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1) Perform pairwise alignment at the NCBI BLAST website.

i) Obtain the human HBA and HBB protein sequences.
ii) Perform pairwise alignment atthe NCBI BLAST website.
iii) Then use a comparison tool from the EBI website.

iv) Vary the scoring matrix (e.g., try different PAM and BLOSUM matrices) and record
the effects on the score, the number of gaps, the percent identity, and the length of the

aligned region.

v) For the NCBI BLASTP program note that the output of a pairwise alignment includes

a dot matrix view.

National Library of Medicine

National Center for Biotechnology Information

First, go to NCBI websites and type hbal at the search bar.
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Then, choose the blastp section and enter the information and click on the BLAST.
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After that, select the dot plot to see the graph and the results.
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Next, go to EBI website and click on services.

e

You can work locally by our data A  OF US® DUl 10 Access our
Tools & Data Resources [ Browse by type
Tools Data resources

Programmatic access

EMBL-EBI web se
biolagjcal data e s programmatically, o that you
can develop data analysis pipelines or integrate public
data with your own applications, The Web Services

allow you to query our large

technalogy we use are buili on open standards fo
ensure client and server software from varlous sources
will work well together.

Browse EMBL-EBI web services

Principles of service provision

Open

Our data and tools are freely available, without

to function. By using the site you are

At the search bar type pairwise sequence alignment and choose EMBOSS water.

Enter & pair of
PROTEIN

sequences. Enter or paste your first protein sequence in any supported format

>gij4504347|refINP_000549. 1| hemoglobin subunit alpha [Homo sapiens)]
MVLSPADKTNVKAAWGKVGAHAGE Y GAEALERMFLSFPT TKTYFPHFOLSHGSAQVKGHGKKVADALTNAVAHVDDMPNAL SALSDLHAHKLRVDPVNFKLLSHC
LLVTLAAHL PAEFTRAVHASLDKFLASVSTVLTSKYR

Or, upoad a file. | Choose File | No e chosen Use s example sequence | Clear sequence | See more ex ___

AND
Enter or paste your second protein sequence in any supported format

>qi4504348{rel|NP_000509 1] hemogiobin subunit beta [Homa sapiens]
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKVKAHGKKVL GAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRL
ILGWLVCVI.AN HF GKEF TPPVQAAY QKVWAGVANALAHKYH

4

O, upload & file [ Chaosa Fils | No fis chosen

STEP 2 - Set your pairwise alignment options

QUTPUT FORMAT

The defaull seftings wil fulfll the needs of most users

| More options. | (Ciick here, if you want fo view or change ihe defaut seitings.}

Then, enter the information as shown above, and click submit button. The output will be

showed as below.

SRR RS il
# Program: water

# Rundate: Mon 18 Apr 2022 06:52:55

# Commandline: water

# -auto



-stdout

-asequence emboss water-I120220418-065251-0610-14348719-p2m.asequence
-bsequence emboss water-I120220418-065251-0610-14348719-p2m.bsequence
-datafile EBLOSUM62

-gapopen 10.0

—gapextend 0.5

-aformat3 pair

-sproteinl

# -sprotein2

# Align format: pair

# Report file: stdout

FHEFEHFEAFEHHAA AR H A AR S

H= FH = S e

fom—mm——————==—=—=———=———=———=—==========
#
# Aligned sequences: 2
# 1: NP _000549.1
# 2: NP_000509.1
# Matrix: EBLOSUMG62
# Gap_penalty: 10.0
# Extend penalty: 0.5
#
# Length: 145
# Identity: 63/145 (43.4%)
# Similarity: 88/145 (60.7%)
# Gaps: 8/145 ( 5.5%)
# Score: 293.5
#
#
ommm e e
NP 000549.1 3 LSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF-DLS-
felosleolal ol N R I e e
NP_OOO509.1 4 LTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWITQRFFESFGDLST
NP_O 00549.1 51 -—---HGSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDP
P I O I I e 2 I I I S (- B S B O A
NPio 00509.1 52 PDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDP
NP_OOO549.1 97 VNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKY 141
B B T I I e I T T e e I I o oo Oy
NP7000509.1 102 ENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKY 146

50

51

96

101



Download ~

& Downloadv  GenPep! Graphics <Descriptions
hemoglobin subunit alpha [Homo sapiens]
Sequence ID: NP_000508.1 Length: 142 Number o 1 Matches: 1

From the above results, you can see the result for BLOSUM 62 scoring metrics. Then, at

the top left, click on the edit search button.

