
26/09/2019

RNA Seq
analysis

Transcriptome
annotation

ABiMS – Station Biologique Roscoff
South Green



RNA Seq analysis



Transcriptome annotation

Pipeline 

Trinotate
Exemple Camera pipeline

blast2Go
annoscript

Damnit!

websites

David
Trapid

transcriptator



Trinotate pipeline



Trinotate pipeline

Transcripts

BlastX vs 
uniprot_SP

BlastP vs 
uniprot_SP

Predicted
peptides

Proteins
domains

Signal 
peptides

Trans-
membrame

regions

Annotation 
report

TransDecoder

blast and pfam
filters

BlastX vs 
custom 

DB

BlastP vs 
custom 

DB



• Find all ORFs
• Score each ORF according to likely coding potential (Markov model)
• Report highest scoring ORFs

1. Find Likely Coding Regions(using TransDecoder)

Trinotate pipeline



TransDecoder

TransDecoder identifies likely coding sequences based on 
the following criteria:

• a minimum length open reading frame (ORF) is found in a transcript
sequence

• a log-likelihood score similar to what is computed by the GeneID
software is > 0. 

• the above coding score is greatest when the ORF is scored in the 
1st reading frame as compared to scores in the other 2 forward
reading frames. 

• 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). 

• a PSSM is built/trained/used to refine the start codon prediction.
• optional the putative peptide has a match to a Pfam domain above

the noise cutoff score. identify ORFs with homology to known
proteins via blast or pfam searches



TransDecoder : output

• transcripts.fasta.transdecoder.pep : peptide sequences
for the final candidate ORFs; all shorter candidates 
within longer ORFs were removed.

• transcripts.fasta.transdecoder.cds : nucleotide
sequences for coding regions of the final candidate ORFs

• transcripts.fasta.transdecoder.gff3 : positions within the 
target transcripts of the final selected ORFs

• transcripts.fasta.transdecoder.bed : bed-formatted file 
describing ORF positions, best for viewing using
GenomeView or IGV.



Retrieving the databases 

• A boilerplate SQLite database called
'Trinotate.sqlite' that comes pre-populated
with a lot of generic data about SWISSPROT 
records and Pfam domains.

• Need to upload PFAM swissprot database
versions specific and synchronized with
‘Trinotate.sqlite’ database



Retrieving the databases 

TRINOTATE_HOME/admin/Build_Trinotate_Boilerplate_SQLite_db.pl Trinotate

• it will provide to you:
– Trinotate.sqlite
– uniprot_sprot.pep
– Pfam-A.hmm.gz

• Prepare the protein database for blast 
searches :

makeblastdb -in uniprot_sprot.pep -dbtype prot

• Uncompress and prepare the Pfam database
for use with 'hmmscan' like so:

gunzip Pfam-A.hmm.gz
hmmpress Pfam-A.hmm



Trinotate pipeline

2. Capturing BLASTP and BLASTX Homologies : uniprot-
swissprot/uniref 90

3. Running HMMER to identify protein domains

4. Running signalP to predict signal peptides

5. Running tmHMM to predict transmembrane regions

6. Running Rnammer to detected rRNA



BLASTX and BLASTP

BLAST Uniprot-swissprot



UniProt release 2018_09 consists of two sections:
• Reviewed (Swiss-Prot) - Manually annotated 558 590 sequences

Records with information extracted from literature and curator-evaluated
computational analysis.

• Unreviewed (TrEMBL) - Computationally analyzed 126,780,198 sequences
Records that await full manual annotation.

vs



vs

558 590 sequences TrEMBL : 126 780 198 sequences

++ insect

++ bacteria



UniRef100 combines identical sequences and sub-fragments with 11 or more residues
from any organism into a single UniRef entry.
UniRef90 is built by clustering UniRef100 sequences such that each cluster is composed of 
sequences that have at least 90% sequence identity to, and 80% overlap with, the longest
sequence (a.k.a. seed sequence).

UniRef50 (29 636 339)
UniRef90 (80 685 154)
UniRef100 (159 146 034)

http://www.uniprot.org/help/redundancy

UniProtKB/TrEMBL: one record for 100% identical full-length sequences in one species;
UniProtKB/Swiss-Prot: one record per gene in one species;

UniParc: one record for 100% identical sequences over the entire length, regardless of 
the species;
UniRef100: one record for 100% identical sequences, including fragments, regardless of 
the species.

vs

http://www.uniprot.org/help/redundancy


Specific databases …

…



BLAST and DIAMOND

Benjamin Buchfink, Chao Xie & Daniel H. Huson, Fast and Sensitive Protein Alignment using DIAMOND, Nature Methods, 12, 59–60 (2015) 
doi:10.1038/nmeth.3176.

