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Some basic bioinformatics tools

• BLAST

• PSI-BLAST - Position-Specific Scoring Matrix

• HMM  - Hidden Markov Model



NCBI BLAST
• How does BLAST work?

• BLAST and Psi-BLAST: Position 
independent and position specific 
scoring matrix.  



BLAST programs 

– blastn nucleotide query  vs. nucleotide database

– blastp protein query  vs. protein database

– blastx nucleotide query  vs. protein database

– tblastn protein query  vs. translated nucleotide database

– tblastx translated query  vs. translated database



How does BLAST work

Step 1. find alignments

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=9Rai_bIlC-zvIM&tbnid=bTykRoM2pVjuFM:&ved=0CAUQjRw&url=http://gjr-icebreaker.blogspot.com/2010/08/protein-sequence-search-and.html&ei=rTtkUvKbNdLG4AOm-4HwDg&bvm=bv.54934254,d.dmg&psig=AFQjCNFwCVwiZKpCUcboaB1Jyx8yDF2foA&ust=1382386967976617


Gap
-(5 + 4(2))= -13

Number of Chance Alignments = 2 X 10-73

Match=+2 Mismatch=-3

- NCBI Discovery Workshops

How does BLAST work

Step 2. scoring alignments
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K +5

K
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Q
F -3

Gap
-(11 + 6(1))= -
18

Number of Chance Alignments = 4 X 10-50

Scores from BLOSUM62, a position independent matrix

- NCBI Discovery Workshops

Step 2. Score each alignment – protein alignment

How does BLAST work



BLOSUM62, a position independent matrix



Scores from BLOSUM62, a position independent matrix

- NCBI Discovery Workshops

BLOSUM62 substitution score is position independent



PSSM Alignment: Globins

Conserved Histidine
- NCBI Discovery Workshops



Heme Binding Site

blastp

DELTA-BLAST

Conserved Histidine

- NCBI Discovery Workshops



Heme Binding Site

blastp

DELTA-BLAST

Conserved Histidine

- NCBI Discovery Workshops

BLAST is not reliable for 
alignment of homologous genes 

between distantly related species.



Search PSSM with DELTA-BLAST

DELTA-BLAST employs a subset of NCBI's Conserved 
Domain Database (CDD) to construct PSSM

