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1. Find Likely Coding Regions(using TransDecoder)
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* Find all ORFs
* Score each ORF according to likely coding potential (Markov model)
e Report highest scoring ORFs



Nyme TransDecoder

TransDecoder identifies likely coding sequences based on
the following criteria:

e aminimum length open reading frame (ORF) is found in a transcript
sequence

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 2 forward
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 a PSSM is built/trained/used to refine the start codon prediction.

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

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

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

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



Retrieving the databases

e A boilerplate SQLite database called
‘Trinotate.sqglite' that comes pre-populated
with a lot of generic data about SWISSPROT

records and Pfam domains.

e 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

e it will provide to you:

— Trinotate.sqglite
— uniprot sprot.pep
— Pfam-A.hmm.gz

e Prepare the protein database for blast
searches :

makeblastdb -in uniprot sprot.pep -dbtype prot

e 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
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BLAST Uniprot-swissprot

RecName: Full=Nucleosomal histone kinase 1; AltName: Full=Protein baellchen

Sequence ID: gi|75009857|sp|Q7KRY6, 1INHK1_DROME Length: 599 Number of Matches: 1
Range 1: 40 to 347 GenPept Graphics
Score Expect Method Identities Positives Gaps
99.9 bits(228) 4e-20 Compositional matrix adjust., 87/321(27%) 114/321(35%) 41/321(12%)
Query 8 SNVVGVHYRVGKKIGEGSFGMLFQGVNL~======= INNQP - == — - IALKFESRKSEV 52
+ + R*G IG G FG + + +P ++F R

Sbjct 40 TDLAKGOWRIGPSIGVGGFGEIYAACKVGEKNYDAVVKCEPHGNGPLFVEMHFYLRNAKL 99

Query 53 PQLRDEYLTYKLLMGLPGIPSVYYYG~~~-QEGMYNLLVMDLLGPSLEDLFDYCGRRFSP 108
+++ L LGP+ G VM G L + GR

Sbjct 100 EDIK-QFMQKHGLKSL-GMPYILANGSVEVNGEKHRFIVMPRYGSDLTKFLEQNGKRLPE 157

Query 109 KTVAMIAKQMITRIQSVHERHFIYRDIKPDNFLIGFPGSKTENVIYAVDFGMAKQYRDPK 168

v A QM Q H ++ DK NLG Y VDFG+A ++
Sbjct 158 GTVYRLAIQMLDVYQYMHSNGYVHADLKAANILLGLEKGGAAQA-YLVDFGLASHFV--- 213
Query 169 THVHRPYNEHKSLSGTARYMSINTHLGREQSRRDDLESMGHVFMYFLRGSLPW--QGLKA 226
r P+ K GT Y S§ + HLG RR DLE +G L LPW QLA
Sbjct 214 TGDFKP-DPKKMHNGTIEYTSRDAHLG-VPTRRADLEILGYNLIEWLGAELPWVTQKLLA 271
Query 227 ATNK-QKY«wwwa ERIGEKKQVTPLEKEL-CEGYPKEFLOQYMIYARNLGYEEAPDYDYLRS 279
K QK + IGE LK L G P N Y L + PDYD RS
Sbjct 272 VPPEKVQKAKEAFMDNIGE««=wa SLETLFPKGVPPPIGDFMKYVSKLTHNQEPDYDKCRS 326
Query 280 LFDSLLLRINETDDGKYDWTL 300
FSL +4+G D +

Sbjct 327 WFSSALKQLKIPNNGDLDFKM 347

BLASTX and BLASTP
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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.

Number of entries in UniProtKB/Swiss-Prot over time Number of entries in UniProtKB/TrEMBL over time
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SLﬁiSﬁ)mt 558 590 sequences

Swiss-Prot entries per taxonomic group
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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.

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



http://www.uniprot.org/help/redundancy
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BLAST and DIAMOND

DIAMOND : Accelerated BLAST compatible local sequence aligner.

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.

d 22,505 Aligner

19880 [ @ DIAMOND-fast 100%r
. 200w0 - T 17'940 o D'AMOND'SG"S‘IVE 90% |-
= ™ 0O RAPSearch2-fast
g 15.000 - u] RAPSearch2-sensitive 80%}
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http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.3176.html
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diamX uniprot.outfmté6

TRINITY DN97 c0 gl il
TRINITY DN63 cO gl il
TRINITY DN67 cO gl il
TRINITY DN67 c0 gl i2
TRINITY DN85 c0 g2 il

diamX uniref90.

TRINITY DN95 c0 gl il
TRINITY DN90 cO gl il
TRINITY DN97 cO0 gl il
TRINITY DN15 c0 gl il
TRINITY DN39 cO0 gl il
TRINITY DN63 cO0 gl il
TRINITY DN67 cO gl il
TRINITY DN67 c0 gl i2
TRINITY DN85 c0 gl il
TRINITY DN85 c0 g2 il

DNAJ LACC3 39.7
PSAC_ACAM1 93.8
PUX2 ARATH 28.4
PUX2 ARATH 28.4
ANO7_ HUMAN 28.2

outfmté

UniRef90 W7TYR3
UniRef90 D8LCQ5
UniRef90 D7FKD7
UniRef90 D7G646
UniRef90 D7FIG4

68 38 1 1102 1296 113 180 1.2e-05 52.8
81 50 62 304 1 81 4.4e-42 171.8

74 51 1 812 1033 176 247 1.1e-04 49.7

74 51 1 678 899 176 247 1.0e-04 49.7

262 138 6 4 639 320 581 7.2e-22 105.5
TRINITY DN189 cO gl i2 CPSF_ARATH 51.1 92 40 3 121 384 50 140 1.le-21 104.8
TRINITY DN118 cO gl il ARP4 ARATH 37.0 384 218 3 2 1144 77 439 2.9e-64 247.3
TRINITY DN123 c0 gl il RUBR_SYNY3 48.5 101 48 2 1521 1231 14 114 3.3e-20 101.7

61.4
44.7
48.6
60.0
57.9

114

103
111

44 0 58 399 9 122 1.3e-34 154.1
55 1 422 114 18 118 2.4e-17 96.3
57 0 991 1323 35 145 2.1e-22 114.8