DIAMOND : Accelerated BLAST compatible local sequence aligner.

http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.3176.html


Diamond X 

diamX_uniprot.outfmt6
TRINITY_DN97_c0_g1_i1 DNAJ_LACC3 39.7 68 38 1 1102 1296 113 180 1.2e-05 52.8
TRINITY_DN63_c0_g1_i1 PSAC_ACAM1 93.8 81 5 0 62 304 1 81 4.4e-42 171.8
TRINITY_DN67_c0_g1_i1 PUX2_ARATH 28.4 74 51 1 812 1033 176 247 1.1e-04 49.7
TRINITY_DN67_c0_g1_i2 PUX2_ARATH 28.4 74 51 1 678 899 176 247 1.0e-04 49.7
TRINITY_DN85_c0_g2_i1 ANO7_HUMAN 28.2 262 138 6 4 639 320 581 7.2e-22 105.5
TRINITY_DN189_c0_g1_i2 CPSF_ARATH 51.1 92 40 3 121 384 50 140 1.1e-21 104.8
TRINITY_DN118_c0_g1_i1 ARP4_ARATH 37.0 384 218 3 2 1144 77 439 2.9e-64 247.3
TRINITY_DN123_c0_g1_i1 RUBR_SYNY3 48.5 101 48 2 1521 1231 14 114 3.3e-20 101.7

diamX_uniref90.outfmt6
TRINITY_DN95_c0_g1_i1 UniRef90_W7TYR3 61.4 114 44 0 58 399 9 122 1.3e-34 154.1
TRINITY_DN90_c0_g1_i1 UniRef90_D8LCQ5 44.7 103 55 1 422 114 18 118 2.4e-17 96.3
TRINITY_DN97_c0_g1_i1 UniRef90_D7FKD7 48.6 111 57 0 991 1323 35 145 2.1e-22 114.8
TRINITY_DN15_c0_g1_i1 UniRef90_D7G646 60.0 80 31 1 73 309 243 322 5.2e-18 99.0
TRINITY_DN39_c0_g1_i1 UniRef90_D7FIG4 57.9 392 156 4 218 1393 3 385 8.7e-117 429.5
TRINITY_DN63_c0_g1_i1 UniRef90_A0A088CIH6 91.8 85 7 0 50 304 2 86 1.7e-40 172.9
TRINITY_DN67_c0_g1_i1 UniRef90_D7FV16 65.2 293 102 0 248 1126 32 324 3.6e-95 356.7
TRINITY_DN67_c0_g1_i2 UniRef90_D7FV16 67.6 324 105 0 21 992 1 324 1.6e-110 407.5
TRINITY_DN85_c0_g1_i1 UniRef90_D7FQE2 70.4 125 37 0 376 2 280 404 5.5e-45 188.0
TRINITY_DN85_c0_g2_i1 UniRef90_D7FQE1 75.7 136 31 1 232 639 1 134 1.1e-53 217.6
TRINITY_DN186_c0_g2_i1 UniRef90_D7G5D6 85.8 316 45 0 1 948 125 440 1.3e-147 530.4
TRINITY_DN189_c0_g1_i1 UniRef90_D7FPL2 86.1 36 5 0 58 165 1 36 1.6e-09 70.1



Saccharina latissima annotation

DiamondX vs uniprot-swissprot
TRINITY_DN10004_c0_g1_i1 ALPL_ARATH 20.9 263 193 8 420 1193 103 355 5.4e-10 67.8

DiamondP vs uniprot-swissprot
TRINITY_DN10004_c0_g1::TRINITY_DN10004_c0_g1_i1::g.17011::m.17011 ALPL_ARATH 20.7 305 221 10 75 374 67 355 1.1e-11 72.8

-> Protein ALP1-like : Arabidopsis thaliana

DiamondX vs uniprot-uniref90
TRINITY_DN10004_c0_g1_i1 UniRef90_D7FSK2 43.8 274 150 3 585 1394 1 274 5.5e-62 246.9
-> Uncharacterized protein Esi_0235_0049 Ectocarpus siliculosus

DiamondP vs uniprot-uniref90
TRINITY_DN10004_c0_g1::TRINITY_DN10004_c0_g1_i1::g.17011::m.17011 UniRef90_D7FSK2 43.8 274 150 3 172 441 1 274 4.7e-62 246.5

-> Uncharacterized protein Esi_0235_0049 Ectocarpus siliculosus: ALP1-like : A. thaliana



Trinotate pipeline

2. Capturing BLASTP and BLASTX Homologies : uniprot-
swissprot/uniref 90

3. Running HMMER to identify protein domains

4. Running signalP to predict signal peptides

5. Running tmHMM to predict transmembrane regions

6. Running Rnammer to detected rRNA



Hmmscan vs Pfam

The Pfam database is a large 
collection of protein families, each
represented by multiple sequence
alignments and hidden Markov 
models (HMMs). The data 
presented for each entry is based
on the UniProt Reference 
Proteomes

Pfam 32.0 (Sep 2018) contains a total of 17929 families and 604 clan

HMMER is used for searching sequence
databases for sequence homologs, and for 
making sequence alignments. It implements
methods using probabilistic models called
profile hidden Markov models (profile HMMs).

http://www.uniprot.org/help/reference_proteome


Hmmscan vs Pfam



Trinity_PFAM.out

# 
--- full sequence --- -------------- this domain ---------

---- hmm coord ali coord env coord
# target name accession tlen query
name accession qlen E-
value score bias # of c-Evalue i-Evalue score 
bias from to from to from to acc description of target
#------------------- ---------- ----- --------------------
---------- ----- --------- ------ ----- --- --- --------- --------- ------ -
---- ----- ----- ----- ----- ----- ----- ---- ---------------------
Plant_tran PF04827.13 205 TRINITY_DN10004_c0_g1::TRINITY_DN10004_c0_g1_i1::g.17011::m.17011 
- 450 5.6e-29 101.1 0.0 1 1 1.4e-32 8.1e-
29 100.6 0.0 3 197 176 374 174 379 0.94 Plant transposon protein

