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Thermoanaerobacter tengcongensis

e Thermoanaerobacter tengcongensis (TTE)

— Discovered in Tengchong, Yunnan, China

— Complete genome sequencing in 2002%, 2.7Mb

e Genome annotation?

— Computational: ab initial, comparative

— Experimental: RNA-seq, EST, etc. (cDNA-seq related)
— TTE: 2588 coding genes (through ab initial, comparative)
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1. Bao Q, et al. A complete sequence of the T. tengcongensis genome. Genome

Res 12, 689-700 (2002).
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e Deficiencies of the

— High error rate in the genes predicted
— Discriminate coding genes from non-coding ones

— Explain the translational event, such as alternative translational

initiate site, translational UTR (untranslational region)

1. Andrews SJ, Rothnagel JA. Emerging evidence for functional peptides encoded
by short open reading frames. Nat Rev Genet 15, 193-204 (2014).




 Another experimental evidence: proteomics

data (LC-MS/MS based)

* For genome annotation: Proteogenomics

— Direct evidence of ORF translation

— Find novel genes and refine gene models that the traditional

approaches could not reach

Utilize proteomics data to find novel genes and gene refinements in TTE.

1. Ahrens CH, Brunner E, Qeli E, Basler K, Aebersold R. Generating and navigating

proteome maps using mass spectrometry. Nat Rev Mol Cell Biol 11, 789-801 (2010).
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LC-MS/MS based proteomics
e LC-MS/MS based proteomics?

Sample _— Peptide Spray
preparation/ | Protein 7 - ~ Peptide 4 Sample needle
@© fractionation | __| digestion 7~ separation /| | ionization 3
@ @ r J? _./ UI\AJ‘\_. “‘.l:'
- — _— —_— "
© ()] ©. SDS-PAGE ' « Trypsin « HPLC - Electrospray Peptide
Cell culture * 2D-gel | + Lys-C » lon exchange ionization ions
electrophoresis = « Asp-N « MALDI
* Glu-C
Mass Mass spectrum Data
spectrometry 2 analysis
« Quadrupole I= s « PeptideSearch -
» Time of flight o » Sequest i,
» Quadrupole ion traps » Mascot
* FTICR . .
B ions Y ions

Qﬁ C HOOOOGH
QGQGQQG O0VMOOGK

1. Steen H, Mann M. The ABC's (and XYZ's) of peptide sequencing. Nat Rev Mol

Cell Biol 5, 699-711 (2004).



Searching the protein database

Reference proteomes
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Algorithm

1

Discipline

Deep Analysis of Big Data for MS-based Proteomics
u

pLink pNovo pFind pQuant pAnno

Crosslink Denovo DB Search Quantitation Proteogenomics
[NatMeth 2012] [JPR 2013, 2010] [RCM2007, Bioinf2005]

Core Software

pXtract pScan pParse pCluster pMatch pindex pBuild pLabel
[Protm 2012] [MCP 2012] [Bioinfo 2010] [RCM, BMC]

Supporting Software

Spectra Analysis Scoring Search Engine

= u = u

Computational Proteomics




Proteogenomic analysis
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Database: translated TTE genome
Data

— Mass spectrometry: Q-Exactive (HCD-FT)
— Tandem mass spectra: ~5 million

Search parameter
— Engine: pFind v3.0

— Default params for HCD-FT mode

Quality control: ORF level FDR <1%
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All ORFs identified

Table. All ORFs identified in this study.

B

Category Number Ratio
Annotated ORF 2002 91%
Refined ORF 112 5%
Novel ORF 49 2%
Homologous ORF 42 2%

e Validation of novel ORFs

— Computational: the local FDR(posterior error probability) measures

the reliability of each ORF was calculated

— Transcriptional evidence: the strand specific RNA-seq data was also

used as a supporting evidence
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Distribution of novel and reference RFs
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Novel ORFs in length
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Genomic location

 Novel ORFs were shorter in length (SORF)

e (Classification based on the distance (1000kb) to
annotated ORFs

— UTR translation or operon structure (46)

— Intragenic regions (1)

— Overlapping with annotated ORFs (2)




 Examples of identified novel ORFs

— UTR translation

— Overlapping ORF

— Non-canonical start codon




UTR translation
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Overlapping ORF
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Non-canonical start codon
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Conclusion

e 2% ORFs are missing, short ORFs are tend to
be eliminated in TTE.

Most of the novel ORFs identified in this study
come from UTR region, operon, non-canonical
start codons.

Proteogenomics is a good source for genome
refinement and novel gene discovery, which
may beyond the reach of genomic and
transcrlptomlc approaches
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