Molecular Biology Laboratory

Bioinformatics and Genomics Lab.

Week2. Protein Sequence Alignment (BLAST, Clustal Omega)
& Domain Search

1. Practice how to use UniProt database
® Find information on GFP and get the amino acid sequence

»  Search "uniprot" in google and access UniProt.
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UniProt is the world's leading high-guality, comprehensive and freely accessible resource of
protein sequence and functional information.
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» Search "GFP" and select 15t one (P42212).
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» We can find information on GFP protein. To get the amino acid sequence,
click "Sequence"- "Download".
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|Function

Names & Taxonomy

Phenotypes & Variants

PTM/Processing

Expression
Interaction
Structure

Family & Do?é
Sequence

Similar Proteins

% P42212 - GFP_AEQVI

Green fluorescent protein - Aequorea victoria (Water jellyfish) (Mesonema victoria) - Gene: GFP - 238 amino acids - Evidence
at protein level - Annotation score:

Entry Feature viewer Publications External links History

BLAST &, Download * @ Add Addapublication Entry feedback

Function’

Energy-transfer acceptor. |ts role is to transduce the blue chemiluminescence of the protein aequorin into green
fluorescent light by energy transfer. Fluoresces in vivo upon receiving energy from the Ca?*-activated photoprotein
aequorin.

Biotechnology
Green fluorescent protein has been engineered to produce a vast number of variously colored mutants, fusion proteins,

and biosensors. Green fluorescent protein can be mutated to emit at different wavelengths such as blue for BFP (when
Tyr-66 is replaced by His), cyan for CFP (when Tyr-66 is replaced by Trp), and yellow for YFP (when THR-203 is replaced

m ‘ Feedback

by Tyr). Further generation of mutants led to more stable proteins (at 37 degrees Celsius for example) with brighter
fluorescence and longer fluorescence lifetimes. Fluorescent proteins and their mutated allelic forms have become a useful
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Structure
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|Sequence

Similar Proteins

Sequence’ /

Tools * & Download 1 Add Highlight * Copysequence

Length 238 Last updated 1995-11-01v1
Mass (Da) 26,886 Checksum® EASA&F21FBFBSEOS

le 20 38 48 58 68 70 20
MSKGEELFTG VVPILVELDG DVNGHKFSVS GEGEGDATYG KLTLKFICTT GKLPVPWPTL VTTFSYGVQC FSRYPDHMKQ
L) lee 1le 128 138 1l4e i15e 160
HDFFKSAMPE GYVQERTIFF KDDGNYKTRA EVKFEGDTLY MNRIELKGIDF KEDGNILGHK LEYNYNSHNV YIMADKQKNG

17@ 188 19e 200 21e 220 238
IKVNFKIRHN TEDGSVQLAD HYQQNTPIGD GPVLLPDNHY LSTQSALSKD PMEKRDHMVL LEFVTAAGIT HGMDELYK
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»5p|PAZ212| GFP_AEDY | Green fluarescent protein O5=Aequorea wictoria OX=5100 GN=GFP PE=1 S¥=1
MSKGEELFTGYYP | LYELDGDY N GHKF Y SGEGEGDA TY GRLTLEF I CTTGELPYFWPTL

YT TFSYGYLCFSRY PDHMEOHDFFESAMPEGY YOERT | FFEDDGENYKTRAEY KFEGDTLY
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2. Practice how to use BLASTP
® Try sequence alignment of GFP

» Search "blastp" in google and access BLASTP

Google blastp X m 4 @ Q

QEY  @omA Bsgd [0 =AM 7 i HET =T

T4 AT oF 3.630,0007 (0.37=)

hitps://blast.ncbi.nim.nih.gov » Blast « /

Protein BLAST: search protein databases using a protein query

BlastP simply compares a protein guery to a protein database. PSI-BLAST allows the user to
build a PSSM (position-specific scoring matrix) using the results of ..

https:/Awww ncbinim nih gov > BLAST +
BLAST: Basic Local Alignment Search Tool - NCBI

The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between
sequences. The program compares nucleotide or protein sequences to ...

hitp:/fwww.incodom.kr» BLAST =

BLAST- 21, H=dE HE27

2019.12. 1. — -p, n/a, BLAST program: blastn, blastp, blastx, tblastn, ... -i, -query, Input
sequence file. -d, -db, BLAST database. -0, -out, Qutput file.

