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Abstract
Background: Subtle alternative splicing events involving tandem splice sites separated by a short (2-12 nucleotides) 
distance are frequent and evolutionarily widespread in eukaryotes, and a major contributor to the complexity of 
transcriptomes and proteomes. However, these events have been either omitted altogether in databases on alternative 
splicing, or only the cases of experimentally confirmed alternative splicing have been reported. Thus, a database which 
covers all confirmed cases of subtle alternative splicing as well as the numerous putative tandem splice sites (which 
might be confirmed once more transcript data becomes available), and allows to search for tandem splice sites with 
specific features and download the results, is a valuable resource for targeted experimental studies and large-scale 
bioinformatics analyses of tandem splice sites. Towards this goal we recently set up TassDB (Tandem Splice Site 
DataBase, version 1), which stores data about alternative splicing events at tandem splice sites separated by 3 nt in 
eight species.

Description: We have substantially revised and extended TassDB. The currently available version 2 contains extensive 
information about tandem splice sites separated by 2-12 nt for the human and mouse transcriptomes including data 
on the conservation of the tandem motifs in five vertebrates. TassDB2 offers a user-friendly interface to search for 
specific genes or for genes containing tandem splice sites with specific features as well as the possibility to download 
result datasets. For example, users can search for cases of alternative splicing where the proportion of EST/mRNA 
evidence supporting the minor isoform exceeds a specific threshold, or where the difference in splice site scores is 
specified by the user. The predicted impact of each event on the protein is also reported, along with information about 
being a putative target for the nonsense-mediated decay (NMD) pathway. Links are provided to the UCSC genome 
browser and other external resources.

Conclusion: TassDB2, available via http://www.tassdb.info, provides comprehensive resources for researchers 
interested in both targeted experimental studies and large-scale bioinformatics analyses of short distance tandem 
splice sites.

Background
Alternative splicing (AS), a process which enables the
production of multiple mRNA transcripts by the same
gene via the variable inclusion of parts of the primary
transcript, is very widespread in eukaryotes - almost all
multi-exonic human genes are believed to undergo AS
[1,2]. Thus, AS is a major contributor to the complexity
and diversity of eukaryotic transcriptomes and pro-
teomes. The splice variants produced can either exhibit

different properties (e.g. half-life, translational effi-
ciency), be translated into different protein isoforms with
potentially different functions, or can be degraded via
pathways such as the nonsense-mediated decay (NMD)
[3]. AS can often be specific to a tissue type or develop-
mental stage, and the majority of human AS events are
believed to be regulated in this sense [1]. The regulation
of AS has been shown to play an important role in several
developmental processes in various organisms, and
defects in AS can lead to diseases [4].

Subtle AS, involving splice sites separated by a distance
of 2-12 nt, is an important, evolutionarily widespread
subclass of AS [5]. Such AS is called subtle because the
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resulting mRNA isoforms differ by only a few nucle-
otides. While alternative acceptors (AA) and alternative
donors (AD) together constitute about a third of all AS
events in humans, subtle AS events comprise about a
third of AA and AD events - for example, subtle events
constitute 1,586 (38%) out of 4,179 AA events and 774
(28%) out of 2,728 AD events in the "alt events" track of
the UCSC genome browser [6] for a combined total of
34% (2,360/6,907). Another reason for treating these
events separately is that the mechanisms behind such
events are likely different from those involving splice sites
separated by larger distances - for example, the emer-
gence of a second polypyrimidine tract can be observed
for alternative acceptors separated by 8 or more nucle-
otides, and events which result in a frame-preserving dif-
ference of transcript length are seen to be more common
than frame-shifting ones, once we move beyond a differ-
ence of 12 nt [7,8]. In the following, we shall use the nota-
tion Δx to denote a subtle splice event involving sites
separated by x nucleotides, so for example, the class Δ3
shall be used to mean all GYNGYN and NAGNAG AS
events (Y stands for C or T; N for A, C, G, or T), and so
on.

