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Transcriptome annotation




O | CAMERA (NCGR : national center for genome
A

ressources) Annotation process

ABYSS 1.3.x (unitigs: no
scaffolding wrt bubble popping)

Post Processing,

Simpson et al., 2009 packaging & statistics

Combine contigs from k-mer
sweep, CD-Hit-EST, rename contigs

Re-label to remove redundant contig IDs

|

HMM search + BLASTP

OLC (overlap layout consensus)

eg. CAP3 (Huang & Madan, 1999)

l ESTscan for peptide
prediction

ABYSS 1.3.x (scaffolding:

unique joins only)

|

GapCloser v 1.10 > Mapping of rqads on to
assembly with BWA

T
T
T

(SOAP de novo)
Resolve N-spacers introduced during scaffolding

Annotation files based on hits to Swiss-Prot, Pfam-A, and
TIGRFAMs include InterPro associations in the Ontology term
attribute



Moore fondation pipeline

Transcriptome Annotation

Coding sequences were predicted using ESTScan [1, 2]
with a close organisms scoring matrix.

Sequence reads were aligned back to the nucleotide
motifs of the predicted coding sequences using BWA

[3].

Peptide predictions over 30 amino acids in length were
annotated.

BLASTp [4] was used to generate hits against the
UniProtKB/Swiss-Prot database.

Protein sequences were also functionally characterized
using HMMER3 [5] against Pfam-A [6], TIGRFAM [7],
and SUPERFAMILY [8] databases.
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Main functions within Blast2GO

/¥
Annotation

(GO,IPR,EC)]

InterProScan \\A~H

Additional Features:

Batch Mode Pipeline costumDB

localB2GDB Compare GenelDs
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Blast2GO Schema
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. Blast2GO Annotation Rule

Quality of source
. annotation Possibility of abstraction
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positives, NAS 0.7| &
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Sim= ' I[EA 0.7 8 Recall
> alignmentlength,, ND 0.5 vs.
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\ \ RCA 05 Precision
\ ] (4 1
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Annotation Rule
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e On your own computer ->

e Via glogin on ABIMS Cluster ->

e On Command line B2G4Pipe on ABiIMS cluster ->

e Soon with Galaxy ->




|dentify enriched biological themes, particularly GO terms
Discover enriched functional-related gene groups
Cluster redundant annotation terms

Visualize genes on BioCarta & KEGG pathway maps
Display related many-genes-to-many-terms on 2-D view.
Search for other functionally related genes not in the list
List interacting proteins

Explore gene names in batch

Link gene-disease associations

Highlight protein functional domains and motifs
Redirect to related literatures

Convert gene identifiers from one type to another.
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Ermine J

Erminel performs analyses of gene sets in expression microarray data or other
genome-wide data that results in rankings of genes

ermineJ

Gene set analysis software




UniProt
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Zjh; éﬁgne Ontology

RNA-Seqm) Trinity m) Transcripts/Proteinsms) Functional Data=) Discovery

Automated Higher Order Biological Analysis
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Trinotate pipeline

TransDecoder Predicted

peptides

BEAST

L]
.* ®
° [ J [ ——
(d
UniProt ¢ -
(Y s L i A i S e o o i S e

Trans-
membrame
regions

Proteins
domains

BlastX vs
uniprot

Blastp vs Signal
uniprot peptides

blast and pfam

report




OIS Transdecoder

TransDecoder identifies likely coding sequences based on the
following criteria:

e a minimum length open reading frame (ORF) is found in a transcript
seqguence

e alog-likelihood score similar to what is computed by the GenelD
software is > 0.

e the above coding score is greatest when the ORF is scored in the
1st reading frame as compared to scores in the other 5 reading
frames.

e if a candidate ORF is found fully encapsulated by the coordinates of
another candidate ORF, the longer one is reported. However, a
single transcript can report multiple ORFs (allowing for operons,
chimeras, etc).

e optional the putative peptide has a match to a Pfam domain above
the noise cutoff score.