DDE_Tnp_4 PF13359.5 158 TRINITY_DN10004_c0_g1::TRINITY_DN10004_c0_g1_i1::g.17011::m.17011 
- 450 4.2e-22 78.4 0.0 1 1 1.2e-25 6.7e-
22 77.7 0.0 2 158 205 372 204 372 0.87 DDE superfamily endonuclease

DDE_Tnp_1 PF01609.20 214 TRINITY_DN10004_c0_g1::TRINITY_DN10004_c0_g1_i1::g.17011::m.17011 
-

450 0.033 13.7 0.7 1 2 0.0036 20 4.6 0.1 9 73 204 270 
198 308 0.76 Transposase DDE domain

DDE_Tnp_1 PF01609.20 214 TRINITY_DN10004_c0_g1::TRINITY_DN10004_c0_g1_i1::g.17011::m.17011 
-

450 0.033 13.7 0.7 2 2 0.0007 3.9 7.0 0.1 173 211 330 368 
327 373 0.72 Transposase DDE domain

DUF4735 PF15882.4 286 TRINITY_DN10004_c0_g1::TRINITY_DN10004_c0_g1_i1::g.17017::m.17017 
- 60 0.055 12.8 0.1 1 1 3.3e-
06 0.055 12.8 0.1 251 285 22 57 3 58 0.77 Domain of unknown function (DUF4735)



Trinotate pipeline

2. Capturing BLASTP and BLASTX Homologies : uniprot-
swissprot/uniref 90

3. Running HMMER to identify protein domains

4. Running signalP to predict signal peptides

5. Running tmHMM to predict transmembrane regions

6. Running Rnammer to detected rRNA



http://www.cbs.dtu.dk/services/SignalP/

SignalP

Typical Signal Peptides  
peptide function Composition
Transport in cellular nucleus (NLS) -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-

Endoplasmic reticulum transport
H2N-Met-Met-Ser-Phe-Val-Ser-Leu-Leu-Leu-Val-Gly-Ile-Leu-Phe-
Trp-Ala-Thr-Glu-Ala-Glu-Gln-Leu-Thr-Lys-Cys-Glu-Val-Phe-Gln-

Endoplasmic reticulum retention -Lys-Asp-Glu-Leu-COOH

Mitochondrial matrix transport
H2N-Met-Leu-Ser-Leu-Arg-Gln-Ser-Ile-Arg-Phe-Phe-Lys-Pro-Ala-
Thr-Arg-Thr-Leu-Cys-Ser-Ser-Arg-Tyr-Leu-Leu-

Peroxysome (PTS1) transport -Ser-Lys-Leu-COOH

Peroxysome (PTS2) transport H2N-----Arg-Leu-X5-His-Leu-

A signal peptide is a peptide chain of a 
protein serving to address it to a 
particular cell (organelle) compartment



http://www.cbs.dtu.dk/services/SignalP/

SignalP

##gff-version 2
##sequence-name source feature start end score N/A ?
## -----------------------------------------------------------
TRINITY_DN123_c0_g1::TRINITY_DN123_c0_g1_i1::g.213::m.213 SignalP-4.1 SIGNAL 1 20 0.524 . . YES
TRINITY_DN142_c0_g1::TRINITY_DN142_c0_g1_i1::g.238::m.238 SignalP-4.1 SIGNAL 1 18 0.459 . . YES
TRINITY_DN166_c0_g1::TRINITY_DN166_c0_g1_i1::g.284::m.284 SignalP-4.1 SIGNAL 1 28 0.777 . . YES
TRINITY_DN166_c0_g1::TRINITY_DN166_c0_g1_i2::g.290::m.290 SignalP-4.1 SIGNAL 1 28 0.777 . . YES



HECTAR

HECTAR (HEterokont subCellular TARgeting) is a statistical prediction method designed to 
assign proteins to five different categories of subcellular targeting: Signal peptides, type II 
signal anchors, chloroplast transit peptides, mitochondrion transit peptides and proteins
which do not possess any N-terminal target peptide.



Trinotate pipeline

2. Capturing BLASTP and BLASTX Homologies : uniprot-
swissprot/uniref 90

3. Running HMMER to identify protein domains

4. Running signalP to predict signal peptides

5. Running tmHMM to predict transmembrane regions

6. Running Rnammer to detected rRNA



http://www.cbs.dtu.dk/services/TMHMM/

Topology=i36-55o59-81i93-110o125-147i174-196o206-228i241-260o280-302i309-328o338-360i373-395o448-467i

TMHMM : Prediction of transmembrane
helices in proteins

TRINITY_DN10013_c0_g2::TRINITY_DN10013_c0_g2_i1::g.17046::m.17046 len=55 ExpAA=0.01 First60=0.01 PredHel=0 Topology=i
TRINITY_DN10016_c0_g1::TRINITY_DN10016_c0_g1_i1::g.17052::m.17052 len=244 ExpAA=12.78 First60=12.76 PredHel=1 Topology=i13-32o
TRINITY_DN10018_c0_g1::TRINITY_DN10018_c0_g1_i1::g.17057::m.17057 len=61 ExpAA=25.61 First60=25.61 PredHel=1 Topology=o4-35i
TRINITY_DN10023_c0_g1::TRINITY_DN10023_c0_g1_i1::g.17077::m.17077 len=84 ExpAA=17.86 First60=17.46 PredHel=0 Topology=o
TRINITY_DN1002_c0_g1::TRINITY_DN1002_c0_g1_i1::g.1928::m.1928 len=106 ExpAA=0.34 First60=0.14 PredHel=0 Topology=o



