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Some basic bioinformatics tools
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 BLAST

° PSl-BLAST = Position-Specific Scoring Matrix

* HMM - Hidden Markov Model

\_ /




<> BLAST® myncer Ml
- " ’
Home Recent Results  Saved Strategies Help [Sign In] [Register]

» NCBI/ BLAST blastp suite Standard Protein BLAST
N c B I B LAS I blastn | blastp | blastx tblastn iblastx |

BLASTP programs search protein databases using a protein query. more... Resetpa
Bookmarl
* How does BLAST work? Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
Fom[ |
o Ll L3 T
e BLAST and Psi-BLAST: Position L
. eg e Y Or, upload file B )
independent and position specific _ ove.. |@
Job Title ‘
sco ri ng m atrix. Enter a descriptive title for your BLAST search &)
[] Align two or more sequences &
Choose Search Set
Database [Non-redundant protein sequences (nr) vie

Organism
Optional ‘ | [ Exclude *

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &

Exclude
Optional

Entrez Query I |

[] Models (XM/XP) [ ] Uncultured/environmental sample sequences

Score = 176 bits (447), Expect = 4e=50, Method: Compositional matrix adjust.
Identities = 98/232 (42%), Positives = 139/232 (60%), Gaps = 14/232 [6%)

Query 30 MAEVLTILELYEELRDEETPSGFTVDDVIQTGV==DNPGHPFIMTVGCVAGDEESYEVFEE 87
+ K LT +L+++ +D+ GF+ I +G NG Ve AGE +5Y F
Sbhijet 26 LOKCLTEDILWEQCEDRRDEYGF SFEQAT FSGSEWTNSG VGVYAGSHDSYYAFAP 749

Query 88 LFDPITISDRHGGYKEFTDKHETDLNHENLEGG===DDLOPNYVLSSRVRTGRSIKGYTLEP
D IT HG +KP+DFKH + 444+ L DD + 5+R+R BR++ L
Sbjct 80 FMDREITEAYHG=-HEFSDRHISSMDYROLNCPPFPADED=-EMINSTRIRVARNLAADPLGT

Query HCSRGERRAVERLSVEALNSLTGEFFGRY YPLESMTEREQOOLIDDHF LEDEPVSPLLLA
+R ER+ +E L AT, TGE FKGEYY L4+M++ E++QLI DHFLF K L +
BEbjet AVTREERKEIEHLVT SALGEFTGELRGEYYSLETMSDAEREQLIADHF LF-REEDEYLOS

Query SCGMARDWPDARGIWHNDNESFLVWVNEEDHLREVISMEKGGNMFEVFRRFCVGE 256
+G+ RDWP+ARGI+HND ER+FLVWVNEED LE+ISM+ G N+ EVE+R WV
Bbjet AGLERDWPEARGIFHNDAKTFLVWVNEEDQLRIISMOAGENILEVFERLEVA 248




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 alighments

The BLAST Search Algorithm

query word (W= 3)
Stepl Query: TGSQSLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEAFV

PQG 18
PEG 15

- PRC 14

Step2 nﬁlgh borhood PKG 14
words PNG 13

PDG 13

PHG 13  heighborhood
PMG 13  score threshold
PSG 13 (T =1 3)

PQA 12
POQN 12
efc...
Step3 £e S >
Query: 325SLAALLNKCKTPQGQRLVNQWIKQPLMDKENRIEERLNLVE A365
+LEA++L+ TP G R++ +W+ P+ D + ER + A

Subject: 290TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA330
High-scoring Segment Pair (HSP)


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

How does BLAST work

Step 2. scoring alighments

Number of Chance Alignments =2 X 10-73

////’

=73
F325 (2%)