Trinnotate pipeline

2. Capturing BLASTP and BLASTX Homologies :
uniprot-swissprot

3. Running HMMER to identify protein domains

4. Running signalP to predict signal peptides

5. Running tmHMM to predict transmembrane
regions
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| Trinnotate pipeline

6 Loading Results into a Trinotate SQLite Database

7 Threshold the blast and pfam results to be

reported
e E-value : maximum blast E-value cutoff
e 'DNC' : domain noise cutoff (default)
e 'DGC' : domain gathering cutoff
e 'DTC' : domain trusted cutoff

e 'SNC' : sequence noise cutoff
e 'SGC' : sequence gathering cutoff

e 'STC' : sequence trusted cutoff
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Trinnotate pipeline

compl507_cO
comp1507 cO0 _seql:405-1415(+)
m.772

sp|Q7Z8R5|PALI_YARLI'Q7Z8R5°Q:1-236,H:3-234°30.13%ID E:3e-21"RecName: Full=pH-response
regulator protein pall/RIM9; Eukaryota; Fungi; Dikarya; Ascomycota; Saccharomycotina;
Saccharomycetes; Saccharomycetales; Dipodascaceae; Yarrowia.

4 PF06687.7"SUR7/~SUR7/Pall familyA7-165"E:2.4e-18

5 sigP:1°23°0.564°YES

6 ExpAA=91.29 PredHel=4 Topology=i9-31089-111i118-1400150-172i

7 NOG12793~ Calcium ion binding protein

8 GO0:0016021~cellular_component”integral to membrane GO:0005886”cellular_component”*plasma
membrane

9
MRIRSATPSLILLVIAIVFFVLAICTPPLANNLTLGKYGDVRFGVFGYCLNSNCSKPLVGYNSDYLDEHAKDGFRTSVIVRQ
RASYGLVIVPVSACICLISTIMTIFAHIGAIARSPGFFNVIGTITFENIFITAIAFVICVITFVPHIQWPSWLVLANVGIQLIVLL

LLLVARRQATRLQAKHLRRATSGSLGYNPYSLQNSSNIFSTSSRKGDLPKFSDYSAEKPMYDTISEDDGLKRGGSVSKLK
PTFSNDSRSLSSYAPTVREPVPVPKSNSGFRFPFMRNKPAEQAPENPFRDPENPFKDPASAPAPNPWSINDVQANND

WN = O

KKPSRFSWGRS*
0 #component 5 SignalP
1 trans_derived 6 TmHMM
2 prot_id 7 eggnog
3 TopBlastHit 8 gene_ontology
4 Pfam 9 prot_seq



O | Not yet implemented on the cluster
A

Trinotate web : Graphical Interface for Navigating
Trinotate Annotations and Expression Analyses
Note, Trinotate is not yet a full-featured application,
but is instead in a very early state of development
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“(- = € [ localhost:8080/cgi-bin/index.cgi?sqlite=%2FUsers%2Fbhaas%2FSVN... Q 5.¢

Trinotate Web for Annotation and Expression Analysis

Various summary stats go here...

Got 8694 genes and 9299 transcripts

Text search of transcript annotations

| | [search

Still needed: search based on specific attribute: pfam, go, kegg, etc.

Pairwise Expression Comparisons (Volcano and MA plots)

M Sp_ds vs. Sp_hs|Sp_ds vs. Sp_log |Sp_ds vs. Sp_plat
Sp_hs vs. Sp_log|Sp_hs vs. Sp_plat

Sp_log vs. Sp_plat

Multi-sample Comparisons (Expression Profiling)

Go to the interactive heatmap for all DE transcripts.

Analyses of clusters of expression profiles:
¢ edgeR_trans/diffExpr.P0.001_C2.matrix.R.all.RData.clusters_fixed_P_20 with 55 clusters.



O | plotting Pairwise Differential

Volcano plot MA plot

( fold change vs. significance) (abundance vs. fold change)
<
=
& ‘s
Y g =
= Q
(T Qo
> 2 c
£ . ©
S - O
Qo0 ©
O w -
. 2
o o
o
@)
—

Log, (fold change) Log, Average Expression level (M of MA)

Significantly differently expressed transcripts have FDR <= 0.001
(shown in red)
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Heatmaps provide an effective tool

for navigating differential expression across
multiple samples.

