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Tools

* UGENE

— A free bioinformatics tool for analysis of biological
data

* Download
— http://ugene.unipro.ru/download.html
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What can you do with UGENE for proteins?

* Create, edit and annotate sequences
e Searching in sequences

 MSA

* Online database search

e BLAST

* Alignments

* 3D Visualization of structures

* Secondary Structure Prediction

* Phylogenetic trees
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Tasks covered today

* Creating a project

* Read a protein sequence

e Searching (Exact and inexact)

* Find basic properties of the protein sequence

* Introduction to workflow design: Converting the file format
 BLASTING

* Connecting to remote database for downloading sequence
* Visualization of protein structure

* Introduction to annotations

* Using DAS for sequence annotation
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The UGENE Interface

[ uGENE - [Start Page
File Actions Settings Tools Window Help EEE

L& o

Welcome to UGENE

g Recent files
I M - 1cll.pdb

- AON8V2.txt

Open File(s) Create Sequence : ?gﬁfgdebm

Recent projects
No opened projects yet

¢y

Create Workflow Quick Start Guide

Cite UGENE: Follow UGENE:
"Unipro UGENE: a unified bioinformatics toolkit" + ._
Okonechnikov; Golosova; Fursov; the UGENE team a m '&J E m

Bioinformatics 2012 28; 1166-1167

Log

[INFO][00: 11] UGENE version: 1.16.1 64-bit

[INFO][00: 11] UGENE distribution: installer full

[INFO][00: 11] Registering OpenCL-enabled GPU: Intel(R) Corporation Intel{R) HD Graphics 4000, global mem: 1624 Mb, local mem: 64 Kb, max compute units: 16, max work group size: 512, max frequency: 350 Hz
[INFO][00: 11] Registering OpenCL-enabled GPU: MVIDIA Corporation GeForce GT 650M, global mem: 2048 Mb, local mem: 48 Kb, max compute units: 2, max work group size: 1024, max frequency: 835 Hz

»

4 [ |

) 2 Tasks || L] 3:Log |

Mo active tasks ‘g’ []
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UGENE Projects

 UGENE projects allow you save your
Bioinformatics files, workflows and objects
— A project can have multiple files
* FASTA

— A file can have multiple objects

* Sequences
e Structures

— Workflows (covered in the next lectures)
manipulate the objects to produce others
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Setting up proxy

* |f you are behind a proxy server you will need
to specify it in UGENE for it to be able to
access the Internet

£a Application Settings

General Network
Resources
N Preferred Web browser
File Format @® System default browser
Directories .
Logging Custom browser
Alignment Color Scheme
- - - . Workflow Designer Remote request settings
. I q‘ . o [ . . R
File Actions Settings Tools Window Help External Tools Remote request timeout [ 60 sec :
Genome Aligner
OpencCL —
Type: Server: Port:
P . t |E| - & HTTP 172.30.10.11 3128
ﬁ r'UJE"C [5" le | Use authentication with HTTP proxy:
w [ +
e 4 10
[
o
=1 Nhierts a i i
Do not use proxy on following addresses (separate line for each):
SSL settings
Secure Socket protocol: |Sslv3 = |
Help | | cancel | oK
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Create a new project

Lecturel UGENE - [Start
File ‘ Actions  Settings Tools Wipdow Help

[ New project
New document from text m
§42 Newworkflow =
=
8 (@ Access remote database We I come to U G E N E
K; % Connect to shared database Ctrl+L ........
(@) Search NCBI Genbank
3 Open... Ctrl+0
3 Openas Ctrl+Shift+0 Recent files
= saveall Ctrl+S - cam.txt
Save project as... M = hOmOIOgOUS.gb
Export project... - orig_with_blast.gb
: - orig_with_blast.gb
Close project Ctrl+Q . = =
ik Open File(s) Create Sequence - randprotein.fa
Recent Files >
Proi - rand.fa
Recent Projects » - cam.fa
Exit =
Recent projects
- project.uprj
- Reading.uprj
Create Workflow Quick Start Guide
Bookmarks
T T | \ i e T TR
DAEIA AT et | R R ik | I L
Cite UGENE: Follow UGENE:
"Unipro UGENE: a unified bioinformatics toolkit" u m Lﬂ B a
Okonechnikov; Golosova; Fursov; the UGENE team
Bioinformatics 2012 28: 1166-1167
Log X
[INFO][18:39] UGENE distribution: installer full -
[INFO][18:39] Registering OpenCL-enabled GPU: Intel(R) Corporation Intel(R) HD Graphics 4000, global mem: 1624 Mb, local mem: 64 Kb, max compute units: 16, max work group size: 512, max frequency: 350 Hz
[INFO][18:39] Registering OpenCL-enabled GPU: NVIDIA Corporation GeForce GT 650M, global mem: 2048 Mb, local mem: 48 Kb, max compute units: 2, max work group size: 1024, max frequency: 835 Hz =
[INFO][18:39] Project loaded: C:/Users/Afsar fproject.uprj ‘;‘
| O 2:Tasks ” L] 3:Log | No active tasks ‘&’ []
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Create a new project

L
[7] Create New Project

i

-

Froject name  Lecture-1|
Project folder  C:/Users/Afsar

Project file Lecture-1

[ Create

H Cancel H Help ]

CIS 529: Bioinformatics
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e Download the cam.txt file from Piazza and
save it to your Desktop

pPlQZza BG506 Q&A Resources Statistics  Manage Class 5

PIEAS - Summer 2015

BG 506: Bioinformatics

Syllabus & e (]

Course Information Staff Resources

General Resources

General Resources Actions

cam.txt # Edit Postanote W Delete

Petsko & Ringe From Sequence to Structure # Edit Postanote il Delete

Petsko & Ringe Structure Determination # Edit Postanote T Delete
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!’ - UGENE - [Start

0] File | Actions Settings Tools Window Help

15

Al Do men

* File > Open > (File Dialog) and open ‘cam.txt

4

* A “Select correct document format” dialog
opens

e Use it to select “Raw Sequence” and click ok

New project

MNew decument from text

Recent Files
Recent Projects

Exit

<2 New workflow
@ Access remote database
& Connect to shared database Crl+L
(&) Search NCBI Genbank
‘_} Open... Ctrl+0
3 Openas Ctrl+5hift+0
= savean Ctrl+5
Save project as.
Export project...
Close project Ctrl+Q

Bookmarks

Welcome to UGENE

Open File(s)

¢y

Create Workflow

Cr

Qu

=
[M] select Correct Document Format \ _

Options for cam. txt

@ Raw sequence format, Score: 8 (Wery high similErity) =
) Plain text format. Score: 5 (Yery high simiarity) more. .
() Mewick Standard format., Score: 2 (Low simfanity) mare. .
) BED format, Score: 2 (Low simianity) =
~) MSF format. Score: 1 (Wery low similarity) more. .
(7} Choose format manually FASTA - ]
File preview

ey Jf

MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQMNFTEAELQDMINEVDADGNGTIDFPEFLTMMARKMKDTDSEEEIRE

4 I

-

[ 0K ][ Cancel H Help
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UGENE Sequence View

Y] -* UGEN
% File Actions Settings Tools Window Help
S8 da Gn e Ga Bav 1 v wg K

x| | () cam [amina]

100 105 110 115 120 125 130 135 140 145 149

Sequence overview

1 a5 10 15

% [s] cam -
1 5 10 15 20 25 30 35 40 45 50 55 80 65 70 75 &0 &5 50 85 100 108 o 15 120 125 130 135 140 145 149 =

ADQLTEEQIAEFKEAFSLFDEDGDGTITTEELC TVHRSLCQN P TERELQDMINEVDADCN GTIDFPE FLTMMA RKMEDT DSEEEIREAFRVFDEDCNGCY ISARELRHVHINLGEEKLTDEEVDEMIREADIDCEDEQVNYEEFVOMMTAE IIHE

. m 1 ~ =1

.
Secluence zoomed view
SLFDEDGDGTITTRELGTVMESLGONPTEAELODMINEVDADGNGTIDFPEFLTMMARRKMEDTDSEEEIREAFRVFDEDGNGYISAAELRHVMT

MADQLTEEQIAEFEKEAF
1 5 10 15 20 25 30 80 85 7o 75 80 a5 50 95 100 105 11

35 40 45 50 55

n

<[

MName . Type .
(9 i\utc-annctaticn:[caAnnotatlon vlew

Value

objects

Bookmarks

' cam [s] cam

Log x |
[INFO][20:25] UGENE version: 1.16.1 64-bit -

[20:
[INFO][20:25] UGEME distribution: installer ful
[INFO][20:25] Registering OpenCL-enabled GPU: Intel(R) Corporation Intel(R) HD Graphics 4000, global mem: 1624 Mb, local mem: 64 Kb, max compute units: 16, max work group size: 512, max frequency: 350 Hz
[INFO][20:25] Registering OpenClL-enabled GPU: MVIDIA Corporation GeForce GT 650M, global mem: 2048 Mb, local mem: 48 kb, max compute units: 2, max work group size: 1024, max frequency: 835 Hz

