SUPPLEMENTARY TABLES
Supplementary Table 1

Distribution of sequence reads. The triplicate batches from the cycloheximide footprints are
labeled “THP-1 -puro” and sequence reads from the puromycin experiments are labeled
“THP-1 +puro”. Only unique hits to annotated RefSeq sequences (right column) were

analyzed further after the removal of ribosomal contamination (column: “Ribosomal

matches”).

Replicate Total no. reads No. ribosomal No. unique hits to annotated RefSeq
matches sequences

THP-1 -puro #1 96,712,346 69562236 14762803

THP-1 -puro #2 101,960,552 71142855 18087352

THP-1 -puro #3 97,677,373 68161986 18556057

THP-1 +puro #1 88,213,584 73869737 5585473

THP-1 +puro #2 95,946,401 81697924 5930977

THP-1 +puro #3 99,128,594 80998596 7189773




Supplementary Table 2

Positive TIS signals emitted by the neural network.

Analyzed transcripts 5062
Positions tested 1,304,713
Positive signals 14,464

Merged positive signals (over 2 bp window) 10,386

Merged positive signals in target regions 8710

Classified TISs 7251

Transcripts with at least one predicted TIS in | 4364
target region

Transcripts without any positive TIS signal in | 698
target region




Supplementary Table 3

Comparative analysis of TIS prediction in the pooled data and the three individual replicates.
Given are the predicted TIS in 1720 transcripts matching the minimum expression criteria of

20x coverage at least one nucleotide position.

Replicate Number of detected TIS
Pool, Replicates 1, 2, 3 1626
Pool, Replicates 1, 2 194
Pool, Replicates 1, 3 188
Pool, Replicates 2, 3 149
Pool, Replicates 1 82
Pool, Replicates 2 76
Pool, Replicates 3 50
Replicate 1 only 325
Replicate 2 only 275
Replicate 3 only 215
Pool only 20
Replicates 1, 2 59
Replicates 1, 3 46
Replicates 2, 3 38
Replicates 1, 2, 3 13




Supplementary Table 4

Estimation of false positive rate amoung the newly identified TIS: A total of 5166 TISs (i.e.
the number of newly annotated TIS in the 5° UTR identified in this study) were randomly
drawn from the analyzed 5’UTRs and the 3 basepair annotation window was analyzed for the
presence of either an AUG or near cognate TIC. Ten replicates of these random draws are
shown in the Table below. A mean of 1970.2 of these randomly drawn TISs did not have an
AUG or near cognate TIC in its 3 basepair neighborhood as used in the TIC annotation
pipeline. This corresponds to 38.1 % of the randomly drawn TISs. This implies that not more
than 577 (i.e. 220 / 0.381) of the 5166 TISs are due to random noise, implying that 88.8%
might be correctly annotated by our pipeline. These calculations hinge on several assumptions
and thus have to be viewed with some caution: First, we cannot prove, that the random
proportion of unclassifiable TIS (i.e. ~1/3) is a lower limit to the expected proportion of
unclassifiable TIS among the false positive predictions made by the neural network. The
random proportion may be larger or smaller depending upon the (unknown) way in which TIS
classifiability influences the prediction specificity of the network. Second, the above
statement also hinges on the assumption that all true positive TIS predictions would be

classifiable, for which cannot be stated with certainty either.

No. AUG or near-cognate other
1 3261 1905
2 3211 1955
3 3217 1949
4 3222 1944
5 3164 2002
6 3190 1976
7 3174 1992




8 3183 1983

9 3196 1970
10 3140 2026
mean 3195.8 1970.2
Rate false positive in a random drawing 38.1 %
Estimation false positive 576.9
Rate false positive 11.2%




Supplementary Table 5

Genes with non-AUG-initiated N-terminal protein extension and experimentally validated uORFs which did not meet the minimal read coverage
criteria or are not covered by the correct isoform. Genes with non-AUG-initiated N-terminal protein extension were selected from the “database of

MRNA sequences with non-AUG start codons” (http://bioinfo.iitk.ac.in/) and with known functional uUORFs were identified from the report by

Calvo et al. 2009.

