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

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

— Command line version also available

* Alternative: Biopython (library for the python
programming language)

* Example: Human vs. Nematode Calmodulin
(download sequences. txt 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
BLOSUME2 « 10 * 05 - pair -
END GAP END GAP END GAP
FENALTY OPERN EXTEND
false ~ 10 ~ 05 -
N
Y

How much penalty to
have overhang at each
end?

Worry about
the ends?

10

10
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http://www.ebi.ac.uk/Tools/psa/emboss_needle/

Global Sequence Alignment

Length: 14%

#
# Identity: 146/149 (98.0%) Percent Identity and Similarity
# Similarity:  147/149 (98.7%) tify ali '
% Gapa: 07143 { 0.0%) quantify alignment.
# Score: T45.0
Human 1 MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLEQNETEAELD 50
PELETRERER e e e e et e e e e e e e e e e e e el
Nematode 1 MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLEQWETEAELQ 50
Human 51 DMINEVDADGNGTIDFPEFLTMMARKMKDTDSEEEIREAFRVFOKDGNGY 100
PEEETEETEE e e e e e e e e e e e e e e e e e errerts
Nematode 51 DMINEVDADGNGTIDFPEFLTMMARKMKDTDSEEEIREAFRVFDKDGNGF 100
Human 101 ISARELRHVMINLGEKLIDEEVDEMIREADIDGDEQVNYEEFVOMMIZK 149
PEEETEEEEE e e e e e e e e e e e e e e e il
Nematode 101 ISAAFLEHVMTNLGEKLIDEEVDEMIREADIDGDEQVNYEEFVIMMITK 149
Identical residues shown with |,
L. | similar residues with : and ., and
* Pretty darn similar! blanks represent dissimilar

residues.
11

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
— https://www.ebi.ac.uk/Tools/msa/clustalo/
* Example software: MEGA, ClustalX
http://www.megasoftware.net/
http://www.clustal.org/ m Molecular Evolutionary
12
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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
13
Bacteria Archaea Eukaryota
Green
Filamentous i
Spirochetes bacteria Entamoebas ';'k;'l"_‘rs Animals
Gram Methanosarcing . ' Fung!
Proteobacteia Methanobacter .l.'n Halophiles — Plants
cyancbaceria NV | | T Ciliates
Flanctomyces 4 ™ Flagellates
Pyrodicticum II h
Bacterides Trichomonads
Cytophaga
Microsporndia
Themuoto ga
. ‘_._____f Diplomonads
Agquifex
Phylogenetic Tree derived from ribosomal proteins, Wikipedia “Phylogenetic Tree” 14

14

6/3/2021



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.

15

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/

16
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http://blast.ncbi.nlm.nih.gov/

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

tblastx — 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
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BLAST Main Page

2 BLAST: Basic Local Alignment - X [iSal

= VRN O

m

BLAST® Home Recent Results Saved Strategies Help ‘

C ® | © & hitpsy//blast.ncbinim.nih.gov/Blast.cgi

U.S. National Library of Medicine & nfitzkee@chemistr

National Center for Biotechnology Information

Basic Local Alignment Search Tool ‘
A new feature was added to Primer-BLAST. |
BLAST finds regions of similarity between biological sequences. The N We now offer the ability for user to run primer-blast from
program compares nucleotide or protein sequences to sequence '!, NGBl =asarby page
databases and calculates the statistical significance. Learn more s
Tue, 23 Feb 2021 12:00:00 EST 2 More BLAST news

Web BLAST

BLAST Genomes

| —

Human Mouse Rat Microbes

18

18
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<« C @ © & hupsyblastacbinim.ningov/Blastogi?PROGR: B 9%+ © ¥

Standard Nucleotide BLAST
X

m blastp blastx thiastn thlast

22 Nucleotide BLAST: Search nuc/ X

LN S @

| =

Job Title [

Align two or more saquences @

Choose Search Set

[ Nucleotide collection (nwint) v 10

Orgasien ‘ | exclude (Aadorgamsm)

Exclude () Models p0xP) ] Uncutured/environmental sample sequences
Limit to [ Sequences from type material
Entrez Query [ YoulfiT)

(]

Program Selection
Optimize for @ Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megabiast)
Somewhat similar sequences (blastn)

BLAST Search database Nucleotide collection (nr/n) using ¥

| show resuits i a new window

gablast (Optimize for highly similar sequences)

Database @ Standard databases (or eic.) () RNAITS databases () Genomic + transcript databases ) Betacoronanirus

" search . more.
Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear Query subrange @
From New columns added to the
Description Table . &=
To Click *Select Columns' or ‘Manage |
- Columns’ h
O Soioet e Browse... | No fle selected (-] e Sequence Input

= Databases to

Search Against

Program
Selection

R
«— Click to Run!