No active tasks ‘&' []
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Looking at sequences

@ cam [amino] By Py 01 i@ & = @ .
|| 5 10 15 20 25 30 35 40 43 a0 85 60 63 70 75 &0 &3 80 895 100 105 110 115 120 125 130 135 140 145 148 |-E-

1 5 10 15 20 25 a0 35 40 45 50 55 &0 65 70 75 a0 &5 a0 95 100 105 10 115 120 125 130 135 140 145 149

SLGONPTEAELODMINEVDADGNGTIDFPEFLTMMARKEMED TDSEEEILIREAFRVFDEDGNGY I SAAELRHVMTINLGEELTDEEVDEMI
39 42 44 46 48 50 52 54 S8 56 60 62 64 66 68 VO 72 V4 76 78 &0 82 B4 &6 B8 90 92 94 96 95 100 102 104 106 108 110 M2 114 M6 1ME 120 122 124126
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% File Acions Setings Tools Window Help

RBOHE:A %kt

Byv 11w G W

[Promet %] [@ cam vl ® % @
e el earc
£ | opjects
5[« B emoa
% [lcam —_— . h- hI- h .
S . : 3 : 145 149 Annotations highlighti
ADQL T EGTAEF KEAPS L FDRDGDGY FFERE LG IVHRSL GNP TEAR LqDMINEVDADGNG R LD PEF LUNMNARKNRDTDSE EE TREAFRVFDRDGNG YT SAAELRAVHE Statistics
N ‘ )
’ DAS Annotations
@ Auto-annotations [cam.bxt | cam]
—

Log x
[INFOJ[20:25] UIGENE version: 1.16.1 64bit =
[INFO][20:25] UGENE ditribution: nstaller ful

[NFOl20:25 InteiR) i Jobal mem: 1624 M, local mem: 64Kb, s0Hz

[INFO][20:25] Registering OpenCL-enablec GPU: NVIDIA Corporation GeForce GT 650M, dobal mem: 2046 M,

1, 512, q
, local mem: 48 Kb, max compute units: 2, max work group size: 1024, max frequency: 835 Hz

O 2Tesks (] 3:log

Noactive tasks &[]
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Looking at sequence statistics

Statistics

w Common Statistics

Length: 149
Molecular Weight: 16839.65
Isoelectic Point:  4.03

=
 Characters Occurrence
= 0 0.0% Lﬂj
A 11 7.4% =
B: 0 0.0% :
C 0 00%
D: 17 114%
E 21 141%
F: & 54%
G 11 7.4%
H: 1 0.7%
E & 54%
K: &8 54%
L % 60%
M: 10 6.7%
N: & 4.0%
0: 0 0.0%
P2 13%
Q & 40%
R & 40%
S 4 27%
T 12 B1%
U: 0 0.0%
Vi T 4T7T%
W: 0 0.0%
X 0
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Searching in sequences

2. P O [ TR = ?'3_4 v 7 | Searchin Sequence
a 35 40 45 50 55 &0 63 70 74 BQ 83 a0 95 00 108 110 115 120 125 130 135 140 145149 |-E- Search Forz
RS

3 35 L_;n 45 50 55 B0 65 70 75 (B0 B85 80 95 100 105 110 115 120 125 130 135 140 145149
38 €¥39[2 aa

JEDGDGTITTKELGTVMESLGOQNPTEAELDDMINEVDADGNGTIDFPEFLTMMARKME

22 24 26 28 30 32 34 35 38 40 42 44 46 43 50 52 54 56 55 GO0 G2 B4 GG BB 70 72 74 TG 78 Results: 1/1

Previous

Load patterns From File

Search algorithm

v Type Value

Searchin

Other settings

- v v w

informatics PIEAS Biomedical Informatics Research Lab

Save annotation(s) ko
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Inexact Searching

e Using Regular Expressions

e Select “Search Algorithm” > Regular
Expressions

 We can find a pattern such as
— R[KE].K*D

— Starts with R followed by a K or an E followed by
any other character (.) followed by zero or more
occurences of K (*) followed by a D

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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Inexact Searching

I | - . . . —_— [ - - o = e

2y e O | TR = g‘z,g » %7 Searchin Sequence
A, 45 30 a5 60 65 70 78 &0 &5 a0 95 100 103 110 115 120 125 130 135 140 145148 |§ Search for:
] R[KE].K*D

There are two
occurrences of this
pattern in the
sequence

40 45 50 55 6D 63 70 3 0 85 a0 8% 100 105 M0, NS 120 125 130 135 140 145148

Load patterns From file

60 62 64 66 68 70 72 74 76 78 B0 @2 B84 & 88 90 92 94 96 98 100 102 104 106 108 110112 Results: 1/2

Previous Next

w Search algorithm

v Type Value

Algorithm | Regular express *

Results no longer than:

w Searchin

Region | Whole sequence =

» Other settings
} Sawve annotation(s) to

w Annotation parameters
Croup name:

Misc. Feature

clle
e

Annockation type:
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Regular Expressions (Exercise 1-1)

* To find any patterns you can use regular expressions

 More details on how to build regular expressions is available online

e Build a regular expression that, within the cam sequence, searches for
— three consecutive E’s followed by two other characters followed by another E
— Two consecutive E’s followed by 3 other characters followed by another E

* Once you are done, post your answers to piazza

* Please include the question or exercise number

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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More on searching

* You can also play with other options within
the search to locate a certain pattern (exact or
inexact) within the whole or a part of the
sequence using “search in”

* You can also restrict the results you get in
“other settings”

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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Creating annotations

* Such searches can be used for creating

annotations

— Annotations are saved in .gb files

— Here in “Annotation parameters” give

* Group name of your choice

* Annotation type and annotation name of your choice
and then click “create annotations”

— You can then click on the annotation you have
created to view where they occur in the sequence

CIS 529: Bioinformatics
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B & H:-4 Ba @ G En Ga T |Go!| & 11 oW oW\ JF = & @8 B K% = - @@
g| @ cam [amino] &y P i & = = v F | Results: 12 :
X 3
g |1 5 10 15 20 25 30 35 40, 45 50 35 &0 B3 70 75 &0 85 90 95 100 105 110 115 120 125 130 135 140 145149'-_- | e || Next |
& L I J
— | = Search algorithm .
'ﬂﬂ @ Algorithm | Regular express 2 | -
L J -
1 5 10 15 20 25 30 35 40 45 50 95 G0 G5 70 b5l 0 i) a0 95 100 105 10 . M3 120 125 130 135 140 145148 —_ =
- . Results no longer than:
75 79 [5 aa]
ills
| L w Search in =1

Region | Whole sequence |

GQNPTEAELQDMINEUDADGNGTIDFPEFLTMMATDSEEEIREAFRUFDKDG_\JGYISAAELRHVMTN —
41 44 45 43 50 52 54 S6 S5 A0 B2 B4 G BB O T2 V4 Y6 V78 B0 B2 B84 86 85 90 92 94 96 98 100 102 104 106 108 MOM2 U =S

» Save annotation(s) to

w Annokation parameters

Name v Type Value ST
» @& Annotations [MyDocument_1.gb] * My Feature
@ Annotations [MyDocument.gb]
@ Auto-annotations [cam.txk | cam] 2

My Feature

Use pattern mame

Notice the
ann Otatl ons 3 Create annotations

Help

| \J 2: Tasks || L 3:Log No active tasks ‘& [

nformatics PIEAS Biomedical Informatics Research Lab 22




Where is this used?

e Let’s say you know that the binding site in a
certain protein has the general pattern R..K
and you want to find out where in the protein
does this occur, i.e., where is the binding site

* You can also annotate it to keep a record

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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Exercise 1-2

* You are given a file on piazza called cam_binders3.fasta
 Download that file
* |t contains 3 sequences of proteins that bind Calmodulin
 R..Kis a known Calmodulin binding motif
* Let’s search for R..K within these three proteins
* And create annotations with
— Annotation type: Misc. Binding Site
— Annotation Name: cam binding R..K
* Once you are done report the positions of R..K within each protein on Piazza

e This way you can find the correct binding site of Calmodulin within these proteins
for 2 out of the 3 given proteins

* For background reading:

—  Yap, Kyoko L., Justin Kim, Kevin Truong, Marc Sherman, Tao Yuan, and Mitsuhiko lkura. “Calmodulin Target Database.” Journal of
Structural and Functional Genomics 1, no. 1 (March 1, 2000): 8-14. doi:10.1023/A:1011320027914.

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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Practical alighnment

* Definition
— procedure of comparing two or more sequences
by looking for a series of characteristics (residue
identity, similarity, and so on) that match up in

both and maximize conservation, in order to
assess overall similarity.

