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Biology Review

* Genome is the genetic
material of an

organism, normally
DNA but RNA possible
(viruses)

* Central Dogma:
— DNA - RNA - Protein

replication
(DNA -> DNA)
DNA Polymerase

DOTDOWA DN

transcription
(DNA -> RNA)
RNA Polymerase

PRSP R

translation
(RNA -> Protein)
Ribosome

O-O0-0-0-0O-0O0 Protein

The Central Dogma of
Molecular Biology



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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D.  Amino Acids with Hydrophobic Side Chain
Alanine Valine lsoleucine  Leucine  Methionine  Phenylalanine Tyrosine Tryptophan
(Tip)

* Protein sequences are
represented from NT to
CT
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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.nlm.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.


http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html

Storing Sequences

e FASTA format

* Canrepresent nucleotide
sequences or peptide
sequences using single letter
codes

e FASTQ format

* Represents nucleotide

sequences and their
corresponding quality scores

>gi|5524211|gb|AAD44166.1| cytochrome b [Elephas maximus maximus]
LCLYTHIGRNIYYGSYLYSETWNTGIMLLLITMATAFMGYVLPWGOMSFWGATVITNLFSAIPYIGTNLV
EWIWGGFSVDKATLNRFFAFHFILPFTMVALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLG
LLILILLLLLLALLSPDMLGDPDNHMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALFLSIVIL
GLMPFLHTSKHRSMMLRPLSQALFWTLTMDLLTLTWIGSQPVEYPYTIIGQMASILYFSIILAFLPIAGX
IENY

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

DUk ((((*%%+)) 5%++) (333%) . Lx**—4% 1 1) ) **55CCF>>>>>>CCCCCCCE5




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 alighnment — 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



Global Sequence Alignment

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

— Command line version also available

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

* Example: Human vs. Nematode Calmodulin
(download sequences. txt global sequence #1 and #2)


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

Global Sequence Alignment

e EMBOSS Needle Options:

How much penalty to open a gap in the sequence?

How to compare residues?

STEP 2 - Set|your pairnwvise alignment Options

MATRIX GAP OPEN  GAP EXTEND OUTPUT FORMAT
BLOSUMEBZ 10 + 0.5 ~ pair -
EMND GAP END GAP END GAP
PENALTY  OPFEN EXTEND
false - 10 ~ (5 -
N
Y

How much penalty to
Worry ab?out have overhang at each
the ends? end? 10



Global Sequence Alignment

# Length: 14%

# Identity:

# Similarity:

# apa:

# Score: T745.0

Human
Hematode
Human
Hematode
Human

Nematode

* Pretty darn similar!

146/149 (98.0%) Percent Identity and Similarity
147/149 (98.7%) ity all ;
0/149 ({ 0.0%) quantity alignment.

1 MADOLTEEQIAEFREAFSLFDKDGDGT ITTEELGTVMRSLGONPTEAELD

Lrreererreerrrrrr ettt
1 MADQLTEEQIAEFKEAFSLFDKDGDGT ITTRKELGTVMRSLGUNFTEAELD

51 CMINEVDADGNGTIDFPEFLTMMARKMKDTDSEEEIREAFRVEDKDGNGY

Lreeeeerrerrrrrrr ettt
531 CMINEVDADGNGTIDFPEFLTMMARKMKDTDSEEEIREAFRVEFDKDGNGE

101 ISAAFELRHVMTINLGEKLTDEEVDEMIREADI DGDGOVNYEEFVOMMTAK

O
101 ISAAELRHVMINLGEKLIDEEVDEMIREADIDGDGOVNYEEFVIMMITE

|dentical residues shown with |,
similar residues with : and ., and
blanks represent dissimilar
residues.

af

ad

100

1040

1435

1435
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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,

https://www.megasoftware.net/

E G A Molecular Evolutionary
Cenetics Analysis


https://www.ebi.ac.uk/Tools/msa/clustalo/
https://www.megasoftware.net/

Q5E940_ BOVIHN
RLAO HUMAN
RLAO_MOUSE

RLAO RAT
RLAO CHICK
RLAO_ RANSY

Q7ZUG3 BRARE
RLAO_ICTPU
RLAO DROME
RLAO DICDI

Q54LP0_ DICDI
RLAO_ PLAFS
RLAO SULAC
RLAO_ SULTO
RLAO_SULSO
RLAO AERPE
RLAO_ PYRAE
RLAO_METAC
RLAO_ METMA
RLAO_ARCFU
RLAO METKA
RLAO_ METTH
RLAO METTL
RLAO METYA
RLAO METJA
RLAO PYRAB
RLAO_PYRHO
RLAO PYRFU
RLAO_ PYRKO
RLAO HALMA
RLAO HALYO
RLAO HALSA
RLAO_ THEAC
RLAO_ THEYO
RLAO PICTO