19

€ © blastncbinim.nihgow
BLAST®
Home  RecentResults Saved Strategies Help

&
=
s

»NCBY BLAST/ blastp suite

Standard Protein BLAST

biastn [basin |} € - € © blastacbinimnihgov;
Enter Ques

Entor acoossi

» NCBU BLASTI blastx Translated BLAST: blastx
blasin | bisato |B8 € € | © blastacbinim.nihgov,
Or, upload fik Enter Query
Job Title Enter accession
. » NCBU BLAST) thiastn Translated BLAST: tblastn
Align twa ¢
. st | blastp | pissee [tbiaatn | misare
Choose St €  C O blastacbinimanihgov,
Database Or, upload file Enter Q -
Organism Genetic code Entor acce R

Same Page
TSPEYY| A Organization

iSian In] (B

Job Title
Exclude »NCBY BLASTI blastx Translated BLAST: thlastx
N Al .
Entrez Guory caduadl biasin | piastp | blests | thiastn [ thiastx |
Opticnal Or, upload o
Choose Seal " Enter Query Sequence s e
Program § [atalnte 90 The Enter accession numberfs), gifs), or FASTA sequencefs) & Clesr  Querysubeange &
L | Organism >
Algorithm et e peams] From
, To
Exclude Choose
T Database O volond Bk
Entrez Ques , uploas e [
ol Crpasism 2 | Choose File | No file chosen “
Optionat Genetic code Standard (1)
Job Title
luds
(BLAST ety BRI T D
ez Que Align two or more sequences &
#lAlgorithm pa | @Algorithm paran -
@ Choose Search Set
T BIAS Datahase Nucleotide collection (ne/nt)
Organism
Dptional _ Exclude T
YT Vol or tat . Oy 20 109 563 wil be shown. €
Exclude Models 0WKP) ] Uncutured/emvironmental sampie sequences

20
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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

£ NCBI Blastunknown_sequence X
<~ C @ © & hitpsy/blast.ncbinim.nihgov/Blastcgi B (som e | | Q Search vyin® O ® =
~
[  us NationalLibrary of Medicine NCBI National Center for Biotechnology Information nitzkee@chemistrymsstateedu  MyNCBI  Sign Out
0
BLAST 5 blastn suite >» RID-BJOMSXDVO16 Home  RecentResults  SavedStrategies  Help
BLAST Results
|| Editand Resubmit Save Search Strategies +Formating oplions > Download
1| Job title: unknown_sequence_1 Youlllll§ How to read this page  Blastreport description Click here to use the new BLAST resuits page
RID BI9MBXDVO16 (Expires on 06-05 02:59 am)
Query ID Icl|Query_54597 Database Name nt
| Description unknown_sequence_1 Description Nudleotide collection (nt)
Molecule type dna Program BLASTN 2.12.0+  Citation
|| queryLength 1110
|
Other reports: b Search Summary [Taxanomy reports] [Distance tree of results] [MSA viewer]
& Graphic Summary
Distibution of the top 116 Blast Hits on 100 subject sequences &
Wouse over to see the tile, clickto show alignments
Color key for alignment scores
W <40 Wd0-50 W 50-80 Ms0-200 W>=200
[ 1 I ) 1 |
1 200 400 600 800 1000
= 22
[E Questions/comments
v
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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

23

Installing BLAST Locally

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

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

24

24
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Aligning via Structure

* So far we’ve focused on sequence alignment:
looking at the primary (DNA or protein)
sequence

* What about structural alignment? (Think
shape or similar domains)

» VAST (Vector Alignment Search Tool) at NCBI:
https://structure.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

25

25
* Proteins with similar T hie
seguences tend to have
similar structures.
<}
B
* When sequence identify is &
greater than ~25%, this rule £
is almost guaranteed - :
— Exception: See Lauren Perskie- 15 -10 5 0 s 10
Porter, Phll Bryan and ufold Distance from HSSP threshald
switching” ) )
Below ~28% sequence identity,
the number of structurally
e Can we predict structures? dissimilar aligned pairs explodes.
Rost, Prot. Eng. 12(2): 85-94 26
26
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https://structure.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

What is Homology Modeling?

* Consider: Protein with known sequence, but
unknown structure

* Use sequence alignment (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!

27

27

Homology Modeling Servers:
SWISS-MODEL

SMSE A0

] ] yrmeoe@ =

* 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)

28

28
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http://swissmodel.expasy.org/

Homology Modeling Servers:
Phyre?

-

Phyra?