RefSeq ID Gene Classification low translation wrong Isoform Reference

NM_031895 CACNGS8 non-AUG start yes Ivanov et al. 2011

NM_ 002006 FGF2 non-AUG start yes E Arnaud et al. 1999, H Prats et al. 1989
NM 021182 HMHB1 non-AUG start yes Dolstra et al. 1999)

NM 001128619 LUZP6 non-AUG start yes Xiong et al. 2006)

NM 199072 MDFIC non-AUG start yes Thébault et al. 2000)

NM 001098579 MRVI1 non-AUG start yes Shaughnessy et al. 1999)

NM 014293 NPTXR non-AUG start yes Dodds et al. 1997)

NM_ 022002 NR1I2 non-AUG start yes Lehmann et al. 1998)

NM_001134939 OAZ3 non-AUG start yes Ivanov et al. 2011

NM 001172438 PEG10 non-AUG start yes Heike Lux et al. 2010

NM 001166304 PIGX non-AUG start yes Ashida et al. 2005

NM 002701 POU5F1 non-AUG start yes Xia Wang et al. 2009

NM_ 175886 PRPS1L1 non-AUG start yes Taira et al. 1990

NM 001169117 STIM2 non-AUG start yes R T Williams et al. 2001

NM 021961 TEAD1 non-AUG start yes J H Xiao et al. 1991

NM 003214 TEAD3 non-AUG start yes Jacquemin et al. 1997

NM_ 052883 TXNRD3 non-AUG start yes Gerashchenko et al. 2010

NM 001025366 VEGFA non-AUG start yes Meiron et al. 2001, Tee and Jaffe 2001, Huez et al. 2001
NM 003111 SP3 non-AUG Start yes Hernandez et al. 2002

NM_ 000392 ABCC2 UORF yes Yuanyuan Zhang et al. 2007

NM_ 031850 AGTR1 UORF yes Mickey M Martin et al. 2006

NM_ 000707 AVPR1B UORF yes Nomura et al. 2001, Rabadan-Diehl et al. 2007
NM_ 012104 BACE1 UORF yes Rogers et al. 2004




NM_ 001166 BIRC2 uORF yes Warnakulasuriyarachchi et al. 2003
NM_004345 CAMP UORF yes Wou et al. 2002

NM_001001548 CD36 UORF yes Griffin et al. 2001

NM_000784 CYP27A1 UORF yes Lodhi et al. 2003

NM_ 004448 ERBB2 UuORF yes Child et al. 1999, Mehta et al. 2006, Spevak et al. 2006
NM_001122742 ESR1 UORF yes Kos et al. 2002, Pentecost et al. 2005
NM_005257 GATA6 UORF yes Takeda et al. 2004

NM_001190468 GDNF UORF yes Tanaka et al. 2001

NM_004810 GRAP2 uORF yes Guyot et al. 2002

NM_005577 LPA UORF yes Zysow et al. 1995

NM_005372 MOS uORF yes Steel et al. 1996

NM_138768 MYEOV uORF yes de Almeida et al. 2006

NM 022162 NOD2 uORF yes Rosenstiel et al. 2007
NM_001145281 OPRM1 uORF yes Kyu Young Song et al. 2007

NM_ 000965 RARB uORF yes Reynolds et al. 1996

NM_003745 SOCS1 uORF yes Schliiter et al. 2000

NM 003189 TALL uORF yes Calkhoven et al. 2003

NM_000459 TEK uORF yes Park et al. 2006

NM_ 000460 THPO UuORF yes Stockklausner et al. 2006
NM_001025366 VEGFA uORF yes Bastide et al. 2008

NM_004185 WNT2B UuORF yes Tang et al. 2008

NM_ 000050 ASS1 uORF yes Pendleton et al. 2005

NM_004064 CDKN1B uORF yes Gopfert et al. 2003

NM_005194 CEBPB uORF yes Lincoln et al. 1998
NM_001018077 NR3C1 uORF yes Diba et al. 2001

NM_001113491 SEPT9 UORF yes McDade et al. 2007




Supplementary Table 6

Conservation among primates of the TICs at classified network-identified TISs (N-TERM: in frame N-terminal protein extension, UORF: upstream
open reading frame; ovORF: CDS-overlapping UORF). P values refer to a t-test comparing the mean conservation score among case and control
TICs. Significant p values after Bonferroni correction for multiple testing (i.e. p<0.0016) are marked in bold italics. DIFF: difference in mean

Conservation Score between case and control TICs, Cl: 95% confidence interval.

