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Introdution

Alternative spliing (AS)

A ellular proess produing multiple types of mRNA isoforms from

the same tyep of pre-mRNA.

Di�erential inlusion/exlusion of introni/exoni sequenes.

AS plays a role in gene expression regulation (e.g., oupled with the

nonsense-mediated deay (NMD) pathway).

E�et of AS on proteins:

Loss/gain of funtion;

altered subellular loalization;

protein stability and aÆnity;

enzyme ativity;

. . .
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Introdution

Alternative spliing (AS) (AS types)

Wang and Brendel PNAS 2006.
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Introdution

Alternative spliing (AS) (ontd.)

� 50% of genes in Oryza sativa and Arabidopsis thaliana are a�eted

by AS [Lu et al. Genome Res., 2010; Marquez et al. Genome Res.,

2012℄.

AS is more prevalent in mamalian genes (� 95%) [Pan et al., Nat.

Genet., 2008; Nilsen & Graveley Nature, 2010℄.
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Introdution

Evolutionary onservation of AS patterns in plants

The evolutionary onservation of AS events in plants is largely

unexplored.

Only a small number of AS events have been identi�ed as onserved

between divergent speies.
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Introdution

Contribution of this paper

A large-sale analysis of DNA data from Brassia and Arabidopsis to

identify and haraterize onserved AS events.

537 onserved AS events in 485 genes are identi�ed.

AltD & AltA events are signi�antly overrepresented;

IntronR and ExonS events are underrepresented.

Conserved AS events are signi�antly shorter, less likely to be in the

3'UTR, and enrihed for genes whose produts funtion in the

hloroplast.

Joseph C.-C. Lin (GRC, Aademia Sinia) Conserved AS b/w Brassia & Arabidopsis 15 January 2014 8 / 31



Conserved AS b/w Brassia & Arabidopsis

Materials & methods

Datasets

Arabidopsis thaliana genes, TAIR (The Arabidopsis Information

Resoure) gene models and DNA sequenes.

TAIR10.

ESTs

dbEST at NCBI (8 De. 2010).

Extrat sequenes from Arabidopsis thaliana and all Brassia speies.

Brassia rapa genome annotation.

BRAD [Cheng et al., BMC Plant Biol., 2011℄).
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Materials & methods

Sequene alignments

A. thaliana gene models, DNAs and ESTs �! Arabidopsis genes.

? Gmap [Wu & Watanabe, Bioinformatis, 2005℄.

Best-hit, identity & overage � 95%.

Inlude only sequenes spanning � 1 intron.

Brassia ESTs �! Arabidopsis genes.

? Gmap and Sim4  [Zhou et al., Nul. Aids Res., 2009℄.

Best-hit, identity & overage � 80%.

Only ESTs for whih the same struture was both found are kept.
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Materials & methods

Alignment results

Joseph C.-C. Lin (GRC, Aademia Sinia) Conserved AS b/w Brassia & Arabidopsis 15 January 2014 11 / 31



Conserved AS b/w Brassia & Arabidopsis

Materials & methods

Detetion of AS

AS detetion:

Pairwise omparisons of Gmap gene strutures for eah lous.

Only TAIR gene models where the AS was supported by � 1

DNA/EST sequene were used.
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Materials & methods

Detetion of onserved AS

Conserved AS detetion:

Conserved position events (CPs);

1

The same type of events;

2

The same position in the orthologous genes between Brassia and

Arabidopsis;

3

A�et the homologous intron at the same exon-intron juntions.

Conserved juntion events (CJs).

1

The same type of events;

2

A�et the same exon-intron juntions yet the AS event is not in exatly

the same position.

? Events found only in A. thaliana: NEC (having no evidene for

onservation).
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Materials & methods

Analysis of AS events

Length (not for ME and AltP).

Loations (5'UTR, CDS, 3'UTR).

E�et on protein-oding:

Only pairs of isoforms showing only one AS event.

Consider the longest ORF.

PTC (premature termination odon): a stop-odon position in the AS

isoform resulting in a shorter ORF ompared with the onstitutive

isoform.