Protein Homology/analogY 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

29

29

Homology Modeling Servers:
I-TASSER

I-TASSER

; -, Protein Structure & Function Predictions:

(The server completed predictions for 621243 proteins submitted by 149610 users from 158 countries or regions)

(The template library was updated on 2021/05/23)

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

30

30
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Homology Modeling Example

* Sequence for Pinl protein:

MADEEKLPPG WEKRMSRSSG RVYYFNHITN ASQWERPSGN SSSGGKNGQG
EPARVRCSHL LVKHSQSRRP SSWRQEKITR TKEEALELIN GYIQKIKSGE

EDFESLASQF SDCSSAKARG DLGAFSRGOM QKPFEDASFA LRTGEMSGPV
FTDSGIHIIL RTE

* Use BLAST to identify a homologous cis-trans

prolyl isomerase in Methanocorpusculum
labreanum

31

31

Homology Modeling Example
* |nitial BLASTp result:

(=)Show Conserved Domains

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

i 5 5 i 10 1 150 19
fuery seq.

binding pochst
specific hits WK

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

<a0 40-50 50-200 >=200
O —=.
30 60 90 120 150

» Sequence (only second domain found):

MVRVKASHIL VKTEAQAKEI MQKISAGDDFE AKLAKMYSQC PSGNAGGDLG

YFGKGOMVKP FEDACFKAKA GDVVGPVKTQ FGWHIIKVTD IKN
32

32
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Result: SWISS-MODEL

ritied Pr

t| Models

«c->CcQ9a epasyorg . R +MSOem@

Untitled Project created toc

summary  Tempiates @) RCCEIR] ProjectDat ~
Model Results ¢ Order by v
Obgo-State © Ligands © GUOE® QMEAN©

Monomer  Hione: 079 066dY

Global Quaity Estimate  Local Quality Estimate  Comparison -~

avean BT oss ey
P—

sonaton i -0 09

torson LT 045 % | caoons || > [a]s
0o Template Seqidentity Coversge  Description 4 o
e

(Prsa)

255 Angstrom Resolution
Crystal Syuchure of Pepacyiprolt
1somerase (PrsA) from Bacilius

Hodel Tempiate Alignment ~

 We’'ll do this model in class

33

33

Result: SWISS-MODEL

Oligo-State @ Ligands © GMQE @ QMEAN ©
Monomer None. 079 066107
" e Global Quality Estimate Local Quality Estimate Comparison ~

cveon I 055 o A
o BT M o

woamor- | Ao I T o7

sovaton | 0 000

Residue Number

Template Seqidentity  Coverage Description
6V)6.1.A 55.56% Peptidylprolyl isomerase (PrsA) v
256 Angstrom Resolution Crystal Structure of Peptidylprolyl Isomerase (PrsA) from Bacillus cereus

Model-Template Alignment

gzl RVKESHIIDKTERQAKEIMQRT SAGDDEAKIAINYSQCE

&v16. 4.8 VSHILYKEXTAKETREKLY)s GEDFARLAKO WS E 0P cSEEDGEPLSElPG oG MVKEFEDAZ DKLEV G ofDsE AVEDs FIGPRTIKLTUDK - 202

Click here to view Ramachandran plots, structure quality by residue, etc.

34

34
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Result: Phyre?

Top model

Model (left) based on template dijnsa
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

35

35
Result: Phyre?
BT & v K 51 UYKTEAQAKET MO L5 A GDDE K LAY Q0 G W DL G ¥ chiomcy
_Dn 7-)- S S —— —
e condonce: PSR
T 0 CF K ¢
_Dn S
—
S ? Disurdere.d(ﬂ%}
tar) 1 o e
* 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 result is called final.casp.pdb
36
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http://folding.chemistry.msstate.edu/files/bootcamp/phyre2/summary.html

Result: I-TASSER

20 40 60 80

1 | 1
Sequence  MVRVRASHILVETEAQAREIMOKISAGDDFAKLARMESQC LGYFGRGQMVEPFEDACFKARAGDVVGEVETQFEHHT IKVIDIEN
Prediction CC555555555CCHHEHEHEHEHCCCCHAHEEHRECCCCCCCCCCCCCCCCCCCCCHRREHRRE e 5
Conf.Score 96 244854 9973586 9009 £983799009 67659

H:Helix; S:Strand; C:Coil

20 40 &0 80
1 | 1 1

Sequence MVRVFASHILVRTEAQAREIMQORISAGDDFARLARMYSQCI LGYFGRGOMVRFFEDACFRARAGDVVGFVRIQFGWHI IKVIDIEN
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 result is called modell.pdb

37

Comparison of Results

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

* PyMOL can help us here using the “align”
command (align.pse)

38
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http://folding.chemistry.msstate.edu/files/bootcamp/itasser/

Comparison of Results

p &'\ * Colors:
IO~
e, . — SWISS-MODEL
‘ — Phyre?
— |-TASSER

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

39

39

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

40
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