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I. METHODS

A. Rate calculation nested states

The rate calculation for the systems with only two
states is given by Eq. 2 in the Main Text. In a multi-
ple state system, where states can be nested in between
interfaces of other states, such as the tetrahedron sys-
tems, Eq. 2 is not valid anymore as it assumes that tran-
sitions only occur when the outermost interface A,,; has
been reached, which is not necessarily the case for sys-
tems which are nested in between interfaces. If Eq. 2 is
used for the tetrahedron case, many transitions would be
missed in the rate calculation. One can circumvent this
problem by calculating the rate via the path-type num-
bers introduced in ref. [1]. A path-type number is de-
fined as n’ ;(Arr), which in words is the number of paths
in replica ¢ joining states I and J that have crossed at
maximum interface A\p;. The superscript indicates that
the paths should obey the condition of replica 7 in the
ensemble. Because we have set the maximum interface,
we can reweight these numbers with the WHAM weights
obtained with the reweighting of the crossing probability
as follows:

iy (Ak) = Wy Z 'y (Akr), (1)

where Wy, = (E;f w; ')~ is the WHAM weight for
paths that have crossed interface A\x; at maximum (note
that also the path-type numbers themselves can be
reweighted, however, this is more difficult and should be
the same as the weights obtained via the crossing prob-
ability anyway). Now we have the correct reweighted
number of paths that join state I with state J that have
crossed interface Apy. Subsequently summing over all
replica k gives the reweighted number of paths coming
from state I and ending in state J:

nry = ZTNLIJ(M) (2)
k=1

Because the Wang-Landau scheme biases the simulation
to sample all states equally via the state-swap bias, the
path-numbers for each state need to be corrected for this
bias. In an unbiased ensemble each I.J path is as likely
as the reversed JI path. Therefore, we split the obtained
path-type matrix, nyy, into M matrices and symmetrize
the Ith matrix: ny; = ny; and setting all other en-
tries of the Ith matrix to zero., resulting in M differ-
ent matrices with only a nonzero Ith row and a nonzero

Ith column. Subsequently, all M matrices are joined
via WHAM giving the individual weights for each state
(these weights can be used to calculate the coefficients,cy,
in the reweighted path probability). This leads to a
M x M transition matrix, P(Ags|A17). Normalizing the
matrix with the total numbers of paths going out of a
state Y ; P(Aos|A1r) and multiplying with the flux gives
the generalized rate matrix for multiple state systems:

P(Xos|Air)
e PoslAir)’

kry = (¢1) (3)

B. Flux analysis

The flux analysis from Transition Path Theory [2] is
very useful to study self-assembly processes as it indi-
cates which states get visited during a certain transition
between two states. The committor probabilities to reach
the final state are computed from the transition matrix.
If we consider the assembly process from state U to B,
the committor ¢;” equals the probability that from state
i the assembled state B is reached before returning to
state U. Using this definition qJUr = 0 and qg =1. We
can get the committor probabilities by solving the linear
set of equations:

g = Z Tivq; +Tin (4)
kel

where T;j is the transition probability to go from state
i to k in a certain lag time 7, given by T = exp(Kr7),
where K is the rate matrix, I is the subset of states so
that M = (U, B, I). The effective flux ¢;; is then given
by:

bij = mid; Tijq; (5)

where m; is the population of state i, ¢; = 1 — q;r is
the backward-committor probability. As ¢;; and ¢;; are
both positive, it is more informative to look at the net
flux:

= max[0, ¢s; — ¢y (6)

Note that the net flux for the reverse process is given by
the transpose: f;; = ( J)T. Therefore, the flux diagram
shown in the main text is exactly the same for the as-
sembly process with the difference that the direction of

the arrows are changed. The overall rate is given by:

+
Zj;&A mi1554q;

kij = D -
T Ei:o Tiq;

(7)



II. EFFICIENCY
A. TIS versus MD

The TIS algorithm is very useful to obtain the cor-
rect rates, free energies and path densities for rare event
processes[3]. However, the same information could be
obtained from straightforward MD simulations. The ef-
ficiency of the TIS simulation with respect to the MD
simulation is not easily calculated, as comparison is not
trivial. One way of comparing the two methods is by
investigating after how many time-steps the MD simula-
tion obtains the same error bar on the rate as the TIS
simulation. The TIS error bar on the dimer formation in
this work is shown in Table 1 in the Main Text, which is
roughly 5% of the total rate. When performing an MD
simulation the probability of a transition is estimated as
P(t) = 77 lexp(—t/7), where T is the average time one
has to wait for a transition. The second moment of this
distribution is:

(2 = /0 T et = 27 (8)

The standard deviation on the average rate calculation
after N transitions is 0 = ((t2) — (t)2)/N. The relative
error is o /7 = ﬁ Therefore, to obtain the same rel-
ative error in MD as in TIS, the number of transitions
N should be 400. The number of time-steps necessary
to obtain this relative error for the simple dimer system
is around N7 = N(kpy + kyp) ! = 400 x 108 ~ 1019
MC cycles. For the TIS run 10° MC cycles were used to
first converge the Wang-Landau bias and subsequently
get an average of the rate, which means the TIS run for
the simplest system is at least as efficient or around 10
times more efficient.

For the more complicated constrained tetrahedron
case, the slowest rate was on the order of 1071° due to the
additional bonds that need to be broken for a transition.
Therefore, the number of MC cycles necessary for a MD
simulation is multiplied by a 100, whereas the number
of MC cycles necessary for TIS remains the same. More-
over, the TIS simulation sampled the entire rate network,
whereas for an MD simulation 400 paths is probably not
enough to sufficiently sample the entire network between
the three states. The efficiency of TIS exponentially in-
creases with system size and barrier height.

B. The order parameter

Choosing the correct order parameter is essential to
TIS (as in every other biasing technique in molecular
simulation). In our work we chose the order parameter
to be the total energy of the system, as it can both bias
the rotational as the translational pathways, such that
hysteresis in sampling is avoided. However, this order
parameter is asymmetric in nature, it only biases towards

dissociation, except for the unbound state where we re-
verse the order parameter. This is not important for the
simple cases, however for the full tetrahedron assembly
it is.