Score = 288 bits (318), Expect
Identities = 2627325 (81%), Gaps
Strand=Flus/Plus

= 2
= 8

Query 1923 TCAGCCTACCATGAGAATAAGAGARNGA-AAATCAAGATCARAAGCTTATTCATCTGTTT

Sbject 33774 TCAGACTACCCTGAGAATAAGAGAAAGAGAAATGAAGACCTAGA-CTTATCCATCTCTTIT

Query 192 T TTTTTCETTEETE AR ACCCTETCTAARRAMCATAAATTTCTTTAATCAT

VL L L TN

sbict | Match=+2 |7¢ . RCAAATTTCTTTARATAT
Mismatch=-3

Query 2042 T TECCTETTTTC BGAATCTAATAGAGTEET

Ebjet 33893 TTTGCCTCTTTTCTCTGTGCTACAATTAATAAARLAATGARARGAATCTAATTTAATTET

Query 2101  ACAGCACTGTTA-T EGTTCTGTGG
Sbjet 33953 CTATGL&LATTAT% (;Eifj }éTTC$A%éﬂ
Query 2160  AAGTTCCAGTGTTC| — (5 + 4(2))= -13 [TGTGGGCTA
sbjct 34013 MT'T'W'TG:@@H&M%er;'mmém%i

Query 2220 AT====TAAATAARATCATTAATACT 2240

Ebjet 34073 ATTGCATARAAGAAACATTAATACT 34097

1981
j3g3z
2041
33892
2100
33952
2159
34012
2219
34072

NCBI-Discovery-Wo
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How does BLAST work

Step 2. Score each alignment — protein alignment

Number of Chance Alignments = 4 X 10-0
/

/
Sgore = 176 bits (447), Expect = 4e<50, Method: Compositional matrix adjust.

Identities = 98/232 (42%), Positives = 139/232 (60%), Gaps = 14/232 (6%)

Query 30 MAEVLTLELYEELRDEETPSGFTVDDVIQTGV--DNPGHPFIMTVGCVAGDEESYEVFEKE 87

+ K LT +L#+++ +D+ GE+ I +G NG Ve ARG +5Y F

Shiject 26 LOKECLTEDLWEQUCEDREREDEYGE SFEQATI FSGESEN TN SG====== VGVYAGSHDSYYAFAP 79
Query _L B \ I \. L \ -

K i K ™ I Ga
Shijct H il kil Q El p

K +5 E +1 F -3 - (11 + 6(1))= -

Query 1 Ry IG1 E]

+R ER+ 4+E L AT, TGEE FGEYY LA4+M++ ]_8
Shijet 138 AVTREERKEIEHLVTSALGEFTGELEGEKYYSLETMSD)

Query 205 SCGHMARDWPDARGIWHNDNESFLVWVNEEDHLRVISMEEGGHNMEEVFRRFCVGE 256
++ RDWP+ARGI+HND ER+FLVWVNEED LE+I5M+ G N+ EVF+R V
Shijet 197 AGLERDWPEARGIFHNDAKTFLVWVNEEDQLRIISMQAGSHNILEVFERLSVA 248

Scores from BLOSUMG62, a position independent matrix

- NCBI Discovery Workshops



IX

independent matr

, a position

BLOSUM®62

Ala

-2

-2

Cys
GIn

-1
-1

Glu

Gly
His

-3
-3

-3
-3

-3
-2

-1 -3

lle

-3

-2

Phe

Ser
Thr

-2 1

-3

-3

0
Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

Val



BLOSUMG62 substitution score is position independent

Sgore = 176 bits (447), Expect = 4e<50, Method: Compositional matrix adjust.
Identities = 98/232 (42%), Positives = 139/232 (60%), Gaps = 14/232 (6%)

Query 30 MAEVLTLELYEELRDEETPSGFTVDDVIQTGV--DNPGHPFIMTVGCVAGDEESYEVFEKE 87
+ K LT +L+++ +D+ GF+ I +G NG Ve AG +5Y F
Sbjet 26 LORCLTEDLWEQCEDRRDEYGF SFEQATIFSGEEWTNS G====== VGVYAGSHDSYYAFAP 79