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab

25



Practical Application: Global Alignment

* |Inferring the function of a human protein

e Given the human aniridia protein

— HSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETGSIR
PRAIGGSKPRVATPEVVSKIAQYKRECPSIFAWEIRDRLLSEGVCTNDNIPSVSSINRVLRNL
ASEKQQMGASWGTRPGWYPGTSVPGQPTQDGCQQQEGGGENTNSISSNGEDSDEAQMRLQLKR
KLQRNRTSFTQEQIEALEKEFERTHYP

— Uniprot Accession: P26367

* This sequence shows good alignment with the

“eyeless” protein from D. Melanogaster

— HSGVNQLGGVFVGGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETGSIR
PRAIGGSKPRVATAEVVSKISQYKRECPSIFAWEIRDRLLQENVCTNDNIPSVSSINRVLRNL
AAQKEQQSTGSGSSSTSAGNSISANHQALQQHQQQSWPPRHYSGSWYPTSLSEIPISSAPNIA
SVTAYASGPSLAHSLSPPNDIESLASIGHQRNCPVATEDIHLKKELDGHQSDETGSGEGENSN
GGASNIGNTEDDQARLILKRKLQRNRTSFTNDQIDSLEKEFERTHYP

— Uniprot Accession: 018381
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5  HSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVS 54
FEErrrrrr et reeer et e e et e e e et e et et rrr e

57 HSGVNQLGGVFVGGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVS 106

55 KILGRYYETGSIRPRAIGGSKPRVATPEVVSKIAQYKRECPSIFAWEIRD 104
Lerrrrrrreerrrererrreer e rrrr e b=t rrrr el

107 KILGRYYETGSIRPRAIGGSKPRVATAEVVSKISQYKRECPSIFAWEIRD 156

105 RLLSEGVCTNDNIPSVSSINRVLRNLASEKQQMGA-————=========- 139

I I N A A O O O O B I
157 RLLQENVCTNDNIPSVSSINRVLRNLAAQKEQQSTGSGSSSTSAGNSISA 206

155 ——————————- SWGTR---PGWYPGTSVPGQPTQ--—-—-—-—=—————~ 174
P T N N O N P
307 NHQALQQHQQQSWPPRHYSGSWYP-TSLSEIPISSAPNIASVTAYASGPS 355
175 === = —mmmm e mmm e DGCQQQE---GGGE 185
[ I | .11
356 LAHSLSPPNDIESLASIGHQRNCPVATEDIHLKKELDGHQSDETGSGEGE 405

186 NTNSISSNGEDSDEAQMRLQLKRKLQORNRTSFTQEQIEALEKEFERTHYP 235

I R R R A RN R R R A R NN R R RN
406 NSNGGASNIGNTEDDQARLILKRKLQRNRTSFTNDQIDSLEKEFERTHYP 455

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab



Practical Application: Global Alignment

* Repeat this experiment in UGENE

* Based on this alignment Quiring et al.
inferred the following

“The finding that ey of Drosophila, Small eye of the mouse, and human Aniridia
are encoded by homologous genes suggests that eye morphogenesis is under
similar genetic control in both vertebrates and insects, in spite of the large
differences in eye morphology and mode of development.”

Quiring, R., U. Walldorf, U. Kloter, and W. J. Gehring. “Homology of the Eyeless Gene of Drosophila to the Small Eye
Gene in Mice and Aniridia in Humans.” Science (New York, N.Y.) 265, no. 5173 (August 5, 1994): 785-89.

http://en.wikipedia.org/wiki/PAX6

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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In UGENE: Accessing Remote Databases

File Actions Settings Tools

M New project
New document from text
. Newworkflow

= Access remole database

window Help

® Connectto shared database

@ search NCBI Genbank
& Open...
& Openas

Save all
Save project as...
Export project...
Close project

Recent Files
Recent Projects

Exit

Bookmarks

v cam_binders3.fasta

¢ Calmodulin_seq [s] sp_P62158...

CIS 529: Bioinformatics

141 AcE  SW 1 —

Iq | Go! | #1a

 P62158 CALM_HUMAN Calmodulin OS=Homo sapiens GN=CALM1 PE=1SV=2 [ami |& .
1015 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Fetch Data from Remote Database

Resource ID: P26367|

Database: | SWISS-PROT ~

Save to directory: | /home/fayyaz/.UGENE_downloaded

Hint: Use SWISS-PROT accession number. For example: Q91GQ6 or AON8V2
You can download multiple items by separating IDs with space or semicolon.

[

| . Help | | Cancel | [ oK ‘
[ 3
: v 'Ti.rpe 'Value
Annotations [MyDocument_9.gb] *
@@ Misc. Feature (0, 0)
&
PIEAS Biomedical Informatics Research Lab 29



After Load

=
0Q

2 o H A Ba &= bEn dn Ha Za |Got| & 11 W = I % | By BB = = % (@@
| Project ® | & PAX6_HUMAN [amina] B’ =, g & = E -
-"E—"- L Search... f1 20 40 60 80 100 120 140 160/, 180 200 270 240 A0 280 300 320 340 360 380 400 427| &
o
+| Objects
|| [ cam_binders3.fasta COM?EIAS COMPBIAS

% [s] sp|P27987|IP3L_HUMAN ...
% [s] tr|022326 Kinesin-like cal... | — , [ omasimo
% [s] tr|P78457 6-phosphofruct...
¥ [ calmodulin_seq.txt DD [HEL) HE) FER) DED FED  HEL FEL) FED [HELIX)
% [s] sp_P62158_CALM_HUMA... b
¥ [} MyDocument_9.gb
@ [a] Annotations i i i i
v [B P26367.txt HEEI B T i N
% [s] PAX6_HUMAN i
@ [a] PAX6_HUMAN Features 1 20 40 60 80 100 120 140 160 | 180 200 220 240 28D D 300 320 340 380 380 400 422
2T € [144 aa]
*
Bookmarks HPGQPTQDGc@EGGGENTNSISSNGEDSDEAQMRL L E[R[K
“+ cam binders3.fasta T 175 180 185 190 185 200 205 210 215 220 225 230 235 240 245
e Calmodulin seq [s] sp. 62158, ... | |70’ .
1 P26367 [s] PAX6_HUMAN MName v Type Value 3
= O COMPBIAS Misc. Feature 131..209 ‘ |
= O COMPBIAS Misc. Feature 279..422 1
» @ CONFLICT (0, 2)
v @ DNA_BIND (0, 1)
» B DNA_BIND Misc. Feature 210..269
v @ DOMAIN (0, 1)
» O DOMAIN Misc. Feature 4..130
v@ Secondary structure (0, 13)
» @ HELIX Misc. Feature 23.34
B M HFELIY Misr Featura 39 4R !

CIS 529: Bioinformatics
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Aligning

e Similarly load 018381

* To alignh them select both the sequences
(ctrl+left click) and export the sequences as
alignment as shown below

v B calmodulin_seqtxt S 2
% [s] sp_P62158_CALM_HU.. ia ‘
v ] MyDocument_9.gb - 4 B g 10 1? 14 16 18 20 732
@ [a] Annotations Export Sequences as Alignment )
v & P26367.txt N .
. [s] PAX6_HUMAN Export to file [Ihomeffayyaz,’.UGENE_dDwnlﬂadedfPEErBﬁ?1 aln| l ™
@ [a] PAX6_HUMAN Fi —
¥ {2y 018381.kxt File format to use | CLUSTALW ™

/. [s] PAX6_DRQOME
@ [a] PAX6_DRC

& Add document to the project

C | [T uUse Genbank "SOURCE" tags as a name of sequences (for Genbank sequences only)
Bookmarks A
' cam_binders3.fasta | Help | | Cancel || Export |
¢ Calmodulin_seq [s] sp_ R
r P26367 [s] PAX6_HUMAN v @& PAX6_DROME features [018381.txt]

P T R | B OWFam e R

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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Aligning

* This will open the alignment view however the
sequences aren’t aligned yet

0 o H WO @ e @& .,_JSME‘ L ¥ @ =

E @ 8 = I

¥l
g

E‘l Project £
'E‘ |®, search... | Consensus
[ Objects
g % [s] tr|P78457 6-phosphofr... |[-
v [ calmodulin_seq.txt PAX6_HUMAN [
% [s] sp_P62158_CALM_HU... || PAX6_DROME [

¥ [l MyDocument_9.gb
@ [a] Annotations
v [ P26367.txt
% [s] PAX6_HUMAN
@ [a] PAX6_HUMAN Features
v B 018381.txt ills
% [s] PAX6_DROME ] ]
@ [a] PAX6_DROME features
v [ P26367.aln
i [m] P26367 3