If the low energy states (U, D1) become thermodynam-
ically more stable (at low attraction strength), pushing
the system towards higher energy means that the system
gets pushed downhill the free energy landscape. This
causes problems in the sampling of TIS as we are push-
ing towards thermodynamically stable states, whereas
the state swap move is biasing towards states which are
thermodynamically less stable. Clearly, these two mech-
anisms are working then against each other and signifi-
cantly slows down the convergence speed.

The solution to the problem is to use the Multiple In-
terface Set TTS ([4]) where one can use per state multiple
sets of interfaces, e.g. one for dissociation and one for
association. Then the system also gets pushed downhill
thermodynamically, but uphill as well which would in-
crease the speed of convergence. This is however outside
the scope of this article.

III. TYPICAL DIFFUSIVE PATHS FOR THE
ONE-PATCH DIMER

In figure 1 we depict typical diffusive paths from the
path ensemble on top of their respective reactive path
density for fsg = 0.1,1.0 and 10. Note that for low ro-
tational diffusion the path is mostly sampling horizontal
(translation axis), while for the high rotational diffusion
the paths are exploring much more in a vertically (ro-
tation axis), as expected. For these high values of fog
many rotations of the particle pair can be made in one
path before binding.

IV. RATE AND FLUX MATRICES FOR
TETRAHEDRON ASSEMBLY

A. Constrained Tetrahedron Assembly

Tables I-VIII show the constrained tetrahedron assem-
bly rate matrices for different fgg. All rate matrices are
given in units of frequency over MC cycles, where in ev-
ery MC cycle the on average each particle is translated
and rotated. Note that all rate ratios kyy/k;; remain the
same with different rotational diffusion constants. How-
ever, the rate ratios krs/k;k can differ. The classification
of the states are given in the main text.
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FIG. 1. The reactive path densities for the one patch particle
system for fsg = 0.1,1.0 and 10 (top to bottom) as a function
of the distance between particles, R;;, and the vector inner
product between the patch vectors of both particles, ¢. A
typical diffusive path is shown on top of the density plots.

TABLE I. Rate matrix constrained Tetrahedron fsg = 0.1

States B I U
B 5.149x107* 3.401x1071°
I [1.203x107°8 1.444%x107°7
U |7.293x107% 1.325x107%8

TABLE II. Rate matrix constrained Tetrahedron fsg = 0.5

States B I U
B 1.609x107%° 7.086x10~1°
I [4.251x107°7 3.382x 10797

U

1.885%x107% 3.406x 10798

TABLE III. Rate matrix constrained Tetrahedron fsg = 0.75

States B I U
B 3.485x107° 9.688x 107 1°
I |8523x107%7 4.492x107°7
U |2.236x107% 4.241x107 %8

TABLE IV. Rate matrix constrained Tetrahedron fsg = 1.0

States B I U
B 5.200x107% 1.125x107%°
I |1.415%x107% 5.862x 10797
U |2.792x107% 5.341x107 %8
TABLE V. Rate matrix constrained Tetrahedron fsg = 1.25
States B I U
B 7.287x107% 1.197x107%°
I |2.052x107° 6.391x107°7
U |3.573x107% 6.774x107 %8

TABLE VI. Rate matrix constrained Tetrahedron fsg = 1.5

States B I U
B 9.901x107% 1.315%x107%
I 12.692x107° 6.723x107°7
U |3.656x107% 6.870x107 %8
TABLE VII. Rate matrix constrained Tetrahedron fsg =
1.75
States B I U
B 1.354%107% 1.557%x 1079
I [3.427x107% 7.181x107°7
U [3.392x107% 6.186x107 %8
TABLE VIII. Rate matrix constrained Tetrahedron fsg = 2.0
States B I U
B 1.537x107% 1.535x107%°
I ]4.602x107° 8.353x107°7
U [3.065x107% 5.568x107%8




B. Full Tetrahedron Assembly

Tables IX-XIX show the full tetrahedron assembly rate matrices for different fgp. All rate matrices are given in
units of frequency over MC cycles, where in every MC cycle the on average each particle is translated and rotated.
Note that all rate ratios k;;/ks; remain the same with different rotational diffusion constants. The classification of
the states are given in the main text.

TABLE IX. Rate matrix Full Tetrahedron fsg = 0.1

States T Ty Tyo Ty3 Tr Try Do D, U
T 19.41e-02 1.97e-07 0.00e+00 1.62e-09 2.13e-07 1.14e-08 2.33e-09 2.50e-08 1.17e-08
Tr1 | 2.66e-06 8.81e-02 3.11e-07 3.70e-08 4.79e-06 5.41e-06 1.05e-07 1.19e-06 5.74e-07
T2 0.00e4-00 1.08e-06 8.99e-02 1.16e-08 1.05e-07 1.17e-05 1.12e-07 1.40e-06 6.47e-07
Tz | 1.05e-08 1.78e-08 1.60e-09 7.01e-02 8.18e-07 1.51e-04 8.72e-07 1.46e-05 6.92e-06
Tr |3.52e-06 5.86e-06 3.69e-08 2.08e-06 8.18e-02 8.93e-06 6.35e-07 3.15e-05 1.55e-05
Try | 3.87e-08 1.37e-06 8.46e-07 7.91e-05 1.84e-06 8.38e-02 6.82e-07 3.25e-05 1.49e-05
Dy | 5.66e-08 1.89e-07 5.76e-08 3.26e-06 9.34e-07 4.87e-06 5.54e-02 3.37e-04 1.29e-04
Dy | 3.05e-08 1.07e-07 3.63e-08 2.73e-06 2.32e-06 1.16e-05 1.69e-05 2.63e-02 4.58e-04
U |2.22e-08 8.08e-08 2.61e-08 2.02e-06 1.79e-06 8.30e-06 1.01e-05 7.13e-04 4.03e-02

