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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
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GBrowse: Data Sources
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GBrowse: Expression/Regulation
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GB: Expression/regulation data
options
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Select from Aligned Evidence: RNA-seq exon
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GBrowse: RNA-seqg exon junctions
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Seguence feature reports for
RNA-Seqg exon junctions
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‘General Information

Symbol
Feature type EXON, FlyBase ID FBsf0000101966

Collection Associated gene(s) chinmo

Genomic Location

Chromosome (arm) y Sequence location 2L:1,653,835.1,690,117 [+

Map { GBrowse }

Recent Updates
2 Sequence Data
Length

Comments

Sequence



2 Experimental Data
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@ Library: BCM_1_RNAseq_junctions

B Library: modENCODE_mRMNA-Seq_U_junctions

modENCODE_mRMNA-
Seq_U_junctions

2 Experimental Data
2 Collection Information

Expression stage(s) Read Col
embryonic stage 1 —4 2
embryonic stage 4 — 9 a
embryonic stage 9 — 11 1
embryonic stage 11 —12 il
embryonic stage 12 —13 11
embryonic stage 13 —-15 12
embryonic stage 15 — 16 117
embryonic stage 16 32
embryonic stage 17(i) 147
embryonic stage 17(ii) 185
embryonic stage 17(ii) 48
embryonic stage 17(iv) 181
first instar larval stage 45

second instar larval stage

B Collection information

m modENCODE_mRMA-Seq_U junctions




New 5’ exon (UTR) added to Cht6
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New 5’ exon (UTR) added to Cht6
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Gene merge: Chté + downstream genes
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Junctions: low frequency junctions
may not be annotated
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Junctions: variations In
5" UTR may not be annotated
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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)

2 Gene Model & Products
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transcripts may not
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kil possible
combinations of
alternative exons
and/or alternative

promoters.

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




GBrowse: expression data
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New genes: ncRNA genes
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Stranded RNA-Seq data: ncRNA
enes
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New genes: anti-sense RNAsS

Ge e 5)an

Tran’ crapt

Hatural & {fonly si:ialz 'elow 187KLY

Repeat region
cDHA

ENA=-seq exon junctions
-, k=
3+ %
)

Developrental stage subsets, unique readsz {(modENCODE Tranzcription Group}




Stranded RNA-Seq data:
anti-sense RNAs
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Stranded RNA-Seq data:
anti-sense RNAs
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Gene split: CG32972




Result of split: CG43332 +
CG43333
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Improved annotations:
extended 3’ UTRs

Cligs

les



Intermediate 3’ UTR extensions not
annotated
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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.



Impact of RNA-Seqg
Nev&jgﬁa Improved

anhnotations:

New genes, coding and non-
coding

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



Impact of RNA-Seqg

data .
Major source of reannotation

flags:
Unannotated junctions

(complete categorized and
prioritized list)

Targeted MIP cDNAs

RNA-Seq coverage data without
corresponding annotation



New data: stop-codon readthrough
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Gene model comments

gene with _stop codon_read through
: S0O:0000697

Stop-codon suppression (UGA)
postulated; FBrf0216884.



Transcript features annotated on
the genome: RNA editing sites
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MOdENCODE TSS: FlyBase GBrowse

Bl Instructions [Help] [Reset] [Bookmark this]
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supported at this time. To center on a location, click the ruler. Use the Scroll/Zoom buttons to change magnification and position.
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Transcription start sites
range represented as extent on genome
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TSS data: frequency distributions

Report & Analysis tools:

Download Decorated FASTA File _:]' Cunfigure..-l EI
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TSS annotation at 90% point

par-6

B cumulative frequency
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Gray = cumulative frequency
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TSS annotation at 90% point
peaked promoter class

Gray = cumulative frequency
Red = 90% point

Black = frequency at each
nucleotide




TSS annotation at 90% point
broad promoter class
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TSS annotation at 90% point
broad promoter class
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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-1 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-1 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

: retained Introns

polypeptides
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Transcripts that result in truncated
polypeptides
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Annotated transcripts with
truncated polypeptides
(520 transcripts, 413 genes)

Retained intron o premature stop
Retained intron , downstream start
Alternative splice o 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
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Rmo62
sqd
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CG1l622
CG1646

Ars2

Pep

SC35
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Zn72D
CG1l1266
CG5316
CG6686
CG7757



