Bioinformatics Tools for

Sequence homology and alignment



Homology

* Similarity between characters due to a
common ancestry




Sequence homology

* Similarity between sequences that results
from a common ancestor

P K G HA

E L E DV
Basic assumption:

Sequence homology —
similar structure/function



Sequence alignment

Comparing two (pairwise) or more
(multiple) sequences. Searching for a series of
identical or similar characters in the
sequences.



Homology

e Ortholog — homolog with similar function (via
speciation)

* Paralog — homolog which arose from gene
duplication

Common use;




How close?

 Rule of thumb:

* Proteins are homologous if 25% identical
(length >100)

* DNA sequences are homologous if 70%
identical



Twilight zone

* <20% identity in proteins — may be
homologous and may not be....

* (Note that 5% identity will be obtained
completely by chance!)




Local vs. Global
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When global and when local?



Global alignment

PTK2 protein tyrosine kinase 2 of human and
rhesus monkey

human 07 VEEEYELAHPPEEWEYELRIRYLPEGFLNQFTEDEPFTLNFFTQ
||||||||||||||||||||||||||||||||||||||||||||||||||
rhesus 31 YPFEEYELAHFPEEWEYELRIEYLPEGFLHQFTEDEPTLNFFTQ ful

human 37 LEIADQVDQEIALELGCLEIFRIYWEMRGNALEFKSNTEYLEEDVGLERF
FEEEEEEErEr et et e et e et er e e e e e e e ey
rhesus 201 LEIADQVDQEIALKLGCLEIRRSYWEMRGNALEFEINYEYLEFDVGLERF

FPESLLDAVEARTLRELIQOTFRAFANLNREESILEFFEILSPVYEFDEE
Frrrrrerrrreerrrrreerrrrerrrrerrrr e e
FPESLLDAVEARTLRELIQOTFRAFANLNREESILEFFEILSPVYEFDEE

CFECALGI ST ELATGPEEGISYLTDEGCHPTHLADFTOVQTIQYEN
Crrerrrerrrerrrrrerrrerrerrrerrerrrerrer e
CFECALGISNIISVELATIGPEEGI Y LTDEGCHF THLADFTOV]TIOYIN

human 307 FEDFDREGHMLOLEIAGAPEFLTVTAPSLTIAENMADLIDGYCRLVNGTIO
Frrerrrerrrerrrrrerrrerre et et e e er e e
rheszus 351 SFEDFDPEGHMLOLEIAGAPEFLTVTAPSLTIAENMADLIDGYCRLVINGAIQ 400

human 357 SFIIRPOEEGERALPAIPELANSERQGMETHAVIYVIETDDYAETIDEEDT 406
||||||||||||||||||||||||||||||||||||||||||||||||||
thesus 401 SFIIRPOFEGERALPIIPELAN: ETHAY SV SETDDYAETIDEEDT

human 4077 ¥TMPITEDYEIRER. CECIG LATHQG SPENPALAVATETC
Frrrrrerrrreerrrrreerrrrerrrrerrrs e e rerrrrnd
rhesus 451 ¥TTMPFITEDYEIQRERIELGRCIGEGOFGDVH]GVT I PENPALAVATETC

human 457 ENCT3 EEFLOEALTMREOFD-HFHIVELIGVITENPWIIIIMELCTLG
L T T A T Ry ey Ry [ [y (S (- I I B




Protein tyrosine kinase domain
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Protein tyrosine kinase domain

e Human PTK2 and leukocyte tyrosine kinase

* Both function as tyrosine kinases, in completely
different contexts

* Ancie
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Global alignment of PTK and LTK

J20 ITAGAPEPLTVIAPILTIAENMADLIDGYCRLVNGTIOIFIIRE (ks



Local alignment of PTK and LTK
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Searching databases



Searching a database

* Using a sequence as the query to find
homologous sequences in the database
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DNA or protein?

* For coding sequences, we can use the DNA
sequence or the protein sequence to search

for similar sequences.
 Which is preferable?




Protein is better!

e Selection (and hence conservation) works on
the protein level:

CTTTCA
TT A T

-Ser
-Ser
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Query type

Nucleotides: a four letter alphabet
Amino acids: a twenty letter alphabet

!

» Two random DNA sequences will
share on average 25% of identity

» Two random protein sequences will
share on average 5% of identity

19



Conclusions

» Using the amino acid sequence is
preferable for homology search

 Why use a nucleotide sequence after all?

* No ORF found, e.g. newly sequenced
genome

* No similar protein sequences were found

« Specific DNA databases are available
(EST)

20



Some terminology

- the sequence with which
we are searching

e Hit —a sequence found in the database,
suspected as homologous

21



How do we search a database?

* Assume we perform pairwise alignment of the
qguery against all the sequences in the

database

* Exact pairwise alignment is O(mn) = O(n?)
(m — length of sequence 1,
n — length of sequence 2)

22



How much time will it take?

O(n?) computations per search.

Assume n=200, so we have 40,000 computations per
search

Size of database - 60 million entries

2.4 x 10*? computations for each sequence search we
perform!

Assume each computation takes 10 seconds =
24,000 seconds =

150,000 searches (at least!!) are performed per day

23



Conclusion

* Using the exact comparison pairwise
alignment algorithm between query and all
DB entries — too slow
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Heuristic

» Definition: a heuristic is a design to
solve a problem that does not
provide exact solution (but is not
too bad) and reduces the time
complexity of the exact solution
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BLAST

 BLAST - Basic Local Alignment and Search Tool

* A heuristic for searching a database for similar
sequences
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DNA or Protein

* All types of searches are possible.
Query: DNA Protein

>

Database: DNA Protein

blastn — nuc vs. nuc

blastp — prot vs. prot

blastx — translated query vs. protein database
tblastn — protein vs. translated nuc. DB

tblastx — translated query vs. translated database

Translated
databases:

trEMBL
genPept

27



BLAST - underlying hypothesis

: when two
sequences are similar there are short

ungapped regions of high similarity between
the two

Discard irrelevant sequences

Perform exact local alighment with
remaining sequences

28



How do we discard irrelevant sequences
quickly?
* Divide the database into words of length w (w