BLAST= 42T =0 HEg

LF DNA/RNA A E 8| 72| 2Efo|

» Copy and paste the GFP sequence to the query sequence box and set job title. Select program
algorithm as "blastp” and click "BLAST" button to run the tool

BLAST ©» blastp suite

blastn m blastx thlastn thlastx

Enter Query Sequence /

Enter accession number(s), gi(s), or FASTA sequence(s) @ clear Query subrange @
NRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKYNFKIRHNIED Erom |:|
GSvVaLAD

Standard Protein BLAST

BLASTP programs search protein databases using a prof

HYQQNTPIGDGPVLLPONHYLSTQSALSKDPNEKRDHMYLLEFVTAAGITHG ~

MBELYK P ) E—
Or. upload file T 4= | 4uE T o / o
Job Title [cFp ‘

Enter a descriptive title for your BLAST search 9
D Align two or more sequences (2]

Choose Search Set
Try experimental clustered nr database
Databases @ standard databases (nr etc.):  vew I} Experimental databases ry exp Q
For more info see What is clustered nr?

Compare |:| Select to compare standard and experimental database e




Program Selection

Algorithm (_) Quick BLASTP (Accelerated protein-protein BLAST)

@ blastp (protein-protein BLAST)
() PSI-BLAST (Position-Specific Iterated BLAST)
PHI-BLAST (Pattern Hit Initiated BLAST)

Choose a BLAST algorithm 9

BLAS

|_| Show results in a new window

Search database nr using Blastp (protein-protein BLAST)

/ DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)

» Select GFP of "Aequorea victoria" and check information (Query cover, Per. Ident, Graphic

Summary etc.)

Job Title GFP Filter Results

RID PHBHJCYMO1R Search expires on 11-08 14.05 pm Download All v -

Program BLASTP @ Cilation v Organism _ony iop 20 will appesr [ ] exclude

Type common name, binomial, taxid or group name

Database nr See details v ‘ » grove ‘
=+ Add organism

Query ID lcl|Query 69491

Description sp|P42212|GFP_AEQVI Green fluorescent protein OS=Ac __ Percent Identity E value Query Coverage

to to

Molecule type amino acid ‘

to

Query Length 238

Other reports  Distance free of results Multiple alignment MSA viewer @

. x
I Compare these results against the new Clustered nr database @ m ]
Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download Select columns ~  Show e
[[J select all 1 sequences selected GenPept Graphics Distance tree of results MSA Viewer
- - Max = Total Query E Per. Acc
D 1 Scientific N 3
esctp on clend 5 M Score Score Cover value  Ident  Len Accession
- - - v
|:\ green fluorescent protein [synthetic construct] synthefic construci 496 496 100% 5e-177 100.00% 247 AAB513471
|:\ linker-GFP [Cloning vector pGGD001] Cloning vectorp... 497 497 100% 6e-177 99.16% 272 AHE38523.1
I:\ unnamed protein product [Binary vector pZH2B-20x3i] Binary vector p7. 496 496 100% 6e-177 99.16% 266 BAJ22064.1
I:\ GFP-NLS [Cloning vector pGGCO12] / Cloning_vector p 498 498 100% 1e-176 99.16% 323 AHE38509.1
Ld RecName: Full=Green fluorescent protein [Aequorea victoria Aequoreavictoria 494 494 100% 1e-176 100.00% 238 P42212.1
IZ\ mitochondria-targeted synthetic green fluorescent protein [Gateway binary vector R4L1pGWB471] Gateway binary 497 497 100% 1e-176 99.16% 296 BBGT54731