Bookmarks

7 cam_binders3.fasta

7 Calmodulin_seq [s] sp_P62158_...
I P26367 [s] PAX6_HUMAN

‘r 018381 [s] PAX6_DROME

‘r P26367 [m] P26367

Find: 4 | | = Ln1/2 col1/857 Pos1/422 (&
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Aligning
* To do the alighment follow these steps

Re B % ®easal@mseewsoc s i

:"j Project ® Pairwise Alignment
E‘ |t, Search... | Consensus » Sequences
<[ Objects — S —_— > ] [PAX6_HUMAN I @
12 4 6 8 10 12 14 16 18 20 22 24 S —
(g % [s] tr|P78457 6-phosphofr... || S o | > | [PAx6_DROME | []
v [B) calmodulin_seq.txt IPAX‘LHU:“_'MN _____ [ S (s ! Q o1 Similarity: 6% o
% [s]sp_P62158_CALM_HU... | (PAX6_DROME I L K _ Algorithm: -
v [l MyDocument_9.gb E— =
@ [a] Annotations | Smith- ST =
v [B P26367.txt _ '_'_
% [S] PAX6_HUMAN N Algorl.thm settl_ngs
@ [a] PAX6_HUMAN features |- = ST
v [B 018381.kxt |sse2 2] il
% [s] PAX6_DROME Scoring matrix:
@ [a] PAX6_DROME features -
| blosumé2 =
v [f] P26367.aln
= [II'I] P26367 - Gap penalty

Bookmarks = Open: |10 -

r cam_binders3.fasta

Extension: | 1 .

i1 Calmodulin_seq [s] sp_P62158_...
r P26367 [s] PAX6_HUMAN b Outpat sttings
r 018381 [s] PAX6_DROME . .
r P26367 [m] P26367 Align

[P ) ’

Find: €& | | =% 1w2/2 col1/857 Pos1/857 (5
Help

[ © 2Tasks |[ d3:Log |

No active tasks ‘& [
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Exercise: Simian Sarcoma Virus & Cancer

R. F. Doolittle, M. W. Hunkapiller, L. E. Hood, S. G. Devare, K. C. Robbins, S. A.
Aaronson, and H. N. Antoniades. Simian sarcoma virus oncogene, v -sis, is derived
from the gene (or genes) encoding a platelet-derived growth factor. Science,
221:275-277, 1983.

Human Platelet Derived Growth Factor:
http://www.uniprot.org/uniprot/AOA024R1R5.fasta

Woolly Monkey Sarcoma Virus V-SIS
http://www.uniprot.org/uniprot/Q7LZ02.fasta

Download sequences and obtain the sequence alignment using Online
Needleman Wunsch:
https://blast.ncbi.nIlm.nih.gov/Blast.cgi?PAGE TYPE=BlastSearch&PROG D

EF=blastn&BLAST PROG DEF=blasth&BLAST SPEC=GlobalAIn&LINK LOC=

BlastHomelink

Report the sequence identity

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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http://www.uniprot.org/uniprot/A0A024R1R5.fasta
http://www.uniprot.org/uniprot/A0A024R1R5.fasta
http://www.uniprot.org/uniprot/Q7LZ02.fasta
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&PROG_DEF=blastn&BLAST_PROG_DEF=blastn&BLAST_SPEC=GlobalAln&LINK_LOC=BlastHomeLink
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&PROG_DEF=blastn&BLAST_PROG_DEF=blastn&BLAST_SPEC=GlobalAln&LINK_LOC=BlastHomeLink
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&PROG_DEF=blastn&BLAST_PROG_DEF=blastn&BLAST_SPEC=GlobalAln&LINK_LOC=BlastHomeLink
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&PROG_DEF=blastn&BLAST_PROG_DEF=blastn&BLAST_SPEC=GlobalAln&LINK_LOC=BlastHomeLink

FASTA, BLAST, BLAT & HHBIits

* Are heuristic tools for alighemnts
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Motivation

* Smith-Waterman algorithm too slow for
searching large sequence databases

* Most sequences are not homologous to the
qguery so there is no need for the alignment

e Use heuristic methods:
— FASTA

— BLAST
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Idea: in order for two
sequences to be similar,
need a run of identical
letters

— This is called
seeding

Only sequences that
have high scoring
segments need to be
aligned

Lipman, D.J. and Pearson, W.R., Rapid and
sensitive protein similarity searches, Science,
227:1435--1441, 1985.

CIS 529: Bioinformatics

FASTA

‘ Sequence A -

‘ Sequence A -

(a)

—— Sequence B —»

SN
S N\
\\~
N
~ \\
\ N
AN

Find runs of identities

()

—— Sequence B —»

Apply "joining threshold"
to eliminate segments that

are unlikely to be part of the alignment
that includes highest scoring segment.

‘ Sequence A -

‘ Sequence A -

(b)

—— Sequence B —»

Re-score using PAM matrix
Keep top scoring segments.

(d)

Sequence B —»

Use dynamic programming

to optimise the alignment in a
narrow band that encompasses
the top scoring segments.

PIEAS Biomedical Informatics Research Lab




Finding all matching k-mers

e Store the positions of all k-mers in the query
sequence

e Scan for matches with those k-mers
e k=2 for protein sequences.

* Need an efficient method for retrieving k-mer
positions: hash table!
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Bounded Dynamic Programming

N Assume that x and y are very similar

. Y1

Assumption: #gaps(x, y) <k

We can align x and y more efficiently:

Time, Space: O(n x k)

Yn
4
4
/
y
+—>
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Bounded Dynamic Programming

) CT P X
Y Initialization:

> 5(i,0), S(0,j) undefined for i, j > k

Iteration:

: N : Fori=1,..,n

\ For j = max(1, i = k),....,min(n, i+k)

. NC (

S(i—1,j—1) +s(x, y,)

g I SGi,j)=max Y S(i,j—1)—d,ifj>i—k
> > | S(i-1,j)~d,ifj<i+k

Can extend to the affine gap case
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BLAST: Basic Local Alignment and Search Tool!

* Similar idea to FASTA:
— Does not compute alignments that do not look promising
— Fast alignment: does not consider complete edit graph

e Difference from FASTA: seed matches do not need to
match exactly

* Great improvement in speed, with a modest decrease in
sensitivity with respect to SW.

1Altschul, SF, W Gish, W Miller, EW Myers, and DJ Lipman. Basic local alignment search tool. J Mol Biol 215(3):403-10, 1990.
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Outline of BLAST

Eliminate low complexity regions

Create an “index” of 3-mers from the query
sequence

Search for hits in the database

Extend hits into HSSPs: High Scoring Segment
Pairs (ungapped)

Extend HSSPs into a local alighment

Compute “E-values”
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BLAST algorithm on

k-mer

L

Query: KRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLKIFLENVIRD

GVK 18

GAK 16 |
list of 3-mers that GIK 16 Neighborhood
have a similarity level GGK 14 Syers
exceeding some neighborhood GLK 13
threshold when score threshold CNE 12
compared to 3-mers (T=13) GRK 11
in th
In the query GEK 11

_ GDK 11
extension
< —— >

Query: 22 VLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLK 60
+++DN +G + IR L G+K I+ L+ E+ RG++K
Sbjct: 226 IIKDNGRGFSGKQIRNLNYGIGLKVIADLV-EKHRGITIK 263

High-scoring segment pair (HSSP)
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Indexing the query

 Compile a list of high-scoring 3-mers (have a
similarity level exceeding some threshold
when compared to 3-mers in the query)

e Typical size of list: 50 times the length of the

sequence
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Original BLAST

* Extending a hit

— Ungapped extensions until score (sum of subst. matrix elements) falls
below some threshold

* Output

— All local ungapped alignments with score > threshold
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ACGAAGTAAGGTCCAGT

Original ungapped
BLAST

The seed GGTC initiates
an alignment

Extension with no gaps

Output:
GTAAGGTCC
GTTAGGTCC

CCCTTCCTIGGATTGCGA
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Gapped BLAST ACGAAGTAAGGTCCAGT

e Search for seed.
THEN:

GTTAGGTC-AGT

 Extend with gaps in .
a band around seed J
(anchor) until score
< threshold =

e Result: g
GTAAGGTCCAG 3

T g
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BLAST: Locally Maximal Segment Pairs

* Asegment pair is locally maximal if its score can’t be
improved by extending or shortening

 BLAST finds all locally maximal segment pairs with scores
above some threshold

* QOutput: Statistically significant locally maximal segment
pairs (more likely to be of biological interest)
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BLAST statistics

 We want to assign probabilities to BLAST scores.

p = P(two random bases are equal)
— The event of a mismatch followed by t matches has probability
(1-p)p'
— There are nm places to begin the event.
— The expected # of such events: mn (1 - p)pt
— Rare event: use a Poisson distribution with mean
mn (1 - p)p'
P(alignment of length t or longer) =1 - P(no such event)

=1-exp(-mn(1-p)pH

E_—\
This is known as the extreme value distribution fA(]{;) A"e

Tk
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BLAST statistics

* # matches with score greater than & has mean
E(6) = Kmne+% K is a constant, m,n are the
lengths of the two compared sequences