Trinotate pipeline

2. Capturing BLASTP and BLASTX Homologies : uniprot-
swissprot/uniref 90

3. Running HMMER to identify protein domains

4. Running signalP to predict signal peptides

5. Running tmHMM to predict transmembrane regions

6. Running Rnammer to detected rRNA



RNAMMER

Lagesen K, Hallin PF, Rødland E, Stærfeldt HH, Rognes T Ussery DW RNammer: consistent 
annotation of rRNA genes in genomic sequences . Nucleic Acids Res. 2007 Apr 22.

# ---------------------------------------------------------------------------------------------------------
##gff-version2##source-version RNAmmer-1.2##date 2009-11-16
##Type DNA# seqname source                      feature     start      end   score   +/- frame  attribute
# ---------------------------------------------------------------------------------------------------------
AE000511 RNAmmer-1.2 rRNA 448462 448577 49.2 + . 5s_rRNA
AE000511 RNAmmer-1.2 rRNA 1473564 1473679 49.2 - . 5s_rRNA
AE000511 RNAmmer-1.2 rRNA 1045067 1045183 40.3 + . 5s_rRNA
AE000511 RNAmmer-1.2 rRNA 445339 448223 3056.5 + . 23s_rRNA
AE000511 RNAmmer-1.2 rRNA 1473918 1476803 3032.8 - . 23s_rRNA
AE000511 RNAmmer-1.2 rRNA 1207586 1209074 1801.4 - . 16s_rRNA
AE000511 RNAmmer-1.2 rRNA 1511140 1512627 1803.6 - . 16s_rRNA

The program uses hidden Markov models trained on data 
from the 5S ribosomal RNA database and the European
ribosomal RNA database project

Alternative Barnap :
https://github.com/tseemann/barrnap

https://github.com/tseemann/barrnap


Trinotate pipeline: annotation report

7. Loading Results into a Trinotate SQLite
Database
(perl scripts )
• a boilerplate SQLite database called

'Trinotate.sqlite' that comes pre-populated
with a lot of generic data about SWISSPROT 
records and Pfam domains.

• Need to upload PFAM swissprot database
versions specific and synchronized with
'Trinotate.sqlite’ database



Trinotate pipeline: annotation report

7. Loading Results into a Trinotate SQLite Database
(perl scripts )
• Trinotate Trinotate.sqlite init --gene_trans_map

Trinity.fasta.gene_trans_map --transcript_fasta Trinity.fasta --
transdecoder_pep Trinity.fasta.transdecoder.pep

•

• Trinotate Trinotate.sqlite LOAD_swissprot_blastp blastp.outfmt6 (ou 
resultats de diamond)

• Trinotate Trinotate.sqlite LOAD_swissprot_blastx blastx.outfmt6 (ou 
resultats de diamond)

• Trinotate Trinotate.sqlite LOAD_custom_blast --
outfmt6 blastx_vs_uniref90.tab --prog blastx --dbtype uniref90

• Trinotate Trinotate.sqlite LOAD_custom_blast --
outfmt6 blastp_vs_uniref90.tab --prog blastp --dbtype uniref90

• Trinotate Trinotate.sqlite LOAD_pfam Trinity_PFAM.out
• Trinotate Trinotate.sqlite LOAD_tmhmm Trinity.tmhmm.out
• Trinotate Trinotate.sqlite LOAD_signalp Trinity_signalp.out
• Trinotate Trinotate.sqlite LOAD_rnammer Trinity.fasta.rnammer.gff



Trinotate pipeline: annotation report

8. Threshold the blast and pfam results to be
reported

• E-value : maximum blast E-value cutoff
• 'DNC' : domain noise cutoff (default)
• 'DGC' : domain gathering cutoff
• 'DTC' : domain trusted cutoff
• 'SNC' : sequence noise cutoff
• 'SGC' : sequence gathering cutoff
• 'STC' : sequence trusted cutoff



Trinotate pipeline : annotation report
0 #gene_id
1 transcript_id
2 sprot_Top_BLASTX_hit
3 RNAMMER 
4 prot_id
5 prot_coords
6 sprot_Top_BLASTP_hit
7 custom_pombe_pep_BLASTX
8 custom_pombe_pep_BLASTP
9 Pfam
10 SignalP
11 TmHMM
12 eggnog
13 Kegg
14 gene_ontology_blast
15 gene_ontology_pfam

16 transcript
17 peptide



Trinotate pipeline : annotation report
0 #gene_id
TRINITY_DN179_c0_g1
1 transcript_id
TRINITY_DN179_c0_g1_i1

2 sprot_Top_BLASTX_hit GCS1_SCHPO^GCS1_SCHPO^Q:53-2476,H:1-808^100%ID^E:0^RecName: Full=Probable mannosyl-oligosaccharide 
glucosidase;^Eukaryota; 
Fungi; Dikarya; Ascomycota; Taphrinomycotina; Schizosaccharomycetes; Schizosaccharomycetales; Schizosaccharomycetaceae; Schizosaccharomyces