Clustering can be performed across both axes:
-cluster transcripts with similar expression
patterns.

-cluster samples according to similar
expression values among transcripts.



O ==| Examining Patterns of Expression

Can extract clusters of transcripts and examine them separately.

subcluster_1 subcluster 2 subcluster_3
— © — — o —
E oo d o - =
& § § o
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RNAbrowse

Contigs Depth Graph only 5000 Are Representated Contigs Length pistribution
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General statistics

RNAbrowse

1=

Variants_overview figures

IIIIIIl-
McX NN sk

There is 365 contigs containing only SNPs, and 372 contigs with variants (SNP, InDel...).

+ DELETION:
" 3.86 %

/" INSERTION:
- 2.54%

"~ non synonymous coding:

/

synonymous coding:
N\ 7.73%

stop gained:
0.05 %

no annotation:
84.34 %

Venn diagram analysis

Selected Libraries Used To Build The Venn Diagram

R0 i nBO0 2y PO B0l

Amu Fgo Hem

Dgl G3 late

early Gil Lpa
Man1

Venn's Diagram click On A Number To Display The Corresponding Elements

Poolt

Man2

Rem

Common elements in Pooll Pool2 Pool3 Pool4 :

CHOYP_NETR.14.18
CHOYP_PLXD1.1.1
CHOYP_SEM2A.1.2
CHOYP_contig_006298
CHOYP_contig_025398
CHOYP_C1QL4.15.29
CHOYP_CAS4.8.34
CHOYP_FAXC.2.17
CHOYP_FUCL1.2.4
CHOYP_LAMBL1.2.3
CHOYP_NOTC1.14.30
CHOYP_contig_004222
CHOYP_contig_009515
CHOYP_contig_012527
CHOYP_contig_014771
CHOYP_contig_025458
CHOYP_contig_052729
CHOYP_contig_053038
CHOYP_ANK1.158.174
CHOYP_ANK2. 40. 61
CHOYP_ANK3.49.70
CHOYP_COMA. 3.5
CHOYP_CP17A.5.14
CHOYP_GIMAS.1.2
CHOYP_HEM2.2.2
CHOYP_HS12B.59.76
CHOYP_LRAT.2.2
CHOYP_MED12.1.1
CHOYP_PLMN. 4.23
CHOYP_RBX2.3.6

The Venn diagram shows the number

of contigs shared between libraries

‘\close‘
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RNAbrowse

Blast your query against the contig database

A
adlll=

Blast interface

Query Form Blast Configuration

Enter query - or protein FASTA P
>SCN9A_RABLT A
GAATCAAACTTTGGAAAAAAATGGAACAAATTTCGTTTCTTCATGTGTAAAATAGTTGAGC U

ACAAAGCTTTTGAATATTTCATTCTTGTGTGCATTGGCT E
TGAGCAGCATGTCACTGGCCTTTGAGGATGTTTATCTCTATACTCGCCCAGAGCTCGAGGC ;
TGCTCTGTACTACACCAACATCATCTTTGCTGTGCTCTT Expect value: [10 Output max hit: 10
CACCGTTGAAATGTTGATGAAGTGGGTTGCCTTAGGATTTAAGAAATACTTCACCAGCTTC
TGGACAATTCTAGATTTTGCCATTGTTGTAATCTCTTTA
GCTAGTCTGATAGCAGATGCTACTGGTGGTGAAGATATATCAGCATTCAGGTCACTCAGGA | Visualize the alignments: ()
CTCTCCGGGCATTTAGACCTTTGAGGGCAATATCAAGAT '

