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* BLAST slides have been adapted from an earlier presentation by W. Shane Sanders.

Biology Review

* Genome is the genetic rpicaton
material of an oNPolymifpse
: DOVPDA o
organism, normally
DNA but RNA possible A
(viruses) LH A RNA
translation
hcsome

* Central Dogma: T e
— DNA - RNA - Protein The Central Dogma of

Molecular Biology
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Primary Structure (Sequence)

* DNA and Proteins are
chemically complex, but
their “alphabets” are
rather simple.

— 4 nucleobases (A, C, T, G)
— 20 amino acids

* DNA sequences are
represented from 5’ to 3’

Primary Structure (Sequence)

* DNA and Proteins are T
chemically complex, but .= .+ ;; Lo
their “alphabets” are /( 5 { ') } ff
rather simple. — —

— 4 nucleobases (A, C, T, G) D:?m ;%w?mi?“ :r:‘r - ”O%f}"
— 20 amino acids ) o

* Protein sequences are oy F T
represented from NT to #f? ;? C?» z
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Storing Sequences

* GenBank ( *.gb| *.genbank)
— National Center for Biotechnology’s (NCBI) Flat File Format (text)
— Provides a large amount of information about a given sequence record
—  http://www.ncbi.nIm.nih.gov/Sitemap/samplerecord.html
— We've seen this before! (Remember NCBI Protein result?)

* FASTA (*.fasta | *.fa)
— Pronounced “FAST-A”
— Simple text file format for storing nucleotide or peptide sequences

— Each record begins with a single line description starting with “>” and is followed by one or

more lines of sequence

* FASTQ (*.fastq | *.fq)
— Pronounced “FAST-Q”

— Text based file format for storing nucleotide sequences and their corresponding quality scores
— Quality scores are generated as the nucleotide is sequenced and correspond to a probability

that a given nucleotide has been correctly sequenced by the sequencer

* Text files are also okay in many cases.

Storing Sequences

* FASTA format e FASTQ format

* Can represent nucleotide * Represents nucleotide
sequences or peptide sequences and their
sequences using single letter corresponding quality scores
codes

}E;‘ :“” o IKPEWYFLE! 1 “T::N:i:‘f;‘;}gzg :' TH(((***4) ) $B3++) (33%%) L Lx** 4k 1 1)) **55CCF>>>>>>CCCCCCCH5
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Sequence Alignment

Sequence alignment is the procedure of comparing two
(pairwise) or more (multiple) sequences and searching for
a series of individual characters or character patterns that
are the same in the set of sequences.

* Global alignment — find matches along the entire
sequence (use for sequences that are quite similar)

* Local alignment — finds regions or islands of strong
similarity (use for comparing less similar regions
[finding conserved regions])

Sequence Alignment

Sequence 1: GARVEY
Sequence 2: AVERY

Global Alignment:

GARVE-Y
—-A-VERY
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Global Sequence Alignment

* Many tools available, including Biology
Workbench (ALIGN tool)

e EMBOSS Needle
http://www.ebi.ac.uk/Tools/psa/emboss needle/

e Example: Human vs. Nematode Calmodulin
(global sequence #1 and #2)

Global Sequence Alignment

* EMBOSS Needle Options:

How much penalty to open a gap in the sequence?
How to compare residues?

STEP 2 - Setfyour pairwise alignment options

MATRIX GAP OPEN  GAP EXTEND QUTPUT FORMAT
BLOSUMB2 + 10 ~ 05 - pair v
END GAP END GAP END GAP
PENALTY OPERN EATEND
false ~ 10 ~ 05 -
N
Y
How much penalty to
Worry about 1,6 overhang at each
the ends?

end?
10

6/2/2016


http://www.ebi.ac.uk/Tools/psa/emboss_needle/

6/2/2016

Global Sequence Alignment

Length: 14%

#

# Identity: 146/149 (98.0%) Percent Identity and Similarity

# Similarity:  147/149 (98.7%) tify ali '

# Gaps: 0/149 { 0.0%) quantity alignment.

# Score: T45.0

Human 1 MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGONETEAELQ 50
PEEEEEETEEE et e e e e e e e e e e e e e el