Query HS LFDPIISD GYEPTD TDLNHENLEGG--JDRLOPNYVLSSRVRTGRSIKGYTLFF 144
D IT +KF<4+D + 4444 L Rk D 4+ S54+R+HR R4+ L
Shiject 80 FMDRITEA -HEPSD SSMDYKQLMCPPFRARED-KMINSTRIRVARNLAADPLGT 137

Query 145 HCSRGERRAVEELSVEALNSLTGEFREGEKYYPLESMTEEKEQQQL HFLFDEKPVSPLLLA 204
+R ER+ +E L AT, TeEE RGRYY L4+M++ E+4+(QL HFLF K L +

Sbjet 138 AVTREERKEIEHLVTSALGEFTGELEGKYYSLETMSDAEKEKQL HFLF=-KGGDEYLQS 196

Quary 205 SCGMARDWPDARGI NESFLVWVNEEDHLEVISMEEGGHNMEEVFRRFCVGE 256
++ RDWP+ARGI F+FLVWVNEED LR+I5M+ G N+ EVF+R V
Shjet 197 AGLERDWFEARGI ARTFLVWVNEEDQLRIISMOAGSNILEVFERLEVA 248

Scores from BLOSUMG62, a position independent matrix

- NCBI Discovery Workshops



PSSM Alignment: Globins

Globins are heme proteins, which bind and transport oxygen. This family summarizes a diverse set of homologous protein domains,
including: (1) tetrameric vertebrate hemoglobins, which are the major protein component of erythrocytes and transport oxygen in the
bloodstream, (2) microorganismal flavohemoglobins, which are linked to C-terminal FAD-dependend reductase domains, (3) homodimeric
bacterial hemoglobins, such as from Vitreoscilla, (4) plant leghemoglobins (symbiotic hemoglobins, involved in nitrogen metabolism in
plant rhizomes), (5) plant non-symbiotic hexacoordinate globins and hexacoordinate globins from bacteria and animals, such as
neuroglobin, (&) invertebrate hemoglobins, which may occur in tandem-repeat arrangements, and (7) monomeric myoglobins found in

- animal muscle tissue.

## i #oF #t

Feature 1
1ASH 1 ANKTRELCHKSL.[lz].QDGIIEIJIJ[}I{}i}aI{ KYF.[16].FAKQGQOKILLACHVLCA.[13].ELLDRHAR 99
query 2 TPAQIALVQQSF.[ 8].QAAY PLF.[ 4].IRDQGKKLMGTLAVVVG.|[13].RLAKLHVS B4
gi 13810249 18 NILQRLKvKNQW.[ll].SXGTI{ILEKI{IJ}iﬁfE; KFF.[12].FQAHIQRVFGGFDMCIS.[10].QLAHLHAQ 109
gi 20513982 3 SSHERSLIRKTW.[ 7].DVAH KMF.[16].FLAQAYTILAGLNVVIQ.[13].ALGGAHQA 96
gi 22001638 14 GEEQEALVLEKSW. | E].NLGI(JILE&EIIinIlC} QMF.[15].LKTHAMSVFVMTCEAAA.[16] .RLGATHLR 110

8

1

4

2

7

gi 22960923 SPADIHRVRTSF.[ 8].EMAL TLF.[ 3].MTRMKDKFIQTLAVLVG.[13].KLAVDHVR B89
gi 25495425 2 NEIKRLKvKLQW.[ll].DEErjalﬁf;f;}l}iczll KFF.[12].FRAFGMRVASGLDMVLS.[13].FLKAQHAP 115
gi 32417616 TYQQSKLVRDTI.[ 8].RITS NYF.[ 6].NGRQPRALTAVILGFAS.[13].RMCNKHCS 88
gi 33300043 12 TQEEKNDLEHSW. [ E].HIHCPlIJ(;}lqj}iIJIt RLF.[19].0AMRFMQVIEGAVKALD.[10].NLGRRHGK 106
gi 34447132 KLAVDHVR GVH.[ 8].FENHVLRVLNGLDNLIN.[13].HLSQQHKE 102

