Review of exercise 1

tblastn -num_threads 2 -db contig -query DH10B.fasta -out blastout.xls
-evalue le-10 -outfmt "6 gseqid sseqid gstart gend sstart send length
nident pident evalue"

Other options:
-max_target_seqs : maximum number of targets to report
-perc_identity: percentage identity cutoff

-task blastn-short : for short queries

Output format:

-outfmt "6 coll col2 col3 .”
std: commonly used 16 columns
stitle: description line of the target sequence




Translate RNA sequence to Protein sequence

1. 6-frame translation.

2. ORF detection tool to find the correct frame
* ORF length
* HMM model trained on a set of genuine proteins (from the same species
to capture the correct codon bias signal)

* BLAST or PFAM scan



TransDecoder — an ORF finder tool of the Trinity package

TransDecoder -t transcript.fasta

Other parameters:
-S: only analyze top strand

Training the HMM

--train training.fasta : a set of high confidence transcripts

--cd_hit_est : path to CD-hit-est tool, a clustering tool to produce a non-
redundant protein set

-G: genetic code

Output:
--retain_long_orfs 900: all ORF longer than 900 nt will be retained
-m 100: minimum protein length



The ORF prediction can refined by homology protein search

blastp -query transdecoder dir/longest orfs.pep -db

uniprot sprot.fasta -max target segs 1 -outfmt 6 -evalue le-5 -
num threads 10 > blastp.outfmto6

hmmscan --cpu 8 --domtblout pfam.domtblout /path/to/Pfam-A.hmm
transdecoder dir/longest orfs.pep

TransDecoder.Predict -t target transcripts.fasta --

retain pfam hits pfam.domtblout --retain blastp hits
blastp.outfmt6



HMMs are trained from a multiple sequence alignment
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Hidden Markov Model (HMM) is more general than PSSM

Training set -
&/
(&
(&
(@
HMM model | A 0.01
¢ 0.01 D 0.01
D o.o3| E 0.01
E 0.03|
=N
k\ J
m 2 \
BEGIN @% @ %@% END

Pagni, et al. EMBnet Course 2003



Match a sequence to a model
Application: Function Prediction

10 M1M2 M3 13

N

A _0.01,
A 0.74 C 0.92
c 0.01 Fhtgl
D 0.03 E 0.01
E 0.03
4
BEGIN @ @%A END

Pagni, et al. EMBnet Course 2003



>unknown_protein
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We found 7 Pfam-A matches to your search sequence (all significant). You did not choose to search for Pfam-B matches.

PFAM

a pre-constructed HMM model database

for protein function domain prediction

ETP | HELP | ABOUT

Pfam
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Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.
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Show or hide all alignments.
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Other prediction tools

SignalP: Predicting Signal Peptide

2 = RESEARCH ces cas PUBLICATIONS EDUCATION

EEBTéi HO':S? GROUPS PREDICTION DATA
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ENCEANAR CONTACT ABOUT INTERNAL e e

LYSIS €B5 cas BIOINFORMATICS . S

TOOLS LINKS

CBS == CBS Prediction Servers == SignalP @
SignalP 4.0 Server

SignalF 4.0 server predicts the presence and location of signal peplide cleavage sites in amine acid sequences from different organisms: Gram-positive prokaryotes, Gram-negative prokaryetes, and eukaryotes. The method incerparates a
prediction of cleavage sites and a signal peptide/non-signal peptide prediction based on a combination of several artificial neural networks.

View the version history of this server. All the previous versions are available on line, for comparnizon and reference
MNew: ePrint of the SignalP 4.0 paper is available, see Citations

| Background | Amicleabswacs | msteions | Ouputfoms | Dma |
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Other prediction tools

TMHMM: trans-membrane proteins

TMHMM posterior probabilities for Sequence
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Summary

RNA -> Protein: 1. 6-frame/3-frame translation translation
2. ORF detection tool, e.g. TransDecoder

BLAST: } Homologs in other
species

Protein domain with

PSSM (position specific scoring matrix)
} known function

PFAM (a collection of HMM models)

SignalP Various protein

features, eg. Trans-
membrane, signal
peptide

TMHMM B

Others -

— | Gene ontology




Gene Ontology
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Gene Ontology
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GO->GOSLIM
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The Necessity for GO -
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GO Slim

To download premade GO Slim:
http://www.geneontology.org/GO.slims.shtml

Create your own GO Slim:
http://oboedit.org/docs/html/Creating Your Own GO Slim in OBO Edit.htm




High throughput gene function prediction

 BLAST2GO
Function prediction based on BLAST match to known proteins.
http://www.blast2go.com