Ig KinaseTMIg Ig



HMMs are trained from a multiple sequence alignment
Hidden Markov Model



Pagni, et al. EMBnet Course 2003 

Hidden Markov Model (HMM) is more general than PSSM 



Pagni, et al. EMBnet Course 2003 

Match a sequence to a model
Application: Function Prediction



>unknown_protein
MALLYRRMSMLLNIILAYIFLCAICVQGSVKQEWAEIGKNVSLECASENEAVAWKLGNQTINKNHTRYKI
RTEPLKSNDDGSENNDSQDFIKYKNVLALLDVNIKDSGNYTCTAQTGQNHSTEFQVRPYLPSKVLQSTPD
RIKRKIKQDVMLYCLIEMYPQNETTNRNLKWLKDGSQFEFLDTFSSISKLNDTHLNFTLEFTEVYKKENG
TYKCTVFDDTGLEITSKEITLFVMEVPQVSIDFAKAVGANKIYLNWTVNDGNDPIQKFFITLQEAGTPTF
TYHKDFINGSHTSYILDHFKPNTTYFLRIVGKNSIGNGQPTQYPQGITTLSYDPIFIPKVETTGSTASTI
TIGWNPPPPDLIDYIQYYELIVSESGEVPKVIEEAIYQQNSRNLPYMFDKLKTATDYEFRVRACSDLTKT
CGPWSENVNGTTMDGVATKPTNLSIQCHHDNVTRGNSIAINWDVPKTPNGKVVSYLIHLLGNPMSTVDRE
MWGPKIRRIDEPHHKTLYESVSPNTNYTVTVSAITRHKKNGEPATGSCLMPVSTPDAIGRTMWSKVNLDS
KYVLKLYLPKISERNGPICCYRLYLVRINNDNKELPDPEKLNIATYQEVHSDNVTRSSAYIAEMISSKYF
RPEIFLGDEKRFSENNDIIRDNDEICRKCLEGTPFLRKPEIIHIPPQGSLSNSDSELPILSEKDNLIKGA
NLTEHALKILESKLRDKRNAVTSDENPILSAVNPNVPLHDSSRDVFDGEIDINSNYTGFLEIIVRDRNNA
LMAYSKYFDIITPATEAEPIQSLNNMDYYLSIGVKAGAVLLGVILVFIVLWVFHHKKTKNELQGEDTLTL
RDSLRALFGRRNHNHSHFITSGNHKGFDAGPIHRLDLENAYKNRHKDTDYGFLREYEMLPNRFSDRTTKN
SDLKENACKNRYPDIKAYDQTRVKLAVINGLQTTDYINANFVIGYKERKKFICAQGPMESTIDDFWRMIW
EQHLEIIVMLTNLEEYNKAKCAKYWPEKVFDTKQFGDILVKFAQERKTGDYIERTLNVSKNKANVGEEED
RRQITQYHYLTWKDFMAPEHPHGIIKFIRQINSVYSLQRGPILVHCSAGVGRTGTLVALDSLIQQLEEED
SVSIYNTVCDLRHQRNFLVQSLKQYIFLYRALLDTGTFGNTDICIDTMASAIESLKRKPNEGKCKLEVEF
EKLLATADEISKSCSVGENEENNMKNRSQEIIPYDRNRVILTPLPMRENSTYINASFIEGYDNSETFIIA
QDPLENTIGDFWRMISEQSVTTLVMISEIGDGPRKCPRYWADDEVQYDHILVKYVHSESCPYYTRREFYV
TNCKIDDTLKVTQFQYNGWPTVDGEVPEVCRGIIELVDQAYNHYKNNKNSGCRSPLTVHCSLGTDRSSIF
VAMCILVQHLRLEKCVDICATTRKLRSQRTGLINSYAQYEFLHRAIINYSDLHHIAESTLD

PFAM
a pre-constructed HMM model database

for protein function domain prediction

http://pfam.sanger.ac.uk/

http://pfam.sanger.ac.uk/


Genome Annotation

Evidence based

Ab initio 
prediction

Genome Assembly



Procaryotic genomes Eucaryotic genomes

Online Services

1. RAST
2. NCBI

MAKER

Genome Annotation Tools 

Mark Yandell Lab
University of Utah



To run MAKER, you need the following files:

Genome sequence FASTA file

Protein sequencies:
• From related species
• Uniprot/Swissprot

Transcript sequences:
• Assembled from RNA-seq
• Transcriptome from related species



Where to run MAKER:

• Use CyVerse/XSEDE
https://wiki.cyverse.org/wiki/display/TUT/MAKER+2.31.9+with+CCTOOLS+Jetstream+Tutoria

• Use BioHPC
https://biohpc.cornell.edu/lab/userguide.aspx?a=software&i=65#c

https://wiki.cyverse.org/wiki/display/TUT/MAKER+2.31.9+with+CCTOOLS+Jetstream+Tutorial
https://biohpc.cornell.edu/lab/userguide.aspx?a=software&i=65#c


The MAKER Pipeline:

Campbell et al. Curr Protoc Bioinformatics. 
2014; 48: 4.11.1–4.11.39.



maker -CTL  #create control file templates

Create and edit control file

Use BioHPC

maker #run alignment or prediction software

Commands

SNAP or Augustus  #build model



maker -CTL  #create control file templates

Create and edit control file

Use BioHPC

maker #run alignment or prediction software

Commands
GFF3 file

SNAP or Augustus  #build model



Step 1. Repeat Masking

• Simple repeats:   e.g. “AAAAA…AAA”

• Prebuilt DB: Repbase

• Custom DB: build with RepeatModeler



genome=dpp_contig.fasta #genome sequence

…
model_org=all #select a model organism for RepBase masking in RepeatMasker

rmlib= #provide an organism specific repeat library in fasta format for RepeatMasker

repeat_protein= #provide a fasta file of transposable element proteins for RepeatRunner

rm_gff= #pre-identified repeat elements from an external GFF3 file 

prok_rm=0 #forces MAKER to repeatmask prokaryotes (no reason to change this), 1 = yes, 0 = no 

softmask=1 #use soft-masking rather than hard-masking in BLAST (i.e. seg and dust filtering)

… 
cpus=1

Control file: maker_opts.ctl *

• Keep this file in the directory where you execute the maker command.