TYPE CODON MEAN.CASE MEAN.CONT DIFF Cl P N.CASE N.CONT
CDS ATG 0.580 0.202 0.378 0.358 - 0.397 <1070 2299 403
NTERM AAG 0.661 0.254 0.407 0.183-0.631 1.32x107 6 793
NTERM ACG 0.253 0.259 -0.006 -0.063 - 0.050 0.754 51 894
NTERM AGG 0.300 0.292 0.008 -0.101 - 0.117 0.882 16 2727
NTERM ATA 0.179 0.194 -0.015 -0.162 - 0.132 0.832 5 152
NTERM ATC 0.239 0.236 0.003 -0.064 - 0.070 0.901 33 494
NTERM ATG 0.265 0.205 0.060 -0.111-0.230 0.473 6 184
NTERM ATT 0.272 0.222 0.051 -0.049 - 0.151 0.316 19 328
NTERM CTG 0.267 0.240 0.027 0.001 - 0.054 0.045 270 1887
NTERM GTG 0.218 0.268 -0.050 -0.095 - -0.005 0.030 80 1613
NTERM TTG 0.225 0.256 -0.031 -0.083 - 0.021 0.240 60 976
UORF AAG 0.314 0.278 0.036 -0.047 - 0.120 0.389 29 1558
UORF ACG 0.351 0.263 0.087 0.049 - 0.126 1.03x10° 143 898
uORF AGG 0.353 0.291 0.061 0.007 - 0.116 0.028 66 2800
uORF ATA 0.393 0.213 0.180 0.098 - 0.262 3.08x107 34 308
uORF ATC 0.323 0.235 0.088 0.041-0.136 2.79x10™ 99 531
uORF ATG 0.469 0.206 0.263 0.239 - 0.286 <10 924 397
uORF ATT 0.387 0.248 0.140 0.093 - 0.186 1.17x10° 103 634
uORF CTG 0.254 0.244 0.011 -0.004 - 0.026 0.150 1045 2039
uORF GTG 0.273 0.270 0.003 -0.022 - 0.027 0.753 342 1645
UORF TTG 0.335 0.257 0.078 0.044-0.111 7.95x10°® 209 889
ovORF AAG 0.287 0.268 0.019 -0.070 - 0.109 0.667 20 1472

ovORF ACG 0.252 0.260 -0.008 -0.047 - 0.031 0.695 103 912



ovORF
ovORF
ovORF
ovORF
ovORF
ovORF
ovORF
ovORF

AGG
ATA
ATC
ATG
ATT
CTG
GTG
TTG

0.328
0.449
0.266
0.573
0.253
0.224
0.271
0.309

0.287
0.181
0.236
0.208
0.247
0.243
0.267
0.258

0.041
0.267
0.030
0.365
0.006
-0.019
0.005
0.051

-0.041 - 0.123
0.131-0.404
-0.022 - 0.082
0.317-0.413
-0.058 - 0.071
-0.036 - -0.003
-0.024 - 0.033
0.011 - 0.091

0.326
2.88x10™
0.258
<10-10
0.846
0.023
0.675
0.012

28

71
116
47
664
215
128

2304
158
546
338
540

1988

1557
992




Supplementary Table 7

Local rate of variation, among primates, of the TICs at classified network-identified TISs (N-TERM: in frame N-terminal protein extension, uUORF:
upstream open reading frame; ovORF: CDS-overlapping uORF). The local rate of variation was estimated using SiPhy (Garber et al. 2009). P
values refer to a t-test comparing the mean local rate of variation among case and control TICs. Multiple alignments and the phylogenetic tree

model  were taken from the UCSC genome  browser (http://hgdownload.cse.ucsc.edu/goldenPath/hgl9/multiz46way/maf/,

http://hgdownload.cse.ucsc.edu/goldenPath/hg19/phastCons46way/primates.mod). Significant p values after Bonferroni correction (i.e. p<0.0016)

are marked in bold italics. DIFF: difference in mean local rate of variation between case and control TICs, Cl: 95% confidence interval.

TYPE CODON MEAN.CASE MEAN.CONT DIFF Cl P N.CASE N.CONT
CDS ATG 0.154 1.792 -1.638 -1.828 - -1.448 <100 2299 403
NTERM AAG 0.759 1.337 -0.579 -1.282-0.125 0.101 6 793
NTERM ACG 1.561 1.736 -0.174 -0.615 - 0.266 0.436 51 894
NTERM AGG 1.153 1.305 -0.152 -0.734 - 0.429 0.601 16 2727
NTERM ATA 1.826 1.696 0.130 -1.071-1.331 0.821 5 152
NTERM ATC 1.616 1.604 0.012 -0.530 - 0.554 0.890 33 494
NTERM ATG 0.891 1.693 -0.802 -2.073-0.470 0.205 6 184
NTERM ATT 1.570 1.486 0.084 -0.758 - 0.927 0.843 19 328
NTERM CTG 1.531 1.581 -0.050 -0.289 - 0.188 0.680 270 1887
NTERM GTG 1.806 1.364 0.442 -0.048 - 0.931 0.077 80 1613
NTERM TTG 1.966 1.492 0.474 -0.052 - 1.000 0.077 60 976
UORF AAG 1519 1.249 0.270 -0.409 - 0.949 0.431 29 1558
UORF ACG 1.444 1.729 -0.285 -0.589 - 0.019 0.067 143 898
UORF AGG 1.113 1.315 -0.202 -0.503 - 0.099 0.188 66 2800
UORF ATA 1.587 1.686 -0.100 -0.723 - 0.524 0.752 34 308
UORF ATC 1.646 1.605 0.040 -0.379 - 0.459 0.813 99 531
UORF ATG 0.771 1.754 -0.983 -1.189 - -0.779 <10 924 397

