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Shotgun proteomis aids

Introdution

Bakground

Annotation e�orts: automati annotation systems (e.g., Ensembl) &

manual annotation (e.g., VEGA, RefSeq).

A high-throughput method providing orthogonal data for validation

and on�rmation of the protein-oding potential is also required.

E�orts to ombine genome annotation with protein MS: proteomis

[Ja�e et al. 2004℄.

It serves as translational evidene.

Peptide identi�ation methods and signi�ane measures are both

required to be sensitive and aurate.
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Introdution

Bakground (ontd.)

Masot Perolator [Brosh et al. 2009℄.

Masot [Perkins et al. 1999℄: a database searh engine;

Perolator [K�all et al. 2007.℄: a semi-supervised mahine learning

algorithm.

Two signi�ane measures:

q-value [Storey & Tibshirani 2003℄;

PEP (posterior error prob.) [K�all et al 2008℄
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Introdution

Contribution of this paper

A novel pipeline that integrates

highly sensitive & statistially robust peptide spetrum mathing

(PSM);

genome-wide protein-oding preditions

to perform large-sale gene validation and disovery in the mouse

genome for the �rst time.

Validation of 32%, 17%, and 7% of all protein-oding genes, exons,

and splie boundaries, resp.

Joseph C.-C. Lin (GRC, Aademia Sinia) Shotgun proteomis aids 14 May 2014 5 / 35



Shotgun proteomis aids

Introdution

Contribution of this paper (ontd.)

Strong evidene for identifying multiple AS translations from 53 genes

& unovered 10 entirely novel protein-oding genes.

2 gene fusions (inluding a lns2-lgf2 fusion objet).

9 proessed pseudogenes (unique peptide hits): not just transribed

but translated and resurreted into new oding loi.
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Materials & methods

FDR & PEP

Whereas the p value is a measure of signi�ane in terms of the false positive rate,

the q value is a measure in terms of the FDR . . .

A false positive rate of 5% means that on average 5% of the truly null features in

the study will be alled signi�ant. A FDR of 5% means that among all features

alled signi�ant, 5% of these are truly null on average.
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Materials & methods

MS/MS data

10,465,149 tandem MS spetra.

729,583 spetra: in-house experiments

Nulear protein extrats of murine ESCs & murine brain membrane

frations.

9,735,566 spetra: PeptideAtlas projet.

Sampling of mouse tissues inluding brain, liver, lung, heart, kidney,

testes, and plaenta.
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Materials & methods

GenoMS-DB database onstrution

Gene produts from

? Ensembl, VEGA, IPI digest in silio;

� IPI: International Protein Index [Kersey et al. Proteomis 2004℄.

? preditions from Augustus.

Ensembl Per API: to apture the peptide-genome mapping.
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Materials & methods

Automati & manual annotation

Perl-based Distributed Annotation System (DAS):

Visualize the identi�ed peptides stored in GenoMS-DB as traks in

various genome browsers and uration tools.

Manual annotation:

MS PSMs overlapping annotated loi ! HAVANA.

Otherwise, follow the hierarhy:

RT-PCR > speies-spei� transriptional support > rodent spei�

transriptional support > strong mammalian onservation > paralogous

gene transriptional evidene.
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Materials & methods

Translated pseudogene analysis

To selet the parent of eah identi�ed translated pseudogene:

assign homology soring of the putative translation of the proessed

pseudogene objet against the SWISS-PROT data set;

(hek) assign eah of the PSMs aligning to the pseudogene loi to a

parent protein by aligning to the ompete UniProt database using

HMMER.

Gene orthologous to these parents: appliation of Ensembl website.

Protein alignment: ClustalW2 (EBI).

Identi�ation of domains: InterProSan (EBI).
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Results

Generaton of high-on�dene PSMs

When onsidering q-value < 1% ! PEP < 1%:

1,124,724 peptides were identi�ed (Ensembl, Vega).

967,131 peptides were identi�ed (Augustus).

Only the best PEP and q-value sore for eah peptide sequene was

onsidered () 95,606).