= 3 for protein and w = 7 for DNA)

e Save the words in a look-up table that can be
searched quickly

WIDFGYPAILKGGTAC

AS



BLAST: discarding sequences

 When the user gives a query sequence, divide
it also into words

e Search the database for consecutive neighbor
words

30



Neighbour words

are defined according to a
scoring matrix (e.g. BLOSUM®62 for proteins)
with a certain cutoff level

Y- )

GFB - GPC (11)
p—
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mmmm Neighbor word

Database record

Search for consecutive words

Query

Look for a seed: hits on
the same diagonal
which can be connected

At least 2 hits on the
same diagonal with
distance which is
smaller than a
predetermined cutoff

Z



The result — local alignment

e The result of BLAST will be a series of local
alignments between the query and the
different hits found

Kz



E-value

e The number of times we will theoretically find
an alignment with a score 2 Y of a random
sequence vs. a random database

Theoretically, In practice — BLAST uses estimations.
we could trust E-values of 104 and lower indicate a

significant homology.
any Bl E-values between 104 and 10 should
with an be checked (similar domains, maybe
E-value =1 non-homologous).
E-values between 102 and 1 are
suspicious...




Filtering low complexity

. e.g., Proline rich
areas (in protein), Alu repeats (in DNA)
* Regions of low complexity generate high score

of alignment BUT — this does not indicate
homology

36



Solution

* |[n BLAST there is masking of low-complexity
regions in the query sequence (such regions
are represented as XXXXX in query)

37



BLAST Programs

You can do it on line:

;)BLAST
- Home | RecentResults Saved Strategies  Help
i » NCEI/ BLAST Home

BLAST finds regions of similarity between bioclogical sequences. more...

[ Aligning Multiple Protein Sequences? Try the COBAL

BLAST Assembled Genomes

Choose a species genome to search, or list all geno BLAST databases.

Oryza sativa
Bos taurus
Danio rerio
Arabidopsis thaliana Drosophila melanogaster

Basic BLAST
Choose a BLAST program to run.
nucleotide blast Search a nuclectide database using a nuclleolide query
Algorithms: blastn, megablast, discontiguous megablast

protein blast Search protein database gsing a prPtein query
rithms: blastp, psi-blast, phi-blas

blastx ‘ Search protein database using a translated nucleotide query

thlastn | Search translated nucleotide database using a protein query

tblastx | Search translated nucleotide database using a translated nucleotide query

Specialized BLAST

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

o Make specific primers with Primer-BLAST

Gallus gallus
Pan troglodytes
Microbes

Apis mellifera

38


http://blast.ncbi.nlm.nih.gov/Blast.cgi

[shzhang@usa]$ ./formatdb —help
formatdb 2.2.15 arguments:
-t Title for database file [String] Optional
-i Input file(s) for formatting [File In] Optional
-I Logfile name: [File Out] Optional
default = formatdb.log
-p Type of file
T - protein
F - nucleotide [T/F] Optional
default=T

39



1. Check whether BLAST is in your path
> which blastall

2. Target sequences should be formatted before it's searched against.
a. Copy E.Coli protein sequences (NC_00913.faa)

b. Now perform 'formatdb' in the BLAST directory
>formatdb -i NC_000913.faa -n EColi-p T

c. You will see these files created in the same directory.
EColi.pin, EColi.psq, EColi.phr, formatdb.log

3. Let's perform a simple BLAST of "proteinSeq1.txt"
a. Copy the "proteinSeql.txt" into the BLAST directory.

b. >blastall -p blastp -d EColi -i proteinSeql.txt -o proteinSeql.out
blastall -p blastp -d EColi -i proteinSeq1.txt

4. Change the following options
A. -e : expectation value (Default: 10)
B. -m : alighment view option (Default: 0)
C. -b : Number of databse sequences to show alignments (Default: 250)
D. -v : Number of database sequences to show one-line descriptor (Default: 500)
E. -g : Perform gapped alignment (Default: T)
F. -M : Scoring Matrix (Default: BLOSUM®62)

5. There are many options you can adjust. Simply run blastall without any option.

6. Try to make BLAST print out result in html (with -T T)
>blastall -p blastp -d EColi -i proteinSeql.txt -o //index.htm|-T T



ect ~ The )
e! ““Ensembl sismview S tateer E813)

Home 4 What's New & BLAST & Export Data 4 Download & Disease Browser & Docs 4
Find [l =] [e.g. D152806, AP000869, cance:] [
powered by
COMPAQ NonStop™
Ensembl BLAST Server
RETRIEVE BLAST RESULTS [EEI
Enter the blast retrieval ID: I Retrieve |
susmIT A BLAST QUERY [EEH

Paste your sequence here in mbkwwwallll aawaaaerde vssfivken fdkarsgtw yamakkdpeg Modnivae |
FASTA or plain text format. fsvdetggms atakgrerll nnwdveadmy gtitdtedpa kfkmkywgva sfigkgnde

wivdtdydty avgyscrllin [dgtcadsys fdsrdpngl ppeagkivrg rgqeelclarg

Search I Reset | yrlivhngyc dgrsernll

4| | L‘_,
OR select the sequence file
you wish to search I ml

BLAST opTIONS [N

Database | Latest Ensembl “galden path" |
Executable |TE|LASTN {protein vs. transl. DNA) j

¥ Mask repetitive sequences using Repeatmasker.
Report |1IJD alignments. ¥ Filter low complexity regions.

[" Display histogram of score statistics.