FLKAQHAP
RMCNEHCS
NLGRRHGK
HLSQQHKE

SIEDIRDIQHDW.[13].VFG(

Conserved Histidine
- NCBI Discovery Workshops



Heme Binding Site

Conserved Histidine

™

TFATLSELHCDKLHVD----PENFRLLG]
L KLHV P ++ +G
ILPAASRLA--KLHVSYGVQPTHYAPVG,

blastp

TF---ATLSELHCDKLHVDPENFRLLG
+ L++LH V P ++ +G
ILPAASRLAKLHVS-YGVQPTHYAPVG

DELTA-BLAST

- NCBI Discovery Workshops



Heme Binding Site

Conserved Histidine

™.

bla BLAST is not reliable for (&
alignment of homologous genes
between distantly related species.

DELTA-bLAS voaavovaaaa —— -
‘ILPMS RLAKLHVS-YGVQPT HYAPVGJ

- NCBI Discovery Workshops



Search PSSM with DELTA-BLAST

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

BLASTP programs search protein databases using a protein query. more... Resetpage  Bookmark

Enter Query Sequence
Enter accession number(s), gifs), or FASTA sequence(s) @ Clear Query subrange @

NP_0012&5030
—

Or, upload file Choose File | No file chosen [+
Job Title | ‘

Enter a descriptive title for your BLAST search (@)

Align two or more sequences &)

Choose Search Set

Datab - -
L] |Reference proteins (refseq_protein) El [>]
Or . =
Optional |Drnsnph|la melanogaster | Exclude L+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &)
Exclude Models (XM/XP) LI Unculturedfenvironmental sample sequences
Optional
Entrez Query |
Optional

Enter an Entrez query to limit search &)

Program Selection

Algorithm © blastp (protein-protein BLAST)
© PSI-BLAST (Position-Specific lterated BLAST)
© PHI-BLAST (Pattern Hit Initiated BLAST)
@ DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &

Show results in 2 new window

‘ Search database Reference proteins {refseq_protein) using DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)

(¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with + sign



Hidden Markov Model
HMMs are trained from a multiple sequence alignment

* . * a
Q5E240 BOVIN ---------—-- MPREDRATWESHNYFLKIT LDDFPKCFIVGADNYGS(K TRMS LRGK-AVY LMGE MRKATRG: H--PAL 16
RLRO:HUMHN - MPREDRATWKSNYFLKII LDDEPKCFIVGADNVGSK TEMSLRGK-AVV LMGK MEKATRG: N--PAL 76
RLAO0 MOUSE - MPREDRATWKSNYFLKII LDDEPEKCFIVGADNVGS(K TREMS LRGK-AVY LMGK MEKATRG: N--PAL 76
RLEO_RRT ——————————— MPREDRATWESHNYFLKII LDDFPKCFIYGADNVYGSE(K TRMSLRGK-AYY LMGEK MREKATRG: H--PAL 76
RLA0_CHICK - MPREDRATWKSNYFMKITL LDDEPKCFYVGADNVGS(K ITRMS LRGK-AVV LMGK MRKATIRG: N--PAL 76
RLAO0 RANSY - MPREDRATWKSNYFLKII LDDEPKCFIVGADNVGS(K TREMS LRGK-AVV LMGK MEKATRG: N--SAL 76
Q?ZUG3:BRBRE = MPREDRATWESHNYFLKIT LDDFPKCFIVGADNYGS(K TRLSLRGK-AVY LMGE MRKATRG: H--PAL 16
RLAO0 ICTPU - —---MPREDRATWESHNYFLKIIL LHDFPKCFIYGADNVYGSEK TRLSLRGK-ATY LMGE MREKATRG: H--PAL 76
RLRO:DROME - MYRENKARWKAQYFIKVY FDEFPECFIVGADNVGS(K TIRTSLRGL-AVYLMGK MEKATRG: N--PQL 16
RELA0 DICDI - MEGAG-SKREELFIEKATKLFTT KMIVAEADFVGES TRESTRGT-GAVLMGEK! IRKYIRDLADEK--PELD 5
Q54LPO:DICDI - MSGAG-SKRENYVFIEKATKLFTT KMIVAEADFVGS S ITRKSIRGI-GAV LMGKK! IRKYIRDLADSK--PELD 15
RLAO_PLAFS - MAKLSKQOKKQOMYTEKLSSLIQQ¥SKILIVHVDNVGSNOMASYRKS LRGK — HIILMGK IRTBLKKNL.}\V**PQ? 76
RLAO_SULAC - -~MIGLAVTTT KKIAKWEVYDEVAELT LET TITTANTEGFPADKLHEIRKKLRGK-ADIKY LFNITALENAG---—- ID 79
RLAQ0 SULTO ----MRIMAVITQERKIARKWKIEEVKELE LRE TITTANTEGFPADKLHDIRKKMRGM-AETKY FGTAARKNAG--——— LD¥S 80
RLAO:SULSO —---MERLALALEKQREVASWEKLEEVKELT IKNSHTILIGNLEGFPADKLHEIRKKLERGK - H IKY FEKIAARKNAG--——— IDI. 80
RLAO0 AERPE MS¥YY¥SLYGOMYKREKPIPEWKTLMLRELE FSK VVLFHDLTG.P FVV.RVRKKLWKK MMYARKRITLRAMEKAAGT.E - —-LDDN 86
RLA(0_PYRAE —MMLBIGKRRYVRTRQIPRRKVKIVSERT LOKEPYVFLFDLHGLS RILHEIRYRLRRY GVIKIIKFP FKIBFTKVIGG———IPH. 8b
RLAO0 METAC ------— MAEERHHT EHTPQWKKDETENIK I0s YFGMYGT: ILATKEMOKTRRDLEKDY -AVLEKY RALNQLG--——— ETIP 18
RLRO:METMR —————— MAEERHHT EHIPQWEKDETENIK| IQS8 VFGMVRIIgILBTKI IRRDLKDV—RVLKVIE IERBLNQLG ————— ESTP 78
RLAO_ARCFU ------ MRRVRGS———PPE.KVRRVEEIKRMISSKPVVBIVSFRNVPBG ITRREFRGK-AEIKVVEK LERALDALG--—-—— GD! 15
RLAO0 METKA MAVKAKGOPPSGYE PKV.T-\EWKRREVKELKILMDEENVGLVDLFIPBP IRAKLRERDIIIR METALEEKLDE R**PE% 88
RLAO0 METTH - MAHYAEWKKKEVOELHDLIKGYEVVGTANLADTIP A MROT LRDS - AL TRI K ISLALEKAGREL--ENYD 74
RLA0 METTL - —-MITAESEHKIAPWEIEEYNKLK LENGOIVALYDMMEYP A TRDKTR-GTMILEK IERATKEYAEE TGNPEFA 82
RLRO:METVH - ***MIDRKSEHKIHPWKIEEVNBLKI{LKSHNVIBLIDMMEVPBV IRDKIR*DQMIE IKRAYVEEVAEE TGNFEFA 82
RLAO0 METJA - -—---METKVEKEAHVAPWKIEEVKTLEKGLIKSKPYVAIVDMMDYP AP TRDEIR-DEVKLE| ITRALKEAAREE LHNPKELA 81
RLAO:PYRRB - MAHVAEWKEKEKEVEELANLIKS VIALYDVSSMPAYPLSOMRRLIRENGGLLEYV IELATEKAAQE LGKPEL 17
RLAO0 PYRHO - MAHVAEWKKEEVEELARKLIKS VIALYDVSSMPAYPLSOMRRLTRENGGLLEYV IELATEKARKE LGKPEL 17
RLRO:PYRFU = MAHVAEWKKEKEVEELANLIKS YVALYDVSSMPAYPLSQMRRL TRENNGLLRY IELATEKYAQE LGKPEL 77
RLA0 PYRKO -------—-—---- MAHVAEWKKEKEVEELANTIKS VIALYDVAGVPAYPLSKMRDKLR-GKALLRY IELRIKRRRIELGQDEL 16
RLRO:HBLMH - *MSHESERKTETIPEWKQEEVDHIV.MIES SVGVYVYNIAGIP MERDLHGT -AELRY LERALDDYD--——— DGL 19
RELA0 HALYO - -MSESEVRQTEVIPOQWKREEVDELVDFIES EVEVYVGVACID SMRRELHGS -AAY R YHRALDEVN---—— DGF 19
RLRO:HBLSH - -~MSAEEQRTTEEVPEWKRQEVAELVDLLET SVGVVNVTGIP MERGLHGO-AARLRI LYRALEEAG--——— DGLD 79
RLAO_THEAC - MKEVSQQKKELVNEITIEIKHSRSVBIVD.HGIR TRGENRGK-INLEKVIKKTLLFKALENLGD- —-—--EKLS 72
RLA0O_THEYO --------—----- MRKINPKEKE I¥SELA ITKSKAVAIYDIKGYR! TRAKNRDK-YKIKYVEKFLLFKALDSTHND- ——-EKLT 72
RLA0_PICTO --------——----- MTEPRQWKIDFVKNLENEINSRKVRBIVSIKGLRNN IRNSIRDK—RRIKV.RRRLLRLBIEN.GK————NNIV 12
ruler 1....... Alllc o oo ooao 21 Zl0c ccocoaa e £ () 0. . ... ... HUccocooaa 80........ 20