3 RNAMMER 
.
4 prot_id
TRINITY_DN179_c0_g1_i1|m.1
5 prot_coords
2-2479[+]
6 sprot_Top_BLASTP_hit
GCS1_SCHPO^GCS1_SCHPO^Q:18-825,H:1-808^100%ID^E:0^RecName: Full=Probable mannosyl-oligosaccharide glucosidase;^Eukaryota; Fungi; Dikarya; 
Ascomycota; Taphrinomycotina; Schizosaccharomycetes; Schizosaccharomycetales; Schizosaccharomycetaceae; Schizosaccharomyces
7 custom_db_nuc_BLASTX
SPAC6G10_09_SPAC6G10_09_I_alpha_glucosidase_I_Gls1_predicte^SPAC6G10_09_SPAC6G10_09_I_alpha_glucosidase_I_Gls1_predicte^Q:53-2476,H:1-
808^100%ID^E:0^.^.
8 custom_db_pep_BLASTP
SPAC6G10_09_SPAC6G10_09_I_alpha_glucosidase_I_Gls1_predicte^SPAC6G10_09_SPAC6G10_09_I_alpha_glucosidase_I_Gls1_predicte^Q:18-825,H:1-
808^100%ID^E:0^.^.
9 Pfam
PF16923.2^Glyco_hydro_63N^Glycosyl hydrolase family 63 N-terminal domain^58-275^E:6.9e-60`PF03200.13^Glyco_hydro_63^Glycosyl hydrolase 
family 63 C-terminal domain^315-823^E:5.1e-187
10 SignalP
.
11 TmHMM
.
12 eggnog
.
13 Kegg
KEGG:spo:SPAC6G10.09`KO:K01228
14 gene_ontology_blast
GO:0005783^cellular_component^endoplasmic reticulum`GO:0005789^cellular_component^endoplasmic reticulum
membrane`GO:0016021^cellular_component^integral component of membrane`GO:0004573^molecular_function^mannosyl-oligosaccharide glucosidase
activity`GO:0009272^biological_process^fungal-type cell wall biogenesis`GO:0009311^biological_process^oligosaccharide metabolic
process`GO:0006487^biological_process^protein N-linked glycosylation
15 gene_ontology_pfam

16 transcript
17 peptide



New : trinotate_report_summary.pl



Automated Execution of Trinotate

TRINOTATE_HOME/auto/autoTrinotate.pl

################################################################################
# Required:
#
#--Trinotate_sqlite <string> Trinotate.sqlite boilerplate database
#
#--transcripts <string> transcripts.fasta
#
#--gene_to_trans_map <string> gene-to-transcript mapping file
#
#--conf <string> config file
# 
#--CPU <int> number of threads to use.
################################################################################



http://revigo.irb.hr/

% GeneGroup pValue
GO:0009268 1e-14
GO:0010447 1e-14
GO:0000027 1e-297
GO:0042255 1e-297
GO:0042257 1e-297
GO:0042273 1e-297
GO:0030880 1e-17
GO:0009775 1e-13
GO:0009853 1e-11
GO:0030255 1e-18
GO:0015797 1e-11
GO:0045158 1e-27
GO:0000786 1e-31
GO:0006334 1e-31
GO:0034728 1e-31
GO:0009539 1e-12

http://revigo.irb.hr/




http://wego.genomics.org.cn/

TRINITY_DN10190_c0_g1 GO:0000041,GO:0000287,GO:0003674,GO:0005215,GO:0005488,GO:0005575,GO:0005887,GO:0006461,GO:0006810,GO:0006
TRINITY_DN10194_c1_g1 GO:0003674,GO:0003824,GO:0005975,GO:0006464,GO:0006486,GO:0006493,GO:0007275,GO:0008150,GO:0008152,GO:0009
TRINITY_DN10197_c0_g1 GO:0003674,GO:0005488,GO:0005515
TRINITY_DN10203_c0_g1 GO:0003674,GO:0003824,GO:0004064,GO:0005575,GO:0005783,GO:0008150,GO:0008152,GO:0009058,GO:0009986,GO:0016
TRINITY_DN10208_c0_g1 GO:0003674,GO:0005488,GO:0005515
TRINITY_DN10212_c0_g1 GO:0000166,GO:0001882,GO:0001883,GO:0003674,GO:0003824,GO:0004672,GO:0004674,GO:0004871,GO:0005488,GO:0005
TRINITY_DN10236_c0_g1 GO:0000070,GO:0000819,GO:0003674,GO:0005488,GO:0005515,GO:0005575,GO:0005634,GO:0005815,GO:0005816,GO:0005
TRINITY_DN10236_c0_g2 GO:0003674,GO:0005488,GO:0005515,GO:0005575,GO:0005634,GO:0006464,GO:0007049,GO:0008150,GO:0008152,GO:0009
TRINITY_DN10258_c0_g1 GO:0003674,GO:0003676,GO:0003677,GO:0003824,GO:0003887,GO:0004518,GO:0004527,GO:0005488,GO:0005575,GO:0005
TRINITY_DN10275_c0_g1 GO:0000166,GO:0001882,GO:0001883,GO:0003674,GO:0003676,GO:0003723,GO:0003743,GO:0003824,GO:0003924,GO:0005
TRINITY_DN10294_c0_g1 GO:0003674,GO:0003824,GO:0008080,GO:0016407,GO:0016410,GO:0016740,GO:0016746,GO:0016747
TRINITY_DN10298_c0_g1 GO:0000139,GO:0003674,GO:0005488,GO:0005509,GO:0005575,GO:0005794,GO:0006810,GO:0006888,GO:0006891,GO:0006
TRINITY_DN10300_c0_g1 GO:0001101,GO:0003674,GO:0005488,GO:0005515,GO:0005575,GO:0005634,GO:0006139,GO:0006351,GO:0006355,GO:0006
TRINITY_DN10301_c0_g1 GO:0003674,GO:0003682,GO:0005488,GO:0044877
TRINITY_DN10320_c0_g1 GO:0003674,GO:0005488,GO:0005515,GO:0005575,GO:0005634,GO:0005737,GO:0043226,GO:0043227,GO:0043229,GO:0043
TRINITY_DN10328_c0_g2 GO:0003674,GO:0003824,GO:0008150,GO:0008152,GO:0016491,GO:0016638,GO:0016641,GO:0044699,GO:0044710,GO:0050
TRINITY_DN10329_c0_g1 GO:0003674,GO:0005215,GO:0005575,GO:0006810,GO:0008150,GO:0016020,GO:0051179,GO:0051234
TRINITY_DN10337_c0_g1 GO:0003674,GO:0005488,GO:0005515