ADVANCED BLAST oPTIONS S

Matrix | blosumb2 'l Expect (E) 10 i
Descriptions | 100 'I HSP score Isump v|
Sort results by | pvalue vl Filter type seq >

Genetic Code IStandard j (blastx only)

other options | {(not vaiidated)




Ensembl BLAST output includes an ideogram

J €

14 15 16 17 15 19 20

ELAST Score ranges for thiz search m _ m The highest szcoring hit iz bowed




Itblasm vI

Porcine (Sus scrofa)
African clawed frog (Xenopus laevis)
Zebrafish (Danio rerio)

Arabidopsis thaliana

Barley {Hordeum vulgare)

Ice Plant (Mesembryanthemum crystallinum)
Maize (Zea mays)

Medicago truncatula

Potato (Solanum tuberosum) |

Database:

Upload a file containing a sequence OR paste it into the texthox:
(Mote: If both are entered, the file will be ignored.)

Enter the name of the file containing a sequence in FASTA or raw format:

Browse... |

Enter your sequence in FASTA or raw format:

Kl

HNEUVWALLLLALWALAERDCRVSSFRVKENFDEARFSGTUY AMAKKDPEGLFLOQDNIVAEFSVDETGQIS ;]
ATAKGRVRLLNNWDVCADMVGTF TDTEDPAKFEHKYWGVASFLOKGNDDHWIVDTDYDTYAVQYSCRLLI
LDGTCADSYSFVFSRDPNGLPPEAQKIVRQRQEELCLARQYRL IVHNGYCDGRSERNLL

blosum100

blosum30
blosum3s
blasumdD
blosumds
blasumal
blosumss
blosurmB0
blosumBs
blosum?0
blosum?s

Sequence identifier (fo

blosuma0
blosumgs

blosurm30

blosumn
dayhoff

Options:
Ilatris

Cutoff:

gonnet
identity
match

raw sequence entered):

blosurmB2

I default vI

Wordlength (for blastn only):

Graphical Overview V¥

Filter: I default = I Expect:

Strand: I default vl Descriptions:

| default v| Echofilter ™

Ienore Hypotheticals ™




EMBL
European Bioinformatics Institute

essssseess

WU-Blast2 Help EBI Home

RUNBLAST | RESETFORM |

| YOUREMAIL | SEARCHTITLE | RESULTS |  DATABASE | PROGRAM

] ISequence Iimeractive j ]swall ;| IWU-hIastp j
| MATRIX | DNA STRAND | EXP.THR FILTER | VIEW FILTER

|h|osum52 vI Innne vl Idefault vl Innne vl ho ¥

HISTOGRAM STATS | SORT SCORES | ALIGNMENTS

no v [sump =] [ pvalue =l lclefault vl Idefauh 'I

Enter or Paste a IPROTE IN  Sequence i any format:

=

i

Upload a file:| Browse... |

RUN BLAST RESET FORM |

This document was last modified on : Thursday, July 05, 2001 10:52:03
Comments or suggestions support@ebiac.uk
© EBI 2000
If you plan to use these services during a course please contact us using the email above.




BLAST-related tools for genomic DNA
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To access BLAT, visit http:/genome.ucsc.edu

LCSC Genome Bioinformatics

Genomes - Gene Serter - Blat - PCR - Tables - FAGQ - Help

About the UCSC Genome Bioinformatics Site

News Mews Archives b

10 September 2004 - Tetraodon Genome Assembly in Genome Browser

“BLAT on DNA is designed to quickly find sequences of 95% and greater similarity
of length 40 bases or more. It may miss more divergent or shorter sequence
alignments. It will find perfect sequence matches of 33 bases, and sometimes find
them down to 20 bases. BLAT on proteins finds sequences of 80% and greater
similarity of length 20 amino acids or more. In practice DNA BLAT works well on
primates, and protein blat on land vertebrates.” --BLAT website
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Home - Genomes - Gene Sorter - Blat - Tables - FAGQ - Help

Human BLAT Search

BLAT Search Genome

Genome:; Assembly: Cuery type: Sort output; Cutput type:
|Human j IJuIyEEIEIS 'I |BLAT'5 QUESS j Iquery,sc:cnre vl |hyper|ink j SmeitI

Taste n a query sequence to find its location i the the genome. Multiple sequences may be searched at once if separated by a line starting Reset |
with > followed by the sequence name.

>gi| 5400727 | ref|NH 006744,.2| Homwo sapiens retinol bhinding protein 4, plasma o
[REP4) , mENL

CGCTCGCCTCCCTCGUTCCACGCGCGCCCGGACGCGECGECCAGSCTTGCGCGTGGTTCCCCTCCCGGTG
GGCGGATTCCTGGGCALGATGALGTGGGTCTGGGCGCTCTTGC TG TTGGLGGCGTGEGCAGCGGCCGAGT
GCGACTGCCGAGTGAGC AGC TTCCGAGTCALGGAGAAC TTCGACAAGGCTCGCTTCTCTGGGAC

Paste DNA or protein sequence
CGCCATGGCCALGAAGOACCCCGAGEGCCTCTTTC TGCAGGACAAC ATCGTCGCGGAGTTCT .
GAGACCGGCCAGATGAGCGCCACAGOC ARGGGCCGAGTCCGTCTTTTGAATAAC TGGGACGTGTGOGCAG here N the FASTA format

ACATGGTGGGCACCTTCACAGAC ACCGAGGACCCTGCCALGTTCAAGATGAAGTACTGGGGCGTAGZCTC
CTTTCTGCAGARAGGARRTGATGACCAC TGGATCGTCGACACAGAC TACGACACGTATGCCGTACAGTLC
TCCTGCCGCCTCC TGAACC TCGATGHC ACC TG TGO TGACAGC TACTCCTTCGTGTTTTCCCGGGACCCCA
ACGGCCTGCCCCCAGAAGCGCAGARGATTGTAAGGCAGCGGCAGGAGGAGCTGTGCCTGGCCAGGCAGTA
CAGGCTGATCGTCCAC AR GG TTAC TGO GATGGCAGATCAGAALGARACCTTTTGTAGCAATATCAAGLL
TCTAGTTTCATC TG AGAAC TTC TGATTAGC TCTCAGTC TTCAGC TCTATTTATC TTAGGAGTTTAATTTG
CCCTTCTCTCCCCATCTTCCC TCAGTTCCCATALARCC TTCATTAC ACATARAGATACACGTGGGGGTCL :J

Eather than pasting a secquence, you can choose to upload a text file contaming the sequence.

