808 ribosome

mRNA
+EDTA subunit split

»
@) O
g compensation
lli fprinting by RNase |
ftracentrifugation

@ @

=
e

C)——O

Footprinting by RNase |
Ultracentrifugation

e

i+EDTA subunit split

Ribo-FilterOut

b Ultrafiltration
Subunit spiit ->RNase | ®
RNase | -> Subunit spli

34

e

a® > N - > — 26 Footprint
O Uttrafitration == O ~— Utrafitraion = ==
O O RNA extraction O O RNA extraction P 17
RNA extraction lRNA extraction
_— a s e nt
W -\MT
C rRNA subtraction Ribo-FilterOut +
< No treatment < [Ribo-Zero] < Ribo-FilterOut @_NA subtraction [Ribo-Zero]
o Replicate 1 o Replicate 1 o Replicate 1 © Replicate 1
5 Replicate 2 5 Replicate 2 5 Replicate 2 5 Replicate 2
F=2e\| = AN E=a\| = A
g o G g o G
ot ot o} T}
o C 1 1 1 O C 1 1 1 o C 1 1 1 o - 1 1 1
15 20 25 30 15 20 25 30 15 20 25 30 15 20 25 30
Footprint length [nt] Footprint length [nt] Footprint length [nt] Footprint length [nt]
d No treatment Replicate 1 Ribo-FilterOut Replicate 1
=344 =344
E.32. =
< 30/ I < 30/ I
gzs- ' gz& '
2 264 2 264
€ 24 F%I(%M T 244 sz))olg/l
& 22 I 400 5 20 l
3 20- ‘6 201 1000
LE 18- 1 1 1 1 0 LL 18 1 1 1 1 0
-50 0 50 100 -50 0 50 100
Ribo-FilterOut +
__ IRNA subtraction [Ribo-Zero] ~ Replicate 1 rRNA subtraction [Ribo-Zero] ~ Replicate 1
-E' 344 344
—32 =32
< 30 I =3 |
gze- ! Sl !
— 264 2 26
T 244 RPM Sz Rzl(:):)I(\JA
S 22 !4000 S22,
S 20. 2000 © 20] 1000
LE 18- 1 1 1 1 18; 1 1 1 1 0
-50 0 50 100 -50 0 50 100
Distance from ORF start [nt] Distance from ORF start [nt]
Eeorcas  ORF Eeorcas  ORF
5"UTR 5"UTR

Supplementary Fig. 1 Tomuro, Mito et al. (2024)



)

Relative ribsome occupancy
o
o
o

—_
o
o

1Replicate 2 No treatment
rRNA subtraction [Ribo-Zero]

o
N
"l

Ribo-FilterOut +
rRNA subtraction [Ribo-Zero]

o
)
Ll

OI T T T

-0.5 0 05 1 15
S EmeORE ey
5 UTR 8'UTR

f

6e+b

4e+54
=
o
o
2e+5-

Fraction
o
(&) ]

Homo sapiens [HEK293]
Ribo-FilterOut +
rBNA subtraction rRNA subtraction
No treatment [Ribo-Zero] Ribo-FilterOut [Ribo-Zero]
®
- [
®
'™ o = o le e J® L)
.o ® ® ®
® ® ® ® L} [ ® Y
ELEE EUHE ELE EEE
D D D D oD D D D
%% 9% 0% ©O0O%

Supplementary Fig. 1 Tomuro, Mito et al. (2024)



Supplementary Fig. 1: Characterization of the Ribo-FilterOut technique.

(a) Schematic of the experiments in b. Right: mRNA-ribosome complexes were treated
with RNase I, after which the ribosomal complex was isolated via ultracentrifugation.
Ribosome footprints were separated from ribosome subunits by EDTA treatment and then
isolated by ultrafiltration. Left: For the control, the lysate was pretreated with EDTA to
release mRNA from ribosomes before RNase I digestion.

(b) SYBR Gold staining of the RNA fragments obtained from the experiments shown in
a.

(c) The distribution of ribosome footprint length in ribosome profiling for the indicated
conditions.

(d) Metagene plots of the 5" end of ribosome footprints around the start codon (the first
position of the start codon was set to 0) along the footprint length. The color scales for
read abundance are shown.

