.

Furthermore, we modified our model and showed that
reprogramming rate would increase in the condition of
knockdown of somatic transcription factors or inhibition of
DNA methylation globally. Our estimation of reprogramming
rate and time is consistent with the real experiments.

B. Simulating gene expression changes in reprogramming

Expression of cell type specific genes in each module can
be computed by the probability of cells reaching each state of
the Markov chain from somatic cell state at different time
points. The results agree with the real time-serial
reprogramming expression profiles of gene clusters enriched
in corresponding cell type specific genes.

I1l. CONCLUSION

Our model explored general rules of gene regulation in
iPSC reprogramming, correctly predicted reprogramming
rate under several typically experiment conditions and partly
explained gene expression change during reprogramming,
which may help uncover the basic mechanism of
reprogramming and improve the efficiency of converting
somatic cells to iPSCs.
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