Nematode 1 MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNFTERELQ 50

Human 51 DMINEVDADGNGTIDFPEFLIMMAREMKDTDSEEEIREAFEVFDKDGNGY 100
PEErrerrrrr e et e e e et r e rers

Nematode 51 DMINEVDADGNGTIDFPEFLTMMARKMKDTDSEEEIREAFRVFDKDGNGE 100

Human 101 ISARELRHVMINLGEKLIDEEVIEMIREADIDGDGQVNYEEFVQMMTIAK 149
PEREEEEEEE e et b e e e e e b e e e e et b iral

Nematode 101 ISAAFLEHVMINLGEKLIDEEVDEMIREADIDGDGQVNYEEFVIMMITE 149

Identical residues shown with |,

L. | similar residues with : and ., and

° Pretty darn S|m||ar- blanks represent dissimilar

residues.
11

Multiple Sequence Alignment

* Align many sequences simultaneously, normally
from multiple organisms

* Mathematically much more challenging, and
requires assumptions about data analysis

* Results can be used to generate phylogenetic tree

* Example software: MEGA, ClustalX

http://www.megasoftware.net/

. Molecular Evolutionary
http://www.clustal.org/ m Genmtics Amalysis
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MSA Example

—-MPREDRATWKSNYFLKII@LLDDEPKCFIVGADNY IRMS LRGK - AVV LMGKNEMME KA TRG! N--PAL;

Q5E940 BOVIN
RLAO_HUMAN —--MPREDRATWKSNYFLKIIQLLDDY¥PKCFIVGADNY IRMSLRGK-AVY LMGKNTMMRKATIRG: N--PAL;
RLA0 MOUSE —-MPREDRATWKSNYFLKITQLLDD¥PKCFIVGADNY TIRMS LREGK - AYV LMGK! MRKATRG H--PAL
RLAO_RAT —--MPREDRATWKSNYFLKIIQLLDDY¥PKCFIVGADNY IRMSLRGK-AVY LMGKNTMMRKATIRG: N--PAL;
RLAO_CHICK —--MPREDRATWKSNYFMKIIQLLDDY¥PKCFYYGADNY IRMSLRGK-AVY LMGKNTMMRKATIRG: N--PAL;
RLAO RANSY —--MPREDRATWKSNYFLKIIQLLDDY¥PKCFIVGADNY IRMSLRGK-AVY LMGKNTMMRKATIRG: N--SAL;
072ZUG3_BRARE ~-MPREDRATWKSNYFLKITQLLDDY¥PKCFIY¥GADNY IRLSLRGK-AVYLMGKNTMMRKATIRG: N--PAL;
RLAO_ICTPU —-MPREDRATWKSNYFLKIIQLLND¥PKCFIVGADNY IRLSLRGK-AIVLMGKNTMMRKATIRG: N--PAL;
RLAO_DROME —~-MYRENKAAWKAQYF IKYVELFDEFPKCFI¥GADNY IRTSLRGL-AVYLMGKNTMMRKATIRG H--PQL;
BLAO_DICDI —-MSGAG- SKRRKLFIEKATKLFTT¥DKMIVAEADFY IRKSIRGI-GAVLMGKKIMIRKVIRDLADSK--PELD
Q54LP0_DICDI —-MSGAG- SKRRNYFIEKATKLFTT¥DKMIVAEADFY IRKSIRGI-GAVLMGKKIMIRKVIRDLADSK--PELD

BLAO_PLAFS

SKILIVHY SYRKS LRGK - AT LMGK IRTALKKNL.BV**PQ%
RLAO_SULAC MIGLAVITTKKIAKAKYDEYAELTBKLKT HKT I LANIEGFP ADKLHE TRKK LRGK ADIKY LEN IALKNAG--
RLAO_SULTO -MRIMAYITQERKIAKWRIEEVKELE QK LRE¥HT IIIAN IEGFP ADKLHD IRKKMRGM - AEIRV)