Hidden Markov Model (HMM) is more general than PSSM

Training set

NnnNnNQaoAn

HMM model

Pagni, et al. EMBnet Course 2003



Match a sequence to a model
Application: Function Prediction

0 M1M2 |2 M3 I3

vearesocr - ODOOOEIEN

Pagni, et al. EMBnet Course 2003



>unknown_protein
MALLYRRMSMLLNIILAYIFLCAICVQGSVKQEWAEIGKNVSLECASENEAVAWKLGNQTINKNHTRYKI P FA M

RTEPLKSNDDGSENNDSQDFIKYKNVLALLDVNIKDSGNYTCTAQTGQNHSTEFQVRPYLPSKVLQSTPD
RIKRKIKQDVMLYCLIEMYPQNETTNRNLKWLKDGSQFEFLDTFSSISKLNDTHLNFTLEFTEVYKKENG
TYKCTVFDDTGLEITSKEITLFVMEVPQVSIDFAKAVGANKIYLNWTVNDGNDPIQKFFITLQEAGTPTF
TYHKDFINGSHTSYILDHFKPNTTYFLRIVGKNSIGNGQPTQYPQGITTLSYDPIFIPKVETTGSTASTI

TIGWNPPPPDLIDYIQYYELIVSESGEVPKVIEEAIYQQNSRNLPYMFDKLKTATDYEFRVRACSDLTKT a pre_constructed HMM model database

