


Fig. 2 The kinematic analysis for the hyperbolic channel (case IV in Table 1). Dimensionless electric field: §a)and (b) y-components. (c) Non-
dimensionalized electrophoretic strain rate distribution in the channel. (d) Each cross denotes the sampled principal axes of stretching and
compression along three electrophoretic field lines. The black and green lines of each cross correspond to stretching and compression axes,
respectively and the length of lines denotes the relative magnitude of strain rate. The inset in (d) shows a magnified view of the rectangular region.
Each field line starts from /I, y/w;)=(2.1,0), (2.1,0.5) and (2.1,0.95) successively from the bottom. The thick gray line is the channel boundary.
Non-dimensionalized strain rate (e), and strain (f) according to different feeding locations for a hyperbolic channel (case IV in Table 1). These
initial conditions correspond to the field lines plotted in Fig. 2(d) andl. corresponds to the length of the funnel (8avm).
Numerical model ‘target-induced searching algorithm™® and we developed a

. ~ modified Heyes—Melrosé® hard-sphere algorithm to consider
We presented a method to simulate DNA electrophoresis in e wall interactions which prevents a bead from penetrating
complicated geometries in our previous work* Our numerical through walls. We briefly describe the numerical method used

method is composed of three parts: BD, FEM and the i, this work and the complete description is presented in our
connection algorithm between FEM and BD. DNA is modeled previous work.1®

as a bead-spring chain with excluded volume interactions.

FEM is adopted to solve the electric field in complicated

geometries, and the electric field acts as a forcing term to drive Brownian dynamics
DNA in t_he bead-gprjng model. Om_a technical problem i_s that DNA is modeled as N, beads connected byN. = (N, 2 1)
addressing electric field is not straightforward in complicated
geometries composed of unstructured finite element meshes.
To accommodate this problem, we devised an efficient way to dr; 1h

—~ mPE&ilz =
address electric fields in unstructured meshes called as the dt ! f

springs. The evolution equation for bead i is:
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