It is a matter of debate as to what fraction of subtle AS
events are truly functional, as opposed to being a result of
a noisy process in which the spliceosome stochastically
selects between nearby competing alternatives [5,9-11].
Consistent with estimations that a fraction of those subtle
AS events is under purifying selection [12], there are sev-
eral known cases where they result in functionally differ-
ent protein isoforms or affect the translational efficiency
when located in the untranslated regions (UTR) [5].
Moreover, subtle AS can also have a decidedly unsubtle
effect in cases where a premature stop codon can be cre-
ated, which is especially likely in cases where the splice
sites are separated by a distance which is not a multiple of
3. Mutations that create frame-preserving tandem splice
sites affecting the coding region are selected against [13],
and in the case of ABCA4 (Δ3 acceptor, [14]) and WT1
(Δ9 donor, [15]) are associated with human disease. In the
human EDA gene, AS at a conserved Δ6 donor leads to
isoforms with distinct receptor binding specificity [16].
For more examples and further details regarding the
functional consequences of subtle AS, the reader is
referred to [5].

TassDB1 (TAndem Splice Site DataBase, version 1), the
first database devoted to subtle AS, provides large collec-
tions of Δ3 donors and acceptors in eight species [17]. We
have extended TassDB1 considerably, to create TassDB2,
which provides a comprehensive collection of all human
and mouse donors and acceptors in the Δ2-Δ12 range.
We note that while TassDB provided data on 8 species,
TassDB2 only includes 2 species, human and mouse. This
is because the transcriptome coverage by ESTs/mRNAs

in the remaining species was insufficient for detection of
a non-negligible number of AS events involving the larger
distances in the Δ2-Δ12 range. TassDB2 includes data on
the conservation of the tandem motifs in five vertebrates
(human, mouse, dog, chicken and zebrafish). Thus,
TassDB2 provides comprehensive information on 22
event types, compared to 2 (NAGNAG and GYNGYN) in
TassDB1. Thus TassDB2 is effectively a new database
rather than just a simple extension. A user-friendly search
interface features both a "quick search" mode, in which a
user can search using gene symbol, as well as an
"advanced search" mode, in which several different crite-
ria can be specified by the user, and the possibility to
download result datasets.

Construction and content
Data
TassDB2 uses an annotation pipeline based on transcript-
to-genome mappings taken from the UCSC genome
browser [18]. We used the RefSeq annotation as well as
the UCSC 'knownGene' set for human (build hg18) and
mouse (build mm9). The exon-intron structure as well as
the protein-coding sequence (CDS) annotation was as
per the UCSC annotation. Alternative tandem splicing
events were identified using BLAST against all ESTs and
mRNAs from the respective species as described in
[19,20].

For each tandem splice site and the confirmed or puta-
tive AS event, TassDB2 contains the following data: the
splice site motif, its genomic locus, its location in the
transcript (5'/3'-UTR or CDS with intron phase 0/1/2),
the (predicted) impact of the splice event on the protein,
the sequences and length of the up-/downstream exon
and the intron, and information about the ESTs/mRNAs
that indicate usage (if any) of the splice sites. Their
nomenclature is E/e for intron-proximal acceptor/donor
(distal part of the tandem becomes exonic) and I/i for
intron-distal ones (entire tandem becomes intronic). As
the strength of the splice sites in a tandem often helps to
distinguish between alternatively and non-alternatively
spliced tandem motifs [7,9,20], we also computed splice
site scores for both splice sites in each tandem [21].

TassDB2 holds splice site specific data as well as tran-
script-dependent data. Some features, such as the tandem
motif (the two NAGs or GTNs, and the intervening
sequence, if any - Δ2 being a special case, with motifs
NAGAG and GTGTN), the genomic locus and the splice
site scores, are independent of transcript annotation.
However, other features such as intron phase, protein
impact, EST confirmation and predicted targeting by
NMD depend on the CDS annotation and the exon-
intron structure of the transcript. The features "protein
impact", "position in protein", and "NMD e/i" are all com-
puted separately for each transcript, as detailed in the
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original TassDB paper [17]. Targeting by NMD is pre-
dicted in the usual manner - for each transcript with a
stop position upstream/5' of the last exon-exon junction,
we calculated the nucleotide distance between the stop
position (corresponding to the given splice variant) and
the position of the last exon-exon junction, and if this dis-
tance was greater than 50, targeting by the NMD pathway
was predicted.