80 31 1 73 309 243 322 5.2e-18 99.0

392

UniRef90 AOAO88CIH6 91.8
UniRef90 D7FV16 65.2 293
UniRef90 D7FV16 67.6 324
UniRef90 D7FQE2 70.4 125
UniRef90 D7FQEl 75.7 136
TRINITY DN186 cO g2 il UniRef90 D7G5D6 85.8 316 45 0 1 948 125 440 1.3e-147 530.4
TRINITY DN189 cO gl il UniRef90 D7FPL2 86.1 36 5 0 58 165 1 36 1.6e-09 70.1

156 4 218 1393 3 385 8.7e-117 429.5
85 7 0 50 304 2 86 1.7e-40 172.9
102 0 248 1126 32 324 3.6e-95 356.7
105 0 21 992 1 324 1.6e-110 407.5
37 0 376 2 280 404 5.5e-45 188.0
31 1 232 639 1 134 1.1e-53 217.6
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DiamondX vs uniprot-swissprot
TRINITY DN10004 cO gl il ALPL_ARATH 20.9 263 193 8 420 1193 103 355 5.4e-10 67.8

DiamondP vs uniprot-swissprot

TRINITY DN10004 cO gl::TRINITY DN10004 cO gl il::g.17011::m.17011 ALPL ARATH 20.7 305 221 10 75 374 67 355 l.le-11 72.8

-> Protein ALP1-like : Arabidopsis thaliana

DiamondX vs uniprot-uniref90
TRINITY DN10004 cO gl il 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 cO_gl::TRINITY DN10004 cO gl il::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
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Hmmscan vs Pfam

eHMVMER
=

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

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).

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


http://www.uniprot.org/help/reference_proteome
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Hmmscan vs Pfam
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EMBL-EBI

MOME | SEARCH | BROWSE | FTP | MELP " ‘Qm

| ABOUT — ]m

Sequence search results
Show the detailed description of this results page.
We found 2 Pfam-A matches to your search sequence (all significant)

BOGHOE RAroIOINGE e Gy 0o By Ao 6.5

Show the search options and sequence that you submitted.
Return to the search form to look for Pfam domains on 3 new sequence.

Significant Pfam-A Matches
Show or hide all alignments,

Envelope Alignment HMM HMM | Bit E- Predicted

active Show/hide

Start End Start End From ! To length score value sites alignment

hydrolase 6.7¢~
Glyco hydro 63N .
family 63 N~ DOmain 41 261 41 258 1 225 228 2029 ", [ Show |
terminal
Glycosy!
hydrolase . 4.4¢-
Glyco hydro 63 '
family 63 C- Domain CLOOS9 297 806 298 B06 2 491 491 6226 oo [ Show |
terminal

Comments or questions on the site? Send a2 mal 1o pfam-helpBebl.ac.uk
Evropean Molecular Biology Laboratery
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Trinity_PFAM.out

#
——-- full sequence -—-- —————————————— this domain --—------—-
-—— hmm coord ali coord env coord
# target name accession tlen query
name accession glen E-
value score Dbias # of c-Evalue i-Evalue score
bias from to from to from to acc description of target
S
Plant_tran PF04827.13 205 TRINITY DN10004 cO gl::TRINITY DN10004 c0 gl il::g.17011::m.17011
- 450 5.6e-29 101.1 0.0 1 1 1l.4e-32 8.le-
29 100.6 0.0 3 197 176 374 174 379 0.94 Plant transposon protein
DDE_Tnp 4 PF13359.5 158 TRINITY DN10004 cO_gl::TRINITY DN10004 cO gl il::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 cO gl::TRINITY DN10004 c0 gl il::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 gl::TRINITY DN10004 c0 gl il::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 cO gl::TRINITY DN10004 c0 gl il::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)
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2. Capturing BLASTP and BLASTX Homologies : uniprot-
swissprot/uniref 90

3. Running HMMER to identify protein domains

4. Running signalP to predict signal peptides
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SignalP
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A signal peptide is a peptide chain of a
protein serving to address it to a
particular cell (organelle) compartment

CYTOSOL

ER LUMEN

>4 B> o

translocation
channel

signal
peptidase

NHz

COOH

Typical Signal Peptides
peptide function Composition ©1995 GARLAND PUBLISHMG
Transport in cellular nucleus (NLS) -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-

H,N-Met-Met-Ser-Phe-Val-Ser-Leu-Leu-Leu-Val-Gly-lle-Leu-Phe-
Endoplasmic reticulum transport Trp-Ala-Thr-Glu-Ala-Glu-GIn-Leu-Thr-Lys-Cys-Glu-Val-Phe-GIn-

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

H,N-Met-Leu-Ser-Leu-Arg-GIn-Ser-lle-Arg-Phe-Phe-Lys-Pro-Ala-

Mitochondrial matrix transport Thr-Arg-Thr-Leu-Cys-Ser-Ser-Arg-Tyr-Leu-Leu-
Peroxysome (PTS1) transport -Ser-Lys-Leu-COOH
Peroxysome (PTS2) transport H,N-----Arg-Leu-X.-His-Leu-

http://www.cbs.dtu.dk/services/SignalP/
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. SignalP
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# SignalP-4.0 euk predictions
>Sequence

- | remainder of
= | polypeptide chain

SignalP-4 0 predicbon (euk networks) Sequence

signal

C-score ) sequence
10 S.score /
Y-score /
08 } P CYTOSOL
06 ¢ l ! P / ER LUMEN
- ] o L T e
0s . COOH
00 .‘ H‘HHH‘ H ’ “ “ H HH‘HIHH’IX’WT'”"T"W'i ©1998 GARLAND PUBLISHING
MLENNFLOCFAVEA | PLYSAMPLONA PYHHHESAGLNASN I T YOVNYINT TAFS sRDGOFPOGY YOCS S F 4
0 10 20 3 40 50 60 70 ) .
Position http://www.cbs.dtu.dk/services/SignalP/
# Measure Position Value Cutoff signal peptide?
max. C 20 0.724
max. Y 20 0.769
max. S 5 0.915
moan S 1-19 0.820
D 1-19 0.797 0.450 YES

Namo~Sequence SP='YES' Cleavage site between pos. 19 and 203 VSA-MP D=0.797 D-cutoff=0.450 Networks~SigmalP-noT™

##gff-version 2

##sequence-name source feature start end score N/A ?

