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Proteomics + Genomics = Proteogenomics

Wikipedia_: use proteomic information, often derived from mass
spectrometry, to improve gene annotations. (FJEEBREANGS

R, BERKRETRIENHIE, KESERTR

Genomics Proteogenomics Proteomics

Gene structures and
protein sequences

4%

\

r
1y
M ¢ ' \
i o
e . g
gt v
)
14 (i \
W
" ¥ 5
L A 4
iy & \‘
- Vo



//en.wikipedia.org/wiki/Wikipedia:Contact_us

ERERRZ
RGBT

> ETEEAMERTUN: NLHEZE, RiREEEE
> FTIEFFIFRZE (expression sequence tag)ill 7

> FRRENFr

> Wit 5 TEARFSIPCRAFF

2004 fFJaffe, EXRIEH T EBREREZEZFproteogenomicsHk
@,WEEAﬂwﬁﬁiﬁm?iﬁngﬁmEﬁ UE L

A, ETRIBRANERAREAFHEIFEEAFSE, —EH®E
1’15 =g O NN O




ARTICLE

AREHRAEH

doi:10.10

A draft map of the human proteome
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Mass-spectrometry-based draft of the

human proteome
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Abstract

Background: The completion of the Plasmodium falciparum geneme represents a milestone in malaria
research. The genome sequence allows for the development of genome-wide approaches such as
microarray and proteomics that will greatly facilitate our understanding of the parasite biology and
accelerate new drug and vaccine development. Designing and application of these genome-wide assays,
however, requires accurate information on gene prediction and genome annotation. Unfortunately, the
genes in the parasite genome databases were mostly identified using computer software that could make
some erroneous predictions.

Results: We aimed to obrain cDNA sequences to examine the accuracy of gene prediction in silico. We
constructed cDNA libraries from mixed blood stages of P. falciparum parasite using the SMART cDNA
library construction technique and generated 17332 high-quality expressed sequence tags (EST), including

MTFErEE MR :

.
B
t
%
N

It
@
I

AREEIRE]




AL REEREREAF?

Malecular & Cellular Proteomics

MCP

About MCP | This Artidle | Submissions | Subscriptions | Contact

The Human Proteome Project: Current State
and Future Direction

1) ANEEFHE X PN 203001 = H Rs
HERBDIEAKEE;

2) 96000 (30%) PMEFEFHRZEBFRKE _ERIERE S FF;

3) TBIFZHMELRNEE., om. Wl Ef. HE/ERF
IEREREERNERN

BEE, 292/3HE

Al

e

Legrain et al., MCP, 2011




FEEEREFTLUMAA?

B TANER | | RIEERNEE | | REERIESE
& W) H & V) [ W

REESHK | RERRUR | | KRSaEEGET

IEERRENT

21 B0 i

FEARERBFREVHRIEISIER




5 40 & (Cyanobacteria)

BERE (XZEE) B—AXBESHHS 1. ATHITEAS
ERR. EZERNFRENMEM.

(25-351Z<EH, IE4AE IR, e S1ER

TR TS 2
fIEY | e b,
EEFET e

EXRRE.