— Algorithm parameters
Genersl Parameters Tevias oot ssaeh purameers

Under the algorithm parameters, trying to change the matrix under scoring parameters.

Then, you may get the results like the table below.

Matrix E-value Identities Positives Gaps

BLOSUM 62 | 2e-38 63/145 (43%) 88/145 (60%) 8/145 (5%)
BLOSUM 90 | 4e-37 63/145 (43%) 81/145 (55%) 8/145 (5%)
PAM 30 4e-34 65/149 (44%) 74/149 (49%) 9/149 (6%)
PAM 250 2e-38 63/146 (43%) 109/146 (74%) | 8/146 (5%)

The results of these scoring metrics are almost the same. When two proteins have large
different or only some parts of the proteins are well aligned, then a large differences will

been seen easily.



2) Perform pairwise alignment at the UCSC website.

i) Goto http://genome.ucsc.edu. Followthe link to the genome browser, select the human

genome hgl9 build, and enter a query of hbb. This should direct you to
chrl1:5,246,696-5,248,301 (a region of 1,606 base pairs encompassing the beta globin
gene, HBB.

ii) Click the box to setthe view to default tracks.

iii) Under Comparative Genomics” select Placental Chain/Net and set the display to full.
By clickingthe Placental Chain/Netheader you can view a series of options. Set Chains
to full view and Netsto full view. Set the speciesto horse (dese lectother species). Click
submit.

iv) The display now shows human/horse chained alignments and and alignment nets.
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First, go to UCSC Genome Browser. Then, move the mouse over the Genomes and select
Human GPCh37/hg19.
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Click on a feature for details.
Click+shift+drag to zoom in. Click side
move start bars for track options. Drag side bars or move end
labels up or down to reorder tracks.
Drag tracks left or right to new position.
Press "?" for keyboard shortcuts.
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Then, select the default tracks.


http://genome.ucsc.edu/

l)ng tracks lem or rlgm 10 new position
Press "?" for keyboard shortcuts
track search || default tracks || default order || hide all || add custom tracks || track hubs || configure || reverse || resize || refresh
Chromosome Color Key:

Use drop-down controls below and press refresh to alter tracks displayed.

i i
A Tracks with lots of items will automatically be displayed in more compact modes.
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Under the Comparative Genomics, change the Placental Chain/Net to full and click on refresh.
After that, click on the Placental Chain/Net header.
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Then, change the Chains and Nets to full. Select the horse speciesand deselect other species.

> 33333 > >3 ) 33333333333333> 35>

333333353 33>
333335
3333535
33335 >
33333333>

> >

»>

>3

>

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Short Genetic Variants from dbSNP release 153 [
Common dbSNP(153) | | Il ‘

Repeating Elements by RepeatMasker
-

RepeatMasker

Click on a feature for details.
Click+shift+drag to zoom in. Click side
mave start hars far track nntinne Nran <ide hars ar move end

You will be direct to this page. Select the elements inside the box.



Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us
Horse (Sep. 2007 (Broad/equCab2)) Chained Al (6118025)
Human p chr11:5247789-5248018 size: 230

Strand: +

Horse position: chr7:73954471-73954698 size: 228
Chain ID: 6118025

Score: 9014

Fields above refer to entire chain or gap, not just the part inside the window.

getails of parts of chain within browser window.
orresponding to the part of chain that is in this window.

View table schema

Go to Placental Chain/Net track controls

Data last updated at UCSC: 2009-06-04

Description

Chain Track

The chain track shows alignments of human (Feb. 2009 (GRCh37/hg19)) to other genomes using a gap scoring
system that allows longer gaps than traditional affine gap scoring systems. It can also tolerate gaps in both
human and the other genome simultaneously. These "double-sided" gaps can be caused by local inversions and
overlapping deletions in both species.

The chain track displays boxes joined together by either single or double lines. The boxes represent aligning
regions. Single lines indicate gaps that are largely due to a deletion in the human assembly or an insertion in the

Select the DNA sequence alignment. You will see the results as the below picture.

