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Mass spectrometry and ribosome profiling, a perfect combination towards a more
comprehensive identification strategy of true in vivo protein forms.

Jeroen Crappé*?; Alexander Koch*?: Sandra Steyaert?; Wim Van Criekinge?; Petra Van DammeP®¢; Gerben Menschaert?

ensity gradient or Size fractionation — —
An increasing number of studies involve integrative analysis of _. ‘ soaaton o the Fagments R N A A m | n O AC | d S
gene and protein expression data, taking advantage of new ’ o e ) . . . : -
. ) : (Ao 2TV gk 1t TV 570 o < next generation sequencin transcriptome mappin SNP callin translation
technologies such as next-generation transcriptome - L & q & 9 P PPINg o | g.| o .
sequencing (RNA-Seq) and highly sensitive mass spectrometry =~ ™= _ _ RIBO-SEQ SE_'S"% STAR S("SaAnT]tKOO s/mpileup custemiBerl/Bytiion
. - 2 ore —— — —dm — —
(MS). Recently, a strategy, termed ribosome profiling, based 7 JJJJ T - — —~ H HiSeq/MiSeq (lllumina)  *30bp TOPHAT 2 f ST
- - 7 7 i et — SNP features
on deep sequencing of ribosome-protected mRNA fragments, iarzati - - splice & fusion junctions e SNP aware  awarenesses
indirectly monitoring protein synthesis, has been described. P i L. BED INDEL aware : (8
: . L s sne g g ] OB o B — b §° | o o with(out) feature
When used in combination with initiation-specific translation | Ribosome profie . bbb s Lot mntndl s —_— TIS aware -+
inhibitors, it enables the identification of (alternative) . —> 1RF translation :
S _— =] © TIS calling
= iihil | | o Msalng :
— — quality SAM/BAM ! "
= - TS complete a
. - )4 ), RIBO-seq experimental workflow (3 Bl SVM ' transcriptome l
¢ YN oo In contrast to routinely employed protein databases in i dels Aln s remove redundancy 7
: . . > in . : :
L"’°"’““’°"‘Y°'"‘”M’ proteomics searches, RIBO-seq derived data gives a more | e new transcripts annotate with UniProtKB ID a
representative expression state and accounts for sequence . L (based on sequence similarity) t
4\ _— o _ _ . . ] - sequence quality ACTGGACCATAGCAGGGTACACAGGTACAA :
5 —F upj) 3 variation information (single nucleotide polymorphism, - metagenic functional annotation ACTGGACCATAGC - - - GTACACTGGTACAA I
. insertions, deletions and RNA-splice variants) and alternative FASTQC/custom 0
ey DR translation initiation leading to N-terminal extended and/or OMS based proteomics/peptidomics =
- ‘ truncated protein forms. Furthermore, RIBO-seq reveals annotation S —— __m SearchGUI xiTandem, omssa
IR SO BT T T O | W TR | [ ) QN translation start at near-cognate start sites. Without taking this species specific MS/MS spectra PeptideShaker 1% FOR on protein, peptide, PSM level
- —— information into account, MS-based proteomic studies may fail AR conomes — peptide protein
MOA of initiation-specific translation mhl.bltors to detect novel, important protein forms. indexes S——— ™ identification identification
and example of gene-mapped RIBO-seq signals [1.2] - m annotation (UCSC/Ensembl) “SQLite )
e W sequences — L wolf ol L resolve inference problems
, . . _ - _ WORKFLOW OVERVIEW 4. Single nucleotide polymorphism (SNP) calling based 2 MS-based . domi ,
v Compile a sample-specific protein search database based on ribosome profiling sequencing on samTools-mpileup and/or GATK. . MS-based proteomics/peptidomics using
, . : SearchGui ¢l and PeptideShaker 7! tools.
data. 1. Ribosome profiling of ribosome captured mRNA fragments
performed on HiSeq, lllumina sequencing platform (RIBO-seq). 5. Translation initiation site (TIS) calling based on trained 3 Genome-centric visualization of all
] . . _ Support Vector Machine (SVM) [2I or rule-based énerated information tracks (Ensembl
v Introduce new translation products in the MS search space: N-terminal extensions/ 2. Quality control based on existing tools as FastQC and algorithm (1. ?JCSC gay | : | ,
. . . . , genome Drowsers).
truncations, trans-lated uORFs, near-cognate start sites. custom metagenic functional assessment.
6. Translation product assembly, taken into account the s Al It tored i lational SOLit
o . . . ) 3. Transcriptome mapping based on STAR ¥l and/or TopHat2 [5]  SNP, TIS, INDEL awareness. Construct complete resules ar_e >toredin d ’ef’ ona Q_' €
v Bridging two omics worlds: transcriptomics & MS-based proteomics by means of RIBO-seq. local aligners. oroteome, optionally combine with SwissProt. database allowing further detailed analysis.