3. Practice how to use Clustal Omega
® Try multiple sequence alignment (MSA) of GFP, CFP, YFP, and RFP

» Copy and paste sequence to the given "FASTA" file (Week2 Fluorescence Protein
_Sequences_for_Upload.fa). Edit header part of GFP as ">GFP" for MSA.

|

mHeE =HE MA 2N EEZH)

=GFP /
MSKGEELFTGVVPILVELDGDVMNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL
VTTFSYGVQCFSRYPDHMKQHDFFKSAMPEGYVOQERTIFFKDDGNYKTRAEVKFEGDTLY
MRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKOQOKNGIKVNFKIRHNIEDGSVQLAD
HYQONTPIGDGPYLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK
>CFP
MSKGEELFTGVVPILVELDGDVMNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL
VTTFSWGYQCFSRYPDHMEKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLY
MRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKOQKNGIKVNFKIRHNIEDGSVQLAD
HYQOQNTPIGDGPYLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK
=YFP
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKLLCTTGKLPVPWPTL
VTTRGYGLOQCFARYPDHMEKRHDFFKSAMPEGYVOERTIFFKDDGNYKTRAEVKFEGDTLY
MRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKOQKNGIKVNFKIRHNIEDGSVQLAD
HYQONTPIGDGPYLLPDNHYLSYQSALFKDPNEKRDHMVYLLEFLTAAGITEGMMNELYK
=RFP

MRSSKNVIKEFMRBFKVRMEGTYNGHEFEIEGEGEGRPYEGHN TVKLKVTKGGPLPFAWDI
LSPOFQYGSKWVYWKHPADIPDYKKLSFPEGFKWERVMNFEDGGWVWTVTQDSSLODGCFY
KVKFIGYNFPSDGPYMOKKTMGWEASTERLYPRDGYLKGEIHKALKLKDGGHY LVEFKS]
YMAKKPYVOLPGYYYVDSKLDITSHNEDYTIVEQYERTEGRHHLFL
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Ln 20, Col 46 100%  Windows (CRLF) UTF-8

» Search "clustal omega" in google and access Clustal Omega.

Go g|e clustal omega X = 3 Q

B ooA MEEY MHEM Brs GHE] T

https:/fwww.ebi.ac.uk » Tools » msa » clustalo -

Clustal Omega < Multiple Sequence Alignment < EMBL-EBI

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees
and HMM profile-profile technigues to generate alignments between ..




» Upload "FASTA" file, go to below and click "Submit" for MSA

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile
technigues to generate alignments between three or more sequences. For the alignment of two sequences please
instead use our pairwise sequence alignment tools.

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB.

STEP 1 - Enter your input sequences

P

3

Or, upload a file: | THZ HE | Week2_Fluor... Sequencesfa  Use a example sequence | Clear sequence | See more example inputs

» In the result, we can see how similar each fluorescence proteins.

Results for job clustalo-120220907-021907-0571-83271431-p1m

m Result Summary | Guide Tree Phylogenetic Tree  Results Viewers | Submission Details
Download Alignment File || Hide Colors

CLUSTAL 0(1.2.4) multiple sequence &lignment

RFP MRSSKENY | KEFMRFRYRMEGT YHGHERE | EGEGEGRPYEGHNT YELEYTEEGPLPFANDT - O
YFP MSKGEELF TGRYYP | LYELDGOYHGHKE 5 YSGEEGEGDATYGRLTLELLCT-TGELPYPIPT - B9
GFP M3KGEELFTGYYP | LYELDGOYNGHKF SYSREGEGDATYGRLTLEF |CT-TGRLPYPWPT 59
CFP MSI{GEELFTGWP I L'v'ELDGDVNGHI’(FS\!‘SEEEEEDAT'\"EI'(LTLI{F [CT-TGKLPYPIPT - 59