Database Design
The web-frontend to TassDB2 is created in HTML with
PHP and JavaScript. The data is stored in a relational
database, running under the MySQL database system.
The data is primarily organized in the database tables
splicesite, spliceeventdata, and transcript (Figure 1).

The table splicesite contains sequence-dependent infor-
mation such as the genomic locus, the splice site pattern
with its sequence context, the splice site scores, and con-
served tandem sequences (if available) in human/mouse,
chicken, dog, and zebrafish. All transcript-dependent
data is stored in table spliceeventdata: the transcripts
which have the tandem site in their exon-intron struc-
ture, the annotated splice site, the number of ESTs for

each (potential) tandem splice variant along with the two
BLAST queries used to find the ESTs, the predicted pro-
tein impact, and the NMD prediction. The table tran-
script contains the information on the transcripts that is
independent from the splice sites. The three main tables
are linked through the ss2transcript2sed table.

Additionally, each splice site is linked to information on
its gene (table gene), and its conservation in other species
(table splicesite_conservation; species are human, mouse,
dog, chicken, zebrafish, representing the major vertebrate
clades). Here, conservation simply means that both spe-
cies contain tandem splice sites - the neighbouring nucle-
otides need not be conserved. The splicing events are
linked to their supporting ESTs in the table est. The user
interface contains links giving a detailed description of
each data field.

Summary statistics of human tandem splice sites in
TassDB2 are given in Table 1.

Utility and Discussion
While several databases on AS ignore subtle AS events,
others (e.g. [6,22-25]) contain them but provide no
straightforward way of searching for them via the user

Figure 1 The database scheme of TassDB2. The figure shows the details of all eight tables, and their interdependencies.
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interface. To the best of our knowledge, none of the exist-
ing databases on AS provide the option of searching for
alternative donors or acceptors separated by a specific
distance. While some of the databases contain a compa-
rable number of subtle AS events (Additional file 1), these
have to be teased out from the raw data using computer
programs, whereas TassDB2 lets the user search for them
in a straightforward manner. Moreover, it is the only
database to contain an exhaustive list of putative tandem
splice sites, as these surely contain a subset which shall be
revealed as being alternative, once more transcript data
(such as RNA-seq data from next-generation sequencing
platforms) is available. We demonstrated this for NAG-
NAG events in our work on NAGNAG AS prediction
[26], where we experimentally confirmed the existence of
subtle AS for many putative events (chosen on the basis
of our predictions).

User interface - quick search and advanced search
We anticipate that the most frequent use of TassDB2 will
be a search for tandem splice sites of a given gene. There-
fore, TassDB2 provides a"quick search" interface where a
user need only specify a gene symbol or a transcript
accession number, and the entire information of both
confirmed and unconfirmed tandem splicing events for
this gene is displayed.

Often, however, users might be interested in informa-
tion which requires a selection of tandem splice sites with
specific features. To address this, TassDB2 also provides
an "advanced search interface" (Figure 2) where the
search can be restricted using one or more of the follow-

ing features: (i) Δ - the distance between the splice sites,
(ii) frame-preserving or/and frame-shifting, (iii) number
of ESTs/mRNAs that match both splice forms, (iv) "minor
isoform ratio", that is the fraction of ESTs/mRNA that
support the minor isoform, (v) tandem site conservation
in any or all of five organisms (human, mouse, dog,
chicken, and zebrafish) (vi) splice site scores for the two
splice sites, (vii) the difference in the splice site scores,
and (ix) location in the UTR or CDS. Thus, it is easy to
formulate queries such as: "Show all confirmed Δ3 events
with a minor isoform ratio ≥ 0.4", "Show all tandem splice
sites where both splice forms are represented by at least
two ESTs/mRNAs and the minor isoform ratio is ≥ 0.15"
or "Show all confirmed frame-shifting tandem donors
which are located in the CDS". Additionally, the search
can be restricted to certain genes.