RLRO:SULSO -MKRLALALKQRKVASWKLEEVKELT IKNSNTILIGNLEGFPADKLHE IRKKLRGK - A! IKVIE

RLAO_AERPE MSYV¥SLVEOMYKREKEIPEWKTLMLRELEBLFSKARYVLEADLTGER EFvVERVRKKLWKK - ¥PMMVAKKRITLEAMKARGLE - - -LDDN
RLRinYRBE fMMLRIGKRRYVRTRQIDRRKVKIVSERT LOK¥PYVFLFDLHGLS RILHE.RYRLRRY*GVIKIIKE FKIAFTKY|
RLAO _METAC MAEERHHTEHIPQWRKDE IENTK I90s 'VFGMVCIEILRTKM IRRD LKDV*RVLKVﬁ ﬁ BRALNQLG -

RLAO_METMA MAEERHHT EHIPQWKKDE TEN TKEL IQS HKVFEMVR TEG TLATK IQK TRRD LKDV - AVLKY, RALNQLG -
RLAO_ARCFU —-—-—- MARVRES - - -PPEFKVRAVEETKRMIS SKPVVATVSFRNVRAG) TRREFRGK - AE TKVVKNTLLE RALDALG - —
RLAO_METKA MBVKRKGQPPSGYEDKVREWKRREVKELKILMDEIE“VGLVDLIGIEBE TRAKLRERDITRMSR] MRIBLEEKLDER——DE!%
RLAO_METTH MAHVAEWKKKEVQELHDL IKG¥EVVGIANLADIDA MRQT LRDS - ALTRMSKK [.TS LALEKAGRE L—-ENVD
RLAO_METTL MITAESEHK IAPWKIEEVNKLKELLKNGQTVALVDMME VDA TRDK IR- ETMIELKMSRETL TE HATKE vAEE TENPEFA
RLAO_METVA MIDBKSEHKIBDWKIEEVNBLKIELKSBNVIBLIDMMEVPRV IRDKIR—DQMI;KW RHTTIKRAVEE VAEE TGNPEFA
RLAO_METJA METKVKAHVAPWKTEEVKTLKGL IKSKPYVAT¥DMMDYE AP TRDK IR- DK¥KLRMSRNTTL.TTRALKE AAEE LNNPKLA
RLAO_PYRAB ----MAHVAEWKKKEVEELANLTKS¥DVTALYDYSSMPAYPLSQMRRL TRENGGTLRVSRNTLTE L ATKK AAQE LEKPE L
RLAO_PYRHO ----MAHYAEWKKKEVEELAKLIKS¥PVIALYDVSSMDAYPLS QMRRL TRENGGLL RV SRNIT TE LATKK ABKE LEKPEL
RLAO_PYRFU ----MAHVAEWKKKEVEELANLTKS¥PYVALYDYSSMPAYPLSQMRRL TRENNGTLLRVSRNTTTE [.ATKK VAGE LGKPE I
RLAO_PYRKO MAHVAEWKKKEVEELAN I IKS¥PVIALYDYAGVE A YPLSKMRDK LE- GKALLRV SKI IELAIKRABELGQEEL
RLAO_HALMA R

RLAO_HALVO R

RLAO_HALSA MSAEEQRTTEEVPEWKRQEVAELVDLLET ¥DSVGVYNYTETE MRRELHEO - AAL RMSRI

RLAO0 THEAC
RLAO_THEYVO
RLAO_PICTO

“ruler

IRGKNRGK-INLKYIKK LFKALENLGD-
TRAKNRDK - ¥KTRV VKK ELLF RALDS IND—
TRNSTRDK - ARIKV.RBRLLRLAIENIGK*

—---MKEVSQOKKE LYNEIT IKBSRSVRIVD.AGIR
—---MRKINPKKKE TVSELAQD ITKSKAVATVDIKGVR!