I L 2 = = = S e EE N

RFP L3POFOYGSEYYYRHPAD | --POYKELSFPEGFRWERYMNFEDGRYYTYTUDSSLO0GCE 118
YFP LYTTFEYELOCFARYPOHMKRHOFF K SAMPEGY YOERT [ FFRODGENYKTRAEYKFEGDTL 119
GFP LYTTFSYEYOCE SRYPORMEUHDFF R SAMPEGYYUERT | FFROOGHYR TRAEVKFEGOTL 115
CFP L'-a'TTFSLUE'\-'BEFSRVPDHMKHHDFFKS.!‘-\MPEGWHERT I FFKDDEN\’KTR#.E'I."KFEGDTL 19

* L T * ok LikkEl kE L kik 4+

RFP [YEYKF [GYMFPSDGPYMURK THEWEASTERLYPROGVLEGE IHKALE——-LEDGGRHYL 174
YFP YHR T ELKG | OFKEOGH | LGHEL-EVMYHSHNYY | MADKURNG I KYHFR IRRMIEDGSVOL - 178
GFP YHRELKEG | DFKEOGH | LGHEL-EVMYHSHNYY | MADKORNG [ KYHFR IRRNIEDGSVOL - 178
CFP '\-'NH | ELKEG | OFKEDGH | LEHKL- E‘."N"I'NSHNW [ MADKENG T RYHEE TRHN I EDESVDL 178

MM S T R o R S Tk,
RFP YEF -5 1 YMaKEPYOLPGEYYYYOSKLD | TSHHEDYT IVEOYERTEGRHHLFL-—-—--- 225
YFP AOHYOONTP [ GOGPYLLPOMHYLEVOSALF -——--—---—- KOPMEKROHMYLLEFLTAY 227
GFP AOHYOONTP [ GOGPYLLPOMHYLSTOSALS -~ KOPMEKROHMYLLEFYTA: 227
CFP ﬁ.DH\‘uﬂNTP | EDEPVLLPDNH‘FLSTHSALS ——————————— FOPHERROHMYLLEF¥Tad 227
. R T L HE S T
I 225

YFP GITEGMHELYE 233
GFP GITHGMOELYE 233
CFP GITHGMOELYE 2533




4. Practice how to find protein domain

® Find sequence and domains of TP53 using "UniProt"

» Search "Human P53" and select 15t one (P04637).

B}
UniProt l.iTmls v SPARQL  UniProtkB ~ [Tt RPN <. & Help
L L)
Status
areviewedswissProt)  JNIProtKB 26,864 results
(1,018)
4 - # . .
Unreviewed (TrEMEL) & Download View: Cards () Table @ £ Customizecolumns <« Share
(25.846) W Entry a Entry Name & Protein Names a Gene Names a Organism a Length &
Popular organisms ([ PO4637 % P53 _HUMAN Cellular tumor antigen TP53. P53 Homo sapiens 393 AN
p53[..] (Human)
Human (1,348)
Zebrafish (298) [ P0O2340 % P53 MOUSE Cellular tumor antigen Tp53, P53, Trp53 Mus musculus 390 A4
p53[...] (Mouse)
Mouse (142)
Rt (22) J P07193 & P53_XENLA Cellular tumor antigen tp53 Xenopus laevis 363 AA
' p53[..] (African clawed
Fruit fly (11) frog)

» Get the protein sequence of TP53.

>zp | PO4G3T| PE3_HUMAN Cellular tumor antigen p53 05=Homo sapiens OX=9606 GN=TP&3 PE=1 SV=4
MEEPLSDPSYEPPLELET FSOLWELLPENKY LSPLPSOAMDOLMLSPOD | EQWFTEDPGR

DEAPRMPELAPPY APAPAAPTPAAPAPAPSWPLESSY PSOK T Y IGSY GFRLGFLHSGT AK
SWTCTYSPALMEMFCOLAKTCPYOLWYDSTPPPGT RYRAMA | YELSHIHMTEYY RRCPHHE

RCSDSDGLAPPOHL | RYEGHLRYEYLDDRMTFRHSY YYPYEPPEY GSDCTT [HYNYMCHS

SCMGGMHERPILT | | TLEDSSGNLLGRN SFEYRY CACPGRDRRT EEEM L RKKGEPHHELP
PGETERALPHNTSSSPUPKEKPLDGEYFTLRI RGRERFEMFRELNEALELKDA LA GRERPG

GSRAHSSHLESKEGUST SRHEELMFETEGRDSD

»  Click "Family & Domains" to see the domain information of TP53.