(e) Metagene plot of the relative ribosome footprint distribution (ribosome occupancy)
along the 5" UTR, ORF, and 3’ UTR. The length of the ORF was set to 1, whereas the
lengths of the 5" UTR and 3" UTR were set to 0.5.

(f) Reads obtained from ribosome profiling were mapped to the indicated region of
mRNAs (top). The relative distributions of the 5" UTR, ORF, and 3" UTR are shown
(bottom). The mean (bar) and individual replicates (n = 2, points) are shown.

RPM, reads per million mapped reads. Source data are provided as a Source Data file.
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Supplementary Fig. 2: Application of Ribo-FilterOut to various species.

(a) Test of salt concentrations in the resuspension buffer of the ribosome pellet after
sucrose cushion centrifugation. The amount of usable reads is shown.

(b-e) Combination of the standard rRNA subtraction method (riboPOOL) with Ribo-
FilterOut for fly S2 cells (b), yeast (c), plants (d), and bacteria (e). The amount of usable
reads is shown.

The mean (bar) and individual replicates (n = 2, points) are shown. RPM, reads per

million mapped reads. Source data are provided as a Source Data file.
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Supplementary Fig. 3: Characterization of the method for global translation
measurement by Ribo-Calibration.

(a) Sucrose density gradient ultracentrifugation for the separation of ribosomal complexes.
Rluc mRNA (left) and Fluc mRNA (right) were translated in vitro with RRL. Highlighted
fractions were isolated for spike-ins for ribosome profiling.

(b) RT—qPCR analyses of Rluc and Fluc mRNAs complexed with ribosomes. Three
different amplicons were designed for each transcript (top). The data were calibrated with
titrated amounts of bare mRNAs used for in vitro translation as standards. The mean (bar),
s.d. (error), and individual data (n = 3, points) are shown.

(c) Ribosome footprint coverage on RLuc mRNA (left) and Fluc mRNA (right). RPM,
reads per million mapped reads.

(d) Fraction of the frame position where the 5" ends of the reads are located. Twenty-nine
nucleotide footprints were analyzed. The mean (bar), individual data (n = 6; 2 replicates
for DMSO, 2 replicates for 0.3 uM RocA treatment, and 2 replicates for 3 pM RocA
treatment, points), and s.d. (error) are shown.

(e) Schematic of sample handling and data calculation for the measurement of global
translation changes. The use of the same amount of lysate and spike-ins of mRNA-
ribosome complexes was essential.

(f) Histograms of ribosome footprint fold changes after 0.3 or 3 uM RocA treatment
normalized to the mitochondrial footprint.

(g) Comparison of the changes in global translation caused by RocA treatment calculated
from Ribo-calibration and mitoribosome footprints.

Source data are provided as a Source Data file.



Sample preparation

Lysate %

—+
Rluce_g

S-00
Ribosome
profiling

Raw count data Raw count data
Ribosome RNA
profiling RNA-Seq  length
Rluc 6178 Rluc 12908 936
mRNA A 250 mRNA A 376 666
mRBNA B 328 mRNA B 279 1089

Library size
normalization

Relative ribosome abundance Relative RNA abundance
RPM TPM

Rluc 716.3 Rluc 1237.3
mRBNA A 289 mRNA A 435

mRNA B 38.0

!

\RNA-Seq

mRNAB 32.2

RNA length normalization
Library size normalization

£
@)

Ribosomes per transcript [loga]

Fluc

¥

A

Rluc

Predicted in the
2" half data
Ribosomes per transcript

Replicate 2

—

1 2 3 4
Ribosomes per transcript
Calibrated by the
1t half data

Mahalanobis distance [logs]

0
Averaged reads in ribosome profiling [RPM]

500

10

5

0

| —9
o1 [

!

