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New high-throughput data

• RNA-Seq junction calls (introns)

• Stranded RNA-Seq coverage data from 
multiple tissues and cell lines

• Stop-codon readthrough predictions

• A-to-I RNA editing sites

• Transcription start site (TSS) mapping



Integration of High Throughput Data

• Presentations in GBrowse
• Sequence feature reports
• New and improved annotations
• Assessing the data
• Annotation on the genome of 

transcript features
• Use of gene model comments



GBrowse link on top page

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



GBrowse: Data Source default is 
Gene Models/Evidence

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



GBrowse: Data Sources

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



GBrowse: Expression/Regulation

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

annotated 
transcripts

cDNAs

FlyAtlas tissue-
level 
expression data

modENCODE RNA-Seq 
developmental 
timecourse

natural TE’s

gene 
extents



GBrowse: Expression/Regulation

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level
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GB: Expression/regulation data 
options

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

Select from Aligned Evidence: RNA-seq exon 
junctions

‘Select all’ from Expression Levels: RNA-Seq by 
Tissue



GBrowse: RNA-seq exon junctions

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Sequence feature reports for 
RNA-Seq exon junctions

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



New 5’ exon (UTR) added to Cht6

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



New 5’ exon (UTR) added to Cht6

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Gene merge: Cht6 + downstream genes

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Junctions: low frequency junctions 
may not be annotated

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Junctions: variations in 
5’ UTR may not be annotated

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Gene model comments

• Low-frequency RNA-Seq exon 
junction(s) not annotated.

• Annotated transcripts do not 
represent all supported alternative 
splices within 5' UTR.



Comments on Gene Model
(permutation problem)

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

Annotated 
transcripts may not 
represent all 
possible 
combinations of 
alternative exons 
and/or alternative 
promoters.



GBrowse: expression data

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

strand-specific  
RNA-Seq data
from isolated 
L/A tissues



New genes: ncRNA genes

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Stranded RNA-Seq data: ncRNA 
genes

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



New genes: anti-sense RNAs

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Stranded RNA-Seq data:
anti-sense RNAs

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Stranded RNA-Seq data: 
anti-sense RNAs

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Gene split: CG32972

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Result of split: CG43332 + 
CG43333

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Improved annotations: 
extended 3’ UTRs

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Intermediate 3’ UTR extensions not 
annotated

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Gene model comments

• RNA-Seq data support multiple 
isoforms with extended 3' UTRs of 
differing length, some of which 
appear to be stage and/or tissue 
specific.



• New and  improved 
annotations:
–New genes, coding and non-
coding

–New 5’ exons/promoters
–New internal exons
–Extended 3’ UTRs
–Merges & splits

Impact of RNA-Seq 
data



• Major source of reannotation 
flags:
–Unannotated junctions  
(complete categorized and 
prioritized list)

–Targeted MIP cDNAs
–RNA-Seq coverage data without 
corresponding annotation 

Impact of RNA-Seq 
data



New data: stop-codon readthrough

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Gene model comments

• gene_with_stop_codon_read_through 
;        SO:0000697

• Stop-codon suppression (UGA) 
postulated; FBrf0216884.



Transcript features annotated on 
the genome: RNA editing sites

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



modENCODE TSS: FlyBase GBrowse



Transcription start sites
range represented as extent on genome

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



TSS data: frequency distributions



TSS annotation at 90% point

Gray = cumulative frequency
Red = 90% point
Black = frequency at each 
nucleotide 

Gray = cumulative frequency
Red = 90% point
Black = frequency at each 
nucleotide 

par-6



TSS annotation at 90% point
peaked promoter class

Gray = cumulative frequency
Red = 90% point
Black = frequency at each 
nucleotide 

TwdlL



TSS annotation at 90% point
broad promoter class

Gray = cumulative frequency
Red = 90% point
Black = frequency at each 
nucleotide 

Gray = cumulative frequency
Red = 90% point
Black = frequency at each 
nucleotide 

CG10435



TSS annotation at 90% point
broad promoter class

Gray = cumulative frequency
Red = 90% point
Black = frequency at each 
nucleotide 

tyn 
(SP71)



• Annotation on the genome of 
transcript features
–RNA editing sites
–Transcription start sites (as 
regions)

• Annotated transcripts will 
reflect TSS 90% point



New high-throughput data

• RNA-Seq junction calls

• Stranded RNA-Seq coverage data from 
multiple tissues (cell lines, treatments)

• Stop-codon readthrough predictions

• A-to-I RNA editing sites

• Transcription start site (TSS) mapping



Integration of High Throughput Data

• Presentations in GBrowse
• Sequence feature reports
• New and improved annotations
• Assessing the data
• Annotation on the genome of 

transcript features
• Use of gene model comments



modENCODE papers

• RNA-Seq (coverage, junctions, 3’ UTRs) 

– Graveley, et al. (2011) Nature 471:473-479

– Cherbas, et al. (2011) Genome Res. 21:301-314

– Smibert, et al. (2012) Cell Reports 23 Feb. 2012

• Stop-codon readthrough

– Jungreis, et al. (2011) Genome Res. 21:2096-2113

• A-to-I RNA editing

– Graveley, et al. (2011) Nature 471:473-479

• Transcription start site data

– Hoskins, et al. (2011) Genome Res. 21:182-192





Transcripts that result in truncated 
polypeptides: retained introns

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Transcripts that result in truncated 
polypeptides: alternative splices

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Annotated transcripts with 
truncated polypeptides 

(520 transcripts, 413 genes)

• Retained intron  premature stop
• Retained intron  downstream start
• Alternative splice  premature stop
• Alternative splice  downstream 

start



Comments (associated with 
transcript)

• Evidence supports alternative splice 
leading to premature stop codon and/or 
downstream start; may or may not 
produce functional polypeptide.

• Based on cDNA(s) with retained intron; 
results in premature stop codon and/or 
downstream start; may or may not 
produce functional polypeptide.



A few cases addressed in the 
literature

• Truncated polypeptides appear to be 
functional – can annotate properly

• The variants thought to be non-
coding transcripts – cannot annotate 
properly 

 Change: create non-coding 
transcripts                    within a 
coding gene model
 How do we handle the rest?? 



Some genes involved in RNA-splicing with 
annotated truncated isoforms 

• tra

• su(w[a])

• Sxl

• B52

• Moca-cyp

• Rm62

• sqd

• CG1965

• CG1622

• CG1646

• Ars2
• Pep
• SC35
• scaf6
• U2af50
• Zn72D
• CG11266
• CG5316
• CG6686
• CG7757



Short polypeptides supported 
in literature

• wah • ade3
• svr
• CG344

22
• psq

• scf
• AGO

2
• osk



Gene annotation using modENCODE TSS



Gene annotation using modENCODE TSS



modENCODE TSS: FlyBase GBrowse



GBrowse: navigation options

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

Spurious junctions in 
region containing 
repeats



Repeat and low complexity regions 
create alignment problems

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



Sgs1 repeats foil RNA-Seq 
alignments

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level



• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level
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