User interface - reporting results
The result of the search consists of two parts: (i) a sum-
mary table listing the affected genes and their number of
tandem splice sites of each type, and (ii) detailed tables
containing information regarding the individual tandem
splice sites. These detailed result tables also provide links
to the ESTs/mRNAs for both splice forms as well as links
to the UCSC genome browser. If the transcript specific
data differ between transcripts, TassDB2 shows detailed
result tables with more than two columns. Features that
differ between transcripts are shown in black while those
that are identical in all transcripts are shown in grey
color.

Table 1: Statistics of human tandem splice sites in TassDB2.

Donors #% Acceptors #%

Delta Tandem splice sites Confirmed* alternative Tandem splice sites Confirmed alternative

2 9,825 1.9 164 1.7 11,135 6.7 252 2.3

3 11,164 2.2 166 1.5 12,542 7.5 2,272 18.1

4 130,104 25.3 955 0.7 11,852 7.1 961 8.1

5 36,643 7.1 269 0.7 11,314 6.8 609 5.4

6 54,142 10.5 275 0.5 16,495 9.9 396 2.4

7 45,161 8,8 150 0.3 17,290 10.4 179 1.0

8 42,670 8.3 150 0.4 15,386 9.2 175 1.1

9 46,688 9.1 249 0.5 18,645 11.2 212 1.1

10 47,092 9.1 217 0.5 17,294 10.4 160 0.9

11 44,831 8.7 157 0.4 15,832 9.5 123 0.8

12 46,654 9.1 267 0.6 18,819 11.3 204 1.1

Total 514,974 100.0 3,019 0.6 166,604 100.0 5,543 3.3

* Tandem splice sites are considered confirmed if both splice forms have at least one supporting EST/mRNA.
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Examples
Searching for all confirmed tandem splice sites in the
gene HHIP (hedgehog interacting protein) in human
leads to the result page shown in Figure 3: HHIP has one
confirmed Δ4 tandem acceptor event, with the upstream
and downstream acceptor supported by 30 and 34 ESTs/
mRNAs, respectively. The event is predicted to lead to
targeting by NMD according to one of the representative
transcripts (uc003ijs.1, NM_022475), but not according
to the other (uc003ijr.1).

While AS has now been established as a widespread
phenomenon and a substantial contributor to the com-
plexity of eukaryotic transcriptomes and proteomes, it is
still a matter of great debate as to how many AS events
are truly functional [9-12,27,28]. The literature regarding
this question is the motivation behind providing the
options for searching by splice site score difference and
minor isoform ratio in TassDB2. It has been observed
that comparable splice site strength is often indicative of
both splice sites in a tandem being used, whereas a higher

Figure 2 The advanced search interface of TassDB2.
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fraction of ESTs/mRNA supporting the minor isoform is
a good test of whether the event is likely to be genuine AS
events rather than just noise [29,30]. As an example,
searching for all confirmed tandem splicing events with a
minor isoform ratio of ≥ 0.45 yields 300 results, and
increasing the threshold of supporting ESTs/mRNAs to ≥
10 for each variant yields 170 results.

The TassDB2 resource also includes the BayNAGNAG
webserver (available at http://www.tassdb.info/baynag-
nag/), which uses Bayesian networks to predict the splic-
ing outcome at NAGNAG tandem splice sites in an EST/
mRNA independent way based on splice site features
[26].

Conclusions
TassDB2 is a comprehensive resource for information
regarding subtle AS. Users can easily search for individual
genes, as well as by various criteria corresponding to dif-
ferent features of the tandem splice sites. Some of the cri-
teria can be used to enrich for splicing events which are
likely to have functional significance. The results can be
downloaded for further exploration, and flat files have
also been made available for those who wish to carry out
their own large-scale bioinformatics studies (see Addi-
tional files 2 and 3 for all confirmed subtle AS events in

Human and Mouse, respectively). Thus TassDB2 should
be a very useful resource for scientists interested in subtle
AS.

Availability and requirements
TassDB2 is freely available for online use at http://
www.tassdb.info

TassDB2 can be used via any standard internet browser.