"MSA Example

——————————— MPREDEATWKSHNYFLEITOLLDDEPECFIVGADNVYGS KOMOOTRMS LRGK - A¥Y ¥V LMGEKNTMMEKATREGHLENN - -PALE
——————————— MPREEDEATWKSHYFLKITOLLDDEPECFIVGADNVGS KOMOOTRMS LRGK -AYV LMGEKNTMMEKATRGHLENN --PALE
——————————— MPREEDEATWKSHYFLKITOLLDDEPECFIVGADNVGS KOMOOTRMS LRGK -AYV LMGEKNTMMEKATREGHLENN --PALE
——————————— MPREDEATWKSHNYFLKITOQLLDDEPECFIVGADNVGS KOMOOTIRMS LRGK - AYV LMGEKNTHMMEKATRGHLENN --PALE
——————————— MPREEDEATWKSHYFMKITOLLDDEPECFYVGADNVGS KOMOOTRMS LRGK -AYV LMGEKNTMMEKATREGHLENN --PALE
——————————— MPREEDEATWKSHNYFLKITOLLDDEPECFIVGADNVGS KOMOOTRMS LRGK -AYV LMGEKNTMMEKATRGHLENN --5ALE
——————————— MPREDEATWKSHYFLKITIOQOLLDDEPECFIVGADNVGS KQMOT IRLS LRGK - AYV LMGENTHMMEKATRGHLENN --PALE
——————————— MPREDEATWKSHYFLKITOLLNDEPECFIVGADNVGS KOMOT TRL.SLRGK-ATVLMGEKNTMMEKATRGHLENN --PALE
——————————— MYRENKAAWKAQYF IK¥YVELFDEFPECF IVGADNVGS KQMONIRT S LRGL - AV V LMGENTHMMEKATREGHLENN --POLE
——————————— MSGAG-SKEKKLFIEKATELFTTEDEMIVAEADEFVGS SQLOKIRKS IRG I -GAVLMGKETMIBRKY IRDLADSK--PELD
——————————— MSGAG-SKEKNYFIEKATELFTTEDEMIVAEADFVYGS SQLOKTRKS TRGT-GAVLMGKETMIREKY IRDLADSK--PELD
——————————— MAKLSKQOKKOMYIEKLSSLIQOESKILIVHYDNVYGSHQMASVRKS LRGK - AT ILMGENTRIRTALKKNLOAY--POIE

————— MIGLAVITTTEKKIAKWKYDEYAELTEKLEKTHKTITITANTEGFPADELHETREKKLEGK -ADIKEVIKENNLFN TALKNAG - - - - -EDIK
-—--MREIMAVITQERKIAKWKIEEVYKELEQKLEREYHTITIANTEGFPADKLHDIRKKMEGHM-AETKEYIKNTLFG IAAKNAG - — — —— LDY¥S
-—---MERLALALKQREY¥ASWKLEEVYKELTELIKNSNTILIGNLEGFPADKLHETRKKLEGE -AFTKEVIKNTLFK TAAKNAG —— — —— IDIE

ME¥Y¥SLYGOMYKREKP IPEWKT LMLEELEELFSKHREYVLF ADLTGTPIETFYVORVEKKLWKE -¥PMMVAKERTITLRAMKAAGLE — - -LDDN
-~-MMLATGKREYVYRTROXPARKVK IFSEATELLOKYP YYFLFDLHGLSSRILHEXYRYRLERY-G¥IKITKPTLFKIAFTEYYXGG - ——-IP AE

—————— MAEERHHT EHIPQWKKDETENIKEL TQSHKVFGMYGIEGILATEMOKTRED LEDV-AYVLEYVSENTLTE RATHOQLG-—----ETIP
—————— MAEERHHT EHIPQWKKDETENIKEL TQOSHKVFGMYEIEGILATEKIQKTRED LEDV-AVLEVYSENTLTE RALHNOLG-—----ESTIP
—————— MAAVRGS - --PPEXKVRAVEEIKRMISSKPVVYAIVSFENYPAGOMOKTRREFRGK-AETKYYENTLLERALDALG-----GDEL

MAYKAKGOPPSGYEPEKYAEWKRREYKELKELMDE¥ENYGLYDLEGIPAPQOLOE TRAKLRERDT ITRMSRNTLMR TALEEKLDER--PELE
------------- MAHY AEWKKKEYQELHDLIKGYEYY¥GIANLADIPAROLOKMROT LRDS -ALIRMSKEEKT LIS LALEKAGREL--ENY¥D
——————— MITAESEHKIAPWEKIEE¥NKLKELLENGQIVALYDMME VPARQLOEITRDE IR-GTMTLEMSRENTL.TERATKEYAEE TGNPEFA
——————— MIDAKSEHKIAPWEKIEEYNALKELLKSANYIAL IDMME VPAYOLOE IRDEK IR-DOMTLEMSENTLIKRAYEEYAEE TGNPEFA
———————— METEVYKAHYAPWEIEEVKETLKGL IKSKPYVAI¥DMMDYPAPQLOE IRDKE TR-DEVKLRMSRHTL.ITRALKEAAEE LHNPKLA
_____________ MAHVYAEWEKKEVYEELANLIKSEPVIALYDYSSMPAYPLSOMRRL IRENGGLLEYVSRNTLIE LATKKARQE LGKPELE
_____________ MAHYAEWEKKEYEELAKLIKSEPVIALY¥DY¥SSMPAYPLSOMREL IRENGGLLEYSRNTLIE LATKKAAKE LGKPELE
_____________ MAHVYAEWEKKEVYEELANLIKSEPVVALYDYSSMPAYPLSOMRRL IRENNGLLEYSRNTLIE LATKKYAQE LGKPELE
_____________ MAHYAEWEKKKEYEELANIIKSYP VY IALYDYAGYPAYPLSKMEDELR-GEKEALLRYSENTLIE LATKERAAQE LGOPELE