Removing peptides mathing ommon ontaminants (3,260 removed).
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Results

Generaton of high-on�dene PSMs (ontd.)

Filtering peptides where isoforms attributed to amino aids that

annot be disriminated in low energy ollision indued dissoiation

data (1,159 removed).

Unambiguous mapping to one genomi lous () 76,029 remained).

Testing whether semi-trypti form of the peptide sequene mapped

elsewhere () 758 ases removed).

Testing whether one residue substitution/insertion/deletion ould be

identi�ed elsewhere () 6,685 ases removed; 68,586 �nally.)

? 1% � PEP � 5%: exlusively used as supplement.

? PEP � 1%: primary annotation data soure (58,574 ases).
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Results
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Results

Validation of Ensembl/VEGA gene annotation

Is there a linear model �tted?

gene produts with more

potential peptides

)

sampled peptides "
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Results
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Results

Validation of Ensembl/VEGA gene annotation (struture)

Overall, 16.7% (7.1%) of the total Ensembl protein-oding exons

(introns) ould be validated by peptide identi�ations.
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Results

Validation of Ensembl/VEGA gene annotation (AS)

Until reently, only limited evidene of expression of AS transripts

was available at the protein level.

The majority of protein sequene is shared between the variant

transripts, di�ering only in small parts () signatures) of the

translation produts.

Here, a total of 370 peptides enabled disrimination of 112 Ensembl

transripts in 53 genes.

3.4% of all protein-oding genes with annotated multiple oding AS

forms that an be disriminated by a peptide.
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Results

Manual identi�ation of protein-oding novel loi and AS variants

The more stringent riteria for the peptide identi�ation.

PEP � 1% () q-value < 0:14%).

For peptides not support by Ensembl & VEGA:

� 2 peptides had to be identi�ed (one having PEP < 0:01 and the

seond < 0:05).

36 MS PSMs were identi�ed; 10 novel protein-oding loi were

supported.
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Results

Resurreted pseudogenes

Retrotransposed/proessed pseudogenes have generally been

onsidered as \dead on arrival".

While the inreasing number of transribed retrotransposed genes

reates additional andidate protein-oding loi [B�artsh et al., BMC

Genomis 2008℄, there is no evidene that proteins originates from

suh loi.

The MS data in this paper provides support for the translation of nine

proessed pseudogenes in the referene mouse genome.
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Results

Resurreted pseudogenes (ontd.)

Eah pseudogene is supported by � 2 peptides.

Unique mapping in the genome.

Eah PSM shows � 2 amino aid substitutions ompared with the

translated parent protein sequene.

Eah supporting PSM needed to be deteted in � 2 di�erent tissues.
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Results

Resurreted pseudogenes (ontd.)

To ensure high on�dene that these MS PSMs do indeed represent

translations of these pseudogeni loi and NOT polymorphisms of the

parent lous:

The residues substituted in our PSMs in omparison with the parent

polypeptide are onserved in the amino aid sequenes of the 1:1 rat

and human orthologs;

No evidene of SNP/INDEL at these odon positions of the parent

mouse lous.
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Results
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Results

Resurreted pseudogenes (ontd.)

Among the nine identi�ed pseudogenes:

Only 2 shows syntenti ortholog in rat.

None possess human orthologs.

However, the genes surrounding eah translated mouse pseudogene

show strong synteti onservation with the equivalent rat and human

loi (data not shown).

Hypotheses to explain the detetion:

Only relis of translation; generated until suÆient mutations are

arued ) NMD targets.

positive seletion.

Further investigation is required.
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Disussion

Disussion

The mouse proteome is far from being saturated by MS-based peptide

identi�ations.

However, MS data have beome a riher and more valuable resoure

for genome annotation than 10 year ago.

For the nine putative translated pseudogeni loi, whether they are

able to produe funtional protein is unlear.

Among the 10 novel protein-oding loi, 8 of them an be found in

the referene human genome.

Note: None of them was identi�ed by either RefSeq or Ensembl

annotation.
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Thank you.
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