Additional material

Authors' contributions
RS participated in database design and testing, found the alternative tandem
splice sites, and drafted the manuscript. TL participated in database design and
testing, and implemented several parts of the front-end and back-end of
TassDB2. NJ improved the implementation of the database, and optimized it
for faster searches. UG participated in database design and performed exten-
sive testing. MH, SF and KS participated in database design and testing, and
provided data and scripts. SF and UG took part in front-end improvement. KH
participated in database design and testing. PR, JH, SS, MH, RB and MP
designed and supervised the project, participated in database design and test-

Additional file 1 The abundance of subtle AS events in some AS data-
bases. Plots comparing the number of human subtle AS events in TassDB2, 
ASTD, and the alternative splicing track of the UCSC genome browser.
Additional file 2 Confirmed subtle AS events in Human. All subtle AS 
events in Human with at least 1 EST/mRNA per splice variant.
Additional file 3 Confirmed subtle AS events in Mouse. All subtle AS 
events in Mouse with at least 1 EST/mRNA per splice variant.

Figure 3 Result page for all confirmed tandem splice sites in the human HHIP gene.

http://www.tassdb.info/baynagnag/
http://www.tassdb.info/baynagnag/
http://www.tassdb.info
http://www.tassdb.info
http://www.biomedcentral.com/content/supplementary/1471-2105-11-216-S1.DOC
http://www.biomedcentral.com/content/supplementary/1471-2105-11-216-S2.GZ
http://www.biomedcentral.com/content/supplementary/1471-2105-11-216-S3.GZ


Sinha et al. BMC Bioinformatics 2010, 11:216
http://www.biomedcentral.com/1471-2105/11/216

Page 7 of 7
ing, and manuscript preparation. All authors read and approved the final man-
uscript.

Acknowledgements
This work was supported by grants from the German Ministry of Education and 
Research (01GS08182, 01GS0809, 0313652), the Deutsche Forschungsgemein-
schaft (SFB604-02, Ha3091/2-1, Hi1423/2-1, Hu498/3-1), by the Federal Ministry 
of Education and Research (BMBF grant FRISYS 0313921), by the Excellence Ini-
tiative of the German Federal and State Governments (EXC 294) and the 
Human Frontier Science Program (Fellowship LT000896/2009-L). We thank Dirk 
Holste, Ralf Bortfeldt and Gautier Koscielny for useful discussions, and help in 
obtaining the numbers used to generate Additional file 1.

Author Details
1Bioinformatics group, Albert-Ludwigs-University Freiburg, Georges-Koehler-
Allee 106, 79110 Freiburg, Germany, 2Genome Analysis, Leibniz Institute for 
Age Research - Fritz Lipmann Institute, Beutenbergstr. 11, 07745 Jena, Germany
, 3Bio Systems Analysis Group, Friedrich Schiller University Jena, Ernst-Abbe-
Platz 1-4, D-07743 Jena, Germany, 4Leibniz Institute for Natural Product 
Research and Infection Biology, Hans-Knöll-Institute, Systems Biology/
Bioinformatics, Beutenbergstrasse. 11a, 07745 Jena, Germany, 5Institute of 
Clinical Molecular Biology, Christian-Albrechts-University Kiel, 
Schittenhelmstrasse, 12, 24105 Kiel, Germany, 6Department of General Internal 
Medicine, University Hospital Schleswig-Holstein, Campus Kiel, 
Schittenhelmstrasse, 12, 24105 Kiel, Germany, 7Department of Bioinformatics, 
Friedrich Schiller University Jena, Ernst-Abbe-Platz 2, 07743 Jena, Germany, 
8Department of Developmental Biology, Stanford University, Stanford, CA 
94305, USA, 9Freiburg Initiative for Systems Biology (FRISYS), University of 
Freiburg, Schaenzlestrasse 1, 79104 Freiburg, Germany and 10Centre for 
Biological Signalling Studies (bioss), University of Freiburg, Albertstr. 19, 79104 
Freiburg, Germany

References
1. Wang ET, Sandberg R, Luo S, Khrebtukova I, Zhang L, Mayr C, Kingsmore 

SF, Schroth GP, Burge CB: Alternative isoform regulation in human 
tissue transcriptomes.  Nature 2008, 456(7221):470-476.