Short polypeptides supported
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Gene annotation using modENCODE TSS

Transcript
T55

aligned EST

aligned cDHA
aligned nRHA

ENA=-seq exon junctions
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Gene annotation using modENCODE TSS

Transcript
T55

aligned EST

aligned cDHA
aligned nRHA

ENA=-seq exon junctions
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MOdENCODE TSS: FlyBase GBrowse
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Search using a sequence name or range, gene symbol (but not full name, for example, ct but not cut), gene identifier, insertion symbol, insertion identifier, or other landmark. Searches are case-sensitive. Wildcards are not

supported at this time. To center on a location, click the ruler. Use the Scroll/Zoom buttons to change magnification and position.
Examples: cnn, FBgn0000490, X:200000..220000, 2L:80,000..100,000, 2R:80,000..100,000, 3L:80,000..100,000, 3R:80,000..100,000, 4:100000..120000.
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ENA=-seq exon junctions
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= Tracks

Bl Chip-seq data select alll Clear aIII

[_IChromatin Domains (5-state model, Ke cells) "I Chromatin Domains (@-state model, S2 cells) [_IChromatin Domains (9-state model, BG3 cells)

B Gene Model features Select alll Clear alll

[]Gene Span ™ Transcript

B Genome reagents and data select aIII Clear aIII
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Olnsulater class | Olnsulator class I

B Other RNA-seq data select aIII Clear aIII
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E RNA-seq data Select aIII Clear aII|
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GBrowse: navigation options

EAnsir 1iNs Holr| [Feset [Hieokm ak bz
Search using a sequence name or range, gene symbol (but not full name, for example, ct but not
are case senzitiva, Wildeprr s ere not 51;poorted at this time. To center on a location, click the rule

Examples: cnn, FBgn00OD0490, X:200000..220000, 2L:80,000..100,000, 2R:80,000..100,000, 3L

Report & A

| Download

Scroll/Zoo

QUeruieu of 2R
ﬁﬂ 1M 2M M [ b M M am M 1oMm  11M

2 Details

9328k 9326k 0327k,
Gene Span

Chd232
—

LRNA (CR30G09
5]

Tranzcript
CG4Z321-RK chin-RO
— <EeH " —"—{"H""Hl




y y y y y y y y y y y y

{3052 Ok 13053k  13053.1k  13053.2k  13053.3k  13093.dk  13053.5k  13053.6k  13093.7k  13053.Bk  13053.0k 13054k

T_~e 3pen
CEL0953
=7 ¢ JF ¢ "t 211 IVIZ I ST S 1 1 ¢ N F

n-anscript
CEL0953-RA
~

Hatural TE {only visible b~low "88Kb}

coo regica

BTOOS7 75
.

RHA-seq excn junctions

-, — L

-
o — -

-m
-

L e
Bl
T
=

E ILEVARENY

»

Deuelupnertal—- stage subsets, unique peads {WodENCODE Transcription Group} — —

v ‘_{.ﬂli.h B o e it i 7 L B

‘=“‘="“—\=;—“\=r—\=“
P - ﬁmmrf“lhm—mﬂdrﬂ ﬂﬁﬁ}ﬁ i n ,

T T e L W

r——ﬂ_{%ﬂrﬂ uﬂéﬁﬁ%ﬁl——!ﬂr“m 1l 1|n|||n|n|r| |'|'—'|”|"|rh'|'|'Ilnlulllwnulwlnl'_'r