TABLE X. Rate matrix Full Tetrahedron fsg = 0.2
States T T T2 Ty3 Tr Try Do Dy U
T [1.06e-01 7.69e-07 4.11e-09 1.06e-08 2.59¢-07 3.90e-08 4.07e-09 4.58¢-08 2.60e-08
Tr1 [8.92e-06 9.11e-02 2.02e-06 4.96e-07 6.99e-06 9.63e-06 2.30e-07 2.72¢-06 1.56e-06
Tpa [1.17e-07 4.97e-06 1.00e-01 2.91e-07 5.55e-07 1.86e-05 3.15e-07 3.26e-06 1.83e-06
Tz [4.36e-07 1.76e-06 4.22e-07 7.72e-02 4.38e-06 1.76e-04 1.83e-06 2.75e-05 1.62e-05
Tr |5.26e-06 1.22e-05 3.96e-07 2.16e-06 8.61e-02 3.83e-05 1.14e-06 5.51e-05 3.22e-05
Try |2.16e-07 4.59e-06 3.60e-06 2.36e-05 1.04e-05 8.90e-02 1.33e-06 6.21e-05 3.35e-05
D2 [1.44e-07 7.01e-07 3.91e-07 1.57e-06 1.98e-06 8.49e-06 5.88e-02 4.01e-04 1.79e-04
D1 [7.26e-08 3.71e-07 1.81e-07 1.06e-06 4.29¢-06 1.78e-05 1.79e-05 2.71e-02 4.79e-04
U [6.01e-08 3.10e-07 1.48e-07 9.10e-07 3.66e-06 1.40e-05 1.17e-05 6.99¢-04 3.76e-02

TABLE XI. Rate matrix Full Tetrahedron fsg = 0.3

States T T Tya Ty3 Tr Try Do D, U
T |1.17e-01 1.66e-06 5.34e-09 1.92e-08 3.42e-07 7.96e-08 5.99e-09 7.18e-08 4.58e-08
Tr1 |2.07e-05 1.08e-01 4.57e-06 1.18e-06 8.66e-06 1.38e-05 4.04e-07 4.49e-06 2.89e-06
Ty2 [1.76e-07 1.21e-05 1.03e-01 1.15e-06 1.28e-06 2.41e-05 3.87e-07 5.18e-06 3.29e-06
Tr3 |6.72e-07 3.32e-06 1.23e-06 8.08e-02 8.01e-06 1.94e-04 2.61e-06 3.88e-05 2.54e-05
Tr |1.77e-05 3.61e-05 2.02e-06 1.18e-05 9.23e-02 7.75e-05 1.81e-06 7.17e-05 4.44e-05
Try |1.15e-06 1.61e-05 1.05e-05 7.98e-05 2.16e-05 9.55e-02 1.88e-06 7.17e-05 5.32e-05
D2 ]9.84e-08 5.35e-07 1.93e-07 1.22e-06 5.74e-07 2.14e-06 5.91e-02 3.99e-04 1.94e-04
D |5.65e-08 2.84e-07 1.24e-07 8.71e-07 1.09e-06 3.92e-06 1.91e-05 2.64e-02 4.62e-04
U 15.91e-08 3.01e-07 1.30e-07 9.36e-07 1.11e-06 4.77e-06 1.53e-05 7.59e-04 3.63e-02




States

T

TABLE XII. Rate matrix Full Tetrahedron fsg = 0.4

Ts

T2 T3 Tr Try

Do

D,

U

T
Tfl
Tr
Try
D

1.31e-01
3.67e-05

2.57e-06 1.26e-08 3.27e-08 3.41e-07 1.13e-07 7.29e-09 9.16e-08

1.13e-01

9.07e-06 2.02e-06 1.03e-05 1.82e-05

4.39e-07 2.22e-05 1.15e-01 2.06e-06 2.14e-06 2.80e-05

2.31e-06
1.86e-05
1.95e-06

9.97e-06
3.92e-05
2.20e-05

4.17e-06 8.59e-02 1.38e-05 2.18e-04
3.34e-06 1.06e-05 1.01e-01 1.27e-04
1.39e-05 5.35e-05 4.04e-05 9.99e-02

1.48e-07 8.17e-07 3.63e-07 9.58e-07 1.13e-06 3.43e-06

8.59e-08
9.46e-08

T

4.42e-07
4.97e-07

2.00e-07 7.10e-07 1.54e-06 4.88e-06
2.30e-07 8.18e-07 1.67e-06 6.33e-06

5.74e-07
6.24e-07
3.32e-06
3.03e-06
2.92e-06
5.94e-02
1.88e-05
1.58e-05

6.72e-06
7.43e-06
5.33e-05
8.95e-05
8.99e-05
4.07e-04
2.58e-02
7.60e-04

TABLE XIII. Rate matrix Full Tetrahedron fsg = 0.5

T

T2 T3 Tr Try

Do

D,

6.18e-08
4.63e-06
5.24e-06
3.76e-05
5.95e-05
7.15e-05
2.10e-04
4.65e-04
3.60e-02

U

States

1.35e-01
5.27e-05

4.00e-06
1.18e-01

1.82e-08 9.26e-09 3.42e-07 1.60e-07

1.16e-05 2.86e-06 1.14e-05 2.02e-05

5.85e-07 2.84e-05 1.16e-01 3.13e-06 3.04e-06 3.16e-05

6.66e-07 1.56e-05 7.02e-06 9.25e-02

1.51e-05
2.30e-06
1.95e-07
1.17e-07
1.33e-07

T

3.80e-05
2.19¢-05
1.01e-06
6.35e-07
7.13e-07

4.17e-06 1.17e-05 1.02e-01 1.69e-04
1.41e-05 4.64e-05 5.52e-05 1.03e-01
4.90e-07 1.43e-06 1.70e-06 4.87e-06
2.99e-07 9.66e-07 2.41e-06 8.28e-06
3.47e-07 1.10e-06 2.64e-06 9.21e-06