MSAESERKTET IPEWKQEEVDAIVEMIES¥ESVGVYNIAGIP MRRDLHGT - AELRYV,
MSESEVRQTEVIPQWKREEVDELVDF IES¥ESVGV VGVAGTR SMRRE LHGS - RAV RM|
MTEEBQWKIDFVK“LENEINSRKVBAIVSIKGLRNN

MSA of Ribosomal Protein PO from Wikipedia, “Multiple Sequence Alighment” 13
Bacteria Archaea Eukaryota
Green
Filamentous i
Spirochetes bacteria Entamoebas ';'k;'l"_‘rs Animals
Gram Methanosarcing . ' Fung!
Proteobacteia Methanobacter .l.'n Halophiles e Plants
cyancbaceria NV | | T Ciliates
PFlanctomyces ! ~ Flagellates
Pyrodicticum II h
Bacterides Trichomonads
Cytophaga
Microsporndia
Themuoto ga
. ‘_._____f Diplomonads
Agquifex
Phylogenetic Tree derived from ribosomal proteins, Wikipedia “Phylogenetic Tree” 14
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Why Sequence Alignment?

. To determine possible functional similarity.
. For 2 sequences:

a. Ifthey’re the same length, are they almost the same
sequence? (global alignment)

. For 2 sequences:

a. Isthe prefix of one string the suffix of another?
(contig assembly)

. Given a sequence, has anyone else found a
similar sequence?

. To identify the evolutionary history of a gene or
protein.

. To identify genes or proteins.

BLAST:
Basic Local Alignment Search Tool

A tool for determining sequence similarity

Originated at the National Center for
Biotechnology Information (NCBI)

Sequence similarity is a powerful tool for
identifying unknown sequences

BLAST is fast and reliable
BLAST is flexible
http://blast.ncbi.nlm.nih.gov/
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Flavors of BLAST

blastn — searches a nucleotide database using a nucleotide query
DNA/RNA sequence searched against DNA/RNA database

blastp — searches a protein database using a protein query
Protein sequence searched against a Protein database

blastx — search a protein database using a translated nucleotide query
DNA/RNA sequence -> Protein sequence searched against a Protein database

tblastn — search a translated nucleotide database using a protein query

Protein sequence searched against a DNA/RNA sequence database -> Protein

sequence database

thlastx — search a translated nucleotide database using a translated

nucleotide query

DNA/RNA sequence -> Protein sequence searched against a DNA/RNA sequence

database -> Protein sequence database

17

BLAST Main Page

€ © blastncbinim.nihgov

&
<o BLAST®
)

Home
» NCBU BLAST Home
News
BLAST finds regions of similarity between biological sequences. more..
Microbial BLAST

‘ [ Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. _Go)

Anew microbial BLAST page is
avaiable.
Mon, 04 Jun 2012 12:00:00 EST

BLAST Assembled RefSeq Genomes
More BLAST news
Choose a species genome to search, or list all genomic BLAST databases

o Human o Oryza sativa o Gallus gallus

o Mouse o Bos taurus o Pan troglodytes Tip of the Day

o Rat o Danio rerio o Microbes

o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera Use Genomic BLAST to see the

‘genomic confext

Basic BLAST If you ar interested in the evolution
of a particular gene or gene famiy
itis often ntetesting to examine the
intro-exon structure even across
species.

Choose a BLAST program to run.

ucleotide blast | Search a nucleotide database using a nucleotide query
——— Al s: blastn, megablast, discontiguous megablast More tips..
. Search protein database using a protein query
protein blast
Algorithms: blastp, psi-blast, phi-blast, defta-blast
blastx | Search protein database using a translated nucleotide query

thlastn ‘ Search translated nucleotide database using a protein query

thlastx | Search translated nucleotide database using a translated nucleotide query

Specialized BLAST

Choose a type of specialized search (or database name in parentheses.)