* Interproscan

Function prediction mostly based on PFAM, PSI-BLAST and other motif
scaning tools.

http://www.ebi.ac.uk/interpro/

* Trinotate

Function prediction based on BLAST, PFAM, SignalP, TMHMM,
RNAmmer

http://trinotate.github.io/



InterProScan

Structural Functional annotation of families/domains Protein features
domains (sites)




InterProScan

Program Description Abbreviation
Name

BlastProDom Scans the families in the ProDom database. ProDom is a comprehensive set of protein ProDom

FPrintScan

HMMPIR
HMMPfam
HMMSmart
HMMTigr
ProfileScan

HAMAP

PatternScan
SuperFamily

SignalPHMM
TMHMM
HMMPanther
Gene3D
Phobius

Coils

domain families automatically generated from the UniProtKB/Swiss-Prot and
UniProtKB/TrEMBL sequence databases using psi-blast.

Scans against the fingerprints in the PRINTS database. These fingerprints are groups of PRINTS

motifs that together are more potent than single motifs by making use of the
biological context inherent in a multiple motif method.

Scans the hidden markov models (HMMs) that are present in the PIR Protein Sequence PIRSF

Database (PSD) of functionally annotated protein sequences, PIR-PSD.

Scans the hidden markov models (HMMs) that are present in the PFAM Protein
families database.

Scans the hidden markov models (HMMs) that are present in the SMART
domain/domain families database.

Scans the hidden markov models (HMMs) that are present in the TIGRFAMs protein
families database.

Scans against PROSITE profiles. These profiles are based on weight matrices and are
more sensitive for the detection of divergent protein families.

Scans against HAMAP profiles. These profiles are based on weight matrices and are
more sensitive for the detection of divergent bacterial, archaeal and plastid-encoded
protein families.

PatternScan is a new version of the PROSITE pattern search software which uses new
code developed by the PROSITE team.

SUPERFAMILY is a library of profile hidden Markov models that represent all proteins
of known structure.

PfamA

SMART
TIGRFAM
PrositeProfiles

HAMAP

PrositePatterns
SuperFamily

SignalP
TMHMM
Panther
Gene3d
Phobius
Coils



Trinotate (Trinity package)

1. Predict open-reading-frame (DNA -> protein sequence)

TransDecoder -t Trinity.fasta --workdir transDecoder -S

2. Predict gene function from sequences

Trinotate package
* BLAST Uniprot : homologs in known proteins

 PFAM: protein domain)
e SignalP: signal peptide)
e TMHMM: trans-membrane domain

* RNAMMER: rRNA

Output:
go_annotations.txt (Gene Ontology annotation file)

Step-by-step guidance: https://cbsu.tc.cornell.edu/lab/userguide.aspx?a=software&i=143#c




BLAST2GO Annotation Steps

Recommended

BLAST: BLAST against “NCBI nr” or Swissprot
database;

Mapping: Retrieve GO from annotated homologous
genes;

Annotation: Assign GO terms to query sequences.

InterProScan (optional): Integrate with InterProScan
results.




BLAST2GO

* Do each steps separately.

BLAST step

Run Command line BLASTX on a
BioHPC computer

BLAST2GO step

& Blast260 V.27 IMEL
Fle Blast Mapping Amolalion Analsis Stalisics Select Tools View Supporl
= |GO:0007067 GO-0016021 o %

GOIDs Enzyme IntarPro

@] nr | sequencsname | seqaescription | lengtn| #hits | min. evalue | sim mean| #GOs|

Application Messages | GO Graphs | BlastiPS Results | Statistics | Kegg Maps

& Open

=

Look In: ‘d blast2go

g
[~] =] (] [ BBl

[} annot_GOs_20140108_1303_slim.txt
[ chart_data_20140108_1402.txt

[ pietxt

[} testfasta

[} testgo.txt

File Hame: |

Files of Type: |N||€.\eo|ide Sequences (.fasta, .fa, .ffn, .fn, .fna, .txt) |"

cos

Connectedto public database: b2g_sepi3

Memaory usage: 27MB of 974MB

BioHPC Lab computer through VNC




Using BRC Bioinformatics Facility Resource

1. Office hour
1pm to 3pm every Monday, 618 Rhodes Hall

Signup at: http://cbsu.tc.cornell.edu/lab/officel.aspx

2. Step-by-step instruction using software on
BioHPC computers.

Software page: http://cbsu.tc.cornell.edu/lab/labsoftware.aspx
BLAST2GO page: http://cbsu.tc.cornell.edu/lab/doc/instruction blast2go.htm