Relative ribosome number
per mRNA

RPM/TPM
Rluc 0.6
mRNAA 0.6
mRNAB 1.7

Setting the sum of Riuc and Fluc
as 5 (2 + 3) and normalization

Absolute ribosome number
per mRNA

Ribosomes
Rluc 2.1
mRBRNA A 2.1
mRNAB 6.1

Mahalanobis
distance [log.]

le
4
Iz

0 5 10
Ribosomes per transcript [10gz]
Replicate 1

Mahalanobis
distance [loga]

1000

Supplementary Fig. 4 Tomuro, Mito et al. (2024)



e Supernatant: +ERCC spike-ins f‘a‘: Mean: 0.978
ribosome-free fraction < — '810000_ Median: 0.985

—_ — 99th percentile: 0.995
1st percentile: 0.882
Pellet:

S ribosome-bound fraction

Sucrose cushion _&@_@_ 0
ultracentrifugation 0 025 050 075  1.00

Ratio found in ribosome-bound fraction

Transcript nu
a
o
o
o

g g 15000 RocA 3 uM h g 1000, RocA 3 uM
c Mean: 0.777 £ 750 Mean: 2396 nt
310000 Median: 0.530 2 Median: 1592 nt
B B 500
S 5000 3]

@ @ 2504
o )
= 0 . , , =0
0 10 20 30 0 500 1000 1500 2000 2500
Ribosomes per transcript Distance between ribosomes [nt]

i s &Y High-sensitive Low-sensitive
w2 y transcripts transcripts
5o - _ Low-sensitive (n = 3781) (n = 3284)

((_It)i 8-, +  transcripts 104 10
2SS o). ARG . e 5 5
@ G 2 3
E-o c <
2 £ g
BE 8 5l S 5
N.= <] a a
g9 | £ —_— = |
=0 o o)
§ LE c|°' o é | é |
5 850 500 5000 © | =" T
Normalized reads T o = T o0 =
Qo Qo
= < = <
o 8 o g
[am (o'

Supplementary Fig. 4 Tomuro, Mito et al. (2024)



Supplementary Fig. 4: Characterization of the method for the absolute calibration
of ribosome number by Ribo-Calibration.

(a) Schematic of sample handling and data calculation for the absolute quantification of
ribosome numbers on ORFs. Ribosome profiling and RNA-Seq must be performed using
the same lysate supplemented with purified mRNA-ribosome complexes.

(b) To validate the performance of Ribo-Calibration for the absolute quantification of
ribosome numbers on ORFs, we divided the data into halves, used the first half for
calibration of the data, and then predicted the ribosome numbers on Rluc and Fluc in the
second half.

(c) Scatter plot of ribosome numbers on ORFs in replicates, scoring the reproducibility
with the Mahalanobis distance (shown in the color scale).

(d) Scatter plot of the Mahalanobis distance (shown in ¢) and average ribosome footprint
reads from replicates. The color scales for the Mahalanobis distance are shown. RPM,
reads per million mapped reads.

(e) Schematic of isolating ribosome-bound and ribosome-free mRNAs by sucrose
cushion ultracentrifugation. The spike-in RNA controls defined by the External RNA
Controls Consortium (ERCC) were added to the purified mRNAs for the downstream
RNA-Seq experiments.

(f) Histograms of the mRNA ratio found in the ribosome-bound fraction.

(g) Histograms of the absolute ribosome number on transcripts with 0.3 or 3 pM RocA
treatment.

(h) Histograms of the distance between ribosomes with 0.3 or 3 uM RocA treatment.

(1) MA (M, log ratio; A, mean average) plot of the ribosome footprint fold change with 3
UM RocA treatment normalized by Ribo-Calibration spike-ins. Transcripts with
significant changes (FDR < 0.05) are highlighted.

(j) Box plots of the absolute number of ribosomes for RocA high-sensitivity transcripts
(left) and low-sensitivity transcripts (right).

In box plots, the median (centerline), upper/lower quartiles (box limits), and 1.5%

interquartile range (whiskers) are shown. Source data are provided as a Source Data file.
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Supplementary Fig. 5: Validation of ribosome numbers on ORFs obtained by Ribo-
Calibration.

(a) Sucrose density gradient ultracentrifugation for the separation of ribosomal complexes
from HEK293 T-REx cells, highlighting the fractions used for downstream RT-qPCR
analyses.

(b-e) RT—qPCR analysis of the indicated mRNAs in the polysome fractions according to
the number of ribosomes on the transcripts. Ten percent of the input lysate was used for
the standard. The mean (bar), s.d. (error), and individual data (n = 3, points) are shown.
(f) Scatter plots of the distance between ribosomes and disome occupancy. RPM, reads
per million mapped reads.