B oo oo

TRINITY DN123 c0O gl::TRINITY DN123 cO gl il::g.213::m.213 SignalP-4.1 SIGNAL 1 20 0.524 . . YES
TRINITY DN142 c0 gl::TRINITY DN142 c0 gl il::g.238::m.238 SignalP-4.1 SIGNAL 1 18 0.459 . . YES
TRINITY DN166 c0 gl::TRINITY DN166 c0 gl il::g.284::m.284 SignalP-4.1 SIGNAL 1 28 0.777 . . YES
TRINITY DN166 cO gl::TRINITY DN166 cO gl i2::9.290::m.290 SignalP-4.1 SIGNAL 1 28 0.777 . . YES
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H ECTAR = Galaxy / webtools.sb-roscoff.fr

HECTAR (HEterokont subCellular TARgeting) is a statistical prediction method designed to
assign proteins to five different categories of subcellular targeting: Signal peptides, type Il

signal anchors, chloroplast transit peptides, mitochondrion transit peptides and proteins
which do not possess any N-terminal target peptide.

S

(@ signal peptide/anchor module B
[ Photaus | | Signap_rivm | | Signaip_nN Preaisi | | ramroe | | Tviom | |
| | | |
& [ﬁ] J
[ if signal pepide) P L [else |
. 4
_ cut signal pepiide -
z
/ N ?_ /—I -hﬂlll-“l!!!“! ! Sul i‘\
‘ Psont | [ Predotar | [ Preast | | asaFap é Ps[oﬂ 'Pve?uav}‘wmaz'lpni:&][urp:
1 1 L ) J ‘ £
H
\_ {ﬁ P, L& svm )
[ ¥ chioroplast targeted | [eise ] [ # mitochondrion targeted | 7N\ [eise ]
V
A

| chioroplast | signal peptide | [T.nu;dm] ~ mitochondrion no target peptde




— | 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
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MHMM : Prediction of transmembrane
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helices in proteins

TMHMM posterior probabilities for WEBSEQUENCE

12 -

g T

v

T

v

v T

v

Outside Amino terminus
N | SRR
lf'l. . , l f ’ f 1| -
08| A | | ’ ’ ' il
. \
= I | QIR
. Insid
ﬁ 06 1| - ‘ . nside
g o | Carboxyl terminus
04 } I ‘
|
02 3 ‘ ‘ -
{1l g0 1190118 L 10111111
S0 100 150 200 250 300 350 400 450
transmembrane inside outside -

Topology=i36-55059-81i93-1100125-147i174-1960206-228i241-2600280-302i309-3280338-360i373-3950448-467i

TRINITY_DN10013_cO_g2::TRINITY_DN10013_c0_g2_il::g.17046::m.17046 len=55 ExpAA=0.01 First60=0.01 PredHel=0 Topology=i
TRINITY_DN10016_cO_gl::TRINITY_DN10016_cO_ gl il::g.17052::m.17052 len=244 ExpAA=12.78 First60=12.76 PredHel=1 Topology=il3-320
TRINITY_DN10018_cO_gl::TRINITY DN10018_cO0 gl il::g.17057::m.17057 len=61 ExpAA=25.61 First60=25.61 PredHel=1 Topology=04-35i
TRINITY_DN10023_cO_gl::TRINITY_DN10023_cO0 gl il::g.17077::m.17077 len=84 ExpAA=17.86 First60=17.46 PredHel=0 Topology=o
TRINITY_DN1002_cO_gl::TRINITY DN1002_c0O_gl_il::9g.1928::m.1928 len=106 ExpAA=0.34 First60=0.14 PredHel=0 Topology=o

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



— | 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
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RNAMMER

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

e
##gff-version2##source-version RNAmmer-1.2##date 2009-11-16

##Type DNA# segname source feature start end score +/- frame attribute
e
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

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

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 )

e a boilerplate SQLite database called
‘Trinotate.sqglite' that comes pre-populated

with a lot of generic data about SWISSPROT
records and Pfam domains.

e Need to upload PFAM swissprot database

versions specific and synchronized with
‘Trinotate.sqglite’ database



@ Station Biologique
m® Roscoff

A
A '1 Il""

Trinotate pipeline: annotation report

7. Loading Results into a Trinotate SQLite Database
(perl scripts )

e Trinotate Trinotate.sqglite init --gene trans map
Trinity.fasta.gene trans map --transcript fasta Trinity.fasta --
transdecoder pep Trinity.fasta.transdecoder.pep

e Trinotate Trinotate.sglite LOAD swissprot blastp blastp.outfmt6 (ou
resultats de diamond)

e Trinotate Trinotate.sglite LOAD swissprot blastx blastx.outfmt6 (ou
resultats de diamond)

e Trinotate Trinotate.sqglite LOAD custom blast --
outfmt6 blastx vs uniref90.tab --prog blastx --dbtype uniref90

e Trinotate Trinotate.sqglite LOAD custom blast --
outfmt6 blastp vs uniref90.tab --prog blastp --dbtype uniref90

e Trinotate Trinotate.sqglite LOAD pfam Trinity PFAM.out

e Trinotate Trinotate.sqglite LOAD tmhmm Trinity.tmhmm.out

e Trinotate Trinotate.sqglite LOAD signalp Trinity signalp.out

e Trinotate Trinotate.sqglite LOAD rnammer Trinity.fasta.rnammer.gff



Trinotate pipeline: annotation report

8. 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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Trinotate pipeline : annotation report

#gene_id \
transcript_id

sprot_Top BLASTX hit
RNAMMER

prot_id

prot_coords

sprot_Top BLASTP_hit
custom_pombe pep BLASTX
custom_pombe pep BLASTP
Pfam

10 SignalP

11 TmHMM

12 eggnog

13 Kegg

14 gene_ontology blast

15 gene_ontology pfam

OCooONOCTULIDWNEOO

16 transcript
17 peptide
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Trinotate pipeline : annotation report

A
aldll-=

0 #gene_id

TRINITY DN179 c0 gl

1 transcript_id
TRINITY DN179 c0 gl il

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_gl_il|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_Glsl_predicte”SPAC6G10_09_SPAC6G10_09_ I alpha glucosidase_I_Glsl_predicte”Q:53-2476,H:1-
8087100%ID"E:0".".

