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Abstract— Systematic Evolution of Ligands by EXponential
enrichment (SELEX) is a process to select the best aptamer
sequence in a huge aptamer library that binds a specified
target molecule with the highest affinity. There has been a
deterministic model of SELEX, and we develop a fully discrete
stochastic model to obtain more accurate results when the mass
action law does not hold. Specifically, we find that optimal
SELEX protocol in the stochastic model differs from that
predicted by the deterministic model.

I. PURPOSE

ACommon need across several disciplines of biology is for
precise targeting of biological structures and antigens

(such as delivering drugs) [1], [2], [3]. A modern molecular
targeting method is based on the use of aptamers, namely
short DNA or RNA oligonucleotides, usually about 15-60
bases in length [4]. A rapid and cheap method ot obtain
such aptamers is the systematic evolution of ligands by
exponential enrichment (SELEX) [4], [5].

The goal of a SELEX protocol is to identify and isolate
the aptamer sequence that binds a specified target molecule
with the highest affinity. The process of SELEX begins with
a solution containing target molecules and many different
aptamer sequences with different affinities to the target
(aptamer library). At equilibrium, unbound aptamers are
removed, and the bound aptamers are isolated and amplified
through polymerase chain reaction (PCR). After one cycle
of target exposure and PCR, those aptamers that best bind
the target should have a larger proportion. This SELEX
cycle can be repeated several times to further distill the best
binders. From cycle to cycle, one can use different numbers
of the target and aptamers, but the relative abundances of
different aptamer types cannot be tuned. A SELEX protocol
or “policy” describes how to assign such molecule numbers
in each cycle [6]. Different policies lead to different aptamer
abundances.

Some quantitative work models the SELEX protocol with
a deterministic dynamics, based on the mass action law [7],
[8], [9], [10], [11]. In this deterministic model, the optimal
protocol to capture the best binding aptamer sequence with
less rounds of SELEX is setting the aptamer number to be
large and the target number to be small.
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However, in the early cycles, when there might be a large
number of different aptamers in the solution, the number of
strongest binders may be small, and the mass action law used
in the deterministic model might fail. When the best binder
is rare, it might be lost after one cycle of SELEX. Even if
the best binder is not lost, stochastic fluctuations in aptamer
proportions might affect further cycles of SELEX.

Here, we build a purely stochastic model of SELEX
by investigating the stochastic process of aptamer-target
binding. We derive an expression for the discrete stationary
probability distribution of bound aptamers. Then we deter-
mine the upper and lower bounds for the proportion of the
best aptamer after one round of SELEX. Most importantly,
we study the optimal policy that maximizes the expected
proportion of the strongest binding aptamer after multiple
rounds of SELEX. The optimal policy in our stochastic
model is different from that of the deterministic model.
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