CGPWSENVNGTTMDGVATKPTNLSTQCHHDNVTRGNS IAINWDVPKTPNGKVVSYL IHLLGNPMSTVDRE
MWGPK TRRIDEPHHKTLYESVSPNTNYTVTVSAITRHKKNGEPATGSCLMPVSTPDAIGRTMWSKVNLDS
KYVLKLYLPKISERNGPICCYRLYLVRINNDNKELPDPEKLNIATYQEVHSDNVTRSSAYTAEMISSKYF
RPEIFLGDEKRFSENNDIIRDNDEICRKCLEGTPFLRKPEITHIPPQGSLSNSDSELPILSEKDNLIKGA . . . . oe
NLTEHALKTLESKLRDKRNAVTSDENPILSAVNPNVPLHDSSRDVFDGEIDINSNYTGFLEITVRDRNNA for P rotein function domain P rediction
LMAYSKYFDITTPATEAEPTQSLNNMDYYLSTGVKAGAVLLGVILVF TVLWVFHHKKTKNELQGEDTLTL
RDSLRALFGRRNH
SDLKENACKNRYP
EQHLEIIVMLTNL

RRQITOYHYLTWK 4 4 wellcome trust
SVSIYNTVCDLRH > Sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT
-

EKLLATADEISKS institute

QDPLENTIGDFWR
TNCKIDDTLKVTQ
VAMCILVQHLRLE

Sequence search results
Show the detailed description of this results page.

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

I [
= MIZi2N W1z i3 - fadee {Stdpliosphatasciu——{laphiosphatasciu -

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Envelope . i -
ﬁﬂﬁﬂﬂl v e
To score . alignment

Immunoglobulin domain Domain C 80 27.0 3.5e-06
Immunoglobulin domain Domain CLO011 132 233 135 233 80 80 19.8 0.00063
n Fibronectin type III domain Domain CLO159 244 320 8 84 85 39.3 5.2e-10

Fibronectin type III domain Domain CLO159 425 340 425 [ 85 85 40.9 1.6e-10

fn3 Fibronectin type III domain Domain CL0159 534 452 532 11 83 8c 27.3 2.8e-06
¥ phosphatase Protein-tyrosine phosphatase Domain CLO031 1154 915 1153 1 234 235 283.6 9.5e-85 1096,1096
¥ phosphatase Protein-tyrosine phosphatase Domain CLO031 1212 1448 1212 1447 1 234 235 211.8 B8.5e-63 1390,1390

Comments or guestions on the site? Send a mail to pfam-help@sanger.ac.uk. Our cookie policy.
The Wellcome Trust

ttp://pram.sanger.ac.u



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

Genome Annotation

Genome Assembly

Evidence based ™ —N

)

Ab initio

prediction —N




Genome Annotation Tools

Procaryotic genomes Eucaryotic genomes

Online Services

1. RAST MAKER

2. NCBI Mark Yandell Lab
University of Utah



To run MAKER, you need the following files:

[Genome sequence FASTA file }

/Transcript sequences:
 Assembled from RNA-seq
_* Transcriptome from related species

Protein sequencies:
* From related species
* Uniprot/Swissprot



Where to run MAKER:

* Use CyVerse/XSEDE

https://wiki.cyverse.org/wiki/display/TUT/MAKER+2.31.9+with+CCTOOLS+Jetstream+Tutori:

e 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:

genome Assembly

|

RepeatMasker

BLAST

Gene Finders Protein Ewdence RNA Evidence

I

Exonerate

Synthesu;

An notate

0w

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




Use BioHPC

Create and edit control file

[maker -CTL #create control file templates

Commands

[m d ke I” #run alignment or prediction software

—

[SNAP Oor AUEUStUS sbuild mode




Use BioHPC

Create and edit control file

[ma ker -CTL #create control file templates ]

Commands

[ Ma ke I” #run alignment or prediction software ]

/

[SNAP Oor AUEUStUS sbuild mode




Step 1. Repeat Masking

* Simple repeats: e.g. “AAAAA...AAA”