8 custom_db_pep_BLASTP

SPAC6G10_09_ SPAC6G10_09_I alpha glucosidase I_Glsl_predicte”SPAC6G10_09_SPAC6G10_09_ I alpha glucosidase_I_Glsl_predicte”Q:18-825,H:1-
8087100%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.le-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 G0:0009311"biological process”oligosaccharide metabolic
process GO:0006487"biological process”protein N-linked glycosylation
15 gene_ontology_pfam

16 transcript
17 peptide
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Automated Execution of Trinotate

A
A '1 Il"‘

TRINOTATE_HOME/auto/autoTrinotate.pl

HUHHH T R R R R R R R R
# 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.

HUHHH R R R R R R R R
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reduce + visualize Gene Ontology

GO

http://revigo.irb.hr/

[ wastogicat Process (46) | Cothutar Componemt (220 | Motecutar Function (13) | Tag Clouds |

% GeneGroup pValue
G0:0009268 le-14
G0:0010447 1le-14
G0:0000027 1e-297
G0:0042255 1e-297
G0:0042257 1e-297
G0:0042273 1e-297
G0:0030880 1le-17
G0:0009775 1le-13
G0:0009853 1le-11
G0:0030255 1e-18
G0:0015797 1le-11
G0:0045158 1le-27
G0:0000786 1le-31
G0:0006334 1e-31
G0:0034728 1le-31
G0:0009539 1le-12

Scatterphot & Table | Wteractive Graph | TroeMap

. establishment of organelle localization

positive regulation of vascular mgotholld growth factor receptor signaling pathway

. @ DNA metabolism

cell c_yclo process cell division
cell cycle | [,

chromosome segregation

cellular response to stress

organelle fission . .
8 ' DNA conformation change
o ‘
- microtubule-based process ‘

0910 p-value
»
log size

Ceagiect of
VONA conformation change  +
VONA metebclan
CNA rophc aton
G2 phase
LJO2 phase ot mictc ool cycle
[Vieet eyce

[Vioet cyce process
[V]oet dvaon
[Vicehtar response o stress
[Vicreomosome segregaton
[_Jevosueleton crparezason
[V jestatistmant of organete |
| pawIre metabohn
[Vmecrotutute based process
L_Jmiotic ced cycle checkpont
[Jmectc seter crromates sop
[_regatve reptaton ot vass
[ puctecbase, ruckeonde, ru
|V jorparate fission

vt o

¥
@ dupensatle GO term Export reaults 10 text table (CSV
tem 10 descrigtion frequency pin? logw Sveloe uriqueness dspersabdiy
G0 7048 cell cycle RN X AN o 0.00
paskive of vsoular helisl growth factor receptor signaing pathway 0.0 X 2.8 o om
=

516%  eatablsh of e loc akzati 020 % 3650 0.8 om

GO chromatome segregatisn 0.287% 109872 o 0.03


http://revigo.irb.hr/

CNRS UPMC
Station Biologique
Roscoff

[ scatterpiot & Tabie | interactive Gragh | Treetap |

Run Cytoscape in Java web start Download Cytosca

nucleobase, nucleoside, nucleotide and nucleic acid metabolism
G2 phase

G2 phase of mistic cell cycle

establishrment of organelle locahzation

spindle .nzwon

e L
obe sister crigman segregaon e oation

postive regulation of cell cycle process
matotic cell eycle checkpont

orca’smn

positive reguiation of cel cycle

om@:msm

cell¢ ess . e.m
cytoskeleton organization

AGMML file for o¥ine wie




7)Y ) Station Biologique
m® Roscoff

A
A 'A Il'_

«l WEGO 2.0 http://wego.genomics.org.cn/

Condition 1 cO_gl  GO:0000041,G0:0000287,G0:0003674,G0:0005215,G0:0005488,G0:0005575,G0:0005887,G0:0006461,G0O:0¢
- Jcl gl  GO:0003674,G0:0003824,G0:0005975,G0:0006464,G0:0006486,G0:0006493,G0:0007275,G0:0008150,G0O:0¢

TRINITY_DN10197_c0O_g1  GO0O:0003674,G0:0005488,G0:0005515

TRINITY_DN10203_c0_g1  G0:0003674,G0:0003824,G0:0004064,G0:0005575,G0:0005783,G0:0008150,G0:0008152,G0:0009058,GO:0f

| Condition 2 }cO_gl G0:0000041,G0:0000287,G0:0003674,G0:0005215,G0:0005488,G0:0005575,G0:0005887,G0:0006461,GO
_ Jcl gl G0:0003674,G0:0003824,G0:0005975,G0:0006464,G0:0006486,G0:0006493,G0:0007275,G0:0008150,GO
TRINITY_DN10197_c0_gl  GO:0003674,G0:0005488,G0:0005515
TRINITY_DN10203_cO_gl  GO:0003674,G0:0003824,G0:0004064,G0:0005575,G0:0005783,G0:0008150,G0:0008152,G0:0009058,GO
TRINITY_DN10208_cO_gl ~ GO:0003674,G0:0005488,G0:0005515
TRINITY_DN10212_c0_gl  GO:0000166,G0:0001882,G0:0001883,G0:0003674,G0:0003824,G0:0004672,G0:0004674,G0:0004871,GO
TRINITY_DN10236_cO_gl ~ G0:0000070,G0:0000819,G0:0003674,G0:0005488,G0:0005515,G0:0005575,G0:0005634,G0:0005815,GO
TRINITY_DN10236_c0_g2  G0:0003674,G0:0005488,G0:0005515,G0:0005575,G0:0005634,G0:0006464,G0:0007049,G0:0008150,GO
TRINITY_DN10258 c0_gl ~ GO:0003674,G0:0003676,G0:0003677,G0:0003824,G0:0003887,G0:0004518,G0:0004527,G0:0005488,GO
TRINITY_DN10275_c0_gl ~ GO:0000166,G0:0001882,G0:0001883,G0:0003674,G0:0003676,G0:0003723,G0:0003743,G0:0003824,GO
TRINITY_DN10294_c0_gl  GO:0003674,G0:0003824,G0:0008080,G0:0016407,G0:0016410,G0:0016740,G0:0016746,G0:0016747
TRINITY_DN10298_c0_g1
TRINITY_DN10300_c0_g1 Summary
TRINITY_DN10301_c0_g1 Condition 1 Condition 2
TRINITY_DN10320_c0_g1 '
TRINITY_DN10328_c0_g2
TRINITY_DN10329 0 g1 [
TRINITY_DN10337_c0_g1 [IiTeg T