Alignment of Horse.cht7 | Alipnment of Horse.chr7 and chr11:5247789-5248018

Honse.slu?
Humanchell
blogkl
block2
blocks
togsther

Click on links in the frame to the left to navigate through the alignment, Matching bases are colored blue and capitalized. Light blue bases mark the boundaries of gaps in ither sequence.

Horse.chr?

t TGCAGCaTaT 73954520
T 39541

T 20
cA aaGGAitgTt aCtAMGttg 73954670

CECATRA
P Totatees 86

Human.chrll ¢

Cici TaGRG TTRCc 5247988

CCRCTGRRTC ConGggTAl

Side by Side Alignment*

1 agegtettctggettcaccetgaagttctcangatctacttgcageatat 73
> [ | H1 HNUURUIRININI e
19 agcgteccatagactcaccctgasgttcteaggatccacgtgcagettgt 05

1 casagtgcagctecctcagttggacaasggtyccgttgagatcatccagy 73954570
> L TEREEVEEE FHEEEE T FEETEETEE FEEEE 1 FEEETT 33333355
7839 cacagtgcagctcactcagtgtggeassggtacccttgaggttgtecagg 05247688

Immwl HEECTTACARCTLLLECANAMMgEARCALCTECTLqCCATIMACTE 70954620
------- | O L L AN
05247889 REMCCAQCEATCACtasagECOCCRRgEaCtEECTECCAERgECEE O5; 247938

1 i «\unu.\.uuun,.ul sgaggcasagga-atgttactasagt 73
(IR R L | >
05247939 caccttagagtigcceatascagcatcaggogtegacagatecceasagg 05 247988

7\1.3

9 tatcanmgaaccacgtatcctggaatags 72954658
LEEELEEEE T HEE T T 229
05247989 ACECANAGANCCTCEERRTCCANGRELaga 05208018

*Aligned Blocks with gaps <= 8 bases are merged for this display

3) Using the amino acid explorer tool from NCBI

i)

Visit  http://www.ncbi.nlm.nih.gov/Class/Structure/aa/aa explorer.cgi Select the

Biochemical Properties table. Which amino acid is most abundant? (Is it leucine, at
9.94%7?). Use this table to test yourself and make sure you know the one- and three-
letter abbreviationsfor all 20 amino acids, as well as their structures.

Is tyrosine a hydrophobic amino acid? To decide, use the Common Substitutions table.
Explore valine (a hydrophobic residue), sort the results by hydrophobicity, and see
where tyrosine is located. You can also explore the Structure and Chemistry table.

Server Error

Your request could not be processed due to s problem oa our Web server. This could be a transient problens. please try the query again. I it doesa'tclear up within a sensonsble period of time, e-mail  shoet description of
your quesy and the disgnestic information shown below to

pubmmed il i
webadibuac

problens with other services

Thank you fo your nssistance. We will wy to fix the problemn ns soon as possible

Dingnostic Informaion

Error; 500

URL: D tp/www nebionlm nih gov/Class/Strueture aa/an_explorer egi?
Client: 130.14.26.23

Server: mweb ||

Tiane: Sat Ape 23 00.29:28 EDT 2022

NOTE: The above is an internal URL which iy differ from fhe one you used to address the page.

Rev. 010408


http://www.ncbi.nlm.nih.gov/Class/Structure/aa/aa_explorer.cgi

4) Sequence Manipulation Suite
i) Many tools are available to manipulate sequences. Visit the Sequence Manipulation
Suite (http://www.bioinformatics.org/sms2/index.html) to access a large number of
tools. What is the reverse complement of the sequence GGAATTCC?

S Sequence Manipulation Suite:
Reverse Complement

jon Reverse Complement converts a DNA sequence into its reverse. or reverse- The entire IUPAC DNA alphabet is
supported, and the case of each input sequence character is maintained. You may want to work with the reverse-complement of a sequence if it
contai ORF on the reverse strand

pne or more FASTA sequences into the text area below. Input limit is 100,000,000 characters.

*This page requires JavaScript. See browser compatibility.
*You can mirror this page or use it off-line.

new window | home | citation

First, go to the website and select Reverse Complement. Then, type the above information.