————— MSAE SERKTET IPEWKQEEYDAIVEMIESYESYVGYYNIAGIP SROLODMERDLHGT -AELRYSRNTLLE RALDD¥D- - - --DGLE
————— MSESEVRQTEVIPQWKREEYDELVYDF IESYESVGVYVYGVAGIPSROLOSMERELHGS -AAYRMSRENTLYNRALDEYN - - - - -DGFE
————— MSAEEQRTTEEYPEWKRQEYAELYDLLETEDSYVGVYYNVTGIPSKOQLODMERGLHGO - AAL RBMSRENTLLVRALEEAG - - - --DGLD
————————————— MEEV¥SQQKKE LVNEITORIKASESYATVDIAGTIRTEOIODTRGKENRGE - TNLEVIKEFLLFKALENLGD - - --EEKLS
————————————— MREINPKEKKE INSELAQOD ITKSKAVATVDIKGYRTFPOMODTRAKNRDE - YKIKVYEELILLFKALDS IND- - --EELT
————————————— MTEPAQWKIDFVENLENE INSREKVAATVSTKGLRNNEFQKETRNS TRDE-ARTEVSEARLLELATENEGE - - --NNIV
looooooo oo oooooo W0 00 ooooo EWooooo0o0oo 40, ....... SWooooooao o a0........ TO0........ 80........ 90

MSA of Ribosomal Protein PO from Wikipedia, “Multiple Sequence Alignment”
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MSA-Derived Phylogenetic Tree

Bacteria Archaea Eukaryota
Green
Filamentous i
gpirochetes bacteria Entamoeh as rIrJ1||:I-EE5 Animals
Gram | Methanosarcina Fung!
_ | POSITVES)  pyathanobacterium Halophiles
Proten bacteria et Plants
cyanchaceria Methanococcus I
T.celer
Planctomyces Thermop roteus Flagellates
. Pyrodicticum
Bacteroides : Trichomonads
Cytophaga : _ o
Microspondia
Thermotoga
_ Dip lo monads
Aguifex

Phylogenetic Tree derived from ribosomal proteins, Wikipedia “Phylogenetic Tree”
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3.

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. |sthe 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/



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



BLAST Main Page

@ = BLAST: Basic Local Alignment & X +

v = m] X

% 7 9 @ ® s § =

>» [ Other Bookmarks

&« C O [9 2 https://blast.ncbi.nlm.nih.gov/Blast.cgi

3] Import bookmarks... ¥ Most Visited 16 Tips to Make Your ... . Generate a CSR (certifi... [T HTML5 UP! Responsiv... How To Be More Creat...

National Library of Medicine

National Center for Biotechnology Information

Home Recent Results Saved Strategies Help

BLAST ©@
x
&% Take the BLAST survey today [ Start survey J
Basic Local Alignment Search Tool
BLAST+ 2.14.0 is here!
BLAST finds regions of similarity between biological sequences. The BLASTP, BLASTX, and TBLASTN are faster than before.
program compares nucleotide or protein sequences to sequence
databases and calculates the statistical significance. Learn more Fri, 28 Apr 2023 B More BLAST news...
Web BLAST

Human Mouse Rat Microbes
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@ = Nucleotide BLAST: Search nucl- X —+ v — O X

&« @ O B &2 https//blast.ncbinlm.nih.gov/Blast.cgi?PROGRAM=blas B 80% ¥ ) ®@ s @ =

-3 Import bookmarks... * Most Visited &2 16 Tips to Make Your ... - Generate a CSR (certifi... m HTML5 UP! Responsiv... » [D other Bookmarks
______________________________________________________________________________}

BLAST © » blastn suite Home Recent Results Saved Strategies Help

&% Take the BLAST survey today Start survey

Standard Nucleotide BLAST
blastp blastx tblastn tblastx

BLASTN prog search using a query. more...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear Query subrange @

From

Browse... | No file selected. (2}
Job Title

Enter a descriptive title for your BLAST search 9
D Align two or more sequences 9

Choose Search Set
Database @ Standard databases (nr etc.): O rRNA/TS databases O Genomic + transcript databases O Betacoronavirus

Try experimental taxonomic nt databases
(Bownoad )

\ Nucleotide collection (nr/nt) v @
Organism )
optional [ () exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown 9
Exclude [ ] Models (xM/xP)[_] Uncultured/environmental sample sequences
Optional
Limit to D Sequences from type material
Optional
Entrez Query ‘ Youllll} Create custom database
Optional Enter an Entrez query to limit search @

Program Selection

O somewhat similar sequences (blastn)
Choose a BLAST algorithm 0

Search database Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences) =

U Show results in a new window

BLA

= Algorithm parameters

VAL h
Or, upload file

WO Experimental databases
For more info see What are taxonomic nt databases? h

Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)

Sequence Input

Databases to
Search Against

Program
Selection

Click to Run!



Recent Results  Saved Strategies

Help

» NCBI/ BLAST/ blastp suite Standard Protein BLAST Same Page
blastn | blastp | | €= C | © blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastx&BLAST_PROGRAMS=blastx&PAGE_TYPE=B astSearch&Sl—OW__DE:AULTS:on&BLAST_SJE w A Organization
EiCHlE —, g AST®
- I
Elfr Gz Home  Recent Results Saved Strategies Help

Or, upload fil
Job Title

[C] Atign two ¢

Choose S¢
Database
Organism
Optional

Exclude
Optional

Entrez Query
Optional

Program S
Algorithm

[ BLAST

» NCBI BLAST/ blastx

bla: &«

blastn | blastp

Enter Query

Enter accession

Or, upload file
Genetic code

Job Title

[C] Align two or r

Choose Seal
Database

Organism
Optional

Exclude
Optional

Entrez Query
Optional

(_BLAST

(#)Algorithm pa)

