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1. Introduction
This report summarises the functional annotation process performed with the Blast2GO Command Line. The command line is
based on the Blast2GO methodology, first published in 2005 (Conesa et al., 2005), for the automatic and high-throughput
functional annotation and analysis of gene or protein sequences. The method uses sequence alignments (BLAST) to obtain a
list of potential homologous for each input sequence. Blast2GO then maps Gene Ontology (GO) terms associated to the
obtained BLAST hits and returns an evaluated functional annotation for the query sequences (Goetz et al., 2008). Additional
steps to improve the quality of the functional annotation are available. The following sections provide more detailed
information about the different analysis steps as well as information about the input datasets, used parameters and the

overall results.

The analysis started at: 22:06 on February, 21, 2019
The analysis finished at: 22:47 on February, 21, 2019

2. Command Line Parameters
The following parameters have been used for this analysis. Please be aware that, additionally to the parameters provided here
and in each section, additional parameters can be adjusted in the properties file (.prop) provided with the -properties

parameter.

-properties

/'scratch/ devel /talioto/de_novo_annotation/ mayfly/cl odi p2/ st ep07_Functi onal Annot ati on. \V01/cli . prop

-l oadf asta

/ scratch/ devel /talioto/de_novo_annotation/ mayfly/clodi p2/ step05_annot ati on_updat e. VO1/ Cdi p2A. cds. fa

- | oadi ps50

/ scratch/ devel /talioto/de_novo_annot ati on/ mayf|y/cl odi p2/ st ep07_Functi onal Annot ati on. VO1/i nt er pro. out . x
m

- annex

- mappi ng

-annot ati on

- ecnappi ng

-goslim/project/devel / aat eant bl ast 2go_dat a/ go_| at est . obo. gz

- | oadbl ast

/ scratch/ devel /talioto/de_novo_annot ati on/ mayf|y/cl odi p2/ st ep07_Functi onal Annot ati on. VO1/ bl ast . out . xni
- saveannot

- savereport

-statistics all

-wor kspace /scratch_tnp/ 16616529/ bl ast 2go. 1

-useobo /project/devel / aat eant bl ast 2go_dat a/ go_| at est . obo. gz
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3. Input Files

This section lists the following input file types: Fasta sequences, Blast and InterProScan XML results and annotation files.

- Import of 34373 sequences from .fasta:
/ scratch/ devel /talioto/de_novo_annotation/ mayfly/clodi p2/ st ep05_annot ati on_updat e. VO1/ Cdi p2A. cds. fa

- Import of 29924 sequences from Blast .xml (pre 2.2.31):
/scratch/ devel /talioto/de_novo_annotation/ mayfly/clodi p2/ step07_Functi onal Annot ati on. VO1/ bl ast. out . x
m

- Import of 34372 sequences from InterPro .xml (v5.0):
/scratch/ devel /talioto/de_novo_annotation/ mayfly/clodi p2/ step07_Functi onal Annot ati on. VO1/i nterpro.ou
t.xm

4. Sequences
This analysis has been performed with 34373 sequences provided in fasta format. The following figure shows the sequence
length distribution.
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Length (Avg.: 2072, Total Symbols: 71233230)

Figure: Distribution of the sequence length

5. Blast Result Import
This section summarizes the imported Blast results.
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#BLAST Hits
50,000 100,000 150,000 200,000 250,000 300,000

o
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Frankliniella occidentalis
. Athalia rosae

Cimex lectularius
Bemisia tabaci
Halyomorpha halys
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Dufourea novaeangliae
Aedes aec};]yptl

others

Species

———

Figure: Species distribution

6. Gene Ontology Mapping

Mapping is the process of retrieving Gene Ontology (Ashburner et al., 2000) terms associated to the hits obtained after a

BLAST search. To run mapping, select one or various data-sets, which contain blasted sequences and execute the mapping

function.

Blast2GO performs different mapping steps to link all BLAST hits to the funtional information stored in the Gene Ontology

database. Therefore Blast2GO uses different public resources provided by the NCBI, PIR and GO to link the different protein

IDs (names, symbols, Gls, UniProts, etc.) to the information stored in the Gene Ontology database - the GO database contains

several million functionally annotated gene products for hundreds of different species. All annotations are associated to an

Evidence Code which provides information about the quality of this functional assignment.

1. BLAST result accessions are used to retrieve gene names or Symbols making use of two mapping files provided by NCBI.
Identified gene names are than searched in the species specific entries of the GO database.

2. BLAST result Gl identifiers are used to retrieve UniProt IDs making use of a mapping file from PIR including PSD, UniProt,
Swiss-Prot, TrEMBL, RefSeq, GenPept and PDB.

3. BLAST result accessions are searched directly in the GO database.

Mapping summary:

GO Mapping Database Name: b2g novi16
Mapped sequences: 22032

Sequences that could not be mapped: 12341
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Figure: GO Mapping Source Database Distribution

7. Functional Annotation

This is the process of selecting GO terms from the GO pool obtained during the Mapping step and assigning them to the query

sequences. The annotation is carried out by applying an annotation rule (AR) on the found ontology terms. The rule seeks to

find the most specific annotation with a certain level of reliability. This process is adjustable in specificity and stringency. For
each candidate GO an annotation score (AS) is computed. The AS is composed of two additive terms. The first, direct term

(DT), represents the highest hit similarity of this GO weighted by a factor corresponding to its evidence code. The second term

(AT) of the AS provides the possibility of abstraction. This is defined as annotation to a parent node when several child nodes

are present in the GO candidate collection. This term multiplies the number of total GOs unified at the node by a user defined

GO weight factor that controls the possibility and strength of abstraction. When GO weight is set to 0, no abstraction is done.