uUORF ATT 0.955 1.444 -0.489 -0.779 - -0.200 0.001 103 634



uORF CTG 1.513 1.547 -0.033 -0.163 - 0.097 0.615 1045 2039
uORF GTG 1.318 1.401 -0.083 -0.285 - 0.119 0.421 342 1645
UORF TTG 1.400 1.457 -0.057 -0.310 - 0.196 0.659 209 889
ovORF AAG 1.817 1.283 0.534 -0.318 - 1.386 0.215 20 1472
ovORF ACG 1.501 1.741 -0.240 -0.556 - 0.076 0.136 103 912
ovORF AGG 1.109 1.326 -0.217 -0.770 - 0.336 0.437 28 2304
ovORF ATA 1.685 1.867 -0.182 -1.611 - 1.249 0.799 14 158
ovORF ATC 1.497 1.594 -0.097 -0.500 - 0.307 0.642 71 546
ovORF ATG 0.850 1.714 -0.864 -1.204 - -0.523 7.97x10” 116 338
ovORF ATT 1.819 1.402 0.417 -0.122 - 0.956 0.129 47 540
ovORF CTG 1.619 1.614 0.005 -0.153 - 0.163 0.794 664 1988
ovORF GTG 1.294 1.383 -0.088 -0.317 - 0.140 0.451 215 1557
ovORF TTG 1.697 1.441 0.257 -0.106 - 0.619 0.165 128 992




Supplementary Table 8

Conservation of TIC usage in human and mouse. The multiple alignment files of the mouse

assembly to the human genome (hg19/GrCh37) was taken from the UCSC Genome Browser

http://hgdownload.cse.ucsc.edu/goldenPath/hg19/multiz46way/maf/

human 5’UTR

regions were aligned to the appropriate mouse genome (mm9) position. For mapping of the

mouse transcripts only those transcripts with at least one TIS and with a distinct assignment

were used for further analysis. TICs for the analyzed categories canonical, N-terminal

extension, UORF, and overlapping uORF were taken from Ingolia et al. 2011

Human Conserved in | Mouse Conserved in
mouse human

TIC total 3294 2141 (65%) 7391 4458 (60.3%)
canonical 1321 1293 (97.8%) 2350 2312 (98.4%)
N- terminal 243 98 (40.3%) 404 157 (38.9%)
extension
uORF 970 455 (46.9%) 1748 833 (47.6)
Overlapping 681 263 (38,6%) 1041 427 (41%)

UORF




Supplementary Table 9

TIC usage in human and mouse. Mouse TISs were aligned to the human genome and TIC

usage of TISs used in both species are compared.

mouse
ATG | CTG | GTG | TTG | AAG | AGG | ATA | ATC | ATT | ACG | other

ATG | 1279 |1 3 0 0 0 1 0 0 2 0

CTG |1 94 8 3 0 0 0 0 0 1 0

GTG | 0 4 33 2 0 0 0 0 0 2 0

TTG |0 2 0 11 0 0 1 1 0 0 0
c AAG | 0 0 0 0 1 0 0 0 0 0 0
g AGG | 0 0 0 0 0 0 0 0 0 0 0
=

ATA | 0 0 0 0 0 0 3 0 0 0 0

ATC | 0 0 0 0 0 0 0 5 1 0 0

ATT | O 0 0 0 0 0 0 1 6 0 0

ACG | 0 2 1 0 0 0 0 0 0 19 0

other | 0 0 0 0 0 0 0 1 0 1 0




Supplementary Table 10

TIC usage in human and mouse UORFs. Mouse TISs were aligned to the human genome and

TIC usage of TISs used in both species are compared.