2. Johnson JM, Castle J, Garrett-Engele P, Kan Z, Loerch PM, Armour CD, 
Santos R, Schadt EE, Stoughton R, Shoemaker DD: Genome-Wide Survey 
of Human Alternative Pre-mRNA Splicing with Exon Junction 
Microarrays.  Science 2003, 302(5653):2141-2144.

3. Lareau LF, Green RE, Bhatnagar RS, Brenner SE: The evolving roles of 
alternative splicing.  Curr Opin Struct Biol 2004, 14:273-282.

4. Faustino NA, Cooper TA: Pre-mRNA splicing and human disease.  Genes 
Dev 2003, 17(4):419-437.

5. Hiller M, Platzer M: Widespread and subtle: alternative splicing at short-
distance tandem sites.  Trends in Genetics 2008, 24(5):246-255.

6. Kuhn RM, Karolchik D, Zweig AS, Trumbower H, Thomas DJ, Thakkapallayil 
A, Sugnet CW, Stanke M, Smith KE, Siepel A, et al.: The UCSC genome 
browser database: update 2007.  Nucl Acids Res 2007, 
35(suppl_1):D668-673.

7. Dou Y, Fox-Walsh KL, Baldi PF, Hertel KJ: Genomic splice-site analysis 
reveals frequent alternative splicing close to the dominant splice site.  
RNA 2006, 12(12):2047-2056.

8. Bortfeldt R, Schindler S, Szafranski K, Schuster S, Holste D: Comparative 
analysis of sequence features involved in the recognition of tandem 
splice sites.  BMC Genomics 2008, 9(1):202.

9. Chern T-M, van Nimwegen E, Kai C, Kawai J, Carninci P, Hayashizaki Y, 
Zavolan M: A Simple Physical Model Predicts Small Exon Length 
Variations.  PLoS Genetics 2006, 2(4):e45.

10. Hiller M, Szafranski K, Backofen R, Platzer M: Alternative Splicing at 
NAGNAG Acceptors: Simply Noise or Noise and More?  PLoS Genetics 
2006, 2(11):e207.

11. van Nimwegen E, Zavolan M: Authors' Reply.  PLoS Genetics 2006, 
2(11):e208.

12. Hiller M, Szafranski K, Sinha R, Huse K, Nikolajewa S, Rosenstiel P, Schreiber 
S, Backofen R, Platzer M: Assessing the fraction of short-distance 
tandem splice sites under purifying selection.  RNA 2008, 14(4):616-629.

13. Hiller M, Szafranski K, Huse K, Backofen R, Platzer M: Selection against 
tandem splice sites affecting structured protein regions.  BMC 
Evolutionary Biology 2008, 8(1):89.

14. Maugeri A, van Driel MA, Pol DJR van de, Klevering BJ, van Haren FJJ, 
Tijmes N, Bergen AAB, Rohrschneider K, Blankenagel A, Pinckers AJLG, et 
al.: The 2588G'C Mutation in the ABCR Gene Is a Mild Frequent Founder 
Mutation in the Western European Population and Allows the 
Classification of ABCR Mutations in Patients with Stargardt Disease.  
1999, 64(4):1024-1035.

15. Barbaux S, Niaudet P, Gubler MC, Grunfeld JP, Jaubert F, Kuttenn F, Fekete 
CN, SouleyreauTherville N, Thibaud E, Fellous M, et al.: Donor splice-site 
mutations in WT1 are responsible for Frasier syndrome.  Nature Genetics 
1997, 17(4):467-470.

16. Yan MH, Wang LC, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos 
AM, Gao WQ, Dixit VM: Two-amino acid molecular switch in an epithelial 
morphogen that regulates binding to two distinct receptors.  Science 
2000, 290(5491):523-527.

17. Hiller M, Nikolajewa S, Huse K, Szafranski K, Rosenstiel P, Schuster S, 
Backofen R, Platzer M: TassDB: a database of alternative tandem splice 
sites.  Nucl Acids Res 2007, 35(suppl_1):D188-192.