Upload sequence: | Browse... Submit File

Only DITA sequences of 25,000 or fewer bases and protemn or translated sequence of J000 or fewer letters wall be processed. Tp to 25 sequences can be
subtmitted at the same time. The total Lt for multiple sequence subtmissions 15 50,000 bases or 12,500 letters.

About BLAT

ELAT on DINA iz designed to quickly find sequences of 95% and greater sunilarity of length 40 bases or more. It may miss more divergent or shorter sequence
alignments. It will find perfect sequence matches of 33 bases, and sometimes find them down to 22 bases. BLAT on proteins finds sequences of 80%0 and greater
stmtlarity of length 20 amme acids or more. In prachice DMA BLAT works well on primates, and protem blat on land vertebrates.

BLAT 15 not BLAZT. DIMA BLAT worlis by keeping an index of the enbire genome m memeory. The mdex consists of all non-overlapping 11-mers except for
those heawly involved i repeats. The index takes up a bit less than a gigabyte of EAM. The genome itself 13 not kept in memory, allowang BLAT to delver high
petformance on a reasonably priced Limux box The index 15 used to find areas of probable homeology, which are then loaded into memory for a detalled alignment.



BLAT output includes browser and other formats

Home - Genomes - Gene Sorter - Blat - Tables - FAGQ - Help

Human BLAT Results

BLAT Search Results

ACTICNS QUERY SCORE ITART END
hrowser details NH_DDE?44.2 a0z 1 919
hrowser details I‘-IH_DDE'?44.2 21 a7 an9

Q3ILZIE IDENTITY CHEROD STRAND

913 99.5%
g6.4%

919

SITART END SP AL

95016188
TTe98017

95025554 93397
77698035

Ltygtocacya actgacocac tacaccasac agatgygasac ttagacoasa 95017085
A]ign[nmt atcasattga thttgaagot toaccottoa asattasaty tagggooage 95017035
of aaggattocca coacagoagy goaccgtagy asagoagatta tgoacattgt 95016985
acagatgaga sascagadqye Tgacaatgay JRagasagit Jgocctasate 95016935

NM—006744'2’ tttaataygt agotgagtty gatgoaasce tagagbbtty tgactotgaa 95016385

gtocottghy coscAacoate tggtgacaca tgacatgaga catagaagoa 95016835
WK 0067442 ctttataasa coatcaccay tgtgboccay ghcaggotgoe cttggotoco 95016785
Humman.chr1( acttocctgaa agotgaggght ggoctococgac actttgaaat goasataagge 95016735

blockl agacttaaga gasatcasay gaagoootght toatocagos agtocatatte 25016685
totocaccce cattacgboc agagaaastt cagtggoghbtt cagaaacage 95016635

M cttgaaggty tttatgaatt acagocacct ghatcoghbasa gggttgoast 95016585
M ctgctgbtgat gostttgaat tasgaagoat ttgaatgaag coagotctsa 95016535
blockd gyooatoaty atgTicatta TOTACATAAs ASCTUUytcs ACTLTOTTCe 95016485
blocks gttaatggot ttgttttgta ttttocagsT TACTGCGATS GCAGATCAGA 95016435
blocké BAGAAACCTT TTGTAGCAAT ATCAAGRATC TAGTTTCATC TGAGAACTTC 95015355
E:;EEY TGATTAGCTC TCAGTCTTCA GCTCTATTTA TCTTAGGAGT TTAATTTGCC 950168535
together CTTCTCTCCC CATCTTCCCT CAGTTCCCAT AAAACCTTCA TTACACATAA S95016Z85

AGATACACGT GGGGGTCAGT GAATCTGCTT GUCTTTCCTG AAAGTTTCTG 95016235
GGEGCTTALGE TTCCAGACTC TGATTCATTA RACTATAGTC ACCCGTGtocc 95016185
tgtgatttta ghtttcattt ghgtttatgh ctgbgotgoa gacggatgogg 95016135
COYygtgege CLCLTCATAC Cagyageacy TUgUiotiic TOAacctt

UCSC Genome Browser on Human July 2003 Assembly

move <(<| <(| <| ’l”l”’lzoomin 1_5x| 3x|1[|x| hase |zoomout 1.5x| 3x|1[|x|

size 9,397 bp. image width: |1 aoo | Jump

position Ichr] 0:95,016,1588-95.025,564

chrie [C1_TZE]

Side by Side Alignment

O50Z5584 pgotogoctooctogotocacgogegoceyyactogyegygoeaggottge 9502553

00000051 gogtggttoccocctocccggtg 00000070
Frrexzx> L1 OLELEELELEITETET ] et
95025534 gogoggttocootocoggtg 95025515

00000001 cgeotcgoctococtogotcoacgogogococygacgoggoggecaggecttge 0000005 ]
FreErEEr LLLLLLELIEEE LT EE P EEErE e b e e e e e hEr b ee i ey

00000071 googuattectgyyeaadatfaadt gygtytggyegetcttgecgrtgge 0000012
FrrpErEr LLLLLLLLLLEECEEE T e b e r e b e e e be b e bE e e e seasas
OE0Z5390 googoattoctgygoaagatyaagtyygtgtgggogetettgetgttgge 9502534

FrrpEzEx LLLL LLLILELEITLL FEETETEEETTEETEEEETETEETEET ] <esesas
95025340 googotgggoagogyocogogyagegogactgocgagytgageagottos 9502529

00000165 gagtcaaggagascttogacsaggotocge 00000193
FrrpErEr LLLLLLLELEELELEETEEEEIEETEI ] eesaaas
OE0ZE5290 gagtcaaggagascttogacaaggoetoge 950252 62

