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Figure EV1. Bidimensional distributions of mutational effects on AGying,HeT: AGpingim: and AGgopq.

(A-C) Hexagonal bins indicate the density of mutational effects for the pool of mutations for all structures. Two variables and their correlations are shown in each panel:

AGping,rer and AGpingum (A), AGpingrm and AGyog (B), AGping et and AGyog (C). P values are calculated using an asymptotic confidence interval based on Fisher's Z
transform for Pearson correlation coefficients.
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Figure EV2. The general bias observed for heterodimers is also observed when the optimal activity is set to a slightly lower value (alpha = 60).

(A) Percentage of heterodimers, homomers, and monomers at the end of simulations with distributions of mutational effects structures when the optimal activity (alpha)
is set to 60. Structures are listed in the same order as in Fig. 2C. (B) Correlation between the percentages of heterodimers observed at the end of simulations with alpha =
60 (data from Fig. S6A) and simulations with alpha = 80 (data from Fig. 2C). The P value for the Spearman correlation coefficient in panel B is calculated using the
asymptotic t approximation method. The P value for the Pearson correlation coefficient is calculated using an asymptotic confidence interval based on Fisher's Z transform.
(C, D) Evolution of AGj4 values in simulations with alpha = 60 (C) and alpha = 80 (D). For simplicity, only the data for PDB: 1GPR are shown. (E, F) Evolution of the
percentage of heteromers in simulations with alpha = 60 (E) and alpha = 80 (F). Replicates for all simulations with all structures are shown. Boxplots in (E, F) indicate the
median (center lines) and interquartile range (hinges). Whiskers extend from the hinges of each box to the most extreme values that are at most 1.5 times the interquartile
range away from the hinges.

© The Author(s) Molecular Systems Biology ~ EV2


https://doi.org/10.2210/pdb1GPR/pdb

Molecular Systems Biology Angel F Cisneros et al

A B HeT Monomers (A+B) 1] HMs (AA+BB)
100
X 5
()
(o))
8 50
c
(1]
o
3 25
0

0w L v m ¢ D Lo~ O W S N L 2T W g g o e I W o X T o000 T 0O =9 0N ®
- 0 = ¥ 24 - 1 & © E m@m > oo Y < n~ X > < 9 F O 3 © = O 0 2 & =
ENQI400825b3283530-8:2320g803282888853%3¢%2:
PDB ID
Qutcome — HET dominant =— Both HM and HET
B 1.00 . C 1.00 | -
1 -= 1 1
1 1 1 1
> 1 1 - 1 1
£ 0.75 ' ! £ 0.75 ' !
[7] 1 1 [7] 1 1
S 1 1 S 1 1
T 1 1 T 1 1
2 (50 Favoring HET f Favoring HM 2 (50 Favoring HET 1 Favoring HM
E (negative residual) | | (positive residual) £ (negative residual) | | (positive residual)
S 1 | F 1 1
g 1 1 g 1 1
0.25 + 1 'l 1 0.25 + 1 1
o 1 1 1 © 1 1
1 1 1 1 1
= 1 1 1 1
0.00 — ! ! 0.00 y !
T T T T T T T
-0.50 -0.25 0.00 0.25 0.50 0.25 0.50
Residuals
D 100 E 100 R
[ ]
[ ]
o 754 o 754
=) <)
3 S
c c
] @
o o
@ 50 @ 50
=% =%
- [
w w
T T
§ 251 § 251
o 1}
= =
p =0.78, p < 0.001 p =0.89, p < 0.001
04 04
T T T T T T T T T
-0.02 0.00 0.02 0.04 -0.025 0.000 0.025 0.050 0.075
Enrichment of available mutations with HET-favoring residuals Enrichment of fixed mutations with HET-favoring residuals

Figure EV3. Mutational biases promote the enrichment of heterodimers in very high quality PDB structures.