9.21e-09
6.32e-07
7.44e-07

3.53e-06

1.15e-07
8.22e-06
9.43e-06

1.92e-05 2.33e-04 4.85e-06 6.82e-05

1.04e-04

8.33e-08
5.88e-06
6.96e-06
4.93e-05
7.26e-05

3.30e-06 1.16e-04 8.26e-05

6.29e-02
2.21e-05
1.81e-05

4.58e-04
2.60e-02
8.35e-04

TABLE XIV. Rate matrix Full Tetrahedron fsg = 0.75

Ts

T2 T3 Tr Try

Do

D,

2.39e-04
5.32e-04
3.69e-02

U

T
Tr
Try
D
D,

U

States

1.53e-01
9.27e-05
1.50e-06
2.28e-06
1.46e-05
2.72e-06
2.06e-07
1.68e-07
2.08e-07

T

7.04e-06
1.31e-01
6.07e-05
2.56e-05
3.83e-05
2.07e-05
1.01e-06
9.25e-07
1.15e-06

TABLE XV. Rate matrix Full Tetrahedron fsg = 1.0

T

4.77e-08 4.30e-08 3.89e-07 2.62e-07 1.31e-08

2.54e-05 6.36e-06 1.35e-05 2.62e-05
1.32e-01 6.95e-06 5.35e-06 3.93e-05
1.17e-05 1.02e-01 3.23e-05 2.56e-04
6.38e-06 2.28e-05 1.13e-01 2.92e-04
1.30e-05 5.01e-05 8.11e-05 1.13e-01
5.24e-07 1.87e-06 2.41e-06 9.78e-06
4.45e-07 1.65e-06 3.33e-06 1.28e-05
5.52e-07 2.05e-06 4.01e-06 1.55e-05

T2 T3 Tr Try

8.41e-07
1.04e-06
6.27e-06
5.70e-06
6.42e-06
6.83e-02
3.11e-05
2.81e-05

Do

1.87e-07
1.36e-05
1.56e-05
9.71e-05
1.39e-04
1.48e-04
5.47e-04
2.68e-02
8.80e-04

D,

1.45e-07
1.06e-05
1.21e-05
7.56e-05
1.05e-04
1.13e-04
3.09e-04
5.51e-04
3.61e-02

U

T
sz
ng
Tr
Try
Ds
D,

U

1.61e-01
1.34e-04
2.91e-06
3.35e-06
1.63e-05
4.17e-06
3.48e-07
2.52e-07
3.49e-07

1.03e-05
1.40e-01
9.00e-05
4.67e-05
4.34e-05
2.55e-05
1.46e-06
1.26e-06
1.72e-06

1.07e-07 5.25e-08 3.95e-07 3.74e-07
4.34e-05 9.59e-06 1.38e-05 2.99e-05
1.43e-01 1.04e-05 8.13e-06 4.45e-05
2.43e-05 1.07e-01 4.48e-05 2.75e-04
1.23e-05 2.90e-05 1.21e-01 4.35e-04
1.83e-05 4.82e-05 1.18e-04 1.22e-01
9.10e-07 2.22e-06 3.61e-06 1.26e-05
7.53e-07 1.89e-06 4.05e-06 1.62e-05
1.01e-06 2.61e-06 5.16e-06 2.09e-05

2.21e-08
1.22e-06
1.57e-06
8.98e-06
9.45e-06
8.96e-06
7.83e-02
3.66e-05
3.65e-05

2.78e-07
1.82e-05
2.25e-05
1.33e-04
1.84e-04
1.99e-04
6.35e-04
2.77e-02
1.01e-03

2.27e-07
1.47e-05
1.79e-05
1.08e-04
1.38e-04
1.52e-04
3.74e-04
5.98e-04
3.88e-02



States

TABLE XVI. Rate matrix Full Tetrahedron fsg = 1.25

T Tf1 Tf2 Tf3 Tr T’I‘f D2 D1

U

T
Tfl
sz
ng
Tr
Try
Do
D

U

States

1.53e-01 1.41e-05 1.27e-07 1.27e-07 4.04e-07 4.86e-07 2.92e-08 3.95e-07
1.57e-04 1.35e-01 5.00e-05 1.16e-05 1.33e-05 3.16e-05 1.58e-06 2.23e-05
3.44e-06 1.21e-04 1.40e-01 1.41e-05 9.54e-06 4.46e-05 1.97e-06 2.77e-05
8.57e-06 7.04e-05 3.50e-05 1.08e-01 5.25e-05 2.77e-04 1.07e-05 1.60e-04
1.58e-05 4.67e-05 1.37e-05 3.03e-05 1.25e-01 5.50e-04 1.21e-05 2.35e-04
5.49e-06 3.20e-05 1.86e-05 4.64e-05 1.59e-04 1.27e-01 1.24e-05 2.40e-04
4.74e-07 2.29e-06 1.18e-06 2.57e-06 5.03e-06 1.78e-05 7.85e-02 6.65e-04
3.95e-07 2.00e-06 1.02e-06 2.37e-06 6.03e-06 2.13e-05 4.10e-05 2.94e-02
4.98e-07 2.50e-06 1.31e-06 2.98e-06 7.20e-06 2.67e-05 4.01e-05 9.93e-04

TABLE XVII. Rate matrix Full Tetrahedron fsg = 1.5
T Tf1 sz Tf3 Tr T?‘f D2 D1

3.15e-07
1.77e-05
2.25e-05
1.28e-04
1.78e-04
1.91e-04
4.11e-04
6.28e-04
3.57e-02

U

T
Tfl
sz
ng
Tr
Try
Do
Ds

U

States

1.47e-01 1.65e-05 2.18e-07 1.68e-07 3.94e-07 5.57e-07 3.58e-08 4.84e-07
2.34e-04 1.36e-01 7.51e-05 1.68e-05 1.44e-05 3.70e-05 2.04e-06 2.86e-05
6.30e-06 1.53e-04 1.37e-01 1.84e-05 1.06e-05 4.79e-05 2.47e-06 3.39e-05
1.45e-05 1.02e-04 5.51e-05 1.17e-01 6.89e-05 3.18e-04 1.59e-05 2.24e-04
1.66e-05 4.26e-05 1.55e-05 3.36e-05 1.27e-01 6.73e-04 1.50e-05 2.60e-04
6.23e-06 2.92e-05 1.86e-05 4.12e-05 1.79e-04 1.21e-01 1.34e-05 2.76e-04
7.62e-07 3.06e-06 1.82e-06 3.92e-06 7.60e-06 2.54e-05 8.46e-02 8.12e-04
5.45e-07 2.27e-06 1.32e-06 2.91e-06 6.95e-06 2.78e-05 4.30e-05 2.78e-02
7.48e-07 3.16e-06 1.84e-06 4.00e-06 8.93e-06 3.45e-05 4.68e-05 1.10e-03