6/2/2016
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W
Lsian inl [Reaiste]

+NCEU BLAST/ biastn suite Standard Nucleotide BLAST
| twatn | pissto | piasts | missin | mssts |
Enter Query Sequence T —— : —— e
Enter gifs), or FASTA ™ Clesr  Ouerysubrange
From
To

h Sequence Input

CHLETLD Choase File | Mo file chosn @
Job Title
Enter descripive e fo yous B

Align two or more sequences &

T search &

Choose Search Set
Database % Human genomic + transcript © house penomic + ranscigt © Others {ar stc )
Human genomic plus transcript (Human G+T) [=] @

Exclude Madels (M0P) £ Unculturediemironmental sample sequences h Databases to

Search Against

mit search @

Program Selection
Optimize for @ Highly similar sequences (megablast)

Mose dissimilar sequences (discontiguous megablast) ‘ Program
Samawhat similar saquances (blastn) Selection

Seatch databaso Human G+T using Megablast (Optimize for highly similar sequences) ’
Shaw resuits ina new window Click to Run!

@ Algorithm paramters
r

€ © € O blastncbinimnihgoy, FAE Y
. BLAST®
>

Home RecentResuhts  Saved Strategies  Help
»NCBY BLAST) blastp suite Standard Protein BLAST Same Page
bissin [Wesin| 1 € - C © blastncbinimnih.gow/Biast g PROGRAY x OGRAY t - TSPESY| X Organization

Enter e [T wyncn

Bl ~ Home RecentResuls | Saved Stratsgies Help a0

» NCBU BLASTI blastx Translated BLAST: blastx
iatn | blssto | bl € C  © blastncbinim.nihgov/Blast M ¥ M: a : ? 1445, 9

Or, upload fil Enter Query
Job Title Enter accession

. + NCEU BLASTI tbastn Translated BLAST: tblastn
Align two ¢
: tlastn | blastp | diexts [thiaatm | misate
o €  C O blastacbinimningov, M=tblastx&BLA GF X&PAGH ) v 7 A
Database Or, upload file Enter Q
Organism Genetic code. Entor acce R
Ophona
Job Title
[ + NCBY BLASTI thlastx Translated BLAST: thlastx
Gptians @ |
e caduadl biastn | plastp | blests | thiastn | thiest |
options Bestmee Dectot
Choose Seai|  ™**P* | o query Sequence s avery. Mot ik _
Progam$ Database sb Te Enter accession number(s), gi(s), or FASTA sequence(s) & Clest  Query subrange &
Algorithm b sl Align tw From
§ To
ki Choose
Optone boabose |
Entrez Ques , upl e [
Ry Crpasism | Choose File | No file chosen w
Optiona Genetic code Standard (1)
Job Title
- lud
Align two or more sequences &
[ Algorithn pa)
= Choose Search Set
T BIAS Datahase Nucleotids coliection (nr/nt)
Organism
Dptional — Exclude .*

nial, or tax id. Oy 20 fop 1213 will be shawn. &

@Algorithm

Exclude Models (XWXP) [*] Unculured/emironmental sample sequences
phonal
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BLAST Example

* What gene is this?