P L L L T N e e |

Gane 3000 2800
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«l WEGO 2.0 http://wego.genomics.org.cn/

Web Gene Ontology Annotation Plotting

: B s

nucleic acid binding GO:0003676 |GGG

nitrogen compound metabolic process GO:0006807 _
cellular metabolic process GO:0044237 _
binding GO:0005458 |
transferase activity GO:0016740 _
catalytic activity GO:0003824 |
carbohydrate binding GO:0030246 |
cell part GO:0044464 |
cell GO:0005623 |
cellular process GO:0009987 |
oxidoreductase activity GO:0016491 |
catabolic process GO:0009056 _
membrane GO:0016020 |EEEE—_—_——
multicellular organismal process GO:0032501 |
biosynthetic process GO:0009058 |

system process GO:0003008 |

0 1 2 3
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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 .. :/

pependany LIGHTTPD

Lighttpd fly light.

Perl
Perl DBI, Perl URI, Perl CGlI, Perl HTML::Template,
Perl DBD::SQLite
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Trinotate web

“otvx Gamx cwmx o RCF > YA x DRI x G ped x 3 wts x N Tri » Y Tris x N e x N e x Ermas
L) locaihos ' o A= . A ’ ;
! Appbcations % Bockmarks A Germin Commett O MEGA SEARCHAME b Ssovie - mechesen. BN Google Mups 0 wikigdoa Send 1) Ot o 1 Actres taevors

Trinotate Web for Annotation and Expression Analysis

Arnotation Keyword Search

Annotation Keyword Search

Toxt search of transcript armotations:

¥ Search
:-,’N- 5 den » O(‘o- g " N AW x OMD- S e x 9 et x N Tre » N Tre x N e x N Tre x N T x Craan
ocahoat : . 4 = 8/ A |
 Apphcations # Bockmarks A Germin Commect O MEGA-SEARCHAME b Stovie : Bechesch BN Google Mups 0 Wikigdda ) Send 12 Deliber © 122 Actres tevorn

Trinotate Web for Annotation and Expression Analysis

AVOton Keyword Search

Search results for [lyase)

There are 27 maiching enrtries.

L Pone transcript d annctation

AR -~ FRINETY_DNSED L CYAA_STIAUDACYAA_STIWUACQ 669 448 H 304400432 BINIDAEJe 06" RecName: Full-Adenylane
Cystotacteracens; Stgmatela . TRINITY DNSED 0 g2 TRINITY _DNSED o0 g2 17:9.307: m 20" 050
1] CYAA_STIAUACYAA STIALAC0-8

2 TRNTY DN 1 TRINTY DO gt N COML_BOVINAOOML. BOVINQ 275 12 H 97 - 100NMA DNIDANE 20 15" RecName: FulluCytochyome ©
tyee herme lyase. “Culcaryota, Metazos:, Chordiats: Cranata, Vertebrata. Dutaleostioms; Mammahs: uthenis
Laurssiathera Cotartodactyla, Rurmiranta. Pecora, Bovdas. Bovrwe, Bon
TRNITY _DN2O323 o0 gt “TRINITY _DN2OS

3 RNITY D280 o1 RNTY DNI2SSD st n TYOCS_ PAPSOATYDCS PAPSO Q302 A M3 101 MEND7E. 10- 20" RecName: Fulls TroainaDOMA,
Socarboxyiase 3 *Euharyols Vwdpiantae, Streptoptyta, Embeyopinia. Tracheopiia, Spermatopiyta
Magrokophyta. eudCotyedons, Ranunouales. Papaveracess. Papavercidose, Papaver
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Trinotate web

Trinotate Web for Annotation and Expression Analysis Trinotate Web for Annotation and Expression Analysis

W, D SO
 molecular_function
« damaged DNA binding

Feature report for TRINITY_DN64830_c0_g1_i1 *  + GO:0008534

» molecular_function
« oxidized purine nucliecbase lesion DNA N-glycosylase activity
. « GO:0006289
» biological_process
Transcript Annotations (Gene: TRINITY_DNG64830_c0_g1, Transcript: TRINITY_DN64830_c0_g1_i1) o nuCleotide-excision repair
. « GO:0006284
« biological_process
« base-excision repair
* transcript sequence:

>TRINITY_DNG4830_c@_g1_11

Expression Information

Reference Sequence

Reference Sequence > I —

ORF:TRINITY_DNG64830_c0_g1::M
) —

TRINITY,_DNGASI0_c0_g1 1 TRINITY_DNG4S30_c0_g1_ M. ™

Pfam for TRINITY_DNG4830_c0_g
PFO7934.9 S-onoguanine DNA giycosylase, N-termi . ™ ]

PYOO730.22 HNA-GPD superfamily base excision DN... P =

BLAST for TRINITY_DNG64830_c0_s
 m—{
| —

£c-20_000660.21PeriD: 80 6210: 20- 163 . ™
OGGI_RAT|PMeriD: 37 72)E:40-53 Rechame: Pullei-gl... ™

« gene_ki TRINITY_DNG4830 c0_g1
« transcript_iki: TRINITY_DNG64830_c0_g1_i1

. « OGG1_HUMAN
« OGG1_HUMAN
« Q888.1 H:52-303
o 37.2%I0
« E80-53
« RecName: Ful=N-glycosylase/ONA lyase;
« Eukaryota; Metazoa; Chordata; Craniata; Vertebrata: Euteleostomi; Mammalia: Eutheria; Euarchont
Homo

o« TRINITY_DNB4830_cO_g1: TRINITY_DNG4830_c0_g1_i1:g 53680::m.53680
. « 1116-1[-)