(#)Algorithm paran

Translated BLAST: blastx

C' | ® blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=tblastn&BLAST_PROGRAMS=tblastn&PAGE_TYPE=B astSearch&SI—-OW_DE:AULTS:on&BLAST_53 Sk A

Recent Results ~ Saved Strategies  Help

» NCBI/ BLAST/ tblastn Translated BLAST: tblastn

blastn | blastp | blastx | tblastn | tblastx |

Enter Q €« C | @ blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM =tblastx&BLAST_PROGRAMS =tblastx&PAGE_TYPE=BlastSearch&SHOW_DEFAULTS=on&BLAST_SF di
nter
Enter acce
Recent Results ~ Saved Strategies  Help
» NCBI BLAST! thlastx Translated BLAST: tblastx
blastn | blastp | blastx | tblastn | tbhlastx
Or, upload Enter Query Sequence TBLASTX search translated nucleotide databases using a translated nucleotide query. more... Resetpage Bookmark
Job Title Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
[ Align tw From
To
Choose p
Database T e
Organism Choose File | No file chosen L2
Optional Genetic code Standard (1) |Z|
Job Title
Exclude — :
Optional Enter a descriptive title for your BLAST search @
Entrez Que [C] Align two or more sequences &
Optional
Choose Search Set
(-E———- Database MNucleotide collection (nr/nt) |Z| 7]
Or
Optional [ Exclude '+
Algorithm Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. @&
Extf_ﬂlldle [C] Models (¥M/%P) [l Uncultured/environmental sample sequences
ptiona
Eodrrmea e




BLAST Example

 What gene is this?

>unknown sequence 1
TGATGTCAAGACCCTCTATGAGACTGAAGTCTTTTCTACCGACTTCTCCAACATTTCTGCAGCCAAGCAG
GAGATTAACAGTCATGTGGAGATGCAAACCAAAGGGAAAGTTGTGGGTCTAATTCAAGACCTCAAGCCAA
ACACCATCATGGTCTTAGTGAACTATATTCACTTTAAAGCCCAGTGGGCAAATCCTTTTGATCCATCCAA
GACAGAAGACAGTTCCAGCTTCTTAATAGACAAGACCACCACTGTTCAAGTGCCCATGATGCACCAGATG
GAACAATACTATCACCTAGTGGATATGGAATTGAACTGCACAGTTCTGCAAATGGACTACAGCAAGAATG
CTCTGGCACTCTTTGTTCTTCCCAAGGAGGGACAGATGGAGTCAGTGGAAGCTGCCATGTCATCTAAAAC
ACTGAAGAAGTGGAACCGCTTACTACAGAAGGGATGGGTTGACTTGTTTGTTCCAAAGTTTTCCATTTCT
GCCACATATGACCTTGGAGCCACACTTTTGAAGATGGGCATTCAGCATGCCTATTCTGAAAATGCTGATT
TTTCTGGACTCACAGAGGACAATGGTCTGAAACTTTCCAATGCTGCCCATAAGGCTGTGCTGCACATTGG
TGAAAAGGGAACTGAAGCTGCAGCTGTCCCTGAAGTTGAACTTTCGGATCAGCCTGAAAACACTTTCCTA
CACCCTATTATCCAAATTGATAGATCTTTCATGTTGTTGATTTTGGAGAGAAGCACAAGGAGTATTCTCT
TTCTAGGGAAAGTTGTGAACCCAACGGAAGCGTAGTTGGGAAAAAGGCCATTGGCTAATTGCACGTGTGT
ATTGCAATGGGAAATAAATAAATAATATAGCCTGGTGTGATTGATGTGAGCTTGGACTTGCATTCCCTTA
TGATGGGATGAAGATTGAACCCTGGCTGAACTTTGTTGGCTGTGGAAGAGGCCAATCCTATGGCAGAGCA
TTCAGAATGTCAATGAGTAATTCATTATTATCCAAAGCATAGGAAGGCTCTATGTTTGTATATTTCTCTT
TGTCAGAATACCCCTCAACTCATTTGCTCTAATAAATTTGACTGGGTTGAAAAATTAAAA
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BLAST Results

e 8 NCBI Blast:Nucleotide Sequenc X + v == a X
« C QO B &2 httpsy//blastncbi.nim.nih.gov/Blast.cgi 80% % ® @ s O =
-3) Import bookmarks... L¥ Most Visited & 16 Tips to Make Your ... . Generate a CSR (certifi... m HTMLS UP! Responsiv... » [ Other Bookmarks

BE An official website of the United States government Here's how you know v

m National Library of Medicine

~

National Center for Biotechnology Information

BLAST @ » blastn suite » results for RID-7YY6WY0C016 Home RecentResults Saved Strategies Help
x
&2 Take the BLAST survey today Start survey
Save Search Search Summary v @ How to read this report? @ BLAST Help Videos *DBack to Traditional Results Page
Job Title Nucleotide Sequence Filter Results
RID 7YY6WYOCO016 Search expires on 06-08 02:20 am Download All v
’ i
Program BLASTN@ Citation v Organism only top 20 will appear [ ] exclude
Database ot . Seedetalie Type common name, binomial, taxid or group name
=+ Add organism
Query ID IcllQuery_27249
Description None Percent Identity E value Query Coverage
Moleculetype  dna ‘ ‘ to ‘ ‘ to ’ ‘ to ‘ ‘