TABLE XVIII. Rate matrix Full Tetrahedron fsg = 1.75
T Tf1 sz Tf3 Tr T?‘f DQ D1

3.82e-07
2.30e-05
2.72e-05
1.77e-04
1.92e-04
1.97e-04
5.10e-04
6.36e-04
3.84e-02

U

States

1.33e-01 1.80e-05 2.44e-07 1.59e-07 3.61e-07 5.70e-07 4.04e-08 5.67e-07
2.80e-04 1.32e-01 8.92e-05 2.22e-05 1.51e-05 3.94e-05 2.73e-06 3.45e-05
8.95e-06 2.11e-04 1.38e-01 2.81e-05 1.31e-05 5.40e-05 3.46e-06 4.37e-05
1.35e-05 1.22e-04 6.51e-05 1.14e-01 6.88e-05 2.98e-04 1.66e-05 2.38e-04
1.65e-05 4.44e-05 1.63e-05 3.69e-05 1.19e-01 6.69e-04 1.69e-05 2.47e-04
7.55e-06 3.37e-05 1.95e-05 4.64e-05 1.94e-04 1.21e-01 1.87e-05 3.07e-04
8.54e-07 3.71e-06 1.99e-06 4.12e-06 7.82e-06 2.99¢-05 8.50e-02 8.53e-04
7.82e-07 3.07e-06 1.64e-06 3.85e-06 7.46e-06 3.20e-05 5.57e-05 3.00e-02
9.49e-07 3.73e-06 2.01e-06 4.68e-06 9.17e-06 3.70e-05 5.64e-05 1.11e-03

TABLE XIX. Rate matrix Full Tetrahedron fsg = 2.0
T Tf1 Tf2 Tf3 Tr T?‘f DQ D1

4.32e-07
2.63e-05
3.37e-05
1.82e-04
1.91e-04
2.23e-04
5.43e-04
6.98e-04
3.65e-02

U

T
Tfl
sz
ng
Tr
Try
Do
Dy

U

1.24e-01 2.31e-05 3.48e-07 2.71e-07 3.75e-07 6.38e-07 5.31e-08 6.71e-07
3.19e-04 1.27e-01 1.05e-04 2.69e-05 1.53e-05 4.12e-05 3.07e-06 3.99e-05
1.07e-05 2.34e-04 1.28e-01 3.32e-05 1.28e-05 5.14e-05 3.86e-06 4.74e-05
1.70e-05 1.23e-04 6.78e-05 1.09e-01 7.31e-05 3.08e-04 2.13e-05 2.71e-04
1.71e-05 5.05e-05 1.89e-05 5.28e-05 1.22e-01 8.54e-04 2.20e-05 3.12e-04
8.29e-06 3.88e-05 2.17e-05 6.37e-05 2.44e-04 1.18e-01 2.37e-05 3.59e-04
1.11e-06 4.67e-06 2.63e-06 7.11e-06 1.01e-05 3.82e-05 8.76e-02 9.61e-04
9.08e-07 3.91e-06 2.08e-06 5.82e-06 9.29e-06 3.73e-05 6.19e-05 3.09e-02
1.08e-06 4.74e-06 2.51e-06 6.96e-06 1.15e-05 4.23e-05 6.19e-05 1.20e-03

4.94e-07
2.99e-05
3.53e-05
2.00e-04
2.38e-04
2.51e-04
5.94e-04
7.41e-04
3.85e-02




C. Net Flux Matrices constrained tetrahedron

In Tables XX-XXVII we report the net flux matrices
obtained from TPT [2] for different rotational diffusion
factors fgg. All fluxes are multiplied by 10° for ease of

reading.

TABLE XX. Flux matrix constrained Tetrahedron fsg = 0.1

TABLE XXIV. Rate matrix constrained Tetrahedron fsg

1.25

States

B 1 U

TABLE XXV. Flux matrix constrained Tetrahedron fsg

0.00 57.63 40.04
0.00 0.00 57.63
0.00 0.00 0.00

States| B I U L5
B 0.00 0.47 3.13 States) B I U
1 o0 0.00 047 B 0.00 17.17 11.31
o 1000 0.00 0.00 I ]0.00 0.00 17.17
U 10.00 0.00 0.00

TABLE XXI. Flux matrix constrained Tetrahedron fsg = 0.5

States

B I U

TABLE XXVI. Flux matrix constrained Tetrahedron fsg

1.75
B 10.00 6.31 6.41 States| B 1 U
I ]0.00 0.00 6.31 B 10.00 23.50 15.69
U ]0.00 0.00 0.00 I 10.00 0.00 23.50
U (0.00 0.00 0.00

TABLE XXII. Flux matrix constrained Tetrahedron fsgp =

0.75 TABLE XXVII. Flux matrix constrained Tetrahedron fsg =
States| B I U 2.0
B ]0.00 9.70 7.78 States| B 1 U
I |0.00 0.00 9.70 B |0.00 23.14 15.72
U 0.00 0.00 0.00 I ]0.00 0.00 23.14
U (0.00 0.00 0.00

TABLE XXIII. Flux matrix constrained Tetrahedron fsg =

1.0
States

B 1 U

B ]0.00 13.32 9.66
I |0.00 0.00 13.32
U 1]0.00 0.00 0.00



D. Net Flux Matrices full tetrahedron

In Tables XX VIII-XXXVIII we report the net flux matrices obtained from TPT [2] for different rotational diffusion
factors fsg.

TABLE XXVIII. Net Flux matrix Full Tetrahedron fsg = 0.1

States T Tfl ng Tf3 Tr TTf Do D1 U
T 10.00e+00 0.00e4+00 0.00e4-00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+4-00
Tp1 | 5.26e-07 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00 0.00e+00 0.00e+-00
Tra | 1.31e-12 1.39e-08 0.00e4-00 0.00e+00 3.67e-10 0.00e+00 0.00e4-00 0.00e+00 0.00e+-00
Trz | 5.40e-09 1.89e-09 1.61e-11 0.00e+00 2.66e-08 4.96e-08 0.00e4-00 0.00e+00 0.00e4-00
Tr |6.62e-07 1.56e-07 0.00e4-00 0.00e+00 0.00e+00 0.00e400 0.00e+00 0.00e+00 0.00e+00
Try | 3.77e-08 2.60e-07 1.10e-08 0.00e+00 1.13e-07 0.00e+00 0.00e+-00 0.00e+00 0.00e+-00
Dy | 7.77e-09 5.24e-09 1.64e-10 3.04e-09 9.00e-09 4.97e-09 0.00e+4-00 0.00e+4-00 0.00e+00
Di | 8.36e-08 5.94e-08 2.09e-09 5.28e-08 4.46e-07 2.44e-07 1.26e-08 0.00e+4-00 0.00e+00
U 3.92e-08 2.89e-08 1.00e-09 2.77e-08 2.23e-07 1.23e-07 1.76e-08 9.01e-07 0.00e+4-00