>unknown_sequence_1
TGATGTCAAGACCCTCTATGAGACTGAAGTCTTTTCTACCGACTTCTCCAACATTTCTGCAGCCAAGCAG
GAGATTAACAGTCATGTGGAGATGCAAACCAAAGGGAAAGTTGTGGGTCTAATTCAAGACCTCAAGCCAA
ACACCATCATGGTCTTAGTGAACTATATTCACTTTAAAGCCCAGTGGGCAAATCCTTTTGATCCATCCAA
GACAGAAGACAGTTCCAGCTTCTTAATAGACAAGACCACCACTGTTCAAGTGCCCATGATGCACCAGATG
GAACAATACTATCACCTAGTGGATATGGAATTGAACTGCACAGTTCTGCAAATGGACTACAGCAAGAATG
CTCTGGCACTCTTTGTTCTTCCCAAGGAGGGACAGATGGAGTCAGTGGAAGCTGCCATGTCATCTAAAAC
ACTGAAGAAGTGGAACCGCTTACTACAGAAGGGATGGGTTGACTTGTTTGTTCCAAAGTTTTCCATTTCT
GCCACATATGACCTTGGAGCCACACTTTTGAAGATGGGCATTCAGCATGCCTATTCTGAAAATGCTGATT
TTTCTGGACTCACAGAGGACAATGGTCTGAAACTTTCCAATGCTGCCCATAAGGCTGTGCTGCACATTGG
TGAAAAGGGAACTGAAGCTGCAGCTGTCCCTGAAGTTGAACTTTCGGATCAGCCTGAAAACACTTTCCTA
CACCCTATTATCCAAATTGATAGATCTTTCATGTTGTTGATTTTGGAGAGAAGCACAAGGAGTATTCTCT
TTCTAGGGARAGTTGTGAACCCAACGGAAGCGTAGTTGGGAAAAAGGCCATTGGCTAATTGCACGTGTGT
ATTGCAATGGGAAATAAATAAATAATATAGCCTGGTGTGATTGATGTGAGCTTGGACTTGCATTCCCTTA
TGATGGGATGAAGATTGAACCCTGGCTGAACTTTGTTGGCTGTGGAAGAGGCCAATCCTATGGCAGAGCA
TTCAGAATGTCAATGAGTAATTCATTATTATCCAAAGCATAGGAAGGCTCTATGTTTGTATATTTCTCTT
TGTCAGAATACCCCTCAACTCATTTGCTCTAATAAATTTGACTGGGTTGAAAAATTAAAA

21

BLAST Results

My NCEI

»NCBY BLAST blastn suitef Formatting Results - PIJKSHEMO 14

sign In] [Reqi

Edit and Resubmit ~Save Search Strategies > Formatting options  » Download YoullllT§ How to read this page  Blast report descrintion

unknown_sequence_1

RID PWIKSHSMO14 (Expires on 06-04 08:23 am)
Query ID Icl|Query_25657 Database Name nr
Description unknovn_sequance_i Description HNucleotide collection (nt)
Molecule type nucleic acid Program BLASTH 2.2.31+ & Citstion
Query Length 1110

Other reports: 3earch Summary [Taxonomy reports] [Distance tree of results]

©Graphic Summary

Distribution of 127 Blast Hits on the Query Sequence &

Mouse over to see the define, click to show alignments |

Golor key for alignment scores

<40 4050 50 80-200 >=200
]

Query
I | |

| | |
1 200 400 600 800 1000

22
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Interpreting BLAST Results

* Max Score — how well the sequences match

* Total Score — includes scores from non-contiguous
portions of the subject sequence that match the query

* Bit Score — A log-scaled version of a score

— Ex. If the bit-score is 30, you would have to score on
average, about 23° = 1 billion independent segment pairs
to find a score matching this score by chance. Each
additional bit doubles the size of the search space.

* Query Coverage — fraction of the query sequence that
matches a subject sequence

* E value — how likely an alignment can arise by chance

* Max ident — the match to a subject sequence with the
highest percentage of identical bases

Installing BLAST Locally

Executables and documentation available at:
ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/

Documentation:
http://www.ncbi.nlm.nih.gov/books/NBK1762/

6/2/2016
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ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/
http://www.ncbi.nlm.nih.gov/books/NBK1762/

Homology Modeling

¢ Proteins with similar T file
sequences tend to have
similar structures.

* When sequence identify is
greater than ~25%, this rule
is almost guaranteed

— Exception: See Philip Bryan
and ufold SWitChing" Distance from HSSP threshold

Number of proein pairs

Below ~28% sequence identity,

* Can we use this to predict the number of structurally
structures? dissimilar aligned pairs explodes.
Rost, Prot. Eng. 12(2): 85-94 »

What is Homology Modeling?

* Consider: Protein with known sequence, but
unknown structure

* Use sequence alighnment (protein BLAST) to
identify similar sequences with known structures
— These are termed “template structures”

* “Map” unknown sequence onto known backbone
— Side chains may be more ill-defined: it’s a model!