Query Length 1110

Other reports Distance tree of results MSA viewer @ m
Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ¥  Selectcolumns ¥ Show | 100v | @
select all 100 sequences selected GenBank Graphics Distance tree of results ~ MSA Viewer
Description Scientific Name S UL ey - et 2 Accession
v v Score Score Cover value Ident Len
v v v v v -
Homo sapiens serpin family A member 7 (SERPINA7), mRNA Homo sapiens 2043 2043 99% 0.0 100.00% 2360 NM 000354.6
Human thyroxine-binding_globulin mRNA, complete cds Homo sapiens 2019 2019 99% 0.0 99.82% 1872 M14091.1
Pan troglodytes serpin family A member 7 (SERPINA7), mRNA Pan troglodytes 2012 2012 99% 0.0 99.64% 1589 NM 001009109.1 3
PREDICTED: Pongo pygmaeus serpin family A member 7 (SERPINA7), mRNA Pongo pygmaeus 1977 1977 99% 0.0 98.92% 2371 XM_054471959.1
PREDICTED: Pongo abelii serpin family A member 7 (SERPINA7), mRNA Pongo abelii 1965 1965 99% 0.0 98.73% 2371 XM_002831954.5 m
PREDICTED: Symphalangus syr serpin family A member 7 (SERPINA7), mRNA Symphalangus ... 1943 1943 99% 0.0 98.37% 2365 XM 055269099.1
PREDICTED: Papio anubis serpin family A member 7 (SERPINA7), transcript variant X2, mRNA Papio anubis 1908 1908 99% 0.0 97.83% 1645 XM _003918082.5
PREDICTED: Macaca mulatta serpin family A member 7 (SERPINA7), transcript variant X1, mRNA Macaca mulatta 1897 1897 99% 0.0 97.65% 1656 XM_001088790.4 v




BLAST Results — Graphical Summary
and Alignments

@ = NCBI Blast:Nucleotide Sequenc X -+ v - O X

& @] O & & nhttpsy//blastnchinimnihgov. 8% ¥ 267 5 8 =

2 Import bookmarks... '!:I‘ Most Visited 16 Tips to Make Your ... . Generate a CSR (certifi.. ) [ Other Bookmarks

~
Descriptions Graphic Summ Alignments Taxonomy

& hover to see the title & click to show alignments

‘ NCBI Blast:Nucleotide Sequenc X + N = O X

Alignment Scores [ll<40 [l40-50 [J50-80 [W80-200 [W>=200 @
100 sequences selected @ O 8 52 https://blast.ncbi.nlm.nih.gov/Blast.cgi 80% 52? @ 5 ﬁ =
Distribution of the top 113 Blast Hits on 100 SUbjeCt sequences rks... ﬁ Most Visited 16 Tips to Make Your ... ' Generate a CSR (certifi... > [ Other Bookmarks

I I | ouem I I ”
1 200 400 600 800 1000 Graphic Summary Alignments Taxonomy

w | Pairwise ~ | | ] cDS feature @ Download ™

selected e

badv  GenBank Graphics ¥ Next <4Descriptions

apiens serpin family A member 7 (SERPINA7), mRNA
ID: NM_000354.6 Length: 2360 Number of Matches: 1

g 491 to 1596 GenBank Graphics Related Information
E Expect Identities Gaps Strand Gene‘ -associated gene
(1106) 0.0 1106/1106(100%) 0/1106(0%) Plus/Plus details
m PubChem BioAssay -
TGATGTCAAGACCCTCTATGAGACTGAAGTCTTTTCTACCGACTTCTCCAACATTTCTGE € bioactivity screening
\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\IHI\HHHI\HHIIII )
n @1  TGATGTCAAGACCCTCTATGAGACTGAAGTCTTTTCTACCGACTTCTCCAACATTTCTGC ¢ Genome Data Viewer -
aligned genomic context

Query 61  AGCCAAGCAGGAGATTAACAGTCATGTGGAGATG GGAAAGTTGTGGGTCT 1
\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\IHHHHHHHHIIII

Sbjct 551  AGCCAAGCAGGAGATTAACAGTCATGTGGAGATGCAAACCAAAGGGAAAGTTGTGGGTCT €

Query 121 AATTCAAGACCTCAAGCCAAACACCATCATGGTCTTAGTGAACTATATTCACTTTAAAGC 1

Sbjct 611 AATTCAAGACCTCAAGCCAAACACCATCATGGTCTTAGTGAACTATATTCACTTTAAAGC €

Query 181 CCAGTGGGCAAATCCTTTTGATCCATCCAAGACAGAAGACAGTTCCAGCTTCTTAATAGA

) \I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\I\IHI\HHHI\HHIIII
sbjct 671  CCAGTGGGCAAATCCTTTTGATCCATCC AAGACAGTTCCAGCTTCTTAATAGA 5

B Feedback

Query 241  CAAGACCACCACTGTTCAAGTGCCCATGATGCACCAGATGGAACAATACTATCACCTAGT :
CECLELELELRLELELEEEEEEE L LR ELE L P LR L L EE eI L
A Sbjct 731  CAAGACCACCACTGTTCAAGTGCCCATGATGCACCAGATGGAACAATACTATCACCTAGT 3




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:
https://ftp.ncbi.nim.nih.gov/blast/executables/blast+/LATEST/

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

25


https://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/
https://www.ncbi.nlm.nih.gov/books/NBK1762/

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)

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



https://structure.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

Homology Modeling

Proteins with similar
sequences tend to have

similar structures.

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

— Exception: See Lauren Perskie-
Porter, Phil Bryan and “fold
switching”

Can we predict structures?