18. Karolchik D, Baertsch R, Diekhans R, Furey TS, Hinrichs A, Lu YT, Roskin KM, 
Schwartz M, Sugnet CW, Thomas DJ: The UCSC Genome Browser 
Database.  Nucleic Acids Res 2003, 31:51-54.

19. Hiller M, Huse K, Szafranski K, Jahn N, Hampe J, Schreiber S, Backofen R, 
Platzer M: Widespread occurrence of alternative splicing at NAGNAG 
acceptors contributes to proteome plasticity.  Nat Genet 2004, 
36(12):1255-1257.

20. Hiller M, Huse K, Szafranski K, Rosenstiel P, Schreiber S, Backofen R, Platzer 
M: Phylogenetically widespread alternative splicing at unusual 
GYNGYN donors.  Genome Biology 2006, 7(7):R65.

21. Yeo G, Burge CB: Maximum Entropy Modeling of Short Sequence Motifs 
with Applications to RNA Splicing Signals.  Journal of Computational 
Biology 2004, 11(2-3):377-394.

22. Kim N, Alekseyenko AV, Roy M, Lee C: The ASAP II database: analysis and 
comparative genomics of alternative splicing in 15 animal species.  
Nucleic Acids Research 2007, 35:D93-D98.

23. Koscielny G, Texier VL, Gopalakrishnan C, Kumanduri V, Riethoven J-J, 
Nardone F, Stanley E, Fallsehr C, Hofmann O, Kull M, et al.: ASTD: The 
Alternative Splicing and Transcript Diversity database.  Genomics 2009, 
93(3):213-220.

24. de la Grange P, Dutertre M, Correa M, Auboeuf D: A new advance in 
alternative splicing databases: from catalogue to detailed analysis of 
regulation of expression and function of human alternative splicing 
variants.  BMC Bioinformatics 2007, 8(1):180.

25. Castrignano T, D'Antonio M, Anselmo A, Carrabino D, De Meo AD, D'Erchia 
AM, Licciulli F, Mangiulli M, Mignone F, Pavesi G, et al.: ASPicDB: A 
database resource for alternative splicing analysis.  Bioinformatics 2008, 
24(10):1300-1304.

26. Sinha R, Nikolajewa S, Szafranski K, Hiller M, Jahn N, Huse K, Platzer M, 
Backofen R: Accurate prediction of NAGNAG alternative splicing.  Nucl 
Acids Res 2009, 37(11):3569-3579.

27. Sorek R, Shamir R, Ast G: How prevalent is functional alternative splicing 
in the human genome?  Trends in Genetics 2004, 20(2):68-71.

28. Tress ML, Martelli PL, Frankish A, Reeves GA, Wesselink JJ, Yeats C, Olason 
Pl, Albrecht M, Hegyi H, Giorgetti A, et al.: The implications of alternative 
splicing in the ENCODE protein complement.  PNAS 2007, 
104(13):5495-5500.

29. Szafranski K, Schindler S, Taudien S, Hiller M, Huse K, Jahn N, Schreiber S, 
Backofen R, Platzer M: Violating the splicing rules: TG dinucleotides 
function as alternative 3' splice sites in U2-dependent introns.  Genome 
Biology 2007, 8(8):R154.

30. Kan Z, States D, Gish W: Selecting for Functional Alternative Splices in 
ESTs.  Genome Res 2002, 12(12):1837-1845.

doi: 10.1186/1471-2105-11-216
Cite this article as: Sinha et al., TassDB2 - A comprehensive database of sub-
tle alternative splicing events BMC Bioinformatics 2010, 11:216

Received: 5 November 2009 Accepted: 29 April 2010 
Published: 29 April 2010
This article is available from: http://www.biomedcentral.com/1471-2105/11/216© 2010 Sinha et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Bioinformatics 2010, 11:216

http://www.biomedcentral.com/1471-2105/11/216
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18978772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14684825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15193306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12600935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18394746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17142222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17053087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18447903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16683028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17121470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18268022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18366714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10090887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9398852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11039935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17142241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12519945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15516930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16869967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15285897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19059335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17547750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18388144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19359358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14746986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17372197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17672918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12466287


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