26
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Homology Modeling Servers:
SWISS-MODEL

SWISS-MODEL

Welcome to SWISS-MODEL

SWISS-MODEL is a fully automated profein structure homology-modelling server,
accessible via the EXPASY web server, or from the program DeepView (Swiss
Pdb-Viewer). The purpose of this server is to make Protein Modelling accessible to all
biochemists and molecular biologists worldwide.

Start Medelling

* Web page: http://swissmodel.expasy.org/
* Fastest option, can take less than 5 minutes

* Final model typically based on a single template
(users can upload their own)

27

Homology Modeling Servers:
Phyre?

} ‘ 2
‘] ‘\/// (’ {\\
Protein Homology/analog¥ Recognition Engine V 2.0

* Web page: http://www.sbg.bio.ic.ac.uk/phyre2/

* Trade off: can take 1-2 hours depending on server
demand, but better structures

* Uses multiple templates, users can exclude files

28

6/2/2016
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http://swissmodel.expasy.org/
http://www.sbg.bio.ic.ac.uk/phyre2/

Homology Modeling Servers:
I-TASSER

“-TASSER

~_ Protein Structure & Function Predictions

(The server completed predictions for 277187 proteins submitted by 68857 users from 124 countries)

(The template library was updated on 2016/05/26)

* Web page: http://zhanglab.ccmb.med.umich.edu/I-TASSER/
* Slowest option by far; can take a day or more

* Uses multiple templates and performs sophisticated
refinement

Homology Modeling Example

* Sequence for Pinl protein:

MADEEKLPPG WEKRMSRSSG RVYYEFNHITN ASQWERPSGN SSSGGKNGQG
EPARVRCSHL LVKHSQSRRP SSWRQEKITR TKEEALELIN GYIQKIKSGE
EDFESLASQEF SDCSSAKARG DLGAFSRGQOM QKPFEDASFA LRTGEMSGPV
FTDSGIHIIL RTE

* Use BLAST to identify a homologous cis-trans
prolyl isomerase in Methanocorpusculum
labreanum

6/2/2016
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http://zhanglab.ccmb.med.umich.edu/I-TASSER/

Homology Modeling Example
* Initial BLASTp result:

(=)Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.

1 i = 7 1 125 1= 16
Query seq. binding ochet
Specific hits W
Superfanilies WW superfamily Y Rotamase_2 superfamily )]
Hulti-donains SurfA

Distribution of 77 Blast Hits on the Query Sequence &

Mouse-over to show defline and scores, click to show alignments ‘

Color key for alignment scores
<40 40-50 B80-200 >=200

I I I 1 |
30 60 90 120 150

Query
I

* Sequence (only second domain found):

MVRVKASHIL VKTEAQAKEI MQKISAGDDF AKLAKMYSQC PSGNAGGDLG

YFGKGOMVKP FEDACEFKAKA GDVVGPVKTQ FGWHIIKVTD IKN
31

Result: SWISS-MODEL

SWISS-MODEL Woceing :
= A Project
Isomerase ted today at 17 3¢
remotes @ m b
Model Results o Ordor by GMQE
~ ligo State Ligands GIGE GMEANA
? & MONOMER Hone: 07 £75% v
LN
- Tomplate SoqMemtiy Coverage  Descripion
P61A 5341% i ¥ v
w01 B SV
HIAINTERACTING
Model Template Alignment v
.* ongo-state Liganss GMGE OMEANA 4 53
S MONOMER Hone 075 305 ¥
"
YD
v Template SeqMeatty Coversge  Descrouon
ains 1A 5341% Peptdy-prolyi cis-trans %
[ ceizn - | isomerase NMAinteracting
1
Mogel-Tempiate Alignment v

* View this result at:
http://swissmodel.expasy.org/interactive/wYh9Ak/models/ .,

6/2/2016
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http://swissmodel.expasy.org/interactive/wYh9Ak/models/
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Result: SWISS-MODEL