TRINITY_DN10190_c0_g1 GO:0000041,GO:0000287,GO:0003674,GO:0005215,GO:0005488,GO:0005575,GO:0005887,GO:0006461,GO:0006810,GO:0006
TRINITY_DN10194_c1_g1 GO:0003674,GO:0003824,GO:0005975,GO:0006464,GO:0006486,GO:0006493,GO:0007275,GO:0008150,GO:0008152,GO:0009
TRINITY_DN10197_c0_g1 GO:0003674,GO:0005488,GO:0005515
TRINITY_DN10203_c0_g1 GO:0003674,GO:0003824,GO:0004064,GO:0005575,GO:0005783,GO:0008150,GO:0008152,GO:0009058,GO:0009986,GO:0016
TRINITY_DN10208_c0_g1 GO:0003674,GO:0005488,GO:0005515
TRINITY_DN10212_c0_g1 GO:0000166,GO:0001882,GO:0001883,GO:0003674,GO:0003824,GO:0004672,GO:0004674,GO:0004871,GO:0005488,GO:0005
TRINITY_DN10236_c0_g1 GO:0000070,GO:0000819,GO:0003674,GO:0005488,GO:0005515,GO:0005575,GO:0005634,GO:0005815,GO:0005816,GO:0005
TRINITY_DN10236_c0_g2 GO:0003674,GO:0005488,GO:0005515,GO:0005575,GO:0005634,GO:0006464,GO:0007049,GO:0008150,GO:0008152,GO:0009
TRINITY_DN10258_c0_g1 GO:0003674,GO:0003676,GO:0003677,GO:0003824,GO:0003887,GO:0004518,GO:0004527,GO:0005488,GO:0005575,GO:0005
TRINITY_DN10275_c0_g1 GO:0000166,GO:0001882,GO:0001883,GO:0003674,GO:0003676,GO:0003723,GO:0003743,GO:0003824,GO:0003924,GO:0005
TRINITY_DN10294_c0_g1 GO:0003674,GO:0003824,GO:0008080,GO:0016407,GO:0016410,GO:0016740,GO:0016746,GO:0016747
TRINITY_DN10298_c0_g1 GO:0000139,GO:0003674,GO:0005488,GO:0005509,GO:0005575,GO:0005794,GO:0006810,GO:0006888,GO:0006891,GO:0006
TRINITY_DN10300_c0_g1 GO:0001101,GO:0003674,GO:0005488,GO:0005515,GO:0005575,GO:0005634,GO:0006139,GO:0006351,GO:0006355,GO:0006
TRINITY_DN10301_c0_g1 GO:0003674,GO:0003682,GO:0005488,GO:0044877
TRINITY_DN10320_c0_g1 GO:0003674,GO:0005488,GO:0005515,GO:0005575,GO:0005634,GO:0005737,GO:0043226,GO:0043227,GO:0043229,GO:0043
TRINITY_DN10328_c0_g2 GO:0003674,GO:0003824,GO:0008150,GO:0008152,GO:0016491,GO:0016638,GO:0016641,GO:0044699,GO:0044710,GO:0050
TRINITY_DN10329_c0_g1 GO:0003674,GO:0005215,GO:0005575,GO:0006810,GO:0008150,GO:0016020,GO:0051179,GO:0051234
TRINITY_DN10337_c0_g1 GO:0003674,GO:0005488,GO:0005515

Condition 1

Condition 2

Condition 1 Condition 2

http://wego.genomics.org.cn/


http://wego.genomics.org.cn/

http://wego.genomics.org.cn/


http://wego.genomics.org.cn/

http://wego.genomics.org.cn/




Trinotate web

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
since 5-6 years .. :/

Dependancy
Lighttpd

Perl 
Perl DBI, Perl URI, Perl CGI, Perl HTML::Template, 
Perl DBD::SQLite



Trinotate web



Trinotate web



Trinotate web









Alternatives

• Blast2Go
• FunctionAnnotator
• Annoscript
• Dammit
• KOBAS
• Others 



Blast2GO Schema



Blast2GO Annotation Rule

. [(max. ) (# )]lowest node sim ECw GO GOw threshold´ + ´ £
Annotation Rule

Lowest term satisfying the 
requirements EC weight

IC 1
TAS 1
IDA 1
IMP 0.9
IG I 0.9
IP I 0.9
ISS 0.8
IEP 0.8
NAS 0.7
IEA 0.7
ND 0.5
NR 0.5
RCA 0.5

Quality of source 
annotation

Evidence C
odes

Possibility of abstraction

s im =
∑ pos it ive sh sp

∑ a lignme n t le ng t h h sp

Similarity requirement 

Recall 
vs.