Choose a BLAST algorithm: | blastn 7 | Fitter query sequence: &

£ Clear Form & Run Blast

Result Blast Output

Show |25 2 |entries

* CHOYP_SCN1.22  SCN9A_RABIT  100.00 1303 0 0 993 0.0 2583
* CHOYP_SCN122  SCN9A RABIT 10000 923 0 0 22 944 0.0 1830 :
Iries You Want To Display In The Graphic
0 CHOYP_SCN1.12  SCNSA_RABIT 9969 1303 4 0 993 2295 0.0 2551
0 CHOYP_SCN1.1.2 SCN9A_RABIT 99.89 923 1 0 22 944 0.0 1822 | entries Search: |
0 CHOYP MLL1.12  SCN9A RABIT 9286 28 2 0 2153 2180 0.17 40.1
Amu unknown unknown 0.45 44
0 CHOYP_SCNA22  SCN9A RABIT 9565 23 1 (] 841 863 0.69 382
Dy | Dgl unknowin unknown 12 120
* CHOYP_SCN4A1.1  SCNOA_RABIT  95.65 23 1 0 841 863 0.69 38.2 o oy unknown unknown 18.08 1728
0 CHOYP_PTPRE2121  SCN9A_RABIT  100.00 18 (] 0 2237 2254 27 362 [Foo) Fgo unknown unknown 181 182
0 CHOYP_LRPIBS8  SCNOA RABIT 9545 22 1 0 1500 1521 27 362 e G unknown unknown 571 556
0O CHOYP ST1A322  SCN9A RABIT 9545 2 1 0 236 257 53 557 27 362 a et knony koW 1552 1572
ki X
0 CHOYP_PTPRA3338  SCN9A_RABIT  100.00 18 0 0 2237 2254 1890 1907 27 36.2 = fem unenovn unknovn 084 &
late unknown unknown 14.19 1366
0 CHOYP_LASP1.9.9  SCN9A_RABIT  100.00 18 0 0 698 715 841 858 27 362
[} Lpa unknown unknown 11.25 112
With selected contigs | ¥ Add to favorites | Man1 unknown unknown 1.75 174
Showing 1 o 12 of 12 entries First || Previous |1 | Next || Last fabely toselected libaries [copy |[Ssvetocsv |
Dof 15 entries | First || Previous |1 | 2 || Next || Last
|
close

| 1h Based Upon Labeled Libraries

199

Depth in bp

The contig depth view
enables to visualise the Ve AN
coverage of the reads of !

(e Amu = Dol = early -+ Fgo & Gil + Hem -+ Lpa = PC

the different libraries \ - |
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TRAPID: Rapid Analysis of Transcriptome Data

http://bioinformatics.psb.ugent.be/webtools/trapid/
TRAPID system offers functional and comparative analyses for transcriptome data sets

Two reference databases:
- for plants and green algae PLAZA 2.5,

- for Alveolata, Amoebozoa, Euglenozoa, Fungi, Metazoa and prokaryotes
(Bacteria and Archaea) OrthoMCL-DB version 5 is available.

TRAPID: Rapid Analysis of Transcriptome Data

User information

User id proost@mpimp-golm.mpg.de

° ORF detecﬁon’ Exit trapid Log out
* frameshift correction S L
. . Current experiments Name) #Transcripts  Status Last edit PLAZA version EmptyDelete Log
* includes a functional,
CO m p a ra tive a n d test mibel@psb.ugent.be PLAZA 2.5 View log
p hyl Oge n eti c too I bOX Add new experiment Name TuloriaH

Description Panicum transcripts

Shared experiments Name Owner PLAZA version Log

Reference DB PLAZA25

Describe your experiment

Documentation « About

Please contact the Project leader
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TRAPID: Rapid Analysis of Transcriptome Data

A

TRAPID: Rapid Analysis of Transcriptome Data

Process transcripts

Experiments
Experiment overview Manage jobs
Documentation
Name Tutorial 1
Processing status finished
Last edit 2013-05-06 14:33:19
Data source PLAZA 2.5
Transcript count 25392
Overview

The transcript pipeline of the PLAZA workbench can be used to analyze transcripts (provided by the user) of
species not present in the PLAZA database. This is useful for e.g. transcriptome analyzes during specific
conditions or for species for which no genome is present, only a transcriptome. Transcripts are initially
associated with PLAZA gene families using a translational approach. Further analyzes are then done on a
per-family basis.