. e OOGG1 RAT

GAATAGATCCCCGACACGOGCGTACACGOTAGGCGTCAACGACTTGCAGTCCAGCAAGCT
TGGETCCTAATCTCGACACGCGATCCTCCAAMCATGTACGTCCACAGGGATGGTGGAAGC
TTGATCCAGAGAAAAGAGCGCAATGCAGTCCGCCACCTTCOGACCTACGCCACACAAGGT
AATCAGCTGGTTTCGAACTTCGTCTCTCTCCTTGTTCCTCATTTCCAGCGCCCACGTCTC
CCCGCCGTTGOCGTGCATTGCCCTTGCGCTTTCCACTATGTACTTGGCACGATAGCCGAA
CCCCATGGLTCGCAAATCAGCCTCTGTCGCTCTGGTAGCAAGAGCGTCCACCGTAGGAAA
AGAATGCAGTTCCAGTGGTAGTTTCGCCCAGTCTTCAAGCTCCTTCATGTCTCCGAGCGC
COCTOTTOLGOCTAGLCCTCCCTTCCCOACGCTGAGAAGGAGCTCOLCGTAAGTCGTECG
AAGCTTGTCAAGCATGCCCGTTATTCGCGGGATGTTGTTGTTCGAAGAACATATGAAGCT
GAAGATACACTCGACGGGTGTTTGTCGCACGACTCOAACTCCTGGGATGGACGCAGCAAC
GOCOGCCATCCGGLCGTCTCCCTCTGACCACCTTCGATATAATGGTGCCAAGGGTACGCT
CAGGAAGAAGTACTCTCGAAGCGTGGCAGCAAGCGCAGCCGTEGCCGTGCCATCCGCAGC
AACGTGAGAGGCAGTCGCCATTTTCACGTCTTCGTOCTTGGTTTTTTTGGCAACGCTGAG
GCTTCGAAAGAGCGTGGTGTCAGGCGTTTGCCTGATAGCAATCACTTCTCGGCCGAGAAC
GCCAACCCAACAGTCGGOTCCTGTGTTTGCOGAACAGATGAACACCAGAGCAAAAACAAA
COATGTGGCAGTCGATGAAAAGGACAACT COAAMCACAACCTTCTOCGCGAAGAAAGCGL
TGTTCCCCAGGCGGCCGATCGTTGGEGACTCATGTTGATGATGTGCACGAAGGCTCTGCA
GOCCGCCCOCACTACCCCTTTTCOTCGAGTTGCGCAATATOCACAGATACGTGTCTTATT
CAGCCAGTCATTTGGCGTGAAGAGCGGCGAGTCGAG

peptide sequences:

>TRINITY_DNG4830_cO_g1: :TRINITY_DNG4830_c@_g1_11::9.53680::
LDSPLFTPNDWINKTRICAYCATRREGVVRAACRAFVHI INMSPORSAAWG TALSSRRR
CFELSFSSTATSFVFALVFICSANTGPOOWVGVLGREVIAIRQTPOTTLFRSLSVAKKT
HEDVKMATASHVAADGTATAALAATLREYFFLSVPLAPLYRRWSEGDARMAAVAASI PG
RVVROTPVECIFSFICSSNNNIPRITGMLOKLARTTYGELLLSVGKGGLAATGALGOMKE
EDWAKLPLELHSFPTVDALATRATEADLRAMGFGYRAKY IVESARAMHANGGE TWAL EM
NKERDEVRNQL ITLCGVGPKVADCIALFSLDQASTIPVDVHVWRIACRDYDPSLLDCKS
TPTVYARVGDLF
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Trinotate web

MA plot: Slom_GA vs. Slom_SP Volcano plot: Slom_GA vs. Slom_SP
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-15. 20

0 5 10 15 -15. 7.5 0 7.5

log_avg_expr log_fold_change



Zowx Gamx Qomx o x Nawx ORBx Gpwx ODemx NWex Nwex Nwex wex [) s Craen

(D locaihear 208 ca N Y shmas 14 g A = - A A s 0 ;

5 Applcations Bockmarks A Garmin Cormect O] MEGA-SEARCHAME b Sibiovie : Bechesch

Y Google Mups W Wikipddla

Trinotate Web for Annotation and Expression Analysis

Expression Heatmap for SlomTrinotate.sqlite

min FC: 4
max_FOR: 00001
min_any expe per gene: 0
min_sum featere axpr: O
Hoatmap scale range: ™ Mas
Conter exprossion values:  aversge  median O nome
Foature type: O Genes  Transcripts
Al features fgnere min_FC, max FOR)
Clusiter trarscripts
8 Restrict 10 top-most expressed in any given sample.
Max genes %o show: 100

Vakoer

Ondy 100 of 4609 randomily selected featres are shown)

Found 100 features
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Trinotate Web for Annotation and Expression Analysis

Feature report for TRINITY_DN50340_c0_g1

Expression information

pol5.RSEM
gpol6.RSEM
pol7.RSEM
pol8.RSEM
gpo51.RSEM
gpo52.RSEM

Qo _YDo

- .
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gpol5.RSEM
gpol16.RSEM
gpo17.RSEM
gpol18.RSEM
gpo51.RSEM
gpo52.RSEM

Transcript Annotations (Gene: TRINITY_DN50340_c0_g1, Transcript: TRINI
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Clustered Expression Profiles Blast Hits, Pfam Domains, etc.

et A T PR Transcript Annotations (Gene: compllal _of, Trasscrigh complidl <0 _seql)
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Alternatives

e Blast2Go

e FunctionAnnotator
e Annoscript

e Dammit

e KOBAS

e Others
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Blast2GO Schema

Gene Ontology Annotation
@ @ / graphs charts
blast mapping annotation @

fasta \ @ / goslim
merge GOs

Interpro

Genome Characterization
Annex
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Blast2GO Annotation Rule
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FunctionAnnotator

ANNOTATION

Use LAST searching against NCBI NR Gene ontology

protein database to identify similar . * Use b2gdpipe to assign GO
OO ), Joms from result of NR bits

ENZYME Ph distribution

Use RPS BLAST to identify enzyme in Mapping result of NR hit to

Putative CDS

mokcelar fenction of GO N3
.