Precision







FunctionAnnotator

Chen TW et al., (2017). 
FunctionAnnotator, a versatile and 
efficient web tool for non-model 
organism annotation. Scientific Reports



FunctionAnnotator



Method

The pipeline allows the creation of a comprehensive
user-friendly table containing all the annotations 
produced for each transcript.
The user can choose to annotate her/his

transcriptome against selected organisms or the 
complete database.

https://github.com/frankMusacchia/Annocript

Version  2.0 : April 2018



Method

The proteins most similar to the transcripts are given by the blastx (blastp if you use 
peptides) analyses against the UniProt databases SwissProt and TrEMBL (or UniRef). 

Blastn (tblastn) against a concatenation of the SILVA database (small and large 
subunits ribosomal RNAs) and the Rfam database allows to check for ribosomal and 
other short noncoding RNAs.

Rpstblastn (rpsblast) returns information about the Conserved Domains Database
within each transcript. 

Mapping of GO functional classification is shown using the best matches between
SwissProt and TrEMBL. If UniRef is used, the GO terms are always taken associated to 
its result. GO terms can be also associated to Pfam Domains

Mapping of Enzyme Commission IDs and Pathways descriptions are always given
associated only to the SwissProt id, if present. 

Portrait measures the probability that a sequence is coding or non-coding and its
score, together with a final heuristic, based on the integration of all the results, makes
Annocript capable to also identify bona-fide noncoding transcripts.

https://github.com/frankMusacchia/Annocript



Results: statistics



Results: graphical representation



Results: graphical representation



Dammit

http://www.camillescott.org/dammit/

The annotate command runs the BUSCO assessment, assembly stats, and homology
searches, aggregates the results, and outputs a GFF3 file and annotation report

PfamA
Rfam
OrthoDB
BUSCO 
uniref90

Transcripts
.fasta

gff3

stats



KOBAS : KO-Based Annotation System

Nucleic Acids Res. 2011 Jul 1; 39(Web Server issue): W316–W322.
Published online 2011 Jun 27. doi: 10.1093/nar/gkr483

KOBAS 3.0 : http://kobas.cbi.pku.edu.cn/

GO 
GO slim

GO

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3125809/
https://dx.doi.org/10.1093/nar/gkr483


KOBAS : KO-Based Annotation System



KOBAS : KO-Based Annotation System



EnTAP (Eukaryotic Non-Model Transcriptome 
Annotation Pipeline) 

Hart et al. 2018  bioRxiv : http://dx.doi.org/10.1101/307868. 

Transcriptome filtering : 
RSEM  

Transcriptome annotation 
GeneMarkS-T (more complete genes than Transdecoder)

DIAMOND (Fast and Sensitive NCBI BLAST Alternative)
Combination of curated databases (at least 3)
Selection of Optimal Hit From Several Databases

Selection of Optimal Hit Based on Informativeness
Contaminant Identification and Filtering



Trinotate vs Blast2GO : Go Terms

Trinotate 1391 
GOT

10,2%

Blast2GO
443 GOT

3,2%

Trinotate & 
Blast2GO

11 866 GOT
86,6%

Saccharina japonica genome

Number of sequence annotated 
with GO terms

Number of GO terms



Trinotate vs Kobas : Kegg

Trinotate 930 
keggs
27,0%

Kobas
248 keggs

6,0%

Trinotate & 
Kobas

2252 keggs
66,0%

Saccharina japonica genome

Number of sequence annotated 
with KEGG terms

Number of KEGG terms



CAMERA (NCGR : national center for genome
ressources) Annotation process

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



Trinotate vs Blast2GO : Go Terms

Trinotate 1391 
GOT

10,2%

Blast2GO
443 GOT

3,2%

Trinotate & 
Blast2GO

11 866 GOT
86,6%

Saccharina japonica genome

Number of sequence annotated 
with GO terms

Number of GO terms



Trinotate vs Kobas : Kegg

Trinotate 930 
keggs
27,0%

Kobas
248 keggs

6,0%

Trinotate & 
Kobas

2252 keggs
66,0%

Saccharina japonica genome

Number of sequence annotated 
with KEGG terms

Number of KEGG terms
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The Database for Annotation, Visualization and
Integrated Discovery (DAVID ) v6.7 

• Identify 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.



TRAPID: Rapid Analysis of Transcriptome Data

http://bioinformatics.psb.ugent.be/webtools/trapid/

TRAPID system offers functional and comparative analyses for transcriptome data sets

Describe your experiment

• ORF detection, 
• frameshift correction 
• includes a functional, 

comparative and 
phylogenetic toolbox

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.



