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PCR stands among the keystone technologies for analysis of biological sequence data. But despite its ubiquity, we lack the
precise predictive capability that would enable detailed optimization of PCR reactions dynamics. Electronic PCR (ePCR) is an in
silico method to model the kinetic, thermodynamic, and biological processes of PCR reactions. Here, we introduce speed
improvements and approximate methods to make simulation of >40 thermocycles computationally feasible.

Introcductior
Question: Can we simulate, in reasonable time, the dynamics of PCR,
taking into account experimental conditions including time-
temperature schedule, ion concentrations, and complex sequence
mixtures?

The underlying biochemistry including DNA-hybridization kinetics
and polymerase behavior has been extensively studied. Stochastic
simulation methods have been perfected years before. The goal here
is to bring this all together.
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Themodel ofiasinglethermocyclerWeimodell4 types ofireactions: annealing, dissociation, polymeraseextension), and melting: Although)
each) of these predominantly occursiinia specific temperature regime, they areiin constant competition throughout the thermocycle.,

Results
The Updatedicodercans simulate 40 thermocy/cles; aiving resulis
thattmake ntultive sense: The examplehelow averages, 10iseconds
per thermogcyclerfor a total off =7 minutes, simulatingfan experiment
that wouldhave taken =41 minutes to run. Future modifications
aim torimprove this time.

Example competing annealing reactions. At lower soak The system to the left is simulated through 40 thermocycles, at
temperatures, annealing reactions are generally more favorable, soak temperatures of 40°C and 64 °C. Note that more desired
opening pathways to undesired products, amplicons are output at 40 °C, where pathways to undesired
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Metnods
The simulation algorithm consists of a mixture of Gillespie’s
stochastic chemical kinetics algorithms: exact SSA, improved -
leap SSA, and trapezoidal t-leap SSA (with KINSOL).

Hybridization kinetics come from Wetmur’s theory. Polymerase
extension kinetics are consistent with Taq polymerase data.

Simplifiedicode ovemniew:

Discussion

e mpreverunning tme; Welhtroduce more eficient date:
stirtcturesy, aspeedier simulationtalgerthn andireasenable
approximations. These changes impreve running time, and the
approximations maintain acculacy: Simulation oifa typical
thermocycle on a mederately difficult problem takes < 20 seconds,
making simulation of >40 thermocycles fieasible.

Mor*Efﬁcient data structures >2x faster

Bestlsl reactions* >2x faster (typically)
Gillespie ‘pezoidal 1-Leap Alg >4x faster
Remove small r.omers* >10x faster (typically)
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Combined -x faster

When combined, the speed improvements give running times that The approximations maintain accuracy. The sample system is
are 2 orders of magnitude faster. *Approximations simulated for 40 thermocycles at 40 °C, with or without
approximations
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