Function H - i
Family & Domains
Names & Taxonomy Features
Subcellular Location Showing features for region‘. motif’, compositional bias®.
Disease & Variants Q Q @\
TG
PTM/Processing ‘ i = B BS B = i
1 3%3
Expression — S S ——————————————————————————————— ——
— | S N S
Interaction — e — T E—
Structure TYPE ID POSITION(S) DESCRIPTION
|Family & Domains - Select - M
Sequence & Isoforms BLAST
P> Region 1-44 Transcription activation (acidic)
Similar Proteins Y G
b Regi 183 Interaction with HRMT1L2 BLAST
eslon ) [™ 1 publication | G Add
b Rexi 1390 Interaction with CCAR2 BLAST
egion - . .
3 | N 1 Publication | i Add
BLAST
> Motif 17-25 TADI & Add
BLAST
P> Motif 48-56 TADII Ty s -




® Find domains of TP53 using "NCBI Conserved Domains"

» Search "ncbi conserved domain" in google and access NCBI Conserved Domain Search.

GO g|e nchi conserved domain X =m § Q

QFA @oox @sgY B2 QAz  :HE7 =
ATt ok 30 500,0007H (0.36=)

https:/fwww.ncbi_nim.nih.gov » Structure » cdd » wipsb

NCBI Conserved Domain Search

Search for Conserved Domains within a protein or coding nucleotide sequence. Enter protein
or nucleotide query as accession, gi, or sequence in FASTA format ...

Conserved Domain Search
Query Exception: [2022-08-04T09:53:05.204122] The service has ..

nih.gov Z4Z0 HEZ| »

» Copy and paste the sequence of TP53 in the box and click "Submit".

Structure Home [ 3D Macromolecular Structures Conserved Domains
Search for Cénserved Domains within a protein or coding nucleotide sequence
Enter protein or nucleotide query as accession, gi, or sequegf in FASTA format. For multiple protein queries, use Batch CD-
D53 N lular tumor antigen p53 OS=Homo C 3 PE=1 SV=4 ——OPTIONS
3

LLEEVLSELE S9AMD DML FDDIE QHETE]
sl

Search against database [(Z: [CDD v3.19 - 58235 PSSMs___ v |
Expect Value @ threshold:
Apply low-complexity filter O

Compasition based statistics adjustment

Force live search @ (J

Rescue borderline hits (] Suppress weak overlapping hits [J

Maximum number of hits (@ |5
/ Result mode ®@Concise Ostandard OFull

-

> In the result, we can see domains of TP53.

Conserved domains on [sp|P04637] View

P53_HUMAN Cellular tumor antigen p53 0S=Homo sapiens OX=2606 GN=TP53 PE=1 SV=4

Graphical summary [WFEEN R Cioanr el show extra options » L]
1 100 150 200 250 300 250 203
T A S T A S S S A T STl A S SO S Wel A T S T A M T S S A S|

Query seq.

site DNA binding site by vy
zinc binding site

TAD2 P53 superfamily !sumam superf

[ Search for similar domain architectures |

Specific hits
Superfanilies

[ Refine search |

[
Accession Desecription Interval E-value
[+ P53 cd08367 P53 DNA-hinding domain; P53 is a tumor suppressor gene product; mutations in p3 or lack of ... 109-288 4.67e-97
[+ P52_tetramer pfam07710 P53 tetramerisation motif, 319-355 3.73e-15
[+] TADZ super family cl39845 Transactivation domain 2; This is a N-terminal transactivation domain (TAD) domain 2 found in ... 35-59 271e-11

[+ P52_TAD iz 18563 P53 tr: motif; The binding of the p53 transactivation domain by regulatory .. 6-30 9.43e-09