m—L”r Y |'J'-||’_4n" 'l'_‘u"'r'ﬁl L’\-f‘n'u'_u_‘u'url iyt

\ les

Spurious junctions in
region containing
repeats

AGAAGCTACTCGATCGCTCTTGRAGTAACAGATTGCAGCTGTCATCATGA
AATTCCTGOTTOTTGCCTTTGCCATTCTGRCCTGCOCCTATGRTGATATC
TCCCATTTGGGT TACGACTACTCTCCTCCOGCCCCAGCTCCOOTTTACCA
GCCCGCCCCOGCTCCOGTCTACCAGCCCGCCCCCOCTCCOLTCTACCAGC
CTGCTCCAGCACCAGTTGTGATCCCTGCTCCTGCTCCAGCTCCAGTTOTG
ATCCCTGCTCCTGCTCCCGCTCCAGTTGTGATTCCOGCTCCAGCTCCCGT
GAAGACGTACGTCCCACCCGCACCCATCAGCATCCCAGCCCCAGTTTALC
AGCCAGCTCCTGUTCCCATTAGGAT CCCAGCCCCAGT TTACCAGCCAGCT
CCTOCTCCCATCAGCATCCCARE L o 00 o TOAGATCCCTGCCCC
AGCTCCAGTGAACACCTACATTCCCCCCGCACCAGCACCAGCTCCGGTTT
ACCAGCCAGCCCCTGCTCCCATTCCCOTGAGCATCCCOGCTCCAGCTCCC
GTTTACCAGCCTGCTCCCGCTCCCGTTATCATCCCAGCCCCTOCTCCAGE
ACCAGTTGTGATCCCTGCTCCTGCTCCCGCTCCAGTTGTGATCCCAGCCC
CAGCTCCCOTTAAGTCCTATGTGCCACCTGCACCAATCAGCATCCCAGCC
CCGOCTCCCOTTTACCAGCCAGCTCCCATCAGCATCCCGGCCCCTRCCCC
AGTTTACCAACCAGCTCCCGCTCCCOTCTACCAGCCAACCAACACTCAGG
TTCTGLAGGAGATCOAGCCCGCTTCCAATGATGRATACCGCTACAAGACT
GTOCOTCOTCOCOTCTACCOTCACCOTTTCTAAACTTACCAAAGCCCAAC
GAAAAACTGTTTCCTAACGAATCCCTACGGGRACTCOGUAATAAAAAATTT
CCGCCTTCAATTTGTTAAAL

MKFLVVAFAVLACAYGDVSHLGYDYSPPARPAPVY(QPAPAPVY(PAPAPVY
QPAPAPVVIPAPAPAPVVIPAPAPAPVVIPAPAPVKTYVPPAPISIPAPY
YQPAPAPIRIPAPVY(QPAPAPISIPAPAPIEIPAPAPVNTYIPPAPAPAP
VYQPAPAPIPVSIPAPAPVYQPAPAPVVIPAPAPAPVVIPARPAPAPVVIP
APAPVKSYVPPAPISIPAPAPVY(QPAPISIPAPAPVY(PAPAPVYQPTNT
QVLEEIEPASNDGYRYKTVRRRVYRHRF




Repeat and low complexity regions
create alignment problems
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Ick

Sgsl repeats foill RNA-Seg
alighments

PIKY ALTIFL ™57 L0 I % KNWE ANV Y DWW RNG 35 -E 11 @GCCE0 T M0
FvQECDTDSMAT 1 TKPRYKTRRPKS) kKT 1 KR 1 KRFRRKTTEKW T sRATK
RTTKRTTRRRPTTPKTPOTTDSPITTTGAECTCSDRTTASSTDSTTORTT
VO PLETGTFRr T EESSTAIPSSPCIDTSTVIPTSPCTQETTT
F TS TYRTYT vPC CAGTTTTPRSTTTTSTSRPTTTTPRSTTTTTTSR
PTTTTPRSTTTTTTRRPTTTTPRCTTTTSTCAPTTTTPRSTTTTTTSRPT
TAPTT T Sl T TTPRSTTTTSTSRPTTTTPRCTTTRSTSRPTTT
TPRSTTKTSTCAPTTTTPRPTTTPSTSRPTTTTPRSTTTTSTSRPTTTTP
RS T TREMI TTTRRST T T THTSRPTTTTPRSTTTTTTSRPTTTTRRS
TTTCrCSFTTPRS TN TSTSRPTTTTPRSTTTTSTSGPTTTTPRSTT
TTTTSGRTT T TPRSTTTTCTCSPTTTTPRSTTTRPSTSRPTTTTRRSTTIT
CTCSP PRSTTTVSTSRPVITTARSTTTTTTSRFTTTTRRSTTTTIST