— Parameter A is positive root of:
Zx,y P Py edxy) = 1
where p,, p,are aa frequencies
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Sample BLAST output

 Blast of human beta globin protein against zebra fish

Score
Sequences producing significant alignments: (bits) E
gi118858329|ref NP _571095.1| bal globin [Danio rerio] >gi|147757... 171 3e-44
gi]18858331|ref|NP 571096.1| ba2 globin; SI:dZ118J2.3 [Danio rer... 170 Te-44
gi|37606100|emb|CAE48992.1| SI:b¥Y187Gl7.6 (novel beta globin) [D... 170 Te-44
gi|31419195|gb|AAHS53176.1| Bal protein [Danio rerio] 168 3e-43

ALIGNMENTS
>g1]18858329|ref NP 571095.1| bal globin [Danio rerio]
Length = 148

Score = 171 bits (434), Expect = 3e-44
Identities = 76/148 (51%), Positives = 106/148 (71%), Gaps = 1/148 (0%)

Query: 1 MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
Mv T E++A+ LWGK+N+DE+G +AL R L+VYPWTQR+F +FG+LS+P A+MGNPK
Sbjct: 1 MVEWTDAERTAILGLWGKLNIDEIGPQALSRCLIVYPWTQRYFATFGNLSSPAAIMGNPK 60

Query: 61 VKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFG 120
V AHG+ V4G + ++DN+K T+A LS +H +KLHVDP+NFRLL + + A FG
Sbjct: 61 VAAHGRTVMGGLERAIKNMDNVKNTYAALSVMHSEKLHVDPDNFRLLADCITVCAAMKFEG 120

Query: 121 KE-FTPPVQAAYQKVVAGVANALAHKYH 147

+ F VQ A+QK +A V +AL +YH
Sbjct: 121 QAGFNADVQEAWQKFLAVVVSALCRQYH 148
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Sample BLAST output

* Blast of human beta globin DNA against human DNA

Score E
Sequences producing significant alignments: (bits) Value
gi|19849266|gb|AF487523.1| Homo sapiens gamma A hemoglobin (HBGI... 289 le-75
gi|183868|gb|M11427.1|HUMHBG3E Human gamma-globin mRNA, 3' end 289 le-75
gi|44887617|gb|AY534688.1| Homo sapiens A-gamma globin (HBGl) ge... 280 le-72
gi|31726|emb|V00512.1|HSGGL]1 Human messenger RNA for gamma-globin 260 le-66
gi|38683401|ref|NR 001589.1| Homo sapiens hemoglobin, beta pseud... 151 Te-34
gi|18462073|gb|AF339400.1| Homo sapiens haplotype PB26 beta-glob... 149 3e-33

ALIGNMENTS
>g1]128380636|ref|NG 000007.3| Homo sapiens beta globin region (HBB@) on chromosome 11
Length = 81706
Score = 149 bits (75), Expect = 3e-33
Identities = 183/219 (83%)
Strand = Plus / Plus

Query: 267 ttgggagatgccacaaagcacctggatgatctcaagggcacctttgcccagectgagtgaa 326

Lo R R R R R FETETET
Sbjct: 54409 ttcggaaaagctgttatgctcacggatgacctcaaaggcacctttgctacactgagtgac 54468

Query: 327 ctgcactgtgacaagctgcatgtggatcctgagaacttec 365

LEererrer rrrrrerert rrerer trrrrrrrrrrd
Sbjct: 54469 ctgcactgtaacaagctgcacgtggaccctgagaacttc 54507

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab



Flavors of BLAST

* blastn: Nucleotide-nucleotide
e blastp: Protein-protein
* blastx: Translated query vs. protein database (all six frames)

« tblastn: Protein query vs. translated database (finding homologous protein
coding regions in unannotated nucleotide sequences — ESTs and draft
genomes)

* tblastx: Translated query vs. translated
database (6 frames each - expensive)
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Versions of BLAST

* PSI-BLAST

— Find members of a protein family or build a
custom position-specific score matrix

e Megablast:
— Search longer sequences with fewer differences
— When the number of query sequences is large
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Timeline

 1970: Needleman-Wunsch global alignment algorithm
 1981: Smith-Waterman local alignment algorithm

e 1985: FASTA

e 1990: BLAST (basic local alignment search tool)

e 2000s: BLAST has become too slow in - faster algorithms are
developed

— Pattern Hunter
— BLAT
e 2009: BLAST+: a complete re-write of BLAST

e 2010: Next generation sequencing: need super fast
algorithms!
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BLAT: BLAST-Like Alighnment Tool

* BLAT builds an index of the database and
scans through the query sequence, whereas
BLAST builds an index of the query and then
scans through the database

 What is the advantage of this approach?
* Potential disadvantage?

Kent WJ. BLAT--the BLAST-like alighnment tool. Genome Res. 2002.
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BLAT: BLAST-Like Alighnment Tool

e Builds an index of all 11-mers that are not
heavily involved in repeat regions (what are
the tradeoffs in the choice of k-mer size?)
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BLAT: BLAST-Like Alighnment Tool

* Designhed to find matches for sequences that
are closely related (originally built to help
annotate vertebrate genomes)

 Models splice junction dimers and performs
“spliced alignment” (BLAST will generate
matches to individual exons).

e Much faster than BLAST
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BLAT

* Opening sentence in the paper:

Some might wonder why in the year 2002 the world
needs another sequence alignment tool.
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A BLAST demo...
V= peren stz - < -

<« C' | [} blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome il = 5 | _‘
» [ Other bookmarks

CBIBLAST/ blastp suite Standard Protein BLAST

blastn | blastp | blastx | tblastn | tblastx |

BLASTP programs search protein databases using a protein query. more... Resetpage Bookmark

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &)
From
To
i
Or, upload file Choose File | No file chosen @
Job Title

Enter a descriptive title for your BLAST search &)

Align two or more sequences &

Choose Search Set
Database Non-redundant protein sequences (nr) ML

Organism
Optional Exclude 't

Enter arganism common name, binomial, or tax id. Only 20 top taxa will be shown. &)

Exclude Models (XM/XP) | Uncultured/environmental sample sequences
Optional

Entrez Query YoullllTJ Create custom database

Optional A -
Enter an Entrez query to limit search @

Program Selection .
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Finding Homologs: BLAST

<_ BLAST®
3

Home RecentResults Saved Strategies Help

» NCEI/ BLAST Home

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

[ DELTA-BLAST, a more sensitive protein-protein search  Ge)

BLAST Assembled Genomes
Find Genomic BLAST pages: @ Human “ —Ranit o Zebrafish
@ o Mouse o Chimp o Clawed frog
. o Rat o Guinea pig o Arabidopsis
o Cow o Fruit fly o Rice
o Pig o Honey bee o Yeast
o Deog o Chicken o Microbes
Basic BLAST
Choose a BLAST program fo run. . . .
https://blast.ncbi.nlm.nih.gov/Blast.cgi
nucleotide blast Search a nuclentide database using a nu_clentide query
Algorithms: blastn, megablast, discontiguous megablast
: Search protein database using a protein query
protein blast
rOleinias Algorithms: blastp, psi-blast, phi-blast, delta-blast
blastx | Search protein database using a translated nucleotide query Different variants of
tblastn | Search translated nucleotide database using a protein query B LAST
- tblastx | Search translated nucleotide database using a translated nucleotide query b

61


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

» NCBI/ BLAST/ blastp suite ' ' Standard Protein BLAST

blastn blastp blasts  thlastn @ thlastx

BLASTP programs search protein databases using a protein
Enter Query Sequence == - H=E

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Cuery subrange &

——rrr e T

. s .
WRVPSIKSGNDIANCLRKNGERY IQLSRETFDTEYQK TENNDWDY T TDLSEMGANF RA e
DRVIDPRACLKPYVILKDGPE RVI LAGPMPVTVASALQRRGRIGRNOMK EGDQY I VMGRPL
NNDECHAHWTEAKMLLDNINTPEGIIPALFEPEREKSALIDGEYRLRGEARKTFVELMRR -
GDLPVWLSYKVASEGFQYSDRRIWCFDGE RNNOWL EENMDVELIWTK EGERKK LRPRIWLDAR To
TYSDPLALREFKEFAAGRR -~

From

Or, upload file Choose File | Mo file chosen 7]
Job Title
Enter a descriptive title for your BLAST search &

Align two or more sequences &

Choose Search Set

Database Mon-redundant protein sequences (nr) Y|

Organism Mon-redundant protein sequences (nr)

Optional Reference proteins (refseq_pratein) Excludef’.x
UniProtkB/Swiss-Prot(swissprot) axa will be shown. & SeIeCt Database

Fatented protein sequencesipat)

Exclude - - seqUences
Optional Protein Data Bank proteins{pdb)

Metagenomic proteinsienv_nr) .
EE;:EEIQUEW Transcriptome Shotgun Assembly proteins (tsa_nr) You WL

nter an Entrez query to imi search &

depending upon
-what.you want to do

Create

Program Selection

Algorithm blastp (protein-protein BLAST)
PSI-BLAST (Position-Specific lterated BLAST) ] )
PHI-BLAST (Pattern Hit Initiated BLAST) Different variants of
2 DELTA[Dnmain Enhanced Lookup Time Accelerated BLAST) PrOtein BLAST

Choose a BLAST algorithm &
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Protein BLAST Variants

e BlastP: protein-protein BLAST
— simply compares a protein query to a protein database.
e PSI-BLAST: Position-Specific Iterated BLAST

— Allows the user to build a PSSM (position-specific scoring matrix) using
the results of the first BlastP run.)

e PHI-BLAST: Pattern Hit Initiated BLAST

— performs the search but limits alignments to those that match a
pattern in the query.