Ft
=]
il
s
i
I}
it
P

® CrossMark
€ dlick for updtes

Proteogenomic analysis and global discovery of
posttranslational modifications in prokaryotes
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We describe an integrated workflow for proteogenomic analysis
and global profiling of posttranslational medifications (PTMs) in
prokaryotes and use the model cyanobacterium Synechococcus sp.
PCC 7002 (hereafter Synechococcus 7002) as a test case. We found
more than 20 different kinds of PTMs, and a holistic view of PTM
events in this organi grown under different conditions was
obtained without specific enrichment strategies. Among 3,186 pre-
dicted protein-coding genes, 2,938 gene products (>92%) were
identified. We also identified 118 previously unidentified proteins
and corrected 38 predicted gene-coding regions in the Synecho-
coccus 7002 genome. This systematic analysis not only provides
comprehensive information on protein profiles and the diversity
of PTMs in Synechococcus 7002 but also provides some insights
into photosynthetic pathways in cyancbacteria. The entire proteo-
genomics pipeline is applicable to any sequenced prokaryotic
organism, and we suggest that it should become a standard part
of genome annotation projects.
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and cyanobacterial cells adjust their cellular activities in response
to a wide range of environmental cues and stimuli. Recently,
cyanobacteria have attracted great interest due to their crucial
roles in global carbon and nitrogen cycles and their ability to
produce clean and renewable biofuels such as hydrogen (14-16).
Synechococcus 7002 is a unicellular, marine cyanobacterium and
a model organism for studying photosynthetic carbon fixation
and the development of biofuels (17, 18). However, whereas the
genome of Synechococcus 7002 is fully sequenced, it is annotated
only by in silico methods (www.ncbi.nlm.nih.gov/), with a large
portion (1,210 out of 3,186) of protein-coding genes annotated as
hypothetical proteins (17). Therefore, a comprehensive analysis
is needed to provide experimental support for the genome an-
notation so as to facilitate systems-level analysis. Using our method,
we performed the validation of the predicted protein-coding genes,
identified previously unidentified genes, and corrected gene initia-
tion and stop-codon positions in Synechococeus 7002, and di-
rectional RNA-Sea wac need ta determine the evictence of a
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We describe an integrated workflow for proteogenomic analysis
and global profiling of posttranslational medifications (PTMs) in
prokaryotes and use the model cyanobacterium Synechococcus sp.
PCC 7002 (hereafter Synechococcus 7002) as a test case. We found
more than 20 different kinds of PTMs, and a holistic view of PTM
events in this organi grown under different conditions was
obtained without specific enrichment strategies. Among 3,186 pre-
dicted protein-coding genes, 2,938 gene products (>92%) were
identified. We also identified 118 previously unidentified proteins
and corrected 38 predicted gene-coding regions in the Synecho-
coccus 7002 genome. This systematic analysis not only provides
comprehensive information on protein profiles and the diversity
of PTMs in Synechococcus 7002 but also provides some insights
into photosynthetic pathways in cyancbacteria. The entire proteo-
genomics pipeline is applicable to any sequenced prokaryotic
organism, and we suggest that it should become a standard part
of genome annotation projects.
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to a wide range of environmental cues and stimuli. Recently,
cyanobacteria have attracted great interest due to their crucial
roles in global carbon and nitrogen cycles and their ability to
produce clean and renewable biofuels such as hydrogen (14-16).
Synechococcus 7002 is a unicellular, marine cyanobacterium and
a model organism for studying photosynthetic carbon fixation
and the development of biofuels (17, 18). However, whereas the
genome of Synechococcus 7002 is fully sequenced, it is annotated
only by in silico methods (www.ncbi.nlm.nih.gov/), with a large
portion (1,210 out of 3,186) of protein-coding genes annotated as
hypothetical proteins (17). Therefore, a comprehensive analysis
is needed to provide experimental support for the genome an-
notation so as to facilitate systems-level analysis. Using our method,
we performed the validation of the predicted protein-coding genes,
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tion and stop-codon positions in Synechococeus 7002, and di-
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We describe an i workflow for ic analysis
and global profiling of posttranslational modifications (PTMs) in

and cyanobacterial cells adjust their cellular activities in response
to a wide range of environmental cues and stimuli. Recently,

prokaryotes and use the model ¢ ium sp.

PCC 7002 (hereafter Synechococeus 7002) as a test case. We found
more than 20 different kinds of PTMs, and a holistic view of PTM
events in this organism grown under different conditions was
obtained without specific enrichment strategies. Among 3,186 pre-
dicted protein-coding genes, 2,938 gene products (>92%) were
identified. We also identified 118 previously unidentified proteins
and corrected 38 predicted gene-coding regions in the Synecho-
coccus 7002 genome. This systematic analysis not only provides
comprehensive information on protein profiles and the diversity
of PTMs in Synechacoccus 7002 but also provides some insights
into photosynthetic pathways in cyanobacteria. The entire proteo-

ienomics pipeline is_applicable to any sequenced prokaryotic

organism, and we suggest that it should become a standard part
of genome annotation projects.
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is needed to provide experimental support for the genome an-
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we performed the validation of the predicted protein-coding gene:
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GAPP: A Proteogenomic Software for Genome
Annotation and Global Profiling of Post-

