>
w

w w
° AAG 0.974117647058823 - AAG 0.974117647058823
(GGC 0.941176470566235
(GAR0.882352041 17647
™ GTT 0823520411764706
AT 0.790411764705862
3 TTG 0.738823520411765
o AGA 0.705882352941177
° TG 0647080623529412
c TCT 0.647058623520412
= GCT 0 647058823529412
B ACT 0647058623529412
< ARG 0 647056823620412
3 o - AT 060941 1764705682
g 7 Soosmimsioss
GAT 059
o ‘GCA 0 588247058523520 N cGA
Qo (GAA 0.586235204117647
3 GGT 0.565294117647059
Q TTA0.470566236264118
o TAC 0.470566235294118 17}
o (CAC 0.470568235294118 < cee
- ATA AR 0.470566235294115 S cTc
@© TCC 0.465882352941176 3 GC
£ GGG 0.465882352941176 o acdGe cTT ATA
S ACC 0.465852352041176 (7] .
@ ~ 4 p CGT 0.411764705852353 [} b COT 04117o¢705882053
G GAG 04
8 cTT) TTT 0.381764705862355 - G TIT0.3817647055625
2 AAT 0.381764705662353 D creA AAT 0381764706825
= cCT GO0 353005882352941 N (GCA 0 353005882352041
e rag”TG TGG 0.352941176470588 N 5 4 . TGG 0.352941176470588
S &TG CGC 0.206470586235204 kel GGG 0.296470586235294
= ACH e ACA 0.284182352941176 = ACA 0.2941823529411
S / AGG 0.284705862352041 @ AGG 0.284705852352941
c ce TAT 027 764T058820530 ° AT 0 aTrokToRB33520
= ‘AT 0.277647058823529 c ‘CAT 0.277647058823529
- CAG 0.247058823529412 o] ccT CAG 0.247058823529412
€ ot TCA0 235358623529412 b TOA0 235asaazssz0412
=1 CT( GG 0235204117647059 &T6 TGC 0 235204117647050
3 © - GOA 0.23620417647059 GOA 0 2362041764705
3 cee GG 0.192041176470588 Yot G 0.162041176470568
6cG — GGG 0 tes236204117647 — C0G 0.168235294117647
c —  GTA0.176552041176471 Gae —  GTA0.176552941176471
<] cea = CrAo meerosaszisasd = Craotreeros
° —  GTGO 1781174702 — GTG074117e4TOSBR24
Q — AGG 0.152041176470588 o~ —  ACG0.152041176470508
5] — ToT 0.138823520411765 Y —TGTO 138823529411765
- — 70601341 17647058824 — TCG 01341 17647058824
] —  cCTo17esT0sBE23529 —  coTo17esT0sBER3520
- — AGCO.1 17058823529 = AGC 0.117647058823529
S - 1176470585 — GGG 0 112041176470568
= — COC 0.0847058823529412 — CCC ooaTossazs294 12
D w - —  AGT0.0694117647058824 —  AGT0.0694117647058824
[} = CTo00ssass041 17647 —  CTCo0ssa236204117647
= G — GGG 0.0586235204117647 - 58523520411
= CT6 00s64705882352041 — CTG 0.056470588235204
= CTT00s70ssszIsz9412 —  CTTo0a70s882352012
— ATAO0BTOS8E23520412 = ATAQ 00BTOSBE23520412
—  COAA117647058623086.05 — COAA117647056823066.05
T T T T T T T T T T

5 6 7 8 9 5 6 7 8 9

log(total codon count in low ribosomal occupancy windows) log(total codon count in low ribosomal occupancy windows)

o
w)