00000121 ggod. tgygoagoogoec. ... . gagogogactgoegagryageagettee 0000016 |

Base Fosition EECISLTE

575 Markers IS NN

EECEECTL Sse1ases] 9502050 8) 95821 068] T Sseaseen|
Chramosome Bands Localized by FISH Mapping Clones

&TS Markers on Genetic cblue) and Radiation Hubrid (black) HMaps

Clones Flaced on Cutogenetic Map Using FISH
Gap Locat ions

Gap
Your Sequence from BLAT Search
HH_pec7+4. 2 I . -
Known Genes Gased on SWISS-PROT, TrEMEL, mRHA, &hd RefSeq
B -
Ref3eq Genss
RefSeq Genecmmml————— mmm ..
Ensemk 1 Gene Predictions
Ensenbl Geresmmmf— g ..
AceYiew Gene Models With A1t-Splicing
Aceih 1y Genes - = » ..
Twinscan Gens Fredictions Using Mouse Human Homo logy
chrl6. 96, 562.3 [ o
Genscan Gene Fredictions
HT_838650, 281 - -
Human mEMAS from GenBank
s
Di72s0
Koa1za - -,
BCE29E33 ) -
AF119e6s I - -
Human ESTs That Have Been Spliced
2pliced E3Ts I N ] | | H E .

Conservat ion

ra
chicken
Fugu Blat

Chicken Met

Human /ChinpMouse fRaT /Chi cken MUTEAZ Alignments & PhuloHMM Cons

Takifugu rFubripes (AuZ. 2882/frl) Translated Blat Alighnents

Chicken ¢Feb., 20884/2318212) Alignment Met

SIMNE

LIMNE

LTR

OMA

Simple

Low Comp lesity
atellite

Repeating Elements by RepeatMasker




Multiple sequence alighment
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VTIS
VTIS
LRLS
LSLT
PEVT
ATLV
AALG
VSLT

TGSSSNIGAG-NHVK
TGTSSNIGS-—-ITVN
SSSGFIFSS—--YAMY
TVSGTSEDD--YYST
VVVDVSHEDPQVKEN
LISDEFYPGA--VTVA
LVKDYFPEP--VTVS
LVKGEFYPSD--IAVE

YOOLPG
YOOLPG
VROAPG
VROPPG
YVDG—-
KADS—-
NSG——-
WSNG——

Like pairwise alignment BUT compare
seguences instead of

Rows represent individual sequences
Columns represent ‘same’ position

May be gaps in some sequences
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MSA & Evolution

MSA can give you a picture of the forces that
shape evolution!

* Important amino acids or nucleotides are not
“allowed” to mutate

e Less important positions change more easily
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Conserved positions

* Columns where all the sequences contain the
same amino acids or nucleotides

* Important for the function or structure

VTIS SSNIGAG-NHVK LPG
VTIS SSNIGS—-—-ITVN LPG
LRLS GFIFSS——-YAMY APG

LSLT GTSEDD-QYYST PPG



Consensus Sequence

* The consensus sequence holds the most
frequent character of the alignhment at each
column

-]

A A CTTGT

>
olo|o
- (==
- (==
- =
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Profile

1 2 3 4 5
A CTT T 1 067 0 0 f
'\ C T T T 0 033 1 1 '
. C T T T L v Y Y

0] 0] 0 0)

Profile =

PSSM — Position Specific Score Matrix
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Alignment methods

* Progressive alignment (Clustal)
* |terative alignment (mafft, muscle)

e All methods today are an approximation

strategy ( ), yield a possible
alignment, but not necessarily the best one
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Progressive alignment

First step:

OO m>

Compute the pairwise
alignments for all against all

(6 pairwise alignments) c
the similarities are stored in a

table

10
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Second step:

cluster the sequences to create a tree

(guide tree):
*Represents the ord
sequences are to be
similar sequences a
tree
distant sequences a
other in the tree

I E G ERTEENSHITIEAE

A|lB|C
A
B 11
C| 3|1

ancl 1s NOT tne trae wWei

WA ESTAJESEE

relationshio WEWVEEITRHE
SEETIES]

(1.’
L

O
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Third step:

Align the alignments as if each

of them was a single sequence
(replace with a single
CONSensus sequence or use a
profile)

Align most similar pairs
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Alignment of alighments

HNEERE

H BH 00 H H

Sl iel

Y e

M= = [, =
H B U H H
om A H
= = S
— -

VI
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OO W>

Iterative alighment

N\

Guide tree

OO W@

Pairwise distance

table
A B C D)
A
B 11
C 3 1
D 2 2 10

Iterate until the MSA
doesn’t change

\

MSA
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'§ Multiple Sequence Alignment - CLUSTALYY - Microsoft Internet Explorer
File Edit

Multiple Sequence Alignment by CLUSTALW

CLUSTALW MAFFT

General Setting Parameters:

ent:  FAST/APPROXIMATE & SLOW/ACCURATE

Enter your sequences (with labels) below {copy & paste): ™ PROTEIN ¢ DNA
part Far 55T A B 'R, EMB i55 Pri x

More Detail Parameters...
Pairwise Alignment Parameters:

For FAST/APPROXIMATE:

For SLOW FACCURATE:
p Open Pena

ight M

Online version
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>gi| 115023 |sp|P10425| MKKNTLLKVGLCVSLLGTTQFVSTISSVQAS
QKVEQIVIKNETGTISISQOLNKNVW VHTELGYFNGEAVPSNGLVLNTSKGL
VLVDSSWDNKLTKELIEMVEKKFQKRVTD VIITHAHADRIGGITALKERGIK
AHSTALTAELAKKSGYEEPLGDLQTVTNLKFGNTK VETFYPGKGHTEDNIV
VWLPQYQILAGGCLVKSAEAKNLGNVADAYVNEWSTSIE NMLKRYRNINL
VVPGHGKVGDKGLLLHTLDLLK >gi|115030|sp|P25910| MKTVFILIS
MLFPVAVMAQKSVKISDDISITQLSDKVYTYVSLAEIEGWGMVPSNGM VI
NNHQAALLDTPINDAQTEMLVNWVTDSLHAKVTTFIPNHWHGDCIGGLG
YLQR KGVQSYANQMTIDLAKEKGLPVPEHGFTDSLTVSLDGMPLQCYYLG
GGHATDNIV VWLPTENILFGGCMLKDNQATSIGNISDADVTAWPKTLDK
VKAKFPSARYVVPGH GDYGGTELIEHTKQIVNQYIESTSKP >gi|282554 |
pir| |S25844
MTVEVREVAEGVYAYEQAPGGWCVSNAGIVVGGDGALVVDTLSTIPRAR
RLAEWV DKLAAGPGRTVVNTH
FHGDHAFGNQVFAPGTRIIAHEDMRSAMVTTGLALTGLWP RVDWGEIEL
RPPNVTFRDRLTLHVGERQVE