translational Modifications in Prokaryotes

Jia Zhangt|, Ming-kun Yangt|, Honghui Zeng§, and Feng Ge$§1l

Although the number of sequenced prokaryotic genomes
is growing rapidly, experimentally verified annotation of
prokaryotic genome remains patchy and challenging. To
facilitate genome annotation efforts for prokaryotes, we
developed an open source software called GAPP for ge-
nome annotation and global profiling of post-translational
modifications (PTMs) in prokaryotes. With a single com-
mand, it provides a standard workflow to validate and refine
predicted genetic models and discover diverse PTM events.
We demonstrated the utility of GAPP using proteomic data
from Helicobacter pylori, one of the major human patho-
gens that is responsible for many gastric diseases. Our
results confirmed 84.9% of the existing predicted H. pylori
proteins, identified 20 novel protein coding genes, and cor-
rected four existing gene models with regard to translation
initiation sites. In particular, GAPP revealed a large reper-
toire of PTMs using the same proteomic data and provided
arich resource that can be used to examine the functions of
reversible modifications in this human pathogen. This soft-
ware is a powerful tool for genome annotation and global
discovery of PTMs and is applicable to any sequenced pro-
karyotic organism; we expect that it will become an integral
part of ongoing genome annotation efforts for prokaryotes.
GAPP is freely available at https://sourceforge.net/
projects/gappproteogenomic/. Molecular & Cellular
Proteomics 15: 10.1074/mcp.M116.060046, 1-11, 2016.

regions and gene models from raw sequencing data (1, 2).
Computational ab initio algorithms, which are hard to avoid
errors such as missing genes and incorrect gene boundaries,
are limited in their prediction accuracy. Recently, the use of
information from RNA-seq or expressed sequence tag librar-
ies has dramatically improved the genome annotation confi-
dence (3). However, abundance of transcripts does not nec-
essarily reflect cellular protein levels, and the correlation
between protein and mRNA levels is generally slight (4-6).
The existence and function of many gene products remain to
be confirmed. Thus, MS has emerged as an invaluable high-
throughput method for accurate genome annotation, a con-
cept called “proteogenomics” (7-9).

Proteogenomics is defined as the use of proteomic data,
often derived from MS, to improve and refine genome anno-
tation (10, 11). Pioneering work by Yates et al. (12) and Jaffe
et al. (13) opened new avenues to high-throughput gene an-
notation. In recent years, proteogenomics has emerged as a
promising and indispensable approach to genome annotation
(10, 11). It has been applied for genome annotation including
identification of novel genes, correction and validation of pre-
dicted genes in various organisms (14-21). Proteogenomics
has become particularly important for prokaryotes where ge-
nomes are sequenced on a daily basis and in silico gene
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Methylcrotonyl-CoA Carboxylase Regulates
Triacylglycerol Accumulation in the Model
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LETTERS

The Phaeodactylum genome reveals the evolutionary
history of diatom genomes

Table 1| Major features of the P. tricornutum and T. pseudonana genomes

P. tricornutum T. pseudonana
Genome size 27.4 Mb 32.4Mb
Predicted genes 10,402 11,776
Core genes* 3,523 4,332
Diatom-specific genes* 1,328 1,407
Unigue genes*® 4,366 3,912
Introns 8,169 17,880
Introns per gene 0.79 152
Long-terminal-repeat 5.8% 1.1%

retrotransposon content

EAN RN EGERE85%-90% M=fasfaseiIEE 1%/ "predicted protein”

NCBI (https://www.ncbi.nlm.nih.gov/protein?LinkName=genome_protein&from _uid=418)

Uniprot (http://www.uniprot.org/uniprot/?query= Phaeodactylum+tricornutum+%28strain
+CCAP+1055%2F1%29&sort=score )
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Proteogenomic Characterization of the Pathogenic

Fungus Asperygillus flavus Reveals Novel Genes
Involved in Aflatoxin Production
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These results suggest that the two studies are substantially overestimating the
number of protein coding genes they identify. We conclude that the experimental
data from these two studies should be used with caution.

J Proteome Res. 2014 Aug 1;13(8):3854-5.
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Thus, our results suggest that the current drafts of the human proteome are far
from complete, and that the data have to be used with caution especially in
terms of personalized medicine,

J Proteome Res. 2015 Feb 6;14(2):1330-2.
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The findings include an abundance of poor spectra, low-scoring peptide-
spectrum matches and incorrectly identified proteins in both these studies,
highlighting clear issues with the application of false discovery rates.
Expert Review of Proteomics. 2015, 12(6), 579-593.
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