Options
Use NCBI Taxonomy to find the closest relative species or best clade.
Similarity Search Database Type Single Species v
Similarity Search Database Arabidopsis lyrata v
Similarity Search E-value 10e-5 v
Gene Family type Gene Families v
Functional annotation Transfer based on gene family v

Start the analysis

Starttranscriptome pipeline

Remarks, suggestions or questions? Please contact the Project leader
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TRAPID: Rapid Analysis of Transcriptome Data

TRAPID: Rapid Analysis of Transcriptome Data

Statistics
Experiment overview
Name Tutorial 1
Processing status finished
Last edit 2013-05-06 14:33:19
Data source PLAZA 2.5
Transcript count 25392

Transcript information
#Transcripts
Average sequence length
Average ORF length
#ORFs with a start codon

#ORFs with a stop codon

Frameshift information
#T) ipts with i i

#Transcripts with corrected frameshift

Meta annotation information
#Meta annotation full-length
#Meta annotation quasi full-length
#Meta annotation partial

#Meta annotation no information

Similarity search information
Best similarity search hit for each transcript.
Sorghum bicolor

Zea mays

Oryza sativa ssp. indica
Oryza sativa ssp. japonica
Brachypodium distachyon
Total

Gene family information
#Gene families
#Transcripts in GF
Largest GF
#single copy

25392
777.8
532.9
[—
7186 (28.3%)

15755 (62%)

2805 (11%)

0 (0%)

1884 (7.5%)
8028 (31.6%)
e il
6361 (25.1%)
9109 (35.9%)

8372 (49.9%)
4453 (26.6%)
22 2y
1470 (5.8%)
1288 (7.7%)
1184 (7.1%)
16767

4989

16767 (66%)

114_HOMO000002 (156 transcripts)
2247

Functional annotation information

Gene Ontology
#GO terms
#Transcripts with GO
InterPro

#InterPro domains

#Transcripts with Protein Domain
Export

3092

3639

13818 (54.4%)

TRAPID: Rapid Analysis of Transcriptome Data

Search

Experiment overview

Processing status

Last edit
Experiments
Documentation Data source

Transcript count

Search results

Tutorial 1

finished

2013-05-06 14:33:19
PLAZA 2.5

25392

Click table-header(s) to enable sorting

GO term
GO0:0005618
GO0:0006037
G0:0007047
G0:0009273
G0:0009505
G0:0009664
G0:0010382
G0:0010383
G0:0016998
G0:0042545
G0:0042546
G0:0044036
G0:0044038
G0:0052386
G0:0052482
G0:0052543
G0:0052544
G0:0070592
G0:0070882
GO0:0071554
GO0:0071555
GO0:0071669

GO description
cell wall 31
cell wall chitin metabolic process 25
cellular cell wall organization

peptidoglycan-based cell wall biogenesis
plant-type cell wall 11
plant-type cell wall organization 7
cellular cell wall macromolecule metabolic process 5
cell wall polysaccharide metabolic process 26
cell wall macromolecule catabolic process 6
cell wall modification 13
cell wall biogenesis 6
cell wall macromolecule metabolic process 36
cell wall macromolecule biosynthetic process 5
cell wall thickening 6
cell wall thickening during defense response 6
callose deposition in cell wall 6
callose deposition in cell wall during defense response 6
cell wall polysaccharide biosynthetic process 1
cellular cell wall organization or biogenesis 11
cell wall organization or biogenesis 37
cell wall organization 25
plant-type cell wall organization or biogenesis 7

Click table-header(s) to enable sorting

Perform new search

GO description

v cellwall

General statistics

Remarks, suggestions or questions? Please contact the Project leader

Functional enrichment analysis

Phylogenetic analysis
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With ref. vs de novo

Improved reconstruction with deeper sequencing depth and Genome-based
reconstruction is more sensitive than de novo methods

9000
8000
7000
6000
5000

# Genes w/ fully
reconstructed

transcripts 4000
3000
2000
1000

Mouse data

=o=Cufflinks/Gsnap

“=Trinity

T | | T T 1

10 20 30 40 50 60

Million PE reads
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The PASA Pipeline for Genome Annotation
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PASA: Program to Assemble Spliced Alignments

5654-5666 Nucleic Acids Research, 2003, Vol. 31, No. 19
DOI: 10.1093/nar/gkg770

Improving the Arabidopsis genome annotation using
aximal transcript alignment assemblies