(A) Average percentages of heterodimers, homodimers, and monomers for each of the very high quality PDB structures at the end of the simulations. The dashed line
indicates the starting point at 50% heterodimers and 50% homodimers (25% of each homodimer). (B, C) Distributions of available (B) and fixed (C) residuals with
respect to the expectation for each of the 37 very high quality structures. Colors indicate mean outcomes for each structure: HET dominant (heterodimer >70% of dimers),
HM dominant (homodimer >70% of dimers), both HM and HET (rest of cases). The thicker blue line represents 2B18. Shaded regions on the left and right indicate
mutations whose residuals have a magnitude of at least 0.2 favoring either the heterodimer (negative values) or the homodimer (positive values). (D, E) Correlation
between enrichment of available (D) and fixed (E) mutations with residuals favoring the heterodimer and the mean percentage of heterodimers at the end of the
simulations. The enrichment of heterodimer-favoring residuals is calculated as the density of mutations with residuals smaller than —0.2 minus the density of mutations
with residuals greater than 0.2. P values for (D, E) are calculated using the asymptotic t approximation method for Spearman correlation coefficients.

EV3  Molecular Systems Biology © The Author(s)



Angel F Cisneros et al Molecular Systems Biology

)
§ 0 0.1
© ~ —
£ 0.15 S
3 - — Z 02 Q
z ? g -
g s £ 0.25 i
) S Bl g5 ] T
G L ' g 0.3 5
< N ©
- 8 £ 035 >
o - o =
< c
- = 04 (0]
w (8]
T =
] A 0.45 K
£
G o 0.5
DU B S R EEEREE

[ T O O O O O o o o o

log2(sg/s,) Probability of mutations affecting gene expression

0
0

HET High HM == Low HM

100 A

~
(¢)]
1

N
[6)]
1

—

Percentage of complex
(&)
o
1

o
1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Probability of sampled mutations affecting synthesis rate

Figure EV4. Simulations allowing changes in synthesis rates with lower optimal activity (alpha = 60).

(A) Fitness landscape when the optimal activity is set to 60. Note that sp, AAGping,aa, and AAGynq,es remain constant throughout. (B) Percentages of heterodimers at the
end of parametric simulations allowing changes in synthesis rates and varying mean effects of mutations on homodimers. (C) Percentages of heterodimers and each of the
two homodimers for each of the 104 tested structures when simulations consider different probabilities of mutations affecting synthesis rates. The two homodimers were
distinguished based on their abundance.

© The Author(s) Molecular Systems Biology =~ EV4



Molecular Systems Biology Angel F Cisneros et al

0.1
0.15

o
[

0.25

0.35

log2(Fitness)
S
(6]
Mean AAG ing Hm
o
w

°
IS

0.45
0.5

Percentage of HET AB (%)

AG ing HeT aB = AGiping,Hm aa (kcal/mol)

o Q o © o o
T 94 © &8 ¢ © ©

HET activity bias (%)

cCo000O00Q0oQ
T rAOIOON®O
S

-20

oo
T

ET activity bias (%)

-80
=70
-60
I -50

c . B3 Less stable subunit B More stable subunit

HET dominant Both HM and HET HM dominant

AGiqq (kcal/mol)

-10 4

O

== HET High HM == | ow HM

100

Percentage of complex

T T T T T T T T T T T T T T — T T
-80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80

HET activity bias (%)

Figure EV5. Simulations with differences in specific activity and lower optimal total activity (alpha = 60).

(A) Fitness landscape when the optimal activity is set to 60. AAGpingaa, and AAGpinges remain constant throughout at —10 kcal/mol. (B) Percentages of heterodimers at
the end of parametric simulations with different values of specific activity and varying mean effects of mutations on homodimers. (C) AGs, 4 values at the end of
simulations with alpha = 60 and different specific activities for homo- and heterodimers. Disfavored outcomes, such as HET dominant when the heterodimer is less active,
can still be reached if the subunits remain stable. Boxplots in (C) indicate the median (center lines) and interquartile range (hinges). Whiskers extend from the hinges of
each box to the most extreme values that are at most 1.5 times the interquartile range away from the hinges. (D) Percentages of heterodimers and each of the two
homodimers for each of the 104 tested structures when simulations consider different specific activities of homo- and heterodimers. The two homodimers were
distinguished based on their abundance.
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