LICVGPAHTDHDVVVWLPEERVLFAGD VVMSGVTPFALFGSVAGTLAALD
RLAELEPEVVVGGHGPVAGP

EVIDANRDYLRWYV QRLAADAVDRRLTPLQAARRADLGAFAGLLDAERLVA
NLHRAHEELLGGHVRDAM EI FAELVAYNGGQLPTCLA
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CLUSTAL W (1.82) multiple sequence alignment

gil42542791|gb|AAH66228.1]
0i|825623|emb|CAA39813.1|
0il42738724|gb|AAS42652.1]

Kee e

0i|42542791|gb|AAH66228.1
0i|825623|emb|CAA39813.1]
0i|42738724|gb|AAS42652.1]

* -

0i|42542791|gb|AAH66228.1
0i|825623|emb|CAA39813.1]
0i|42738724|gb|AAS42652.1]

*

0i|42542791|gb|AAH66228.1]
0i[825623|emb|CAA39813.1
0i|42738724|gb|AAS42652.1]

MSTAGKVIKCKAAVLWELKKPFSIEEVEVAPPKAHEVRIKMVAAGICRS- 49
MGTKGKVIKCKAAIAWEAGKPLCIEEVEVAPPKAHEVRIQIIATSLCHT- 49
--MQNFVFRNPTKLIFGKGQ---LEQLKTEIPQFGKKVLLVYGGGSIKRN 45

---DEHVVSGNLV-TPLPVILGHEAAGIVESVGEGVTTVKPG--DKVIPL 93
---DASVIDSKFEGLAFPVIVGHEAAGIVESIGPGVTNVKPG--DKVIPL 94
GIYDNVISILKDINAEVFELTGVEPNPRVSTVKKGIQICKDNGVEFILAV 95

-k k * o0 k. %

FTPQCGKCRICKNPESNYCLKN-DLGNPRG------------=------ T 123
YAPLCRKCKFCLSPLTNLCGKISNLKSPASDQ---------------- QL 128
GGGSVIDCTKAIAAGSKYDGDVWDIVTKKAFASEALPFGTVLTLAATGSE 145

LODGTRRFTCSGKPIHHFVGVSTFSQYTVVDENAVAKIDAASPLEKVCLI 173
MEDKTSRFTCKGKPVYHFFGTSTFSQYTVVSDINLAKIDDDANLERVCLL 178
MNAGSVITNWETNEKYGWGSPVTFPQFSILDPVHTASVPRDQTIYGMVDI 195

alcohol dehydrogenase, iron-containing [Bacillus cereus

Class | alcohol dehydrogenase, gamma subunit [Homo sapiens]

Different form of alcohol dehydrogenase [Homo sapiens]
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Searching for remote homologs

 Sometimes BLAST isn’t enough.

* Large protein family, and BLAST only gives
close members. We want more distant
members

* PSI-BLAST
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PSI-BLAST

* Position Specific Iterated BLAST

‘ Regular blast ‘

Construct profile from
blast results

‘ Blast profile search ‘

‘ Final results ‘
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The purpose of PSI-BLAST is to look deeper
Into the database for matches to your query
protein sequence by employing a scoring
matrix that is customized to your guery.



[1] Select a query and search it against a protein database



[1] Select a query and search it against a protein database

[2] PSI-BLAST constructs a multiple sequence alignment
then creates a “profile” or specialized position-specific
scoring matrix (PSSM)



730496
200679
206589
2136812
132408
267584
267585

8777608
6687453

10697027
13645517
13925316

131649

FTVDENGOMS ATAKGRVRLFNNWDVCADMIGSFTDTEDPAKFKMKYWGVASFLQKGNDDH
FSVDEKGHMS ATAKGRVRLLSNWEVCADMVGTF TDTEDPAKFKHKYWGVASFLQRGNDDH
FSVDEKGHMSATAKGRVRLLSNWEVCADMVGTFTDTEDPAKFKMKYUGVASFLOQRGNDDH
MSATAKGRVRLLNNWDVCADMVGTFTDTEDPAKFKMKYWGVASFLQKGNDDH
FKIEDNGKTTATAKGRVRILDKLELCANMVGTF IETNDPAKYRMKYHGALAILERGLDDH
FSVDESGKVTATAHGRVIILNNWEMCANMFGTFEDTPDPAKFKMRYWGAASYLQTGNDDH
FSVDGSGKVTATAQGRVIILNNWEMCANMFGTFEDTPDPAKFEKMRYWGAAAYLQSGNDDH
FTIHEDGAMTATAKGRVIILNNWEMCADMMATFETTPDPAKFRMRYWGAASYLQTGNDDH
FKVEEDGTHMTATAIGRVIILNNWEMCANMFGTFEDTEDPAKFKMKYWGAAAYLQTGYDDH
FKVQEDGTHMTATATGRVIILNNWEMCANMFGTFEDTEEPARFKHNKYWGAAAYLQTGYDDH
MVGTFTDTEDPAKFEKMKYUGVASFLQKGNDDH
FSVDGSGKMTATAQGRVIILNNWEMCANMFGTFEDTPDPAKFKNRYWGAAAYLQSGNDDH
YTVEEDGTHTASSKGRVKLFGFUVICADMAAQYTDPTTPAKMYMTYQGLASYLSSGGDNY
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[1] Select a query and search it against a protein database
[2] PSI-BLAST constructs a multiple sequence alignment
then creates a “profile” or specialized position-specific
scoring matrix (PSSM)