\Possible-PTC"?
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Materials & methods

Possible-PTC
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Materials & methods

Gene ontology and domain analysis

Gene ontology (GO) enrihment analysis:

R topGO pakage (version 2.2.0).

Compare GO ategories for genes having onserved AS with all genes

having an AS.

Protein domain analysis:

Identi�ed with hmmsan from the HMMER3 program suite [Durbin et

al., 1998℄.

Using PfamA HMM downloaded from Pfam25.0 [Finn et al., Nul.

Aids Res., 2010℄.
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Results

Distribution of AS ategories among CP ompared with NEC

220 CP AS events were not referened in TAIR gene models; 139

Arabidopsis genes were not desribed as AS in TAIR.
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Results

Distribution of AS ategories among CP ompared with NEC
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Results

Comparison of length of AS between CP and NEC
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Results

Comparison of AS positions between CP and NEC
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Results

Types of genes with onserved AS

Enrihment in genes for hloroplast proteins.

GO analysis reveals: it is possible that

AS plays an important role in the funtion of hloroplast proteins;

AS is a major part of regulation of nulear genes for hloroplast.
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Results

A photosynthesis gene having onserved AS
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Results

Domain analysis of genes with onserved AS

141 ases where AS modi�ed � domains in one isoform ompared with the other.
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Results

An example of a onserved AS event a�eting protein domain

U2AF

65

a: playing a key role in the assembly of spliing omplex.

Three RNA reognition motif domains & one N-terminal RS domain.

On Arabidopsis and Brassia, both AS events ause PTCs that would lead to the

loss of one RRM domain.

In regulating the splieosome assembly?

Though their exat funtions remain unharaterized.
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Disussion

Features of onserved AS events

The largest number of onserved AltA events: 3 bp.

Unlikely disrupting the reading frame.

Shorter AS length ! smaller e�ets on the oding region.

Conserved AS events are enrihed for genes whose produts funtion

in the hloroplast.

AS may be important for the regulation of nulear genes for hloroplast

proteins;

AS may be involved in produing alternative isoforms of many

hloroplast proteins.
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Disussion

Evolutionary onservation of AS in angiosperms

One possibility to explain previous results on the legume speies that

the onserved AS events are not so many.

The number of ESTs available from the legume speies was relatively

small.

Previous results and this paper almost ertainly underestimate the

number of onserved AS events between plant speies.

* the ESTs are not omprehensive w.r.t. AS.
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Disussion

Potential funtional and regulation importane of onserved AS events

Not all onserved events are likely to be funtional (e.g., seondary

struture?).

Events that are not evolutionary onserved are not neessarily

nonfuntional (speies-spei� funtion?).
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Disussion

Potential funtional and regulation importane of onserved AS events

? AS an regulate mRNA levels by reating transripts targeted to the

NMD pathway for degradation.

? Transripts that ontain PTCs, espeially those having a stop odon:

> 50 bp upstream of the last exon{exon juntion or

> 350 bp upstream of the transript end,

) likely targets for degradation by the NMD mahinery.

| Yet, a reent study [Kalyna et al., Nul. Aids Res., 2012℄ revealed

that many predited NMD targets might NOT atually be degraded.
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Disussion

Potential funtional and regulation importane of onserved AS events

miroProteins (miPs):

Dominant-negative regulatory proteins.

Disturb the formation of funtional proteins dimers by forming

nonfuntional, homotypi protein omplexes with their targets.

? MiPs ould result from an AS event that deletes the atalyti,

ativation or other funtional domain, but retains the protein binding

domain.

Identi�ed in this work: Jas1 (or Jaz10; AT5G13220).

It is onserved among several plants.

� Hypothesis: AS transripts ontaining PTCs that are not degraded by

NMD might be translated into miPs.
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Disussion

Future work

Genome-wide studies of NMD.

Examine AS event onservation between speies at di�erent

phylogeneti depths.

Using RNA-seq approah.

Tissue-spei� onserved AS.

Joseph C.-C. Lin (GRC, Aademia Sinia) Conserved AS b/w Brassia & Arabidopsis 15 January 2014 30 / 31



Conserved AS b/w Brassia & Arabidopsis

Thank you.
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