TABLE XXIX. Net flux matrix Full Tetrahedron fsg = 0.2

States T Tfl TfQ Tf3 Tr TTf Do D1 U
T 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+400
Tp1 | 2.18e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+-00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr2 | 1.55e-08 1.63e-07 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+4-00
Tt3 | 4.17e-08 4.79¢-08 1.93e-09 0.00e+00 1.91e-08 0.00e+00 0.00e400 0.00e+00 0.00e+00
Tr ]9.78-07 5.66e-07 1.39e-10 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00
Try | 1.55e-07 9.31e-07 1.23e-07 9.62e-09 3.43e-07 0.00e+00 0.00e+00 0.00e-+00 0.00e+00
Dy | 1.64e-08 2.39e-08 3.02e-09 3.82e-09 1.49e-08 2.02e-08 0.00e+00 0.00e+00 0.00e+4-00
Dy | 1.86e-07 2.83e-07 3.16e-08 5.93e-08 7.28¢-07 9.71e-07 3.02e-08 0.00e+00 0.00e+400
U |1.06e-07 1.64e-07 1.82e-08 3.80e-08 4.38e-07 5.71e-07 5.20e-08 2.29e¢-06 0.00e+00

TABLE XXX. Net flux matrix Full Tetrahedron fsg = 0.3

States T Tfl TfQ Tf3 Tr TTf Do D1 U
T 10.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e400
Tp1 | 2.90e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tra | 1.37e-08 2.95e-07 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Trs | 5.41e-08 1.02e-07 9.37e-09 0.00e400 6.00e-08 1.23e-07 0.00e+00 0.00e+00 0.00e+-00
Tr |871e-07 5.61e-07 1.44e-10 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00
Try | 2.23e-07 1.16e-06 1.78e-07 0.00e+00 3.59e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
D2 | 1.79e-08 4.06e-08 5.24e-09 1.33e-08 1.54e-08 2.63e-08 0.00e+00 0.00e+00 0.00e+-00
Dy | 2.16e-07 4.52e-07 7.06e-08 2.00e-07 6.14e-07 1.01e-06 4.43e-08 0.00e+00 0.00e+400
U |1.38e-07 2.92e-07 4.53e-08 1.34e-07 3.84e-07 7.64e-07 7.45e-08 2.61e-06 0.00e+00




TABLE XXXI. Net flux matrix Full Tetrahedron fsg = 0.4

States T Tr1 Ty Ty Tr Try Do D U
T 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e400
Tp1 | 4.57e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tyo | 3.43e-08 5.81e-07 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
T3 | 1.01e-07 1.86e-07 2.39e-08 0.00e+00 3.83e-08 2.54e-08 0.00e+00 0.00e+00 0.00e+-00
Tr |9.86e-07 8.04e-07 1.27e-08 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e400 0.00e+00
Try | 3.49e-07 1.67¢-06 3.17e-07 0.00e+00 4.37e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Dy | 2.46e-08 6.39¢-08 1.21e-08 1.29e-08 2.61e-08 4.77e-08 0.00e-+00 0.00e+00 0.00e+00
Dy | 3.10e-07 7.53e-07 1.46e-07 2.10e-07 7.77e-07 1.49e-06 7.18e-08 0.00e+00 0.00e+00
U |2.10e-07 5.20e-07 1.04e-07 1.52e-07 5.25e-07 1.21e-06 1.16e-07 3.75e-06 0.00e+00
TABLE XXXII. Net flux matrix Full Tetrahedron fsg = 0.5
States T Tf1 sz ng Tr TTf D> D1 U
T 10.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e400
Tf1 | 6.76e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tf2 | 5.03e-08 9.13e-07 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Trs | 3.01e-08 3.30e-07 4.77e-08 0.00e+00 3.84e-08 1.11e-08 0.00e+00 0.00e+00 0.00e+-00
Tr |1.05e-06 1.19e-06 3.27e-08 0.00e+00 0.00e+00 0.00e400 0.00e+00 0.00e400 0.00e+00
Try | 5.16e-07 2.32¢-06 4.77e-07 0.00e+00 5.40e-07 0.00e+00 0.00e400 0.00e+00 0.00e+00
D2 | 3.20e-08 8.54e-08 1.74e-08 1.76e-08 3.26e-08 6.10e-08 0.00e+00 0.00e+00 0.00e+400
Dy | 4.01e-07 1.12e-06 2.22e-07 2.51e-07 9.67e-07 2.18e-06 8.69e-08 0.00e+00 0.00e+00
U |[2.91e-07 8.03e-07 1.66e-07 1.89e-07 6.91e-07 1.60e-06 1.59e-07 5.22e-06 0.00e+00
TABLE XXXIII. Net flux matrix Full Tetrahedron fsg = 0.75
States T Tf1 TfQ Tf3 Tr TTf D> D1 U
T 10.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e400
Ty | 1.02e-05 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tf2 | 1.13e-07 1.70e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
T3 | 1.27e-07 7.19e-07 1.34e-07 0.00e400 3.07e-08 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr |1.13e-06 1.47e-06 9.49e-08 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00
Try | 7.84e-07 3.04e-06 8.03e-07 1.72e-07 6.69e-07 0.00e+00 0.00e400 0.00e+00 0.00e+00
Dy | 4.17e-08 1.11e-07 2.81e-08 2.85e-08 4.44e-08 1.27e-07 0.00e-+00 0.00e+00 0.00e-+00
Dy | 6.00e-07 1.79e-06 4.23e-07 4.46e-07 1.09e-06 2.96e-06 9.16e-08 0.00e+00 0.00e+400
U |4.67e-07 1.40e-06 3.33e-07 3.64e-07 8.54e-07 2.38¢-06 2.89e-07 7.40e-06 0.00e+00
TABLE XXXIV. Net flux matrix Full Tetrahedron fsg = 1.0
States T Tf1 TfQ Tf3 Tr TTf D> D1 U
T 10.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e400
Tp1 | 1.43e-05 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr2 | 2.50e-07 2.94e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
T3 | 1.57e-07 1.14e-06 2.55e-07 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr |1.17e-06 1.65e-06 2.04e-07 9.75e-09 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Try | 1.14e-06 3.74e-06 1.23e-06 3.49e-07 7.06e-07 0.00e+00 0.00e4-00 0.00e+00 0.00e+00
Dy | 7.22e-08 1.72e-07 5.58e-08 4.14e-08 6.42e-08 1.71e-07 0.00e-+00 0.00e+00 0.00e-+00
Dy |9.11e-07 2.58¢-06 8.04e-07 6.20e-07 1.26e-06 3.85e-06 1.32e-07 0.00e+00 0.00e+00
U | 7.45e-07 2.10e-06 6.47e-07 5.30e-07 1.00e-06 3.14e-06 4.45e-07 1.02e-05 0.00e+00