Transcriptator
Transcriptator: An Automated Computational Pipeline to Annotate Assembled Reads and 
Identify Non Coding RNA

http://www-labgtp.na.icar.cnr.it/Transcriptator/



Transcriptom visualisation tools

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

RNAbrowse : 
Mariette J, Noirot C, Nabihoudine I, Bardou P, Hoede C, et al. (2014) RNAbrowse: RNA-Seq
De Novo Assembly Results Browser. PLoS ONE 9(5), e96821.
RNAseqViewer : 
Rogé X , and Zhang X Bioinformatics 2014;30:891-892
TraV : 
Dietrich S, Wiegand S, Liesegang H (2014) TraV: A Genome Context Sensitive Transcriptome
Browser. PLoS ONE 9(4)
RNASeqExpressionBrowser : 
Nussbaumer, T., Kugler, K. G., Bader, K. C., Sharma, S., Seidel, M., & Mayer, K. F. X. (2014). 
RNASeqExpressionBrowser - A web interface to browse and visualize high-throughput
expression data. Bioinformatics.doi:10.1093/bioinformatics/btu334



RNAbrowse
Blast interface

The contig depth view
enables to visualise the 
coverage of the reads of 
the different libraries

http://bioinfo.genotoul.fr/RNAbrowse.



RNAbrowse

Contigs overview figures



RNAbrowse

The Venn diagram shows the number
of contigs shared between libraries

Variants overview figures



Rogé X , and Zhang X Bioinformatics 2014;30:891-892

RNAseqViewer. 



TraV

Dietrich S, Wiegand S, Liesegang H 
(2014) TraV: A Genome Context
Sensitive Transcriptome Browser. 
PLoS ONE 9(4)



RNASeqExpressionBrowser
Nussbaumer, T., Kugler, K. G., Bader, K. C., Sharma, S., Seidel, M., & Mayer, K. F. X. (2014). RNASeqExpressionBrowser - A web interface to 
browse and visualize high-throughput expression data. Bioinformatics.doi:10.1093/bioinformatics/btu334



Degust (formerly DGE-Vis)
An interactive web tool for visualising Differential Gene Expression data
http://victorian-bioinformatics-consortium.github.io/degust/



Vennt : Dynamic Venn diagrams for Differential
Gene Expression

A web-tool to generate dynamic Venn diagrams for differential gene expression.
http://drpowell.github.io/vennt/



shinyheatmap

Khomtchouk BB, Hennessy JR, Wahlestedt C. (2017) shinyheatmap: Ultra fast
low memory heatmap web interface for big data genomics. PLoS
One 12(5):e0176334.

http://shinyheatmap.com/



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



The PASA Pipeline for Genome Annotation

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

Compatible with RNA-Seq via Trinity.

PASA:  Program to Assemble Spliced Alignments



PASA Pipeline

Align to Genome

Cluster overlapping alignments

Assemble alignment clusters

Cluster transcript isoforms

Report Gene Structures
and/or

Update existing annotations

Trinity-assembled 
Transcripts



PASA Pipeline
GMAP, BLAT, sim4

spliced transcript alignments

Valid alignment criteria:

• min 95% Identity
min 75% transcript length aligned
(configurable)

•Canonical splice sites
•GT-AG
•GC-AG
•AT-AC

Align to Genome

Cluster overlapping alignments

Assemble alignment clusters

Cluster transcript isoforms

Report Gene Structures
and/or

Update existing annotations

Trinity-assembled 
Transcripts



PASA Pipeline
spliced alignments

Align to Genome

Cluster overlapping alignments

Assemble alignment clusters

Cluster transcript isoforms

Report Gene Structures
and/or

Update existing annotations

Trinity-assembled 
Transcripts



PASA Pipeline
spliced alignments

Align to Genome

Cluster overlapping alignments

Assemble alignment clusters

Cluster transcript isoforms

Report Gene Structures
and/or

Update existing annotations

Trinity-assembled 
Transcripts



PASA Pipeline
spliced alignments

Align to Genome

Cluster overlapping alignments

Assemble alignment clusters

Cluster transcript isoforms

Report Gene Structures
and/or

Update existing annotations

Trinity-assembled 
Transcripts



PASA Pipeline

Annotation output

Annotation Updates
-exon modifications
-alt splice isoform additions
-gene merges
-gene splits
-new genes

Align to Genome

Cluster overlapping alignments

Assemble alignment clusters

Cluster transcript isoforms

Report Gene Structures
and/or

Update existing annotations

Trinity-assembled 
Transcripts

-gene structures
-alt splice isoforms
-predicted coding regions

(fasta, bed, gff3, gtf formats)



Evaluating Genome-based Transcript Reconstruction
Using Reference Genomes + Transcriptomes

Schizosaccharomyces
pombe

Drosophila Mouse

12.5 Mb
5k

170 Mb
14k

2.7 Gb
20k 

Genome size
Approx. # genes

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

(100M total reads, each).



Nearly all (>98%) Trinity transcripts 
map to reference genomes

93%

5% 2%
S. pombe

92.9%

7.0% 0.1%
Drosophila

95.1%

4.7% 0.2%
Mouse

Valid

Error

Missing

~5% to 7% of assembled transcripts are problematic

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



Number of genes  with 
full length transcripts

Total pombe genes
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