* DELTA-BLAST: Domain Enhanced Lookup Time Accelerated BLAST

— constructs a PSSM using the results of a Conserved Domain Database
search and searches a sequence database.
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Selecting Database

* Non-redundant Protein Sequences (nr)

— All non-redundant GenBank CDS translations+PDB+SwissProt+PIR+PRF excluding
environmental samples from WGS projects

— 67,897,003 Sequences

— To build profiles or simply find related sequences
 Reference Proteins (refseq_protein)

— NCBI Protein Reference Sequences

— 49,158,634 Sequences

— To build profiles or simply find related sequences
* Non-redundant UniProtkKB/SwissProt sequences.

— 461146 Sequences

— Known Functions
- PDB

— 77,4658 Sequences

— Known Structures
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Assume you are given a protein

SGVLWDTPSPPEVEKAVLDDGIYRILQRGLLGRSQVGVGVFQEGVFHTMWHVTRGAVLMYQGKRLE
PSWASVKKDLISYGGGWRFQGSWNTGEEVQVIAVEPGKNPKNVQTAPGTFKTSEGEVGAIALDFKPG
TSGSPIVNREGKIVGLYGNGVVTTSGTYVSAIAQAKASQEGPLPEIEDEVFRKRNLTIMDLHPGSGKTRR
YLPAIVREAIKRKLRTLVLAPTRVVASEMAEALKGMPIRYQTTAVKSEHTGKEIVDLMCHATFTMRLLSP
VRVPNYNMIIMDEAHFTDPASIAARGYISTRVGMGEAAAIFMTATPPGSVEAFPQSNAVIQDEEKDIP
ERSWNSGYDWITDFPGKTVWFVPSIKSGNDIANCLRKNGKRVIQLSRKTFDTEYQKTKNNDWDYVVT
TDISEMGANFRADRVIDPRRCLKPVILKDGPERVILAGPMPVTVASAAQRRGRIGRNQNKEGDQYIY
MGQPLNNDEDHAHWTEAKMLLDNINTPEGIIPALFEPEREKSAAIDGEYRLRGEARKTFVELMRRGD

LPVWLSYKVASEGFQYSDRRWCFDGERNNQVLEENMDVEIWTKEGERKKLRPRWLDARTYSDPLAL
REFKEFAAGRR

 What can you find out about the function of the protein?

e This protein is taken from Dengue Virus
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Inferring Function using DAS

Uniprot Protein Distributed Annotation System (DAS) Server
— Provides access to sequences and annotations from UniprotKB
— Access to Gene Ontology Annotations

Can search given a sequence for all annotations on related proteins or
parts of the sequences

Accessible using DASty (http://www.ebi.ac.uk/dasty/index.html) or UGENE

DAS MyDas
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http://www.ebi.ac.uk/uniprot-das
http://www.ebi.ac.uk/uniprot-das
http://www.ebi.ac.uk/uniprot-das
http://www.ebi.ac.uk/uniprot-das

File Actions Settings Tools Window Help

B New project

New document from text

& New workFlow -
. Create Document
- Name
" Conneckt to shared database & 3D St Paste data here Ures of biological molecules.
2 Search NCBI Genbank &% BALL  DFPGKTVWFVPSIKSGNDIANCLRKNGKRVIQLSR |- jework for molecular surface calcul
QDEH... (ﬁ BAM KTFDTEYQKTKNNDWDT VWVTTDISEMGANFRADR d read_onl}f access o BAM ﬁ[es
. 4% Brow VIDPRRCLKPVILKDGPERVILAGPMPVTVASAAQR
Openas @ Chroi RGRIGRNQNKEGDQYIYMGQPLNNDEDHAHWTE alization
Recent Files lﬁ Circul AKMLLDNINTPEGIIPALFEPEREKSAAIDGEYRLRG | | DNA , ircul
ALl IFCW | EARKTFVELMRRGDLPVWLSYKVASEGFQYSDRR SEQUENCes using circular repre
@ DNA| | WCFDGERNNQUVLEENMDVEIWTKEGERKKLRPR routines to manipulate and search
&3 DNA| WLDARTYSDPLALREFKEFAAGRR _! lupport for DNA & protein sequenc
& DNA -/ |uence for regions of high DNA heli
% DNA| [ custom settings reports for sequences and alignme
@ DNAJ R aphs for DNA/RNA sequences.
& Dotpl Alphabet quences
& Expel system For analysis and recognitic
&% Exter tools
&% GORI ndary structure prediction
& HMM 3.2 package Biological sequence al
@ HMM pocument location: |unknown |...| Pluginis based on HMMER 3.0b3 p:
& In silil '_'
4% Kaligi Document format: | FASTA - kage for multiple sequence alignm
&% Linko
@¥ Mus( Sequence name: unknown ackage for multiple sequence align
4@ Open @ save file immediately port for OpenCL-enabled GPUs.
& Optin ____________ jtions of Smith-waterman algorithr
@ ORF| | Help | | cancel | | Create | Eading frames (ORF) in a DNA sequ
& Prime CR primers design.
& PTools on structural alignment algorithm (Sippl MJ, Stegbuchner
& Query Designer on Analyzes a nucleotide sequence using different algorit
&% Remote BLAST on Performs remote database queries: BLAST, CDD, etc...
% Repeats Finder on search for repeated elements in genetic sequences
estriction analysis n inds and annotates restriction sites on a sequen
% Restricti lysi o] Find d tat tricti it DNA
amtools plugin n amtools plugin For ata analysis
&% samtools plugi o] samtools plugin for NGS dat lysi
@@ SITECON on SITECON - is a program package for revealing and anal
. % UGENE Genome Aligner ©On Assembly DMA to reference sequence
IM' lﬂ. LIFERE Mmook a Cmronien (a1 ILaunehina roammakba Facles i 1LIECRIE Diamme ko ©meee

FIEAY DIUMeulcd!l Inrormdalulics Resedron Ldp 67




Using DAS

0 B H - & G B Gn G G Za |Got| &, 14 B M v JF = o % @ MW ® 2 o0 Ty vl SE8E@®
Project = ) ki H ate, 7 . ) = &
| Projec @ unknown [amino] &y Py L=} o 2. v ¥ |DASAnnotations
< 4 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 BO0E1S|E| o
egion
& g
| Objects | Whole sequence 2| laes
4] v @ unknown : s :
% [s] unknown =
1 20 40 60 8 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 44D 460 480 500 520 540 560 580 GODGI9
Database: 0
| UniProtKB s =
D Minimum Identity:
90.0%
SGEVLWDTPSPPEVEKAVLDDGIYRILQRGLLGRSQVGVGEVEFQEGVEFHTMWHVTRGAVLMYQGKRLEPSWASVEEKDLISYGGGW
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 65 68 70 72 74 76 78 80 83 e

12 4 & & 10 12 14 16

Name v Type Value D Identity =+

Bookmarks

7 unknown [s] unknown JISYGGGW

[ ———
6 78 80 B3 Fetch IDs

|Ds of similar sequences:
ID dentity =

1 QBEB104 99% |

2 QB8B105 99%
3 QBB106 99%
4  ADADBAL2VS 99%

Fetch annotations
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BLAST Parameters

(=) Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with + sign

General Parameters

Max target 500 v

SEUICIREES Select the maximum number of aligned sequences to display &

Short queries ¢ Automatically adjust parameters for short input sequences &

Expect threshold 10 a

Word size Iv|@

Max matchesina [ @

query range
Scoring Parameters

Matrix BLOSUMEZ v | &

Gap Costs Existence: 11 Extension: 1 v | &

Compositional Compaosition-based statistics v | &

adjustments
Filters and Masking

Filter Low complexity regions &

Mask Mask for lookup table only &

Mask lower case letters &

PSIPHI/DELTA BLAST

PSI-BLAST 0.005 @

Threshold

DELTA-BLAST 005 a

Threshold

Pseudocount ] @

. BLAST Search database UniProtKB/Swiss-Prot(swissprot) using DELTA-BLAST {Domain Enhanced Lookup Time Accelerated BLAST)
| et