RESULTS CONCLUSION & FUTURE WORK

MS experiments - 2 Data Sets: v Deep proteome coverage based on ribosome profiling aids mass
Shotgun proteomics: 24 LC runs -> 112.974 MS/MS spectra. Positional proteomics (N-term COFRADIC): 45 LC runs -> 68.523 MS/MS spectra spectrometry-based protein and peptide discovery and provides evidence
of alternative translation products and near-cognate translation initiation
Version 1 Custom DB [8l based on: C S L
2.0— v Future work will mainly focus on :
- SVM based TIS calling [2] |
. : >, .
- Usmg.reference genomic sequence % ] = Further investigation of the differential expression on translation level
- Combi of RIBO-seq derived and SwissProt @ 2404 of UniProtKB-SwissProt and RIBO-seq derived translation products:
O < l technological and/or biological relevance? Detailed assessment of the
Q I _ difference between in vivo measurement of protein synthesis (RIBO-
A _— | @@= 1 . —u seq) and protein presence (MS-based proteomics).
| C < 0.0-=— = q)andp > ( P )
Polycistronic 5 5
_-_ WebLogo 3.3 WebLogo 3.3 =» Generalize the pipeline to all types of next-generation sequencing
RNA-seq data: (directional) A+/A- RNA-seq, CLIP-seq, exome-seq, ribo-
I —=— 9 q q q
Canonical | S€Q
) —m— =» Quantitative correlation of RIBO-seq and (non) labelled MS-based

proteomics
B 2_ 1
_F_ B non-swiss =>» Incorporate Pipeline into Galaxy-P [°]
uORF ping UORF B n-term-ext
B mutation
Rlbo-seq (n=13454) uORF Overlapping uORF REFERENCES
N-terminomics (n=1.835)
[1] Lee, S., Liu, B., Lee, S., Huang, S. X., Shen, B., and Qian, S. B. (2012) Global mapping of translation
. . . . po . . : initiation sites in mammalian cells at single nucleotide resolution. Proc. Natl. Acad. Sci. U.S.A. 109, E2424-
. - Nl ] ’
(A) C.OFRADIC. .P|e charts (J!eplchng the |dent|.ﬁcat|.on of novel translation proo.lucts. N SWiss £2432.
terminal extensions truncations, uORF translations, internal out-of-frame translations (left ® new [2] Ingolia, N. T., Lareau, L. F., and Weissman, J. S. (2011) Ribosome profiling of mouse embryonic stem
panel is RIBO-seq based, right panel is MS-based using custom DB). (B) SHOTGUN: Pie B mutation cells reveals the complexity and dynamics of mammalian proteomes. Cell 147, 789-802.

. ° ° [ ° LY oL ° ] . M. h I A. M. B P.V. 2 1 R. ﬁl. : H.'D f i f i h i h
chart showing an +2.5% gain in protein identification using the combined RIBO-seq 13] Michel, A. M., Baranov, P.V. (2013) Ribosome profiling: a Hi-Def monitor for protein synthesis at the
genome-wide scale. Wiley Interd. Rev. RNA. Epub ahead of print.

derived and SwissProt search database. (C) Weblogos depicting the sequence context B alternative isoform [4] Dobin A., Davis, C. A., Schlesinger, F., Drenkow, J., Zaleski C., Jha S., Batut P., Chaisson, M., Gingeras T.
(three bases upstream and four bases downstream) of the newly identified translation R. (2013) STAR: ultrafast universal RNA-seq aligner. Bioinformatics, 29 (1): 15-21.

initiation sites, cIearIy pointing to near-cognate translation initiation. [5.] Kim, D., Pertea, 'G., Trap'nell, C., Pimentel, H., Kglley, R., Sz.alzberg, S. L. (201-3) TopHat2: acc'urate
alignment of transcriptomes in the presence of insertions, deletions and gene fusions. Genome Biology

2013, 14:R36.
i [6] Vaudel, M., Barsnes, H., Berven, F.S., Sickmann, A., Martens, L. (2011) SearchGUIl: An open-source
Version 2 Custom DB based on: Exam pleS A B graphical user interface for simultaneous OMSSA and X!Tandem searches. Mar;11(5):996-9.

| [7] http://peptide-shaker.googlecode.com

E n-term-ext

' synonymous mutation : Vps53 gene asynonymous : Srp19 gene [8] Menschaert, G., Van Criekinge, W., Notelaers, T., Koch, A., Crappé, J., Gevaert, K., Van Damme, P.

nearec%nate m 0 bt - (2013) Deep proteome coverage based on ribosome profiling aids MS-based protein and peptide discovery
Steittiplot WAy I o A RS and provides evidence of alternative translation products and near-cognate translation initiation events.

l&. > LPE Al - b " - o b - In
‘ | T A o @ Laboratory of Bioinformatics and Computational Genomics,

- rule-based TIS calling 1!
- Including SNP-INDEL information
- Only Ribo-Seq derived sequences
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