Brian J. Haas*, Arthur L. Delcher, Stephen M. Mount', Jennifer R. Wortman,

Roger K. Smith Jr, Linda I. Hannick, Rama Maiti, Catherine M. Ronning,

Douglas B. Rusch?, Christopher D. Town, Steven L. Salzberg and Owen White

The Institute for Genomic Research, 9712 Medical Center Drive, Rockville, MD 20850, USA, 'Department of Cell

Biology and Molecular Genetics, University of Maryland, College Park, MD 20742, USA and “The Center for
Advancement of Genomics, 1901 Research Boulevard, Rockville, MD 20850, USA

fl GR

THE INSTITUTE FOR GENOMIC RESEARCH

Developed (in 2003) to integrate ESTs and full-length cDNAs
into gene structure annotations.

Compatible with RNA-Seq via Trinity.



Align to Genome

|

Cluster overlapping alignments

l

Assemble alignment clusters

l

Cluster transcript isoforms

l

Report Gene Structures
and/or
Update existing annotations




Align to Genome

l

Cluster overlapping alignments

l

Assemble alignment clusters

l

Cluster transcript isoforms

l

Report Gene Structures
and/or
Update existing annotations

GMAP, BLAT, sim4
spliced transcript alignments

Valid alignment criteria:

* min 95% ldentity
min 75% transcript length aligned
(configurable)
«Canonical splice sites
*GT-AG
*GC-AG
«AT-AC



Align to Genome

l

Cluster overlapping alignments

l

Assemble alignment clusters

l

Cluster transcript isoforms

l

Report Gene Structures
and/or
Update existing annotations

spliced alignments




Align to Genome

|

Cluster overlapping alignments

l

Assemble alignment clusters

l

Cluster transcript isoforms

l

Report Gene Structures
and/or
Update existing annotations

- —
v
— e

spliced alignments




Align to Genome

|

Cluster overlapping alignments

l

Assemble alignment clusters

l

Cluster transcript isoforms

l

Report Gene Structures
and/or
Update existing annotations

spliced alignments

é‘é
vév




l Annotation output

Align to Genome -gene structures
Clust ! oo al t -alt splice isoforms
uster overiapping alignments . . .
PPINg &g -predicted coding regions

l

Assemble alignment clusters

l

(fasta, bed, gff3, gtf formats)

Cluster transcript isoforms Annotation Updates
l -exon modifications
Report Gene Structures -alt splice isoform additions
and/or -gene merges
Update existing annotations -gene splits
-new genes




O =soee | Evaluating Genome-based Transcript Reconstruction

Using Reference Genomes + Transcriptomes

Schizosaccharomyces Drosophila Mouse
pombe

Genome size 12.5 Mb 170 Mb 2.7 Gb
Approx. # genes 5k 14k 20k

50M Paired-end Illumina ~75 base reads, each.

(100M total reads, each).



O | Nearly all (>98%) Trinity transcripts

to reference genomes

S. pombe Drosophila Mouse
5% 2% 7.0% 0.1%

¥ valid
W Error

® Missing

# Trinity 14,548 36,320 81,516
Transcripts

~5% to 7% of assembled transcripts are problematic
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Full-length Transcript Reconstruction from RNA-Seq
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Total pombe genes

5000 ¥ Tophat2/Cufflinks

H Trinity/PASA

Number of genes with
full length transcripts

4000

3000

2000

1000

S. pombe Drosophila Mouse
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Full-length Transcript Reconstruction from RNA-Seq
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Total pombe genes

5000 .
Number of genes with ¥ Tophat2/Cufflinks
full length transcripts 2000 M Trinity/PASA
2000
1000
0
S. pombe Drosophila Mouse
Schizosaccharomyces Drosophila Mouse
pombe
500 1000 1200
400 ' . 800 - 1000
i 800 -
300 600 8 o
200 - 400 - 8
oo 400 -
100 200 - T Lo
0 ! ! ! ! ! ! ! ! ! ! 0 ! ! ! ! ! ! ! ! ! ! O T T T T T T T 1
1 2 3 456 7 8 9 10 123 456 7 8 910 1 2 3 456 7 8 9 10,,.
Low Expression Hi

Full-length Reconstruction by Expression Quintile



