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Supplementary Tables

Supplementary Table 1. Spearman correlation coefficients between different factors affecting ribo-
some stalling for both human and yeast datasets.

Supplementary Table 2. All expressed genes in LCLs and S. cerevisiae that were used as the back-
ground for GO analysis for both human and yeast. The Ensembl gene ID was used as the gene
identifier.

Supplementary Table 3. The enriched GO terms for both ramp and non-ramp genes in human
and yeast. The enriched GO terms for those genes with high translation efficiency are also pro-
vided.

Supplementary Table 4. The hyperparameter values of ROSE calibrated using our antomatic one-
way model selection strategy for both human (Battle15) and yeast (Pop14) datasets.
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Supplementary Figure 1: A schematic illustration of the translation elongation process. During
translation elongation, the ribosome travels along the mRNA and gradually grows the nascent
peptide chain, in which each codon along the mRNA is read and an aminoacyl tRNA is brought
into the ribosome A-site to match the corresponding codon. Next, the bond between the peptide
and the aminoacyl tRNA at the ribosome P-site is broken, and a new bond between this peptide
and the amino acid that is just introduced at the ribosome A-site is formed. Then the ribosome
moves forward to the next codon, while the uncharged tRNA is released from the ribosome E-site.
In general, a ribosome covers about 27 nt (i.e., nine codons) of an mRNA [1]. Here, the position of
the codon at the ribosome A-site is indexed as zero.
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Supplementary Figure 2: A comprehensive investigation on the regulatory effects of different fac-
tors on ribosome stalling using ROSE (supplementary to Fig. 3 in the main text). (a) and (b) The
comparisons of intraRSS between the codon sites enriched with individual controlling factors and
the background for human and yeast, respectively. (c) The comparisons of intraRSS of the back-
ground vs. the codon sites with m6A modification derived from [2] as well as a control dataset,
which consisted of 10,000 randomly-selected codon sites containing adenine but without m6A
modification. (d) The comparisons of intraRSS between the control datasets and the codon sites
with m6A modification derived from different sources, including the Ke15 [3] and Linder15 [2]
datasets of human, and the Schwartz13 [4] dataset of yeast. *: 5 × 10−25 < P < 1 × 10−2; **:
5 × 10−50 < P ≤ 5 × 10−25; ***: 5 × 10−100 < P ≤ 5 × 10−50; +: P ≤ 5 × 10−100; one-sided
Wilcoxon rank-sum test.
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Supplementary Figure 3: The intraRSS landscapes of different protein secondary structure pat-
terns with window size ten (supplementary to Fig. 4 in the main text). (a) The intraRSS landscapes
of the alpha helix, beta strand and random coil regions. (b) The intraRSS landscapes of the SSE
transition regions. “H”, “E” and “C” stand for alpha helix, beta strand and random coil, respec-
tively, while “X” stands for any SSE type in the flanking regions on both sides. Polynomial curve
fitting of degree four was used to show the general intraRSS tendency. The Spearman correlation
coefficients between human and yeast intraRSS tendencies were calculated.
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Supplementary Figure 4: The intragenic RSS landscape reveals that translation elongation dynam-
ics promotes SRP binding in the TM segments (supplementary to Fig. 5 in the main text). (a) The
comparison of the intraRSS tendency between the TM segments with and without SRP binding in
yeast, in which all the protein sequences were aligned with regard to the end of the TM segment,
which was indexed as zero. For those TM segments without SRP binding (termed SRP-), the peak
in positions 30–50 downstream the TM segment, corresponding to the peak in positions 50–70 in
Fig. 5b of the main text, was significantly diminished compared to that of the TM segments with
SRP binding (termed SRP+; P = 9.8 × 10−5 by one-sided Wilcoxon rank-sum test). The grey rect-
angles represent two intraRSS peaks downstream the TM segment. (b) The intraRSS tendency of
the TM segments in human, in which either the TM start or the TM end position was regarded as
the initial alignment location. A mixed set of both TM segments with and without SRP binding
(termed SRP+/-) was considered.
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Supplementary Figure 5: The comparisons of intraRSS between the background and those codon
sites enriched with the positively-charged amino acids in the upstream 30 codons for both human
and yeast. Here, we considered both general positively-charged amino acids (which include his-
tidine, lysine and arginine) and particular amino acids. “-” means that the difference of intraRSS
between the codon sites of interest and the background was significant (P < 1 × 10−2) but con-
trary to our expectation (i.e., a higher ratio of positively-charged amino acids should yield a larger
intraRSS). **: 5 × 10−50 < P ≤ 5 × 10−25; one-sided Wilcoxon rank-sum test.
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Supplementary Figure 6: The distributions of the normalized ribosome profiling reads for human
(a) and yeast (b) datasets.
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Supplementary Figure 7: The comparisons of the three-fold CV performance between ROSE and
gkm-SVM. (a) and (b) The ROC curves and the corresponding AUROC scores of CV on the human
(Battle15) and yeast (Pop14) training data, respectively. “sROSE” stands for the single version of
ROSE (i.e., with one CNN model).
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