Step 2. Train a gene prediction model

• Assembled RNA-seq

• Transcripts from related species

• Proteins from related species 

Training data set:

Procedures:

• Alignment with BLAST

• Refine exon-intron junctions with EXONERATE

• Build HMM model with SNAP or AUGUSTUS



MAKER control file for step 2:

genome=dpp_contig.fasta #genome sequence

…
est=transcriptome.fasta
altest=otherspecesgene.fasta
protein=protein.fasta
est2genome=1
protein2genome=1

Build model with SNAP



Step 3. Ab initio Prediction with SNAP or AUGUSTUS

genome=dpp_contig.fasta #genome sequence

…
snaphmm=pyu1.hmm
est2genome=0
protein2genome=0

GFF file with predicted genes



genome=dpp_contig.fasta #genome sequence
…
snaphmm=pyu2.hmm
est2genome=0
protein2genome=0

Two or more iterations



genome=contig.fasta

est=EST1.fa,EST2.fa
altest=myAltEST.fa
protein=myprotein.fa

model_org=simple
rmlib=myRepeat.fa
repeat_protein=rp.fa

est2genome=1
protein2genome=1

genome=contig.fasta

est=
altest=
protein=

model_org=
rmlib=
repeat_protein=

est2genome=0
protein2genome=0

Control file in first round of MAKER Following rounds of MAKER



maker_gff=pyu_rnd1.all.gff

est_pass=1 #pass on EST alignment in GFF
protein_pass=1   #pass on protein alignment in GFF
rm_pass=1   #pass on repeat alignment in GFF

pred_stats=1 #report AED stats

This way, MAKER would not run BLAST again, instead it will use the 
alignment from GFF file

Also included in following rounds of MAKER



A few other notes

1. Use MPI to parallelize the run:

2. Use both SNAP and AUGUSTUS for prediction. 

3. There is a tool to create custom gene, transcript and 
protein names.

mpiexec -n 40 maker -base output_rnd1 

In control file:  cpus=1



Related to running MAKER on BioHPC

1. Set tmp directory to /workdir/xxxxx:

2. Run mpiexec

3. Copy maker and repeatMasker to /workdir/xxxxx
These two directories contain large data files, better to keep 
them on /workdir

TMP=/workdir/xxxxx/tmp

mkdir /workdir/xxxxx/tmp

Create directory:

In control file:

/usr/local/mpich/bin/mpiexec -n 40  ….

Use machines with 
>=40 cores on BioHPC, 
and use all cores



Avoid under-fitting and over-fitting:
Evaluate results with AED Score
(Annotation Edit Distance)

AED=0: Genes models of perfect concordance with the evidence;
AED=1: Genes models with no evidence support

Cumulative Distribution of AED



Visualization  - JBrowse or IGV

JBrowse: https://biohpc.cornell.edu/lab/userguide.aspx?a=software&i=357#c
IGV: http://software.broadinstitute.org/software/igv/UserGuide

https://biohpc.cornell.edu/lab/userguide.aspx?a=software&i=357#c
http://software.broadinstitute.org/software/igv/UserGuide


Can I trust MAKER annotation?
If a gene of interest is missed from 
annotation:

makeblastdb -in myGenome.fa -parse_seqids -dbtype nucl

tblastn -query myProtein.fa -db myGenome.fa -out output_file

getorf -minsize 100 -sequence myGenome.fa -outseq myorf.fa

pfam_scan.pl -fasta myorf.fa –pfamB mydomain.hmm

Run TBLASTN with a closely related protein:  

Run PFAM on all ORF (slow, and exons only)
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