After submit, you will get result as picture below.

@ Sequence Manipulation Suite - Google Chrome - o X
| @ a tblank

Reverse Complement results

5) Perform pairwise alignment using EMBOSS tools via Galaxy and
UCSC

1) Inthisexercise we will perform global alignment with the EMBOSS package needle and local
alignment with the EMBOSS package water.

ii) Bothofthese are available at the Galaxy public web server (along with over 100 other EMBOSS
tools). Box 3.9 introduces EMBOSS and explains how to import beta globin (HBB) and alpha
globin (HBA2) proteins from the UCSC Table Browser using Galaxy, and to then align them.
This history is saved at https://main.g2.bx.psu.edu/u/pevsner/h/pairwise-alignment-via-ucsc-
and-emboss (WebLink 3.14).

iii) Note that Galaxy is a web-based platform for using hundreds of bioinformatics tools, including

next-generation sequence data analysis software.

IV) To use it visit http://usegalaxy.org then go to the public server.

V) Be sure to create a username and log in. This will allow you to continue your work overtime
and at different workstations.
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Picard Gap open panalty
deepTools

EMBOSS Gap extension penalty

First, go to Galaxy website. At the left-hand side, scroll the scrollbar until you EMBOSS.

Then, click on it.

= Galaxy

il adress. Renared verification

Sequence 2

& Upload Data
D © | Mofastadotaset available - >

Gap open panalty

Gap extension panalty

Brief identity and similarity

ment file farmat

Email notification
oL
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Then, scroll it until you see the needle and water. Click on either one. You will be able to

calculate the global alignmentby Needleman-Wunschand local alignmentby Smith-Water.

A Workflow Visualize Shared Data* Help~ User~ 7= M [

n jobs until you have verified your email address

Your account has not been activated yet. Feel free to browse around and see what's available, but you won't be able to upload data or ru

Resend verification.

About this History +
Pairwise alignment via UCSC and EMBOSS . B

349 KB
. “
Related Histories 4™ 8

0o All published histories

Published histories by pevsner

search datasets

Annotation

Dataset )
Rating
2: hba2 (chr16:222846-223709) ® “  Community
1 sequences ) ratings, 0.0 average
format: fasta, database: hg19 T
H & @ Tags
B2 v e Human hats .
none
" 1
Yours

»

Go to this given link, https://main.g2.bx.psu.edu/u/pevsner/h/pairwise-alignment-via-ucsc-and-

emboss. Download the file of the hba2 and hbb.
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https://main.g2.bx.psu.edu/u/pevsner/h/pairwise-alignment-via-ucsc-and-emboss
https://main.g2.bx.psu.edu/u/pevsner/h/pairwise-alignment-via-ucsc-and-emboss

Tiesl TG SRAN- BN KSEE- & A B

Tools e =
weedle Needleman-Wunsch global alignment (Galaxy Ve
# needle Needi Wunsch global Galaxy Ve o
emboss [ =] 500
2 Upload pata 1 Please provide a value for this option.
Sequence 1
@ Show Sections D D@ 0[O Nofastadataset available. -
acid sequences
Sequence 2
needle Needleman-Wunsch global
0 3 Nofastad, bl

Brief identity and similarity

Output alignment file format

B8 Z2+m4
T 00

Unnamed history
{empty) e

ENHRERHE. FTLL LGS
B ABE oEE ARMERE LGN
1.

Then, go back to the Galaxy website and click on the browse datasets icon at the sequence

1 section.

Type to Search x

Label Details

8 Data Libraries

& Upload

Time

Cancel

Click on the upload button and upload the file of the hbb. Same step is repeated to upload

the file of the hba2 at sequence 2 section.

A TIERR TG MEStE - WL KeEE- = A B

Tools 7 =
# needle Needleman-Wunsch global alignment (Galaxy Version 7
smboss o 5001)
Sequence 1
& Upload Data
D © o Galaxy2-[hba2_{chr16_222846-223709)) fasta
B Bhow 5 Sequence 2
D ©® © 2 unavailable) Galaxy1-(hbb. (chr11_5246696-5

Gap open penalty
100

Gap extension penalty

Brief identity and similarity

Output alignment file format

SRS pair (p)

¢ Email notification

mE 2+m
HE (71

Unnamed history
158 b B

© 2:Galaxyl-(hbb_(chr11 @ &
5246696-5248301)] fasta

1: Galaxy2-[hba2 (chri62 @ &
22846-223709)) fasta

After two files had been uploaded, scroll down to click on the execute button. Then, you

will get the results.