Finally, the AR selects the lowest function (GO term) per branch that lies over a user defined threshold, the Annotation Cut-

Off.

1. E-Value Hit Filter. This value can be understood as a pre-filter: only GO terms obtained from hits with a greater e-value than
given will be used for annotation and/or shown in a generated graph (default: 1.0E-6).

2. Annotation Cut-Off (threshold).The annotation rule selects the lowest term per branch that lies over this threshold (default:
55).

3. GO-Weight. This is the weight given to the contribution of mapped children terms to the annotation of a parent term
(default: 5).

4. Hsp-HitCoverage CutOff. Sets the minimum needed coverage between a Hit and his HSP. For example a value of 80 would
mean that the aligned HSP must cover at least 80% of the longitude of its Hit. Only annotations from Hit fulfilling this
criterion will be considered for annotation transference.

5. EC-Weight. EC code weights can be modified in the command line properties file (cli.prop), be default located in the
blast2go_cli folder in the home directory. Note that in case influence by evidence codes is not wanted, you can set them all
at 1. Alternatively, when you want to exclude GO annotations of a certain EC (for example IEAs), you can set this EC weight

at 0.
Parameters:
Name Value
Annotation CutOff 55
E-Value-Hit-Filter 1.0E-6
GO Weight 5
HSP-Hit Coverage CutOff 0
Filter GO by Taxonomy arthropods (taxa: 6656,Arthropoda)
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Annotation summary:
Annotated sequences: 11015

Sequences that could not be annotated: 23358

Assigned Gene Ontology terms: 34770

Assigned enzyme codes: 4340

Sequences with enzyme codes assigned: 4101
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Figure: This chart shows the number of Gene Ontology terms corresponding to its sequence length.
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8. Merge InterProScan
The Merge InterProScan step adds functional information obtained through domain based searches to the existing
annotations. Once annotations are added, a validation is done which removes redundant, more general functions based on the
true path rule.

Merge InterProScan summary:
Annotations before merge: 34770
Afterwards: 66569

Comfirmed: 158542

Too general: 14891

150,000 q ———-------mmmmmmm e ——mmmmmmm—————— -

125,000

100,000  ———————m--mmmmmmmmm e mmmm———————————

75,000

Number of Annotations

50,000 +

25,000

GOs Before Merge GOs After Confirmed IPS GOs Too General IPS GOs

Figure: Result details of the Merge InterProScan step showing the amount of annotations which could be added
as domain based functional information.

9. ANNEX
ANNEX is a set of relationships between the terms of different Gene Ontology categories. These relationships consist of over
6000 manually reviewed links between molecular functions involved in biological processes and molecular function terms
acting in cellular components (Myhre et al., 2006). In this way this analysis step complements existing functional annotations

by adding further implicit terms based on these relationships.

ANNEX summary:

Total original annotations: 66569

New annotations added via ANNEX: 6623

More general annotations replaced by more specific ANNEX annotations: 796
Annotations confirmed by ANNEX: 2809
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Figure: Annotations before and after applying the ANNEX augmentation.

10. Annotation Results
From a total of 34373 sequences, 11.77% were analysed with BLAST but fail to obtain significant hits. 11.0% of the sequences
return significant sequence alignments but can not be linked to any Gene Ontology entries. 8.76% of the GO mapped dataset
does not obtain an annotation assignment. Overall we can assign functional labels to 68.47% of the input sequences. Enzyme
codes could be assigned to 11.93% of the sequences.

Blasted without Hits (4,045)

With Blast Hits (3,782)

—— With GO Mapping (3,011)

B2G Annotated (23,535) ——

Figure: The data distribution pie chart shows the amount of sequences which could finally be annotated in
comparison to the ones not annotated due to missing results in the blast, mapping or annotation step.
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With Annotation
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Figure: The Analysis Progress shows the total amount of sequences which obtained results during the different

analysis steps. Please note that for example the total amount of mapped (green) sequences cannot be higher than

the number of blasted (orange) sequences.
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Figure: Enzyme Code Level 3 Distribution
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Figure: GO Distribution in Level 2 (Top 50)
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11. GO-Slim

GO slims are cut-down versions of the Gene Ontology containing a subset of the terms in the whole GO. They give a broad

overview of the ontology content without the detail of the specific fine grained terms. GO slims are particularly useful for

giving a summary of the results of GO annotation of a genome, microarray, or cDNA collection when broad classification of

gene product function is required.

GO-Slim Summary:

The main Gene Ontology .obo file data version is from November, 2016, the filepath to the GO-Slim file is
/project/devel/aateam/blast2go_data/go_161129.0bo.gz.
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Figure: GO Annotation Level Distribution after GO-Slim
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