Show results in a new window
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Result

» NCEIl BLAST/ blastp suite/ Formatting Results - S3E0CWMIMO15

Edit and Resubmit Save Search Strategies »Formatting options  » Download Youlfl) How to

DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)

Protein Sequence (619 letters)

RID S3EOWMSMO15 (Expires on 06-19 02:10 am)

Query ID lcl|Query_17081 Database Name swissprot
Description None Description MNon-redundant UniProtkB/SwissProt sequences
Molecule type amino acid Program BLASTP 2.2.31+ b Citation

Query Length &19

Other reports: e Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment

& Graphic Summary
[=)Show Conserved Domains
Putative conserved domains have been detected, click on the image below for detailed results.
1 100 200 300 400 Son 61y
Query seq,

ATF binding site Jf RTP-binding site j Jeg
pubative Hatt binding site Jy

Specific hits r Peptidase_S7 1
Superfanilies FPeptidase_57 superfanily P=loop_NTPase superfamily P-locp_NTPase superfamily

Hulti-donains

Distribution of 100 Blast Hits on the Query Sequence &

[Mouse-over to show defline and scores, click to show alianments |

Color key for alignment scores

Query

1 100 200 300 400 500 600
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class: standard.
created: Feb 1, 1904,

sequence updated: Feb 1, 1994, FEATURES

source

Lecation/Qualifiers
1..3396

annotation updated:

Jan 7, 2015.

xrefs: METS12.1, 242551
xrefs (non-sequence databases): ProteinModelrortal:P3zass,

—

. p— -,

s
oDiBeddlsy, GOie8edz2azs, GO:8816821, GOiB8108218, GO:B819831,

GO 8855836, G0:8885524, GO:888E826, G0:8883715, GO:BE45E73,

o0 Beadar?, G0:E8844583, GO:8883724, GOiEE83968, GO:B884252,

G0 88788as, G0:8885108, GO:8875512, G0:189830654, GO:I@830528,

G0: 8886355, G0:B833564, G0:88359574, GO:8830582, GO:E8A5351,

o0 8830554

G0 8819852

e o

Interfro: IPRE11432,
InterPro: IPRES1122
Interfro:
InterPro: IPREB1SIE,
InterPro: IPRBE13SE,
InterPro: IPRE1109E,

Gene3hi 2. 568,468,358, Gene3b;2.58,93,18

383 =o 2
i - g

Interfro: IPREBEGET,
Interfro:IPRE264TE,
Interfro: IPREBELET

InterPro:IPRB13TSS,
InterPro:IPRBA115T,
InterPro:IPREAE484,
InterPro:IPRBEE33E,
Interpro:IPRB14412,
InterPro:IPRE1AGE],

forganism="Dengue virus 1 Singapore/5275/1998"
fhost="8edes aegypti (vellowfever mosquito) {Culex
aegypti)”

fhost="4edes albopictus {(asian tiger mosquiteo) (Stegomyia
albopicta)”

fhost="Homo sapiens (Human}"
fdb_xref="taxon:33i74i"
1..3396

fproduct="5enome polyprotein”
_number="3.4.21,91"
_number="

Gene Ontology Information

InterPro:
Prediction of families,
domains and sites

SUuniProtkB_evidence="Inferred from homology™

Interfro: InterPro:IPRB26498, Region i..3328 . .
InterfroiIPREI7A1T, InterPro:IPRes826d, InterPro:IFRS8TE04, {reglon_name="Hature chain® L B
InterPro:IPREEZETT, InterPro:IPRBIOBE3, InterPro:IPRBEISE3, fexperiment="experimental evidence, no additional details

EEH ) PTamiFre oas, PTEMN:FrBagad, FTEM: ' r'E':':"d‘Ed ) .
pfam:PFE16884, Pfam:PFe@04E, Pfan:PFe1885, Pfam:PFeleez, ) fnote="genome polyprotein. /FTId=PRO_BOE8485286.
pfam:PFE1358, Pfam:PF21349, Pfam:PF88972, Pfam:PFE1578, Reglon {--1?1 . ] .
Pfam:PFE1728, Pfam:PFe8271, Pfam:PFE@040, PIRSF:PIRSFEEIELT, ff"EE-'m"_'_"'amEf TGF"J-?:'E-'J-CE']- dc'f_"a'—"' o -
SMART:SM@R4ET, SMAAT:SHEB4DS, SUPFAN!SSFSE404, SUPFAM:SSFS2548, Jexperiment="experimental evidence, no additional details
SUPFAMISSF53335, SUPFAMISSF56983, SUPFAMISSFEL296, recorded )
TIGRFAMS 1 TIGRE4248, PROSITE:PS51527, PROSITE:PSS1528, pees ir‘?:;;"c.'r'tﬂplaﬁmm {ECCi@8@8255}. "

eg1on e

PROSITE:PS551192, PROSITE:PS51194, PROSITE:PS58587, PROSITE:PS51591
activation of hest autophagy by wirus; ATP-binding; Capsid protein;
Clathrin-mediated endocytosis of wvirus by host; Cleavage on pair of
basic residues}; Complete proteome; Disulfide bend; Fusion of wirus
membrane with host endosomal membrane; Fusion of wirus membrane
with host membrane; Glycoprotein; Helicase; Host endoplasmic
reticulumj Host membrane; Host nucleus; Host-virus interaction;
Hydrolase; Inhibition of host innate immune response by wirus;
Inhibition of host interferon signaling pathway by wvirusj
Inhibition of host STAT2 by wirus; Inhibition of host Tvk2 by
virus; Membrane; Metal-binding; Methyltransferase; mAMA capping;
mRM& processing; Multifunctional enzyme} Nucleotide-binding;
Mucleotidyltransferase; Phosphoprotein; Protease; RMA-binding;
rha-directed RMA polymerase; S-adencsyl-L-methionine; Secreted;
Zerine protease; Transcription; Transcription regulation;
TransfTerase} Transmembrane; Transmembrane helix) wiral attachment
to host cell; wviral envelope proteing viral immuncevasion; wiral
penetration inte host cytoplasmy Wiral RMA replication; Wirionj
wirus endocytosis by host) virus entry into host cell.
SOURCE Dengus virus 1 Singapore/5275/1998
CRAGANISM Dengue wirws 1 Singspore/S5275,/1998
Wiruses; ssRNA wviruses) ssRNA positive-strand wviruses, no DMA
stage; Flaviviridae; Flavivirus; Dengue wvirus group.
REFEREMCE 1 ({residues 1 to 3398)
AUTHORS  Fu,J., Tan,B.H., Yap,E.H., chan,¥.C. and Tan,Y.H.
TITLE Full-length cDMA sequence of dengue type 1 virus (Singapore strain
5275798

KEYWOIRDS
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fregion_name="Mature chain”

fexperiment="experimental evidence, no additicnal details
recorded”

fmote="Capsid protein C. {ECO:8888258}.
SETId=PRO_9888837394. "

5..114

fregion_name="Flavi_capsid”

fmote= ivirus capsid protein C; pfameiees™
fdb_xref="C0D:258235"

33..74

Sreglon_name="Region of interest in the sequence”
fexperiment="experimental evidence, no additiocnal details
recorded”

fmote="Hydrophobic; homodimerization of capsid protein C.
[ECo:eeeazsel,”

1g48,,.1681

Sfsite_type="cleavage”

fexperiment="experimental evidence, no additional details
recorded”

fmote="Cleavage; by viral protease W53, {ECO:@8882535%."
igl..114

Sregion_name="Propeptide”

fexperiment="experimental evidence, no additiocnal details
recorded”

fnote="ER anchor for the protein €, removed in mature form
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Sequence Databases

e https://en.wikipedia.org/wiki/Biological data
base

e https://en.wikipedia.org/wiki/List of biologic
al databases

* GENBANK
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https://en.wikipedia.org/wiki/Biological_database
https://en.wikipedia.org/wiki/Biological_database
https://en.wikipedia.org/wiki/Biological_database
https://en.wikipedia.org/wiki/List_of_biological_databases
https://en.wikipedia.org/wiki/List_of_biological_databases
https://en.wikipedia.org/wiki/List_of_biological_databases

Protein databases

* Genbank: All DNA sequences
" Unprr Prot

e SCOP: Structural classification of proteins

http://en.wikipedia.org/wiki/UniProt
— manual classification of protein structural

domains based on similarities of

their structures and amino acid sequenceitp://en.wikipedia.org/wiki/Structu
e Pfam ral_Classification of Proteins datab