Taxoncey Dutribution of rank kevel family P =

€ a1 F) 23 o o8 B0 - —

PELINIIIIII NI IICIN
F Ui 1ar st ssssriress

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

organism annotation. Scientific Reports
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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
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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



@ Station Biologique
m® Roscoff

Results: statistics

ript

The file of sequences is /data02/francesco/ann_works/jobs/streptoref/strepto_ref fasta
The total number of sequences is 30366
The mean sequences length is 1675
The minimum and maximum sequences length are respectively 351 and 20810
Mean percentage of Adenine: 29.13
Mean percentage of Guanine: 21.07
Mean percentage of Thymine: 28.95
Mean percentage of Cytosine: 20.86
Mean percentage of N: 0.00
Mean percentage of GC: 41.92
Number of annotated sequences: 23955

Swiss-Prot results found with positive strand: 8749
Swiss-Prot results found with negative strand: 7227
TrEMBL results found with positive strand: 12774
TrEMBL results found with negative strand: 7172
Sequences in agreement with strand of the longest ORF: 13530
Number of non coding sequences: 342
(obtained with probability major than: 0.95 and maximum length of the orf: 100)

Statistics for transcriptome | Homology statistics | Lengths and coverage |
Annocript 0.2.29 - Copyright of Bicinformatics Lab SZN Naples

Fri Jan 16 18:16:05 2015
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Homology statistics
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Histogram of Longest ORF Lengths
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Dammit
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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

N\

gff3

stats
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KOBAS : KO-Based Annotation System

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

[ oo
Entrez Gene ID(s) / UniProtkB AC(s) / Gi(s) \ GO slim o
FASTA nucleotide / protein sequence(s)
BLAST output
l KEGG PATHWAY
annolate PID Curated
(by ID mapping / BLAST / parsing BLAST output) PID BioCarta
PID Reactome
BioCyc
KEGG GENES % Reactome
KO Panther
KEGG DISEASE
identify GAD
(enriched pathways / diseases) GO — FunDO
OMIM
NHGRI
\J _ v
Enriched pathways Enriched diseases

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



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3125809/
https://dx.doi.org/10.1093/nar/gkr483
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KOBAS : KO-Based Annotation System
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Yo KOBAS : KO-Based Annotation System
A, -
| 0a8a0. sam LU Aevseten Ao dew o
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Eukaryotic Non-Model Transcriptome

Fams | Annotation Pipeline

EnTAP: Bringing Faster and Smarter Functional Annotation to Non-Model Hart et a/. 2018 bioRxiv : http'//dx doi org/lO 1101/307868
Eukaryotic Transcriptomes . . . . . .

Alexander J. Hart', Samuel Ginzburg', Muyang (Sam) Xu, Cera R. Fisher,' Nasim Rahmatpour', Input E Output
Jeffry B. Mitton?, Robin Paul', Jill L. Wegrzyn'”

'Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT, USA
*Department of Ecology and Evolutionary Biology, University of Colorado Boulder, Boulder, EnTAP
CO, USA 80309

Corresponding Author: Jill L. Wegrzyn: jill. wegrzyn(@uconn.edu Egg
Langnd

Transcriptome filtering : == =l=
RSEM S £S5 =

— | 4 EE

Transcriptome annotation s __.E
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
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Trinotate vs Blast2GO : Go Terms

Trinotate 1391

Trinotate Blast2GO GoT

10,2%

Blast2GO
443 GOT
3,2%

Number of sequence annotated Number of GO terms
with GO terms

Saccharina japonica genome
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Trinotate vs Kobas : Kegg

Trinotate Kobas

Trinotate 930
keggs
27,0%

Kobas
248 keggs
6,0%

Number of sequence annotated Number of KEGG terms
with KEGG terms

Saccharina japonica genome



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

Post Processing,
packaging & statistics

Combine cont gs from K-mey I
sweep, CO-HIt-EST, rename contigs
Re-label to remove redundant contig 1Ds HMM search + BLASTP

OLC (overiap Layout consensus)
eg. CAP3 (Huang & Madan, 1999)

ESTscan for peptide
prediction

ABYSS 1.3.x (scaffolding:

unique joins only)

Mapping of reads on to
assembly with BWA

GapCloser v 1.10
(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
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Trinotate vs Blast2GO : Go Terms

Trinotate 1391

Trinotate Blast2GO GoT

10,2%

Blast2GO
443 GOT
3,2%

Number of sequence annotated Number of GO terms
with GO terms

Saccharina japonica genome



@ Station Biologique
¥ Roscoff

Trinotate vs Kobas : Kegg

Trinotate Kobas

Trinotate 930
keggs
27,0%

Kobas
248 keggs
6,0%

Number of sequence annotated Number of KEGG terms
with KEGG terms

Saccharina japonica genome
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Trnotawe SLAST2G0 EnTAP Trinctane BLAST2GD

Overall Annotation Rate — UniProt Swiss-Prot (A) and NCBI RefSeq Complete (B)

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



«| The Database for Annotation, Visualization and

Integrated Discovery (DAVID ) v6.7

ldentify 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.

.‘1\' E . "lﬁ
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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 DProost Smpemp-Qolm. Mo de

* ORF detection, e o
* frameshift correction Experiments overview
. . Cuorrent experiments Name #Transcripts  Status Last odit PLAZA versicn  (mptyDelote  Log
* includes a functional,
comparative and e s ey miebe | U
phylogenetic toolbox b e experiment e LR

Describe your experiment

. Documentation About

Ramaria. sugpertons or questons? Pleste costact the Project keader
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Transcriptator: An Automated Computational Pipeline to Annotate Assembled Reads and
Identify Non Coding RNA

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

LA TRANSCRIPTATOR 2.0
| fore 8 compuratonal ppebne 13 APCCLIN TERNAIAPE B0 MMM reada from ENA Seq dets
0 e & ! o e At &) =~ PRA P b Q reeire 0 e g O Cortans wm s e M & Abedt LTy 0 Gt

TRANSCRIFTIATOR o » computational pipelne 0 fuxctiosally sasotste deficrentially expeomed &
ad carry o GO enechmment asalywis of expeovacn peofiios, under the dfforent treatment Coex
organiaumn, which Lacks the referenced genome

-

It offSers.