Model #01 File Built with Oligo-State Ligands GMQE QMEAN4

g
Y PDB ProMod Version 3.70. MONOMER None 0.71 675

oMEANd ST A g :

cp 241 E_l—l A | , hu—uww
AllAtom 2340 | E | § ! I
Solvation 758 . Ml il i
Torsion 276 E | 3

Found

Oligo-state by Method Resolution Range Coverage Description

Seq
Template Similarity

Seq
Identity
PEPTIDYL-PROLYL CIS-TRANS
2xpE.1.A | 5341  monomer BLAST X-ray 1.90A 0.45 3-90 095 ISOMERASE NIMA-INTERACTING
1

Ligand Added to Model Description
12P - Binding site not conserved DODECAETHYLENE GLYCOL

4G2 * - Binding site not conserved. 2-(3-CHLORO-PHENYL)-5-METHYL-1H-IMIDAZOLE-4-CARBOXYLIC ACID

w
@

Result: Phyre?

Model (left) based on template dijnsa

Top template information
Fold:FKBP-like
Superfamily:FKBP-like
Family:FKBP immunophilin/proline isomerase

Confidence and coverage
Confidence: 99.9% Coverage:
89 residues ( 96% of your sequence) have been
modelled with 99.9% confidence by the single highest
scoring template.
Interactive 3D view in JSmol

For other options to view your downloaded structure
offline see the FAQ

Image coloured by rainbow N — C terminus
Model dimensions (A): X:38.631 Y:32.251 7:31.193
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Result: Phyre?
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* Download entire result, which is a duplicate of

the website, can be viewed here:
http://folding.chemistry.msstate.edu/files/bootcamp/phyre2/summary.html

* Final resultis called final.casp.pdb

35
Result: I-TASSER
L]
20 40 &0 80
1 I 1 1
qQ MVRVRASHILVRTEAQAREIMQKI. L QC! FGRGRMVEEFEDAC] WVGEVRTQFGWHIIKVIDIRN
Prediction
Conf.Score 96 44864, 99 9999 69: 9999967659
HiHelix; 5:Strand; G:Coil
20 40 &0 80
I 1
qQ MVRVRASHILVRTEAQAREIMQKI. L QC! FGRGRMVEEFEDAC] WVGEVRTQFGWHIIKVIDIRN
Prediction 764340311116357405502630673640351056317344376323233045662243025003716645336234163100003046458
Values range from 0 (buried residue) to 9 (highly exposed residue)
* Results available at:
http://folding.chemistry.msstate.edu/files/bootcamp/itasser/
* Final resultis called final.casp.pdb
36
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http://folding.chemistry.msstate.edu/files/bootcamp/phyre2/summary.html
http://folding.chemistry.msstate.edu/files/bootcamp/phyre2/summary.html
http://folding.chemistry.msstate.edu/files/bootcamp/itasser/

Comparison of Results

* Download the following PDBs from the Boot
Camp Website:
— 1pin.pdb — Original Pin1 Structure
—swiss.pdb  — SWISS-MODEL Result
— phyre2.pdb — Phyre? Result
— itasser.pdb  — I-TASSSER Result

* A pre-aligned PyMOL session (pse file) is also
provided

37

Comparison of Results
e Colors:

— SWISS-MODEL
— Phyre?
— I-TASSER

* Important: How
much side chain
accuracy do | need?

38
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Other Resources:

EMBL-EBI (European Bioinformatics Institute) -
http://www.ebi.ac.uk/

DDBJ (DNA Data Bank of Japan) - http://www.ddbj.nig.ac.jp/

NCBI’s Sequence Read Archive (SRA) -
http://www.ncbi.nlm.nih.gov/sra

UCSC Genome Browser:
http://genome.ucsc.edu/

IGBB’s Useful Links Page - http://www.igbb.msstate.edu/links.php

Many, many more available online, just search.

Summary

Sequence alignment is an important tool for
searching and understanding how proteins are
related

BLAST can be used to search for similar sequences in
large protein/DNA databases (and also works in tools
like the PDB)

Homology modeling can be helpful way to
understand structures of unknown proteins
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