W W
e G < - GAct
- ARG 0.974117647050623 K ARG 0.974117647058623
] GGC 0.941176470586235 G6C 0.041176470588235
204117647 o (GAA 0882352041 17647
3 ATT 0.786411764705687 AT 0.796411764705882
2 T1G 0.738823520411785 TTG 0.738823520411765
£ AGA 0705862352881 17 AGA 0705882352941177
s 47058423520412 TTC 0.647058623520412
TCT 0.6470568235294 12 TCT 0.647058823520412
> GCT 0,647058823529412 GCT 0.647058823529412
O o ACT (847058823529412 ACT 0.647058623529412
c 2 AR 470360236204 12 ARG 0.6470368235204 12
s © NTC 0609411764705882 ATC 0.609411764705882
o +*GTC 0.592941176470588 (GTC 0.592941176470588
= .+ cATOs
Q .*" CCA0588247058823529 N - . CCA0.586247058823520-
o . (CAA 05862352041 17647 ¢ (CA 05862352041 17647
] . GOT 0.555204117647059 GGT 0:55520411764705
— i 05682352 TTA0470588235204118
] . TAC 0470588235294118 ) TAC 0470588235294118
I . (CAC 0.470588235294118 = CAC 0.470588235294118
. 0586235294118 AAA 0.470588235294118
o © | W TGT TCC 0.465882352941176 =} TCC 0.465882352041176
724 o . GCC 0.465882352941176 kel GCC 0.465882352941176
o o ACC 0.465882352941176. n AGC ACC 0.465882362941176.
o t- CGT 0.411764705882353 @ AGT CGT 0.411764705882353
= : = S s o —
. TTT 0.381764705882353 (o0l 176470588235
< . AAT 0.381764705882353 3 cte AAT 0.381764705682353
2 . GCA 0.353005882352941 9 cGG €T ‘GCA 0.353005882352941
< . TGG 0.352041176470588 N o5 n TGG 0.352041176470586
c . CGC 0.296470588235294 ° 666 CGC 0.296470588235294
ACA0294182352941176 T ST ACA0294182352041176
=« K 'AGG 0.264705662352941 o] o cet 'AGG 0.264705662352941
£ I A F TAT 0.277647058823529 he! TAT 0.277647058623529
4 (CAT 0.277647058823529 (CAT 0.277647058823529
3 . CAG 0.247056623520412 @ CAG 0.247058823520412
S . TCA0235356823620412 @ TeT TCA0235356623529412
o TGC 0.235294117647059 TGC 0.235294117647059
© 5204117647059 cec GGA 0.235294117647059
© 0.162041176470588 GGG 0.192941176470588
= — COG 0.168235294117647 — COG 0.168235294117647
2 — GTAO.176552041176471 —  GTA0176552041176471
5 ~ CTAO176470588235294 —  CTAO.1TB4To5BE235294
3 —  GTGO 1781 17647058E2 — GTGO74117647058824
N —  ACG 0.1529411764705¢ o~ — __ACG 0,152941176470588
° S — TGT 0.138623620411765 Dl = TGT 0 138623620411765
c - T 117647056824 — TCG 0134117647058
S — CeTOTBaTOSBRZ3520 —  CCTO.117647058623520
S = AGC O 117647056623520 —  AGC0.17647058823529
3 —  GCG0.112941176470568 — GCG0.112941176470568
8 — CoC 0.0847058823529412 — COC 0.0847058823529412
— AGT 006041 17647050824 — AGT0.0604117647058624
= —  CrCoossa2ss294117647 = Crcoossaassz9n 17647
o} — GGG 0.058235294117647 — 066 0.0sE23529411
<] —  CTG00564705682352041 - 0564705682352941
had o —  CTT0.0347058823529412 —  CTT0.0347058823529412
2 ] — ATA.00647058823520412 —  ATA0.00647058623520412
=] —  COAA11764705862308e.05 — COAA117647058623086.05
T T T T T T T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6

o
=3

1.0

total codon count/aa count in low ribosomal occupancy windows total codon count/aa count in low ribosomal occupancy windows

Figure S6. Codons which are overused in high-ribosomal occupancy windows are not ‘rare’ according to
tAL In the main text we examine whether ‘rare’ codons slow ribosomes, and define ‘rare’ as the lowest quartile
of tAl values within the genome. To ensure there is not a problem with this definition, we have examined the
difference in trends of codon usage at large between the two windows. A. Tallies of all the codons used among
the high-occupancy and low-occupancy windows within each gene (including the preceding 5 codons before
each window) were kept separately. We plotted the natural log of counts for each codon in the high ribosomal
occupancy window versus the natural log of counts in the low occupancy window, and have color coded the
codons according to their tAl (see also Figure S3 for rare codons defined according to their genomic
frequency). If all codons are used equally among the slowly-translated and quickly-translated windows then the
regression should give a slope of 1, with all datapoints falling precisely upon the regression line. Since we have
no prior expectation as to which variable should be on the x- vs. y-axis—we are simply testing for a slope of
1—we used standardized major axis regression using the ‘smatr’ package in R. We performed standardized
major axis regressions of usage count(codon), high occupancy windows ~ usage count(codon), low occupancy
windows along with package tests that the slope of the line is 1 and that the intercept falls through 0. When we
consider only those codons within the lowest quartile of tAl values, we find that the resulting regression has a
slope not significantly different from one (P = 0.93) and an intercept not significantly different from 0 (P =



0.82), indicating that on the whole the rarest (tAl) quartile of codons are used equally between the slow and
quickly-translated windows. Considering all codons, however, gives a regression with both a slope different
from 1 (P = 4.0e-04) and an intercept different from 0 (P = 5.5e-04), corroborating that not rarer but more
common codons are used more in the high-occupancy windows. The line x = y is plotted just as a visual aid. B.
An examination of the residuals from part A. Those codons which lie closest to ~2 standard deviations away
from the regression line tend to encode positively charged amino acids. Horizontals at y = -1.96, +1.96 are
plotted. C. Given that there will of course be constraints on amino acid sequence, we also desire to investigate
the differences in codon usage between the two windows given the protein-coding composition of each. All of
the total codon counts for each the low-occupancy window (as described above) were divided by the total
amino acid count encoded by that codon for the low-occupancy window. The same normalization was
performed for the high-occupancy windows, and the normalized codon counts were then plotted against one
another. Performing a standard major axis regression on the amino acid-adjusted codon counts shows that
codons, given the protein coding sequence, are on the whole used proportionally between the quickly and
slowly-translated windows. When we consider only those codons within the lowest quartile of tAl values, we
find that the resulting regression has a slope not significantly different from one (P = 0.45) and an intercept not
significantly different from 0 (P = 0.89), indicating that on the whole the rarest (tAl) quartile of codons are used
equally between the slow and quickly-translated windows. Considering all codons, we find a slope significantly
different from, yet very close to 1 (P =0.032; slope 95% CI of 1.00, 1.10) and an intercept again not different
from 0 (P = 0.07; intercept 95% CI of -0.034, 0.0015). The line x = y is plotted as a visual aid. D. The finding
in part C that codons, on the whole, are not used significantly differently between the slowly and quickly
translated windows (given their respective amino acid compositions) is confirmed by an analysis of the
residuals. The one codon which is possibly significantly over-used is does not have a low tAl value.
Horizontals at y =-1.96, +1.96 are plotted.