) ! TN
© seport o0 sialisiical anal ys of fenctional asd pene codology aasolation onri hement
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‘ h w ‘ funxctions aad collaler locationn
—m capabulry 1o cluvacr 3¢ trasscripts oe the Sans of fanctanal smotation
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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).
RNASegExpressionBrowser - A web interface to browse and visualize high-throughput
expression data. Bioinformatics.doi:10.1093/bioinformatics/btu334
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RNAbrowse

Blast your query against the contig database o

.' — Blast interface

Query Form bls:

A
A '1 Il"‘

Enter query - nucleotide or protein FASTA sequence(s): Parameters:
»SCMDA_PABRLT
GAATCARACTTTGOAARARARTGOAACARATTTCOTTTCTTCATGTGTAMMATAGTTGAGE B
ACARAGCTTTTGAATATTICATICTTGTGTOCATTGOCT Choose a BLAST algorthn: | MRS | Filer query sequence: i
TGAGCAGCATGTC CCTTTGAGGATGTTTATCTCTATACTCOCCCAGAGC TCOAGGE
TECTCTGTACTACACCAACATCATCTTTGLTGTGCTCTT Expect vabe: | 10 Outpet max het: |10
CACCGTTOAMTGTTGATGAMGTGEGTTOCCTTAGGAT TTAAGAAATACTTCACCAGCTTC
TGGACAATTCTAGATTTTGCCATTGTTGTAATCTCTTTA

)

GETAGTCTGATAGCAGATGCTACTEGTGGTGAAGATATATCAGCATTCAGGTCACTCAGGA Visualze the alignments:
CTCTCCGGGCATTTAGACCTITGAGGGCAATATCAAGAT “/ c c Form © Run Blast
Result ¢
Sow 25 J entries Search
* HOYP_SCN1.22 SCNSA_RABIT 10000 1300 0 0 9% 2295 a8y 6180 00 258
* HOYF SCNBA_RABIT 10000 923 0 0 2 e W0 ax 00 183
wies
HOYP_SCN1.Y SCNBA_RABIT %6 10 ‘ 0 9% 208 w2 W 00 239
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SCNBA RABT 286 29 s o am am e wmr o o« R T T
~ - [ Amo ] Ay i rown wrdnowe 048 a“
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[ late | late wnknown wrkacwn LR 1364
HOYP_LASP189  SCNBA_RABIT  100.00 " 0 0 6o ns L [T 27 2 N .
| o Lps i rown oW 11.25 1"
We selected corngs Wy Add 10 favorites = Mant ik nown rhncwe 175 174
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» RNAbrowse

Contigs Depth Graph ' Contigs Length
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A RNAbrowse
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|ﬂo¢l Sire Distnbubion

Variants overview figures

Venn diagram anaysis o
Selected Libraries used To Buld The Ve 0
e
1
- B I I I = |
MOYP -,g-:.;lv-‘vv
5 » ) o > 5 % > » : HOYP PLXDL . 1.1
»
v

Number of InDel

|

General statistics

There is 365 contigs contaming coly SNPs_ and 372 contigs with variants (SNP, InDel .. )

The Venn diagram shows the number
of contigs shared between libraries
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RNAsegViewer.

RNAseqViewer

2/114368,459114399,157 | 0Kk | D ©@ © © WA A [T [enerane

HDAC2
HDAC2

RNAseqViewer

QOO0 AQA T [ero2

e e Y lM“ A J“LL
b III/\AA o

CUFF.32297.1 CUFF 32297. 4

H—1R-1a
cusrmsn

2 33,044,101-33,057,362 | OK

CUFF.32297.3

Rogé X, and Zhang X Bioinformatics 2014;30:891-892
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Dietrich S, Wiegand S, Liesegang H
(2014) TraV: A Genome Context
Sensitive Transcriptome Browser.
PLoS ONE 9(4)

BL01249
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Noar RNASeqExpressionBrowser
A, —

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
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Degust (formerly DGE-Vis)

A
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An interactive web tool for visualising Differential Gene Expression data
http://victorian-bioinformatics-consortium.github.io/degust/
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® | Vennt : Dynamic Venn diagrams for Differential

RIS | Gene Expression

A web-tool to generate dynamic Venn diagrams for differential gene expression.
http://drpowell.github.io/vennt/
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shinyheatmap
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shinyheatmap
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Khomtchouk BB, Hennessy JR, Wahlestedt C. (2017) shinyheatmap: Ultra fast
low memory heatmap web interface for big data genomics. PLoS
One 12(5):e0176334.
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With ref. vs de novo

A
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Improved reconstruction with deeper sequencing depth and Genome-based
reconstruction is more sensitive than de novo methods
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1000
0
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Mouse data Million PE reads
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The PASA Pipeline for Genome Annotation

A 'A Il"‘

PASA: Program to Assemble Spliced Alignments

56545668 Nwlewe Acvds Research, 2005, Vil 21, No. 19
DOL: 10109 nan/gly 70

Improving the Arabidopsis genome annotation using
maximal 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 irsstute for Genomic Research, 9712 Medical Center Drive, Rockviia, MD 20850, USA, 'Department of Col

Blology and Molecular Genetics, University of Maryland. College Park. MO 20742, USA and “The Center for
Acvancoment of Genomics, 1807 Assearch Bouevard, Rockvite, MO 208350, USA

l'l 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.



Trinity-assembled
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Align to Genome

Cluster overlapping alignments

A 4

Assemble alignment clusters

|

Cluster transcript isoforms

|

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



spliced alignments
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| Annotation output

Align to Genome -gene structures
-alt splice isoforms

. I' . . *
Cluster overlapping alignments -predicted coding regions

A 4

Assemble alignment clusters

|

(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
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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 lllumina ~75 base reads, each.

(100M total reads, each).



O oo Nearly all (>98%) Trinity transcripts

to reference genomes

Drosophila Mouse
7.0% 0.1%

m Valid
W Error

m 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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Full-length Transcript Reconstruction from RNA-Seq

Total pombe genes

m Tophat2/Cufflinks
m Trinity/PASA

Number of genes with
full length transcripts

3000
2000
1000
0 -
S. pombe Drosophila Mouse
Schizosaccharomyces Drosophila Mouse

pombe
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