Rost, Prot. Eng. 12(2): 85-94

——ruc
—fale Percenagesequencadentily
10 13 20 25 30 35

Number of proein pirs

1o :

I
I ] L] L] 1 i 1 L] L] L] I " ] | | I i | ] 1 L] 1 I 1 | |
-15 =10 -5 0 5 10
Ihstance from HSSP threshold

Below ~28% sequence identity,
the number of structurally
dissimilar aligned pairs explodes.
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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!




Homology Modeling Servers:
SWISS-MODEL

C @ © & nitpsy//swissmodel.expasy.org e | | Q Search v N @ D@ =
SWISS-MODEL

Modelling Repository Tools Documentation Login Create Account

SWISS-MODEL Repository

Every week we model all the sequences for
re species based on the latest
eome. |s your protein already

ate in SWISS-MODEL

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

* Final model typically based on a single template (users
can upload their own)
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Homology Modeling Servers:
Phyre?

Y A

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
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Homology Modeling Servers:
I-TASSER

. 'ETASSER

Protein Structure & Function Predictions

(The server completed predictions for 739548 proteins submitted by 182114 users from 160 countries)
(The template library was updated on 2023/05/01)

* Web page: https://zhanggroup.org/I-TASSER/
* Slowest option by far; can take a day or more

e Uses multiple templates and performs sophisticated
refinement



https://zhanggroup.org/I-TASSER/

Homology Modeling Example

e Sequence for Pinl protein:

MADEEKLPPG WEKRMSRSSG RVYYENHITN ASQWERPSGN SSSGGKNGOQG
EPARVRCSHL LVKHSQSRRP SSWRQEKITR TKEEALELIN GYIQKIKSGE
EDFESLASQEF SDCSSAKARG DLGAFSRGOM QKPFEDASFA LRTGEMSGPV
FITDSGIHIIL RTE

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



Homology Modeling Example
* |nitial BLASTp result:

{=) Show Conserved Domains

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

uuer‘g seq. bindina pocket

Specific hits (A[H]

Superfanilies W superfamily Y Rotamase_2 superfamily b
Hulti-donains Surf

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 20-200 >=200
Query
| | | | |
1 30 60 90 120 150

e Sequence (only second domain found):

MVRVKASHIL VKTEAQAKEI MQOKISAGDDE AKLAKMYSQC PSGNAGGDLG
YFEGKGOMVKP FEDACFKAKA GDVVGPVKTQ FGWHIIKVTD IKN
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Result: SWISS-MODEL

“Searching for
templates” lets you
select which
structure(s) are used to
build your homology
model.

If you aren’t
comfortable using
AlphaFold structures,
you can deselect them!

Alphafold have higher
seqguence similarity,
but you’re be building
a model derived from a
model

2] Import bookmarks... {} Most Visited U 16 Tips to Make Your ...

@ 82 Untitled Project | Templates X = +

G C

O 8 https://swissmodel.expasy.org/interactive/pQspull/templates/

Generate a CSR (certifi... m HTMLS UP! Responsiv...

Template Results o

Templates Quaternary Structure Sequence Similarity Alignment
More ~
l1sort #Coverage *GMQE #%QSQE +ldentity ¥Method #0Oligo State  #Ligands

[J  AO0A661MSA2.1.A Peptidylprolyl isomerase
AlphaFold DB model of ADA661MSA2_UNCDE (gene: AOA661MSA2_UNCDE, organism:

Deltaproteobacteria bacterium)
1.1 AlphaFold v2 onomer v None

v I
6vj6.1.A Peptidylprolyl isomerase (PrsA)
2.55 Angstrom Resolution Crystal Structure of Peptidylprolyl Isomerase (PrsA) from Bacillus cereus

[C]  6xd8.2.A Foldase protein PrsA 1
Crystal Structure of Peptidylprolyl Isomerase (PrsA) Fragment from Bacillus anthracis

v [

O 6vj6.2.A Peptidylprolyl isomerase (PrsA)
2.55 Angstrom Resolution Crystal Structure of Peptidylprolyl Isomerase (PrsA) from Bacillus cereus

v I
[J  6xd8.1.A Foldase protein PrsA 1
Crystal Structure of Peptidylproly! Isomerase (PrsA) Fragment from Bacillus anthracis

0 6vj4.1.A Peptidylprolyl isomerase PrsA
170 Anastrom Resolufion Crvstal Structure of Pentidvinrolvl Isomerase (PrsA) from Bacillus

0.94

0.81 5556  X-ray, 2.6A homo-dimer A 2 x 2NV©

0.81 58.43 X-ray, 1.5A monomer v None

0.81 5556  X-ray, 2.6A homo-dimer A 2 x 2NV©

0.80 58.43  X-ray, 1.5A monomer v None

120%  TY @ & @ s 9

How To Be More Creat...

&

Q

6vj6.1.A x
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Result: SWISS-MODEL

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

\

<@ a Untitled Project | Models X +

(5 C

-3) Import bookmarks... %} Most Visited & 16 Tips to Make Your ...