SGPTTTTPRSTTTTSTSGPTTTTPRSTTTTSTSGPTTTTPRS 5T5G

PTTTTPRSTTTTSTSGPTTTTPRSTTTTSTSGPTTTTPRSTTTTSTSGPT
TTTPRSTTTTSTSGPTTTTPRSTTTTSTSGPTTTTPRSTTTTSTSGRTTT
TPRSTTTTSTSGPTTTTPRSTTTTSTSGPTTTTPRSTTTTSTSGRTTTTP
RSTTTTSTSGRTTTTPRSTTTTSTSGPTTTTPRSTTTTSTSGRTTTTRRS
TTTTSTSGPTTTTPRSTTTTSTSGPTTTTPRSTTTTSTSGPTTTTPRSTT
TTSTSGPTTTTPRSTTTTSTSCPTTTTPRSTTTTCTSGPTTTTPRSTTTT
CTSCPTTTTPRSTTTTCTSCRTTTTRRSTTTTCTSGRTTTTRRSTTKTST
CAPTTTTPRSTTTTSTSRPTTTTPRSTTTTTTSRPTTTTPRSTTTPSTSR
PTTTTPRSTTTTSTSRPTTTTPRSTTKTSTCAPTTTTPRSTTTTTTSRPT
TTTPRSTTTTTTSRPTTTTRRSTTTRCTSRPTTTTPRSTTTTTTSRPTTT
TPRSTTTPCPTTTPSASPTRTTTTRRPCPCHPQPPYQIPPWSWIWYPNPTY
PNPVIWPNOPNPVVPONPOMPGY PNOWPQL PGYPQQLPPPLPSPOWFNSWE
KPPVWOPGDCENICENLLKGVKYQEDLIRRCLCTRT

ATCCACARCAACAACTTCCACAAGTGCCCCARCGACAACTACTCCTAGAT
CCACARCARCAACTTCCACAACGTGGOCCCAACGACAACTACTCCTAGATCC
ACAACARCARCTTCCACAARCGTCGCCCAACGACAACTACTCCTAGATCCAC
ARCARCARCTTCCACARGTGECCCARCCGACAACTACTCCTAGATCCACAR
CAARCARCTTCCACAACTGGCCCAACGACARCTACTCCTAGATCCACAACA
ACAACTTCCACARAGTCGCCCARCGACAACTACTCCTAGATCCACARCAAC
ARCTTCCACAAGTGECCCARACCGACARCTACTCCTAGATCCACRACARCAR
CTTCCACAARGTGGCCCAACGACAACTACTCCTAGATCCACAACARACARCT
TCCACARCTCGCCCAACGACARCTACTCCTAGATCCACARCARCARCTTC
CACAAGTEGCECCCAACCACAACTACTCCTACGATCCACARCARCARCTTCCA
CAARCTOECCCAACCGACARCTACTCCTACATCCACAACARCARACTTCCACA
AGTGGCCCARCCGACAACTACTCCTAGATCCACAACARCARCTTCCACARG
TEECCCARCCGACAACTACTCCTACATCCACARCAACARCTTCCACARAGTE
GCCCAACCGACARACTACTCCTAGATCCACARACAACAACTTCCACARCTGEEC
CCAACGACARCTACTCCTAGATCCACAACAACAACTTCCACARGTTGCCC
ARCGACAARCTACTCCTAGATCCACARCAACAACTTGCACAAGTGGCCCAR
CCACAACTACTCCTACATCCACAACARCARACTTGCACARCTTGCCCARCE
ACAACTACTCCTAGATCCACARCARCAACTTGCACARGTTGCCCARCGAC
ARCTACTCCTAGATCCACAACARCARCTTGCACAAGTCGECCCARCCACAR
CTACTCCTAGATCCACAACAARAACCTCCACTTGTGCCCCAACGACARCT
ACTCCTAGATCCACAACAACARCTTCCACARGTCEGCCCARCCGACARCTAC
TCCTAGATCCACAACARCARCTACCACAACGTCGCCCARACCACGACTACTC
CTACGATCCACAACAACACCTTCCACARCTCGCCCAACCACAACTACTCCT
AGATCCACARCAARCTACTTCCACARGTCGCCCAACGACARCTACTCCTAG
ATCCACARCAARAACTTCCACTTGTGCCCCARCGACARCTACTCCTAGAT




FB2012_01, released January 20th, 2012
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Recent Updates
Sequence Data
Assoclated Information
Experimental Data

E Library: modENCODE_mRMNA-Seq_U_junctions

modENCODE_mRNA- Expression stage(s) Read Count
Seq_U_junctions
embryonic stage 1 -4 2
embryonic stage 4 - 8
embryonic stage 9 — 11
embryonic stage 11—-12
embryonic stage 12 — 13

embryonic stage 13

embryonic stage 1
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