TABLE XXXV. Net flux matrix Full Tetrahedron fsg = 1.25

States T Tr1 Ty Ty Tr Try Do D U
T 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e400
Tp1 | 1.98e-05 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr2 | 2.97e-07 3.89e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tys | 3.81e-07 1.64e-06 3.68e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr |1.25e-06 2.01e-06 2.88e-07 8.24e-08 0.00e+00 0.00e+00 0.00e+00 0.00e400 0.00e+00
Try | 1.53e-06 4.91e-06 1.42e-06 6.17e-07 6.25e-07 0.00e+00 0.00e4-00 0.00e+00 0.00e+00
D2 |9.89e-08 2.77e-07 7.88e-08 5.86e-08 8.17e-08 2.40e-07 0.00e+00 0.00e+00 0.00e+4-00
Dy | 1.34e-06 3.92e-06 1.11e-06 8.87e-07 1.61e-06 4.74e-06 1.71e-07 0.00e+00 0.00e+00
U |1.07e-06 3.14e-06 9.21e-07 7.46e-07 1.32e-06 4.12e-06 6.64e-07 1.38¢-05 0.00e+00
TABLE XXXVI. Net flux matrix Full Tetrahedron fsg = 1.5
States T Tf1 sz ng Tr TTf D> D1 U
T 10.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e400
Tp1 | 2.33e-05 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Ty2 | 5.36e-07 5.12e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tys | 5.47e-07 2.15e-06 5.44e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr |1.35e-06 2.02e-06 3.82e-07 1.44e-07 0.00e+00 0.00e+00 0.00e+00 0.00e400 0.00e+00
Try | 1.94e-06 5.34e-06 1.80e-06 8.28e-07 7.04e-07 0.00e+00 0.00e400 0.00e+00 0.00e+00
D> |1.33e-07 3.28¢-07 1.12e-07 8.32e-08 9.67e-08 2.71e-07 0.00e+00 0.00e+00 0.00e+4-00
Dy, | 1.81e-06 4.61e-06 1.55e-06 1.19e-06 1.70e-06 5.73e-06 1.91e-07 0.00e+00 0.00e+00
U |1.44e-06 3.75e-06 1.27e-06 9.97e-07 1.40e-06 4.61e-06 8.33e-07 1.68e-05 0.00e+00
TABLE XXXVII. Net flux matrix Full Tetrahedron fsg = 1.75
States T Tf1 TfQ Tf3 Tr TTf D> D1 U
T 10.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e400
Tp1 | 2.73e-05 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Ty2 | 6.37e-07 5.85e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Trs | 5.63e-07 2.85e-06 7.46e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr |1.35e-06 2.17e-06 4.35e-07 1.92e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Try | 2.18¢-06 5.82¢-06 1.87e-06 1.02e-06 7.93e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+00
D2 | 1.66e-07 4.50e-07 1.45e-07 1.08e-07 1.17e-07 3.70e-07 0.00e+00 0.00e+00 0.00e+4-00
Dy | 2.33¢-06 5.72e-06 1.84e-06 1.56e-06 1.74e-06 6.17e-06 2.19e-07 0.00e+00 0.00e+400
U | 1.79e-06 4.42e-06 1.45e-06 1.28e-06 1.50e-06 5.14e-06 1.14e-06 1.96e-05 0.00e+00
TABLE XXXVIII. Net flux matrix Full Tetrahedron fsg = 2.0
States T Tf1 TfQ Tf3 Tr TTf D> D1 U
T 10.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e+00 0.00e4+00 0.00e+00 0.00e400
Tp1 | 3.40e-05 0.00e+00 0.00e4-00 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tyo | 8.81e-07 7.36e-06 0.00e+00 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Trs | 9.48e-07 3.88e-06 1.10e-06 0.00e4-00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+-00
Tr |1.39e-06 2.47e-06 5.25e-07 2.75e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Try | 2.41e-06 6.77e-06 2.17e-06 1.34e-06 7.12e-07 0.00e+00 0.00e400 0.00e+00 0.00e+00
D2 | 2.15e-07 5.63e-07 1.95e-07 1.78e-07 1.40e-07 4.56e-07 0.00e+00 0.00e+00 0.00e+4-00
Dy | 2.72e-06 7.35e-06 2.41e-06 2.30e-06 2.03e-06 7.11e-06 3.04e-07 0.00e+00 0.00e+400
U |2.02e-06 5.58¢-06 1.84e-06 1.84e-06 1.78¢-06 5.84e-06 1.44e-06 2.42e-05 0.00e+00
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FIG. 2. The overall rates from the fully assembled tetrahe-
dron to the unbound state (top) and from he unbound state
to the fully assembled tetrahedron (bottom) as a function of
rotational diffusion factor fsg

E. Overall two state rate constants for the full
tetrahedron assembly

The overall forward and backward rates for the tran-
sition between the bound tetrahedron T'd and the fully
unbound state U as computed from TPT [2]are shown
in Figure 2. Note that both forward and backward rates
scale roughly linearly with fsg, such that the ratio of the
two stays constant.