(g and h) Distribution of ribosome footprints along the indicated genes. The A-site
position of the reads is depicted. The calibrated ribosome numbers on the pause site in
XBPIlu and uORFO in ATF4 (including ribosomes on codons before and ahead) are
highlighted.

Source data are provided as a Source Data file.
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Supplementary Fig. 6: Characterization of ribosome run-off assay and BRIC-Seq.
(a) Schematic representation of the relationships among the number of ribosomes on the
ORF (N), the duration of ribosome residence on the ORF (D), the length of the ORF (L),
the translation elongation rate (£), and the translation initiation rate (/).

(b) Schematic of the ribosome run-off assay with harringtonine (HAR) chase. After a
short incubation with HAR, ribosomes on the transcripts were fixed with cycloheximide
(CHX).

(c) Schematic of BRIC-Seq with bromouridine (BrU). After the labeling of cellular
mRNA with BrU, the cells were incubated in medium without BrU over the time course.
mRNAs were isolated with an anti-BrdU antibody.

(d) Comparison of transcript half-life and the absolute number of ribosomes on transcripts
(left), the distance between ribosomes (middle), and the translation initiation rate (right).
r, Pearson’s correlation coefficient.

Source data are provided as a Source Data file.
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Supplementary Fig. 7: Characterization of heat shock and recovery in HEK293 cells.
(a) Schematic of the experiments over the time course.

(b) Relative OP-puro incorporation during heat shock and recovery. The mean (bar), s.d.
(error), and individual data (n = 3, points) are shown.

(c) Western blotting of the indicated proteins. The anti-HSP70 antibody used in this study
detected both heat-inducible HSP70 family proteins and constitutively expressed HSP70
(Hsc70) family proteins.

(d) Comparison of expected and observed ribosome numbers on Rluc and Fluc transcripts
used for Ribo-Calibration.

(e) Box plots of the distance between ribosomes during heat shock and recovery.

(f) Metagene plots with relative ribosome occupancy at each position around start codons
(left, the first position of the start codon was set to 0) and stop codons (right, the first
position of the stop codon was set to 0) under the indicated conditions.

(g) Metagene plots with calibrated ribosome numbers at each position around start codons
(left, the first position of the start codon was set to 0) and stop codons (right, the first
position of the stop codon was set to 0) under the indicated conditions.

In box plots, the median (centerline), upper/lower quartiles (box limits), and 1.5%
interquartile range (whiskers) are shown.

Source data are provided as a Source Data file.
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Supplementary Fig. 8: Characterization of ribosome profiling with Ribo-
Calibration in skin cells.

(a) The morphology of the indicated skin cells. Scale bar, 100 pm.

(b) Comparison of expected and observed ribosome numbers on Rluc and Fluc transcripts
used for Ribo-Calibration.

(c) Histograms of the absolute ribosome number on transcripts in the indicated skin cells.
(d) Histograms of the distance between ribosomes in the indicated skin cells.

(e) Metagene plots with calibrated ribosome numbers at each position around start codons
(left, the first position of the start codon was set to 0) and stop codons (right, the first
position of the stop codon was set to 0) in the indicated skin cells.

(f-g) Heatmap of the distance between ribosomes in the indicated skin cells. The color
scales for the Z scores are shown.

(h-1) GO terms enriched in the gene clusters defined in f. The color scales for significance
and the size scales for the number of genes in each category are shown.

Source data are provided as a Source Data file.
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Supplementary Fig. 9: Characterization of ribosome profiling with Ribo-
Calibration in mouse forebrains.

(a) Comparison of expected and observed ribosome numbers on Rluc and Fluc transcripts
used for Ribo-Calibration.

(b) Histograms of the absolute ribosome number on transcripts in the young and aged
mouse forebrains.

(c) Histograms of the distance between ribosomes in the forebrains of young and aged
mice.

(d)Metagene plots with calibrated ribosome numbers at each position around start codons
(left, the first position of the start codon was set to 0) and stop codons (right, the first
position of the stop codon was set to 0) in the young and aged mouse forebrains.

(e) Heatmap of the distance between ribosomes in young and aged mouse forebrains. The
color scales for the Z scores are shown.

(f-g) GO terms enriched in the gene clusters defined in e. The color scales for significance
and the size scales for the number of genes in each category are shown.

Source data are provided as a Source Data file.
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