[3] The PSSM is used as a query against the database

[4] PSI-BLAST estimates statistical significance (E values)



HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW
HEW

@

HEY

[
AKX KKKKKKR XXX KRR AR

gi| 6978523 |ref|NP 036909.1]

apolipoprotein D [Rattus norvegicus]...

gi| 15425847 |cdbj|BAAL13453.1]| (D87752) alphal-microglobulin/bikunin...
gi| 619383 |gb| AAB32200.1| apolipoprotein D, apoDl [human, plaswa, ...
gi| 5419892 |enb | CAE46489.1| (Z02824) RBP (aa 101-172) [Homo sapiens]

gi| 4502163 |ref|NP 001635.1]
gi| 584763 |sp|P37155| APD RABIT APOLIPOPROTEIN D PRECURSOR >gi| 482.
gi| 1703341 |sp|P51909| APD CAVPO APOLIPOPROTEIN D PRECURSOR >gi|11l.
gi|2895204 | gb| AAC02945.1|
gi| 1246096 gb| AAE35919.1|
gi| 2895206 | gb| AAC02946.1| {AF025335) mutant retinol binding prot.
gi|1346419|sp|P49291|LAZA SCHAM LAZARILLO PROTEIN PRECURSOR >gil.
gi|2506821|sp|PO0OS7E| AMEP BOVIN AMEP PROTEIN PRECURSOR [CONTAINS.
gi| 2497696 sp|Q07456| AMEP MOUSE AMEFP PROTEIN PRECURSOR [CONTAINS.
gi| 6680684 | ref| NP 031469.1| alpha 1 microglobulin/bikunin [Mus m.
gi|12836446|dbj|BEAB23659.1] (AKOO04907) putative [Mus musculus]
gi| 6975497 |ref|NP 037033.1| alpha-1 microglobulin/bikunin [Rattu.
gi| 25075586 sp|PO4566| AMEP PIG AMEP PROTEIN PRECURSOR [CONTAINS: .
gi| 1085207 pir| |JC2556 alpha-l-microglobulin/inter-alpha-trypsin.
gi| 2955354 | dbj| BAAZS305.1] {ABO0D6444) alpha-l-microglobulin/biku.
gi| 108233 | pir| | 513493 alpha-l-microglobulin - pig

gi| 1882 |enb | CAAIE306.1| (¥52087) precursor codes for two protein.
gi|2181923 | gb| AAFS5707.1| AF276505 1 (AF276505) neural Lazarillo .
gi| 7296083 |gb| AAFS13768.1| {AEDO03586) NLaz gene product [Drosophi.
gi|117330|sp|PS0007|CRAZ HOMGEL CRUSTACYANIN A2 SUBUNIT >gi| 10275.
gi|2497695|sp| Q60559 AMEP MESAU AMEFP PROTEIN PRECURSOR [CONTAINS.
gi| 102968 | pir| | 522400 insecticyanin &4 - tobacco hornworm >gi|971.
gi| 4502067 |ref|NP 001624.1| alpha-l1-microglobulin/bikunin precur.
gi| 11464058 | gb| AAAS5089.1| {L41641) gallerin [Galleria mellonella]
gi| 2497694 |sp| Q62577 AMEP MERUN AMEFP PROTEIN PRECURSOR [CONTAINS.
gi| 1213589 |dbj|BAA1Z2075.1] (DB3712)
gi| 539717 | pir| | 461233 retinol-binding protein - cat (fracment)

{AF0Z25334) rutant retinol binding prot.

{580440) apolipoprotein D, apoD {C-ter.

Prostaglandin D Synthase [Xe.

gi| 266472 |sp|Q01554| LIPO BUFMA LIPOCALIN PRECURSOR >gi|104284|pi.

gi|265042|gb| AaB25283.1| retinol-binding protein, RBP {lN-termina.

gi| 1079295 pir| 552354 gene cpl-1 protein - African clawed frog .

gi| 732003 |sp|P39281| BLC ECOLI OUTER MEMERANE LIPOPROTEIN ELC PRE.

apolipoprotein D precursor [Howo sap...

4e-35
6e-34
8e-34
le-32
4e-32
4e-31
Te-31
Se-15
Se-14
Se-11
1e-09
Z2e-09
Ze-09
Z2e-09
3e-09
3e-09
8e-09
1e-08
2e-08
2e-08
2e-08
Je-08
3e-08
Se-08
1e-07
1le-07
Z2e-07
2e-07
3e-07
Se-07
Se-07
le-06
Je-06
3e-06
9e-06



[1] Select a query and search it against a protein database
[2] PSI-BLAST constructs a multiple sequence alignment
then creates a “profile” or specialized position-specific
scoring matrix (PSSM)

[3] The PSSM is used as a query against the database

[4] PSI-BLAST estimates statistical significance (E values)

[5] Repeat steps [3] and [4] iteratively, typically 5 times.
At each new search, a new profile is used as the query.



lteration # hits

# hits
> threshold

CONO OITDS WNPK

104
173
236
301
344
342
378
382
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178
240
283
298
310
320



PSI-BLAST alignment of RBP and B-lactoglobulin: iteration 1

Score

46.2 bits (108), Expect = 2e-04

Identities = 40/150 (26%), Positives = 70/150 (46%), Gaps = 37/150 (24%)

Query:
Sbjct:
Query:
Sbjct:
Query:

Sbjct:

27 VKENFDKARFSGTWYAMAKKDPEGLFLODNIVAEFSVDETGQMSATAKGRVRLLNNWDVC 86

V+ENFD ++ G WY + +K P + I A +S+ E G + K ++
33 VQENFDVKKYLGRWYEI-EKIPASFEKGNCIQANYSLMENGNIEVLNK--------- ELS 82
87 ADMVGTF--------- TDTEDPAKFKMKYWGVASFLQKGNDDHWIVDTDYDTYAVQYSCR 137

D GT ++ +PAK +++++ + +WI+ TDY+ YA+ YSC
83 PD--GTMNQVKGEAKQSNVSEPAKLEVQFFPLMP-----— PAPYWILATDYENYALVYSCT 135
138 ----LLNLDGTCADSYSFVFSRDPNGLPPE 163
L ++D + ++ R+P LPPE

136 TFFWLFHVD------ FFWILGRNPY-LPPE 158
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PSI-BLAST alignment of RBP and B-lactoglobulin: iteration 2

Score
Identities
Query: 4
Sbjct: 2
Query: 56
Sbjct: 61
Query: 113
Sbjct: 113

140 bits (353), Expect = le-32

= 45/176 (25%), Positives = 78/176 (43%), Gaps = 33/176 (18%)

VWALLLLAAWAAAERDCRVSSF------—-- RVKENFDKARFSGTWYAMAKKDPEGLFLQD 55
V L+ LA A + +F V+ENFD ++ G WY + +K P +
VTMLMFLATLAGLFTTAKGONFHLGKCPSPPVQENFDVKKYLGRWYEI-EKIPASFEKGN 60

NIVAEFSVDETGQMSATAKGRVRLLNNWDVCADMV---GTFTDTEDPAKFKMKYWGVASF 112
I A+S+ E G + K +D +V ++ +PAK +++++ +
CIQANYSLMENGNIEVLNKEL----- SPDGTMNQVKGEAKQSNVSEPAKLEVQFFPL--- 112

LOKGNDDHWIVDTDYDTYAVQYSCR----LLNLDGTCADSYSFVFSRDPNGLPPEA 164

+WI+ TDY+ YA+ YSC L ++D + ++ R+P LPPE
--MPPAPYWILATDYENYALVYSCTTFFWLFHVD----—-- FFWILGRNPY-LPPET 159
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PSI-BLAST alignment of RBP and B-lactoglobulin: iteration 3

Score = 159 bits (404), Expect = le-38
Identities = 41/170 (24%), Positives = 69/170 (40%), Gaps = 19/170 (11%)

Query: 3 WVWALLLLAAWAAAERD---—-——-—~ CRVSSFRVKENFDKARFSGTWYAMAKKDPEGLFLQ 54
V L+ LA A + S V+ENFD ++ G WY + K
Sbjct: 1 MVTMLMFLATLAGLFTTAKGONFHLGKCPSPPVQENFDVKKYLGRWYEIEKIPASFE-KG 59

Query: 55 DNIVAEFSVDETGQOMSATAKGRVRLLNNWDVCADMVGTFTDTEDPAKFKMKYWGVASFLQ 114
+ IA+S+ E G + K vV o+ ++ +PAK +++++ +
Sbjct: 60 NCIQANYSLMENGNIEVLNKELSPDGTMNQVKGE--AKQSNVSEPAKLEVQFFPL-—--- 112

Query: 115 KGNDDHWIVDTDYDTYAVQYSCRLLNLDGTCADSYSFVFSRDPNGLPPEA 164

+WI+ TDY+ YA+ YSC + ++ R+P LPPE
Sbjct: 113 MPPAPYWILATDYENYALVYSCTTFFWL--FHVDFFWILGRNPY-LPPET 159
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Score = 46.2 bits (108), Expect = 2e-04
Identities = 40/150 (26%), Positives = 70/150 (46%), Gaps = 37/150 (24%)

Query: 27 VKENFDKARFSGTWYAMAKKDPEGLFLQDNIVAEFSVDETGQMSATAKGRVRLLNNWDVC 86

V+ENFD ++ G WY + +K P + I A +S+ E G + K ++
Sbjct: 33 VQENFDVKKYLGRWYEI-EKIPASFEKGNCIQANYSLMENGNIEVLNK--------—- ELS 82
Query: 87 ADMVGTF--------- TDTEDPAKFKMKYWGVASFLQKGNDDHWIVDTDYDTYAVQYSCR 137
D GT ++ +PAK +++++ + +WI+ TDY+ YA+ YSC
Sbjct: 83 PD--GTMNQVKGEAKQSNVSEPAKLEVQFFPLMP----- PAPYWILATDYENYALVYSCT 135
Query: 138 ----LLNLDGTCADSYSFVFSRDPNGLPPE 163
L +4D + ++ R+P LPPE
Sbjct: 136 TFFWLFHVD------ FFWILGRNPY-LPPE 158
. ___________________________________________________________________________________________________________________________________________________________________________________________________________________|
3 Score = bits (404),
Identities = , Positives = 69/170 (40%), (11%)
Query: 3 WVWALLLLAAWAAAERD———-—-———- CRVSSFRVKENFDKARFSGTWYAMAKKDPEGLFLQ 54
V L+ LA A + S V4+ENFD ++ G WY + K

Sbjct: 1 MVTMLMFLATLAGLFTTAKGONFHLGKCPSPPVQENFDVKKYLGRWYEIEKIPASFE-KG 59

Query: 55 DNIVAEFSVDETGQMSATAKGRVRLLNNWDVCADMVGTFTDTEDPAKFKMKYWGVASFLQ 114
+ I A+S+ E G + K vV o+ ++ +PAK +++++ +
Sbjct: 60 NCIQANYSLMENGNIEVLNKELSPDGTMNQVKGE--AKQSNVSEPAKLEVQFFPL----- 112

Query: 115 KGNDDHWIVDTDYDTYAVQYSCRLLNLDGTCADSYSFVFSRDPNGLPPEA 164
+WI+ TDY+ YA+ YSC + ++ R+P LPPE
Sbjct: 113 MPPAPYWILATDYENYALVYSCTTFFWL--FHVDFFWILGRNPY-LPPET 159 77