V. ADDITIONAL POPULATION ANALYSIS
A. Scaling with the unbound state dwell time

Decreasing the rotational diffusion via fgg does in-
crease the timescale of all relaxation processes (see fig-
ure 3). Also the unbound state dwell time increases. We
can therefore investigate whether the overall assembly
relaxation times trivially depends on this unbound state
dwell time. In figure 3 we show the population of the
tetrahedron state with the time axis rescaled by the time
spent in the unbound state. When all relaxation pro-
cesses in the assembly scale in the same way, all curves
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FIG. 3. Top: Population of the fully formed tetrahedron
with respect to the equilibrium population. Bottom: Relative
population of the fully formed tetrahedron when the time step
is rescaled with the time spent in the unbound state

should have collapse on top of each other. This is clearly
not the case. In fact, the ordering of the curves remains
the same. We can understand this by realizing that the
timescale in the unbound state is dominated by the trans-
lational diffusion, and less so by rotation. Changing the
rotational diffusion thus has some effect on the unbound
time scale, but not dramatically so.

B. Time step set by rotational diffusion constant

When the rotational diffusion is lowered by decreas-
ing fsg, the overall dynamics naturally also slows down
(see figure 3). However, as we could also have changed
the translational diffusion instead of the rotational diffu-
sion, we can take the same data and scale the rates such
that the time step is now set by the rotational diffusion
constant. As figure 4 clearly shows, the tetrahedron pop-
ulation grows fastest when the translation is faster than
the rotation.

C. Simulating a trapped system

In principle, the gain in relative flux towards correctly
formed structures should result in a better yield of the de-
signed ground state, and in less kinetic trapping. While
in our examples the intermediate states are not truly ki-
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FIG. 4. Population of the fully formed tetrahedron when
the time step is set to the rotational diffusion constant. The
tetrahedron population grows fastest when the translation is
faster than the rotation

netic traps, we envision that for more complex target
structures, which compete against completely disordered
aggregates, the price paid for slowing down the dynamics
is outweighed by taking the correct self-assembly route
and could lead to higher relative yields. We tried to sim-
ulate this situation with our measured rate matrices to
clarify this line of reasoning. In line with figure 4 in
the main text, where we have plotted the population of
the Trimer state (Tr) relative to the frustrated Tetramer
state (Tf), we have changed the rate matrix such that
every tetramer state is a sink. This simulates the situ-
ation in which reaching a malformed tetramer state will
catastrophically end up in a disordered aggregate. Ad-
ditionally, we set that the only correct binding pathway
is via the Trimer state, so that there is only one good
assembly pathway. We can clearly see in figure 5 be-
low, that indeed the relative population of the correctly
formed tetrahedron versus all other tetramer states in-
creases with decreasing rotational diffusion. Note that
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e
©
o 002
[
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FIG. 5. Relative population of the fully formed tetrahedron
versus the sum of populations of the frustrated states Tf. The
yield of Td increases for slower rotational diffusion.
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now the populations will not end up at the same value,
because population gets lost in the trapped/frustrated
Tetramer states or the correctly formed target structure.

VI. ANALYSIS OF SIMPLE MARKOV MODEL

To illustrate how our main finding extends to large
systems we have analyzed a simple abstract model us-
ing a master equation population analysis. This abstract
model consists of a number of states, shown in figure 6 in
which the first digit in the index of the states denotes the
stability index, e.g. in terms of bonds between particles,
while the second digit denotes the frustration index, e.g.
the number misaligned bonds. We assume that the ini-
tial state 11 can jump to state 21, which can then become
frustrated, or misaligned, by jumping to state 22. The
rates k;” and k, denote, respectively, the associating and
dissociation rates, for making such particle bonds. The
k. and k,” denote the rates for the rotational move that
causes misalignment of bonds. We set k, = 0.1k, to
mimic that the number of possible frustrated states in-
creases with the number of misaligned bonds. We choose
k; = 0.01k;", such that the assembly into the ground-
state 51 is favorable with respect to the trapped state.
Figure 6 shows a maximum of five bonded particles, but
of course this model can handle any number of bonds in
the system, by simply extending this figure. We solve
the corresponding master equation of this model for two
settings: k = k;” = 107" corresponding to fast rotation
dynamics, and k& = 107% and k;” = 107>, correspond-
ing to slow rotation dynamics. We monitor the ratio
of population of the final state with respect to all other

w

% ket ke

s ki kit
5 —

Z ke ke
2

kef| ke ke ke kef] ke
k‘+ @
— — —
ke ke ke

stability axis

kit
—
ke

FIG. 6. Abstract simple model for investigating the influence
of the rate of forming frustrated misaligned states (governed
by the rotational diffusion) versus the direct assembly route
(governed by translational diffusion). In this figure the in-
dex of the state denotes the bonding degree (first digit) and
the frustration degree (second digit). The states are plotted
against two axes, denoting the bonding (x-axis) and the frus-
tration (y-axis). Rates between the states are dependent on
whether it is an association/disassociation (k;",k; ) or a re-
arrangement (frustration) by rotation (k;,k, ). The ratio of
the rates are such that the ground state 51 is preferred, and
the trapped states are metastable.
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FIG. 7. Top: For 15 allowed states along the stability axis the
relative ground state population pfinai/(1 — Prinal) is shown
for slow (blue circles) and fast (red circles) rotational dynam-
ics. Bottom: The ratio of the slow and fast relative yields.
Note that the increase in yield is more than a hundredfold.
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states pfinai/(1 — Pinar). This ratio is shown in Fig. 7
for the slow and fast diffusion case for a model with 15
bonded states in the assembly. Clearly, for the slow rota-
tional diffusion case the final state population ratio rises
much more quickly than for the fast rotational diffusion.
This is because the direct route, without frustration, is
preferred to the trapped state, since the moves into the
frustrated states are less likely, due to reduced rotational
diffusion. We can also look at the relative increase of the
slow rotational diffusion ratio versus the fast rotational
diffusion ratio. This is shown in the lower panel of the
Fig.7. The yield of the final state for slow kI is more
than a 100 times larger than for the fast rotational dif-
fusion. This ratio becomes even higher for assembly of a
larger number of particles. The increased yield eventually
goes down again, because the system with fast rotational
diffusion will eventually relax to the equilibrium state,
where the yields should be equal. This simple analysis
shows that our finding is generic and can be extended to
larger systems.
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