Below is the example of the calculation of Needleman-Wunsch:

AR A A A

# Program: needle
# Rundate: Thu 21 Apr 2022 14:02:26
# Commandline: needle
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¥ -asequence /corral4/main/objects/d/3/1/dataset d319941lc-ecba-4led-
all2-12£955f600ea.dat

# -bsequence /corral4/main/objects/0/6/d/dataset 06470088 -a9d7-4cde-
9d09-d28lecoedf3fc.dat
# -outfile /corrald4/main/objects/5/b/4/dataset 5b47c2df -d787-44c3-a3ee-

07e9bfe71137 .dat

—-gapopen 10.0

—-gapextend 0.5

-brief yes

-—aformat3 srspair

# -auto

# Align format: srspair

# Report file: /corral4/main/objects/5/b/4/dataset 5bd47c2df-d787-44c3-a3ee-
07e9bfe71137.dat

R o o

H= FH FH H

fommmmmmmmmm o e e e e
#
# Aligned sequences: 2
# 1: NP _000508.1
# 2: NP _000509.1
# Matrix: EBLOSUM62
# Gap penalty: 10.0
# Extend penalty: 0.5
#
# Length: 149
# Identity: 65/149 (43.6%)
# Similarity: 90/149 (60.4%)
# Gaps: 9/149 ( 6.0%)
# Score: 292.5
#
#
e —————————
NPAOOO5O8.1 1 MV-LSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF-D
48

N e e I N e 2 I A
NP_OOO509.1 1 MVHLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGD
48
NP_OOO508.1 49 LS—-—-—--—- HGSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLR
93

|| SO O I T T o e I S o A -2 I R I
NPAOOO5O9.1 49 LSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLH
98
NP_OOO508.1 94 VDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR
142

[ S T S S S o O O Ot e AR SRR RO [
NP_OOO509.1 99 VDPENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKYH
147
# _______________________________________
#_______________________________ ———

Below is the example of the calculations of the Smith-Water:

S o i
# Program: water

# Rundate: Thu 21 Apr 2022 14:03:12
# Commandline: water

12



¥ -asequence /corrald/main/objects/0/6/d/dataset 06d70088-a9d7-4cde-

9d09-d28lecodf3fc.dat

# -bsequence /corral4/main/objects/d/3/1/dataset d319941c-ecba-4led-

all2-12£955f600ea.dat

# -outfile /corrald4/main/objects/f/5/5/dataset f55d4a6a-e6ac-48ac-a005-

6b42b2534811 .dat
—-gapopen 10.0
—-gapextend 0.5
-brief yes
-aformat3 srs
# -auto

# Align format: srs

H= FH FH H

# Report file: /corrald4/main/objects/f/5/5/dataset f55d4a6a-ebac-48ac-a005-

6b42b2534811 .dat

A A

2

45 (43.45%)
45 (60.7%)
45 ( 5.5%)

LTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGDLST

LSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYEFPHE -DLS -

PDAVMGNPKVKAHGKKVLGAF SDGLAHLDNLKGTFATLSELHCDKLHVDP

———-HGSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDP

ENFRLLGNVLVCVLAHHFGKEFT PPVOAAYQOKVVAGVANALAHKY 146
VNFKLLSHCLLVTLAAHLPAEFTPAVHASTLDKEFLASVSTVLTSKY 141

FHHF R
#___ S ——
#

# Aligned sequences:
# 1: NP _000509.1

# 2: NP _000508.1

# Matrix: EBLOSUM62

# Gap penalty: 10.0

# Extend penalty: 0.5
#

# Length: 145

# Identity: 63/1
# Similarity: 88/1
# Gaps: 8/1
# Score: 293.5

#

#
e ——
NP 000509. 1 4
51

NP 000508.1 3
50

NP 000509. 1 52
101

NP 000508.1 51
96

NP _000509.1 102
NP 000508.1 97
#

#
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