& e SWISS-MODEL

All Projects

Untitled PrOjeCt Created: today at 03:45

Summary Templates @) m

Project Data v
Model Results o Orderby: GMQE S
1 93
Oligo-State
Model 01 ~ Monomer
Structure GMQE
Assessment 0.80
= QMEANDIsCo Global:
=0

+0.09

QMEANDiIsCo Local ~

Local Quakty Estimale - Chain A

K]
3
oS
B ]
°
8]
b
E% 10 20 30 40 50 60 70 80 90
Residue Number

QMEAN Z-Scores ~
omvean BT T 7T 066

—r
cc HEEETT Mo
anaom IR T T 037 B et
solvanonmﬂ 09
torsion L. . UM 045 Protein Size (Residues)
Template v
6vj6.1.A Peptidylprolyl isomerase (PrsA) Seq Identity
2.55 Angstrom Resolution Crystal Structure of 55.56%
Peptidylprolyl Isomerase (PrsA) from Bacillus cereus Coverage
Model-Template Alignment ~

thodel o1 RURASHERYKTEAOARETHORTSAGODERRIRR ::

6vj6.1.A - [ OVSHILWKO(EL TAKEI -K[1):G:DFALLAK 144

O B https://swissmodel.expasy.org/interactive/pQspul/models/

() Generate a CSR (certifi... m HTMLS UP! Responsiv...

w

Modelling Repository Tools

4

@ &

0 How To Be More Creat...

Documentation

&

Cartoon a

Login

[ PN

(C)

s

!

8

X

» [ other Bookmarks

Create Account

>

Q

~
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Click structure

to download RGSUltI Phyrez

PDB file

Image coloured by rainbow N — C terminus
Model dimensions (A): X:38.631 ¥:32.251 7:31.193

Top model

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
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Result Phyre2

1. . N D B - |
S MV RV K HILVI{ E Q KEIMQKI DDF I{L KMY QC N DL GY F GKGQMVK
Secondary structure — »—AAAAARAAAAAL ————ARAARAAR —ARAA— >—— AR
|55 confidence By e = @ mmoocees
Disorder ?z 2 ? 777
- LT T T3 - oo - o > e -  oemm

. A . 3

el FEDACFKAK DVV VK QF WHIIKV DIKN
Secondary structure WAL LL———— —

S5 confidence - - .

Disorder

Disorder confidence

? Disordered ( 23%)
Confidence Key

' AR Alpha helix ( 34%)
H|gh(9)| “ “Low © i Beta strand ( 30%)

Download entire result, which is a duplicate of
the website, can be viewed here:

https://fitzkee.chemistry.msstate.edu/sites/default/files/bootcamp/phyre2/summary.html

Final resultis called final.casp.pdb
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Result: I-TASSER

Predicted Secondary Structure

20 40 &l 80
| | | |
Sequence MVEVEASHILVETERAQARETIMORISAGDDFARLARMYSQCESGHMAGGDLGY FGRGOMVEEPFEDACFRARRGDVVGEVETQFGWHIIEVIDIRN

Prediction CCS55555555CCHEHRHEAHHHAAHACCCCHHARHEHHACCCCCCCCCCCCCCCCCCCCCHRHHEARHAHCCCCCCCCCCSSCCCS555555555CC
Conf.Score S6TOOCEO00EE00000000000EET00E000000E0EE0965244E804553379087350000000083E00808 7887 T7T09E3799080867658
H:Helix; S:Strand; C:Coil

Predicted Solvent Accessibility

20 40 &l 80
| | | |
Sequence MVEVEASHILVETERAQARETIMORISAGDDFARLARMYSQCESGHMAGGDLGY FGRGOMVEEPFEDACFRARRGDVVGEVETQFGWHIIEVIDIRN

Prediction 76434031111635740550263067364035105631734437632323304560622430250037166045336234163100003046458
Values range from 0 (buried residue) to 9 (highly exposed residue)

* Results available at:
https://fitzkee.chemistry.msstate.edu/sites/default/files/bootcamp/itasser/

* Final resultis called modell.pdb
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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

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



Comparison of Results

e Colors:

— SWISS-MODEL
— Phyre?
— |-TASSER

* Important: How
much side chain
accuracy do | need?
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AlphaFold2: Neural Networks

Article

* G 00g le Dee pmin d Highly accurate proteinstructure prediction
Project: Exhaustively with AlphaFold

pre dict prote IN STrUCTUIre | smmmmmms: mimme i mm e whoms

" n 14 "
Recalved: 11 May 2021 laf Ronneberger*’, Kathryn Tunyasuvunakool™, Russ Bates", Augustin Zidek™,

Aniria Py ki, Alex Bridgland™, Clemens Meyer™, Simon A. A Kohl'™,
k Accepted: 12 July 2021 Andrew ). Ballard*, Andrew Cowle™!, Barnardino Romera-Paredes", Stanislav Nikolov*,
N Rishub tain™, Jonas Adler', Trevor Back', Stig Petersen’, David Reiman', Ellen Clancy’,
b a S e d O n I I O W n Published online: 15 luty 2021 Michal Zielinskl', Martin Stelnegger’®, Michalina Pacholska’, Tamas Berghammer’,
Open access Sebastian Bodenstein', David Silver’, Oriol Vinyals’, Andrew W. Senlor’, Koray Kavukeuogly',
Pushmest 1 Hassak sMﬂ
t t tt # Check for updates tKohll' & Damis:

S r u C u re p a e r l I S Protelns are essential tolife, and understanding thelr structure can facilitatea
mechanistic understanding of their function. Through an enormous experimental
offnrtl 4 tho ctretiroe of arrasmd 10680 A0 eminaoa nent aine haus hoon datorminaod® bt

* Not really homology
modeling, not really “ab
initio” or physics-based

* Extremely successful!

Jumper, et al. (2021) Nature. 596: 583. https://doi.org/10.1038/s41586-021-03819-2 41
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AlphaFold2 Website

Prediction Database: https://alphafold.ebi.ac.uk/

Entry:

© AlphaFold Protein Structure D= X +

< C O 8 nhttps://alphafold.ebiacuk 8% TY S @

-3) Import bookmarks... ¥ Most Visited &) Getting Started &2 16 Tips to Make Your .