* Prebuilt DB: Repbase

e Custom DB: build with RepeatModeler



control file: Maker_opts.ctl *

genome=dpp_contig.fasta #gpenome sequence

mOd e|_0 rg =a| | #select a model organism for RepBase masking in RepeatMasker

rm I | b= #provide an organism specific repeat library in fasta format for RepeatMasker

re peat_p rOtel n — #provide a fasta file of transposable element proteins for RepeatRunner
rm_gff= #pre-identified repeat elements from an external GFF3 file

p FO k_rm =O #forces MAKER to repeatmask prokaryotes (no reason to change this), 1 = yes, 0 = no

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

cpus=1

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



Step 2. Train a gene prediction model

Training data set:

* Assembled RNA-seq
* Transcripts from related species

* Proteins from related species

Procedures:

e Alignment with BLAST
* Refine exon-intron junctions with EXONERATE

e Build HMM model with SNAP or AUGUSTUS



MAKER control file for step 2:

genome=d pp_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

g e no me=d p p_CO nti g .faSta #genome sequence

snaphmm=pyu1.hmm
est2genome=0
protein2genome=0

¥

GFF file with predicted genes




/\/\ Two or more iterations

genome=dpp_contig.fasta #genome sequence

snaphmm=pyu2.hmm
est2genome=0
protein2genome=0




Control file in first round of MAKER

genome=contig.fasta

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

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

est2genome=1
protein2genome=1

Following rounds of MAKER

genome=contig.fasta

est=
altest=
protein=

model org=
rmlib=
repeat_protein=

est2genome=0
protein2genome=0




Also included in following rounds of MAKER

maker_gff=pyu_rnd1l.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



A few other notes

1. Use MPI to parallelize the run:

In control file: cpus=1

mpiexec -n 40 maker -base output_rndl

2. Use both SNAP and AUGUSTUS for prediction.

3. Thereis atool to create custom gene, transcript and
protein names.



Related to running MAKER on BioHPC

1. Set tmp directory to /workdir/xxxxx:
Create directory:

mkdir /workdir/xxxxx/tmp

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

In control file:
TMP=/workdir/xxxxx/tmp

2. Run mpiexec

/usr/local/mpich/bin/mpiexec -n ZIO

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



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

Cumulative Fraction of Annotations

1.0

0.9 4
08 1
07 14
06 1

05 1

0.4
0.3
0.2
0.1

0.0

= \fery well annotated
=== Heasonably annotated

= Poorly annotated

0 0.25 0.5 0.75 1

Eilbeck et al BMC Bioinformatics 2009



Visualization - JBrowse or IGV

JBrowse Fle View Help
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,0000 22,000 24000 26,000 | 28,000 30000 32,

Q Q &)\@\ contig-dpp-500-500 | + | Contig-0pp-500-500:20678.27109 (6.43KD) | Go | &)

21.250 22,500 23.750 25.000 26.250

- Reference sequence to see sequence ‘ Zoom in to see sequence ‘ Zoom in to see sequence Zoom in to see sequence Zoom in to see se
|

Gene spans maker-contig-dpp-500-500-exonerate_est?genome-gene-0.0

ice Repeatiasker Simple_repeat sp_:fcies: (ACAGAT )n | genus:5imple_repeat sgecies: (ACTGAG)n | genus:5imple_rep
s_p:ecies: (AC)n| genus:5imple_repeat sp_;cies: (CCAGAC)n | genus: Simple_ repeat sz;ecies: (TC
sp_ercies: (CGAATC)n | genus: Simple_repeat sp_ercies: (C

;mies: (CACAAT n | genus:Simple_repeat sp_;cies: (TACCAT )n | genus: Simple_repeat
—

species:A-rich | genus:Low_complexity

. e ————
Transcripts maker-contig-dpp-500-500-exonerate_estZgenome-gene-0.0-mRNA-2

e ———————
maker-contig-dpp-5300-500-exonerate_estZgenome-gens-0.0-mRMA-1

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 | trust MAKER annotation?

If a gene of interest is missed from
annotation:

Run TBLASTN with a closely related protein:

makeblastdb -in myGenome.fa -parse_seqids -dbtype nucl

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

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

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

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