mouse
ATG | CTG | GTG | TTG | AAG | AGG | ATA | ATC | ATT | ACG | other
ATG | 115 |0 2 0 0 0 1 0 0 2 0
CTG |1 25 3 0 0 0 0 0 0 1 0
GTG | 0 1 14 1 0 0 0 0 0 1 0
TTG | 0 0 0 6 0 0 1 0 0 0 0
AAG | 0 0 0 0 1 0 0 0 0 0 0
c
§ AGG | 0 0 0 0 0 0 0 0 0 0 0
<
ATA | 0 0 0 0 0 0 3 0 0 0 0
ATC | 0 0 0 0 0 0 0 1 1 0 0
ATT |0 0 0 0 0 0 0 1 5 0 0
ACG | 0 2 0 0 0 0 0 0 0 3 0
other | 0 0 0 0 0 0 0 0 0 0 0




Supplemnetary Table 11

TIC usage in human and mouse overlapping UORF. Mouse TISs were aligned to the human

genome and TIC usage of TISs used in both species are compared.

mouse
ATG | CTG | GTG | TTG | AAG | AGG | ATA | ATC | ATT | ACG | other
ATG | 16 0 0 0 0 0 0 0 0 0 0
CTG |0 21 1 1 0 0 0 0 0 0 0
GTG | 0 3 6 0 0 0 0 0 0 1 0
TTG | 0 0 0 3 0 0 0 0 0 0 0
AAG | 0 0 0 0 0 0 0 0 0 0 0
c
§ AGG | 0 0 0 0 0 0 0 0 0 0 0
<
ATA | 0 0 0 0 0 0 0 0 0 0 0
ATC | 0 0 0 0 0 0 0 2 0 0 0
ATT |0 0 0 0 0 0 0 0 1 0 0
ACG | 0 0 0 0 0 0 0 0 0 6 0
other | 0 0 0 0 0 0 0 0 0 0 0




Supplementary Table 12

Transcript based analysis of TIS usage in human and mouse. Mouse transcripts harboring a

experimentally determined TIS were compared to human transcripts with a TIS.

Human Mouse Both
Transcripts 2216 2216 2216
canonical 1192 2042 1135
N-te rrr_linal 292 296 73
extension
uORF 932 774 530
Overlapping UORF | 734 680 323




SUPPLEMENTARY FIGURES

Supplementary Figure 1

Translational initiation site enrichment in ribosome footprints by puromycin treatment. Panel

A: Schematic illustration of experimental procedure. Panel B: Sucrose density analysis of

extracts after cycloheximide and puromycin treatment, with loss of polysomal fractions

indicating enrichment by translation-initiating ribosomes. Panel C: Length distribution of

ribosome footprint sequences after excluding nuclease-generated rRNA contaminations.
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Supplementary Figure 2

Stability of ribosomal footprints with and without puromycin treatment (“control”). Panel A:
Results of triplicate experiment on the TPP1 gene. Panel B: Pair-wise correlation of the read

coverage per nucleotide between triplicates.
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Supplementary Figure 3

Characterization of the used Neural Network. Panel A: ROC curves of ten neural networks
trained on a manually curated dataset. The neural network with the median performance

(indicated by a bold line) was used for all further analyses.
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Supplementary Figure 4

Relative read coverage around the newly identified TISs.
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Supplementary Figure 5

Relative read coverage around newly identified TICs, according to type of embedded TIC. A
higher read coverage of the second codon at TISs with an AUG TIC rather than a near-
cognate TIC (ratio of peak at start codon versus second codon AUG: 3.2; CUG: 4.5; other:

3.6) may be indicative of a delayed initiation Kinetic pertaining to the former type of TIS.
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Supplementary Figure 6

Codon usage in human and mouse at canonical TISs (Panel A), N-terminal extensions (Panel B), uORFs (Panel C) and overlapping uORFs (Panel

D). Mouse data were taken from Ingolia et al. 2011.
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Supplementary Figure 7

Distribution of transcripts according to the functional classification of neural network-
predicted TIS (graphical representation of Table 3 of the main text). aTIS = annotated TIS;
UORF = upstream open reading frame; ovORF = CDS-overlapping uORF; N-term = N-

terminal protein extension.
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Supplementary Figure 8

Presence of a Kozak consensus sequence in newly identified TISs in different functional

categories. The analysis was performed using the weblogo 3.0 software (Crooks et al. 2004).
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Supplementary Figure 9
Analysis of potential consensus sequences in the vicinity of the newly identified TISs in the
by codon category. Sequences were plotted using weblogo 3.0 (Crooks et al. 2004). For the

newly identified near-cognate codons, no consensus sequence is detectable.
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