— Pfam is a database of protein families that22&
includes their annotations and multiple
sequence alignments generated

using hidden Markov models.
http://en.wikipedia.org/wiki/Pfam
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http://en.wikipedia.org/wiki/UniProt
http://en.wikipedia.org/wiki/UniProt
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http://en.wikipedia.org/wiki/Structural_Classification_of_Proteins_database
http://en.wikipedia.org/wiki/Structural_Classification_of_Proteins_database
http://en.wikipedia.org/wiki/Structural_Classification_of_Proteins_database
http://en.wikipedia.org/wiki/Pfam
http://en.wikipedia.org/wiki/Pfam

Uniprot Statistics

Number of entries in UniProtKB/TTEMBL

S0M T T T T T T T T T
: : : : : : . . . Baderia [82%)
80M |-
70M |-
i R EELNS
60M : Yiruses (2
: Chhar (19
S50M f -
40M |-
30M L Eukaryota [14%)
20M |
10M |
oM ' | i | | | I
1998 2000 2002 2004 2006 2008 2010 2017 mome Lengih disk bufion of 1he sequences
2
o . BT .
Viridiplaniae (13%) o LR/ LWWW.ebi.ac.uk/uniprot/TrEMBLstats
13 N 8
Q -
[
8 —
Crhar Mammalia (996 ﬁ g
a
§ a
Human [1%) T @ 7]
2
E
sz B
Fungi [27%) _Q_ 7]
2
Criher [209%) Q N
o ol IR
ImEacta (995 Mamaioda [39%) T T T T T T T T T T 1
200 400 (Sl = aln} 1000 1200 1400 1600 1800 2000
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http://www.ebi.ac.uk/uniprot/TrEMBLstats

Usage of amino acids

= N S

Leu Al Gl Mal

gray = aliphatic, red = acidic,

Sar

ke Glu

Amino acid composilion

Thr

I

f=p Arg Ly FPro PA=n GIn Phe Tyr Met HeE Tip Cys

, blue = basic, black = aromatic, white = amide,
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Uniprot structure

* “The primary mission of Universal Protein
Resource (UniProt) is to support biological
research by maintaining a stable,
comprehensive, fully classified, richly and
accurately annotated protein sequence
knowledgebase, with extensive cross-
references and querying interfaces freely
accessible to the scientific community”

* Each protein has a uniprot accession number

“Ongoing and future developments at the Universal Protein Resource,”
Nucleic Acids Res., vol. 39, no. Database issue, pp. D214-D219, Jan. 2011.

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab

76


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/

Protein databases: Sequence

* Seqguence
— UniProt

* UniProt Knowledgebase (UniProtKB): Expertly curated annotations

* The UniProt Archive (UniParc): Reflects history of all proteins

* UniProt Reference Clusters (UniRef): Closely related proteins are merged
* UniProt Metagenomic and Environmental Sequences Database (UniMES)

Wirdiplanias [19%)

Number of entries in UniProtkB/TrEMBL Ciher Ve riebiata (12%)

90M T T T T T T T =~

?DM_..........

S~
~
~
~
~
~
~
~
~
~
S

. ! ! ! ! X : ! : CAhar Mammalia (9%

SOM b oo i Human (150

: f : : f f f : : Fungi (27%)

BOM - i Other (209%)

L 4 I | | |
1998 2000 2002 2004 2006 2008 2010 2012 2014 Iecta (9%) Mematda (23]

oM d
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013648/

Uniprot structure

UniProt Knowledgebase (UniProtkB)
— Expertly curated database,

— Central access point for integrated protein information

— Cross-references to multiple sources.
The UniProt Archive (UniParc)

— is a comprehensive sequence repository

— Reflects the history of all protein sequences

UniProt Reference Clusters (UniRef)

— Merge closely related sequences based on sequence identity to
facilitate sequence similarity searches

— Using CD-HIT

UniProt Metagenomic and Environmental Sequences Database (UniMES)

— Caters for the expanding area of metagenomic data.

CIS 529: Bioinformatics
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Uniprot structure

* UniProtKB/Swiss-Prot
— 542,782 sequence entries in 2014_03 release
— Reviewed, manually annotated entries
— Annotations include

* Protein and gene names
* Function
* Enzyme-specific information such as catalytic activity, cofactors and catalytic residues

e Subcellular location

* Protein-protein interactions

* Pattern of expression
* Locations and roles of significant domains and sites
* |on-, substrate- and cofactor-binding sites

* Protein variant forms produced by natural genetic variation, RNA editing, alternative
splicing, proteolytic processing, and post-translational modification

e UniProtkKB/TrEMBL
— Automatic annotation
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http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Catalysis
http://en.wikipedia.org/wiki/Cofactor_(biochemistry)
http://en.wikipedia.org/wiki/Active_site
http://en.wikipedia.org/wiki/Subcellular_localization
http://en.wikipedia.org/wiki/Protein-protein_interaction
http://en.wikipedia.org/wiki/Protein-protein_interaction
http://en.wikipedia.org/wiki/Protein-protein_interaction
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Substrate_(biochemistry)
http://en.wikipedia.org/wiki/RNA_editing
http://en.wikipedia.org/wiki/Proteolytic

Example

e http://www.uniprot.org/uniprot/P62158
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http://www.uniprot.org/uniprot/P62158

Protein Databank

* http://proteopedia.org/wiki/index.php/Believe It or Not

* http://en.wikipedia.org/wiki/Protein Data Bank

Experimental Proteins Nucleic Acids Protein/Nucleic Acid Other Total
Method complexes

X-ray diffraction 85406 1558 4547 5 91516
NMR 9281 1092 218 7 10598
Electron microscopy 579 67 190 0 836
Hybrid 63 3 2 1 69
Other 157 4 6 13 180

Total: 95486 2724 4963 26 103199
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http://proteopedia.org/wiki/index.php/Believe_It_or_Not
http://proteopedia.org/wiki/index.php/Believe_It_or_Not
http://en.wikipedia.org/wiki/Protein_Data_Bank
http://en.wikipedia.org/wiki/Protein_Data_Bank

The PDB File

 Also contains header and other information
Atomic Coordinates: PDB Format

Chain name

Amino Acid /  Sequence Number
\ /]
Element \ / /  ===-- Coordinates-----
\ \ / X Y Z (etc.)
ATOM 1 N ASPL 1 4.060 7.307 5.186
ATOM 2 CA ASPL 1 4.042 7.776 6.553
ATOM 3 C ASPL 1 2.668 8.426 6.644
ATOM 4 0 ASPL 1 1.987 8.438 5.606
ATOM 5 CB ASPL 1 5.090 8.827 6.797
ATOM 6 CG ASPL 1 6.338 8.761 5.929
ATOM 7 OD1ASPL 1 6.576 9.758 5.241
ATOM 8 0OD2 ASPL 1 7.065 7.759 5,948
\\

Element position within amino acid

http://en.wikipedia.org/wiki/Protein Data Bank (file format)
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http://proteopedia.org/wiki/index.php/Atomic_coordinate_file
http://proteopedia.org/wiki/index.php/Atomic_coordinate_file
http://en.wikipedia.org/wiki/Protein_Data_Bank_(file_format)
http://en.wikipedia.org/wiki/Protein_Data_Bank_(file_format)

OCA
FirstGlance
PDBSum
ccPDB

Other tools

CIS 529: Bioinformatics
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Tools for PDB

Database name

Database description

DSSP

HSSP
PDBREPORT
PDB _REDO
PDBFINDER
PDBFINDER?2
PDB SELECT

WHY _NOT

Secondary structure of proteins
http://swift.cmbi.ru.nl/gv/dssp/

Multiple sequence alignments of UniProtKB against PDB files
http://swift.cmbi.ru.nl/gv/hssp/

Reports about errors and anomalies in macromolecules
http://swift.cmbi.ru.nl/gv/pdbreport/

Re-refined PDB files solved by X-ray crystallography
http://www.cmbiru.nl/pdb redo/

Searchable summaries of PDB file information

ftp:/ /ftp.cmbi.ru.nl/pub/molbio/data/pdbfinder/

As PDBFINDER, but with much extra information added
ftp:/ /ftp.cmbi.ru.nl/pub/molbio/data/pdbfinder2/
Quality-sorted culled lists of protein chains in the PDB
http://swift.cmbi.ru.nl/gv/select/

Explanation why entries in other databases cannot exist
http://www.cmbiLru.nl/WHY NOT/

R. P.Joosten, T. A. H. te Beek, E. Krieger, M. L. Hekkelman, R. W. W. Hooft, R. Schneider, C. Sander, and G. Vriend, “A series
of PDB related databases for everyday needs,” Nucleic Acids Res., vol. 39, no. suppl 1, pp. D411-D419, Jan. 2011.
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Copyright 1996 Randy Glasbergen. www.glasbergen.com

BIOLOGY
QUIZ ToPAY !

_GlLAS
“Class, who can tell me what I have preserved in this jar?
No, it’s not a pig or a baby cow...it’s the last student
who got caught cheating on one of my tests!”

End of Lecture
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