AlphaFold Protein Structure Database

Downloads

AlphaFold
Protein Structure Database

Developed by DeepMind and EMBL-EBI

tor 2 At1g58602 Q5VSL9 E.coli Help: AlphaFold DB search help

Examples: | Free fatty acid receptor

Feedback on structure: Contact DeepMind

AlphaFold DB provides open access to 992,316 protein
structure predictions for the human proteome and other key
proteins of interest, to accelerate scientific research.

P12104 (Human Intestinal Fatty Acid Binding Protein)
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FABP Entry — P12104

Many entries exist,
but not so easy to run
this yourself on a new
structure

For more information
check out the
DeepMind website

https://www.deepmi

nd.com/research/hig

hlighted-

research/alphafold

© AlphaFold Protein Structure Do X + = [m} *

&« C O 8 nty

LF Most Visited &) Getting Started 16 Tips to Make Your

04 80% 1Y S =

+//alphaf

4] Import bookmarks. (3 Cther Bookmarks

receptor2  Atlg58602  QBVSLY

Fatty acid-binding protein, intestinal
AlphaFold structure prediction

Download ‘ PDB file I| mmCIF file H Predicted aligned error I

mFeedbackonstructure | Looks great I| Could be improved I

Information -
Protein Fatty acid-binding protein, intestinal
Gene FABP2

Source organism Homa sapiens (Human) go to search o

UniProt P12104 goto UniProt &

Experimental structures 7 structures in PDB for P12104 go to PDBe-KB &
Biological function FABP are thought to play a role in the intracellular transport of long-chain fatty acids and their acyl-CoA esters. FABP2 is probably involved in
triglyceride-rich lipoprotein synthesis. Binds saturated long-chain fatty acids with a high affinity, but binds with a lower affinity to unsaturated long-

chain faity acids. FABP2 may also help maintain energy homeostasis by functioning as a lipid sensor. go to UniProt &

Sequenceof  AF-PIZI4-F1 ¢  Chain % 1 Fatty acid

3D viewer @

FME FMGVRIVERE LARHDNLELT ITQEGNKE

Model Confidence:
M Very high (pLDDT > 90) o
Confident (90 > pLDDT > 70)
Low (70 > pLDDT > 50)
Very low (pLDDT < 50)
AlphaFold produces a per-residue confidence
score (pLDDT) between 0.and 100. Some

regions below 50 pLDDT may be unstructured

in isolation.



https://www.deepmind.com/research/highlighted-research/alphafold
https://www.deepmind.com/research/highlighted-research/alphafold
https://www.deepmind.com/research/highlighted-research/alphafold
https://www.deepmind.com/research/highlighted-research/alphafold

Comparison of AlphaFold2 vs 6L90

* Red: AlphaFold2

e Blue: Experimental
crystal structure

e Aligned using
PyMOL (align
command)
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AlphaFold2 Limitations

 Performs well for folded,
compact regions

* Less good on loops,
dynamic regions (SARS-
CoV2 MPro, right)

* Very bad on disordered
proteins (IDPs) = makes
sense!

* Verdict: It’s a great starting
point, like many other
models
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] 1 |
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Robertson, et al. (2021) JACS. 143: 19306. https://doi.org/10.1021/jacs.1c10588 45
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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

AlphaFold2 is probably the future, but not good for
disordered proteins; it’s still a model!



	Slide 1: Basic Bioinformatics, Sequence Alignment, and Homology
	Slide 2: Biology Review
	Slide 3: Primary Structure (Sequence)
	Slide 4: Primary Structure (Sequence)
	Slide 5: Storing Sequences
	Slide 6: Storing Sequences
	Slide 7: Sequence Alignment
	Slide 8: Sequence Alignment
	Slide 9: Global Sequence Alignment
	Slide 10: Global Sequence Alignment
	Slide 11: Global Sequence Alignment
	Slide 12: Multiple Sequence Alignment
	Slide 13: MSA Example
	Slide 14: MSA-Derived Phylogenetic Tree
	Slide 15: Why Sequence Alignment?
	Slide 16: BLAST:  Basic Local Alignment Search Tool
	Slide 17: Flavors of BLAST
	Slide 18: BLAST Main Page
	Slide 19
	Slide 20
	Slide 21: BLAST Example
	Slide 22: BLAST Results
	Slide 23: BLAST Results – Graphical Summary and Alignments
	Slide 24: Interpreting BLAST Results
	Slide 25: Installing BLAST Locally
	Slide 26: Aligning via Structure
	Slide 27: Homology Modeling
	Slide 28: What is Homology Modeling?
	Slide 29: Homology Modeling Servers: SWISS-MODEL
	Slide 30: Homology Modeling Servers: Phyre2
	Slide 31: Homology Modeling Servers: I-TASSER
	Slide 32: Homology Modeling Example
	Slide 33: Homology Modeling Example
	Slide 34: Result: SWISS-MODEL
	Slide 35: Result: SWISS-MODEL
	Slide 36: Result: Phyre2
	Slide 37: Result: Phyre2
	Slide 38: Result: I-TASSER
	Slide 39: Comparison of Results
	Slide 40: Comparison of Results
	Slide 41: AlphaFold2: Neural Networks
	Slide 42: AlphaFold2 Website
	Slide 43: FABP Entry – P12104
	Slide 44: Comparison of AlphaFold2 vs 6L9O
	Slide 45: AlphaFold2 Limitations
	Slide 46: Summary

