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Seguence alignment algorithms



An algorithm Is a step-by-step procedure for
solving a problem or accomplishing something

Finding prime numbers
Sorting numbers from lowest to highest

Examples ‘ < Calculating shortest delivery routes

A cooking recipe

\ A lab protocol

The term algorithm usually refers to solving a
problem (often mathematical) using a computer



Bubble sort is a classic algorithm for
sorting numbers

Bubble sort

Input: 1,4,3,2 ‘ Output: 1,2,3,4

S1 (1,4,3,2) ‘(1,4,3,2) ‘ (1,3,4,2) ‘ (1,3,2,4)
1 |

S2 (1,3,2,4) ‘(1,3,2,4) ‘ (1,2,3,4) ‘ (1,2,3,4)

i |
S3 (1,2,3,4) ‘(1,2,3,4) ‘ (1,2,3,4) ‘ (1,2,3,4)



Sequence alignment algorithms are ways to arrange

two or more “words” to find out how similar they are to

each other

Word ‘ <

Examples ‘ <

\
(

.

. Sequence of letters (symbols)

using a particular alphabet (set

of letters)

Doesn't have to be the English

alphabet

FRAGILE

SUPERCALIFRAGILISTICEXPIALIDOCIOUS

1324647597

2aXPl?-O+= ey

N



Let's look at a simple example using words from
the English alphabet (size = 26)

Consider these four words: hat, bat, hatter, batter

How similar are bat and hat? Why?

Which word is more similar
to bat? Why?

Which pair of words is more ‘ (bat, hat)
similar to each other? Why? (batter, hatter)



One way to figure out how similar two words
(sequences) are is to find the longest common
subsequence

What's the algorithm to do this?

Step 1: Left-align the two sequences

Step 2: Score the alignment

Step 3: Shift the shorter alignment to the right by
one character and repeat steps 1-2 until you reach
the end of the longer sequence




Here's a simple example of finding the
longest common subsequence

alignments using this

scoring scheme

We'll evaluate the sub- Match = 1 point
‘ Mismatch = 0 point

BAT BAT BAT BAT

-

111000 000100 000000 000000

! |

1 1 N
BATTER BATTER ‘ BATTER - BATTER

! 1 : 1

3 points 1 point 0 points 0 points

! |



Now we can score the alignments between
our four words: hat, hatter, bat, batter

Alighment 1 Alignment 2 Alignment 3
BAT HAT BAT
||| | || |||
HAT BATTER HATTER
011 011 011
Score = 2 Score = 2 Score = 2
Alignment 4 Alignment 5 Alignment 6
BAT HAT BATTER
||| || EEREN
BATTER HATTER HATTER
111000 111000 011111

Score = 3 Score = 3 Score =5



Just when you thought you understood
alignments, it gets a bit more complicated

THE CATS IN THE HAT
Consider these ‘ _
< N
three phrases E CAT IN THE HAT
_THE CAT IS A HAT

Which two phrases are the most similar?

What algorithm did you use to figure that out?

Will our previous alignment method work?
Why or why not?



The current algorithm can't finding LCSs with additional or
missing characters (insertions and deletions)

We'll use the same Match = 1 point
SCONNGISCHEMERTS ‘ Mismatch = 0 points
before

THECATINTHEHAT THECATINTHEHAT
EEREEEEREE RN EEREEEEREE RN
THECATSINTHEHAT THECATSINTHEHAT
11111100000000 00000011111111
6 points 8 points

How can we fix the algorithm?



We can improve the algorithm by allowing gaps
In the longest common subsequence

/Match =1

Mi tch =
We'll use a modified ‘ < smatch =0
scoring scheme Gap open = -1

\Gap extension = 0
THECAT-INTHEHAT

T _
THECATSINTHEHAT G-drg=12
111111-11111111

Better!



You might be asking yourselves, why do we
need the gap penalty?

r

THECATINTHEHAT
AR ERE RN
Which of these THECATINTHEHAT
two alignments ‘ <
Is better? Why? THECAT-INTHEHAT
PR
THECATSINTHEHAT

Without a gap penalty, both alignments have the
same score (14)

We need gap penalties to reflect the intuition that, all things
being equal, ungapped alignments are better than gapped
alignments



Now we can score the alignments between
our three phrases (sequences)

Alignment 1
THECAT-INTHEHAT

ARREE R
THECATSINTHEHAT

111111-11111111

Score = 13

Alignment 3

Alignment 2
THECAT-—-1ISAHAT
EREEE EREEE
THECATSINTHEHAT
111111-00000111

Score = 8

THECATI--SAHAT

THECATINTHEHAT
1111111-000111

Score =9



Alternative alignments for 2

Alignment 2a

THECAT---ISAHAT
NEREN NEREN
THECATSINTHEHAT
111111-00000111

Score = 8

Alignment 2b

THECAT-I--SAHAT
AR

THECATSINTHEHAT
111111-1-000111

Score = 8




Biological sequence alignments



Biological sequence alignment algorithms are ways of
arranging two or more molecular sequences to identify

regions of similarity between them

-

DNA

‘ < RNA

Protein

Types of molecules

-

/Adenine (A)
We'll focus on DNA,

which consists of four ‘ < Thymine (T)
nucleotides (alphabet Guanine (G)
Size = 4)

\Cytosine (C)

We align biological sequences in the same way as
we did with English words and phrases



Example - aligning two DNA sequences

ACTG vs. ACGTG

Match = 1, mismatch = 0, gap open = -1, gap
extension = 0

elie ACTG  A-CTG  AC-TG  ACT-G
|11 |1 . N N
ACGTG ‘ ACGTG - ACGTG - ACGTG - ACGTG
11000 00011 1-011 11-11 110-1

85 48 & 8 8

2 points 2 points 2 points 3 points 2 points



Why are biological sequence alignments
iImportant?

(Structu (=

‘ < Function

Evolutionary

The more similar two
molecular sequences are,
the more likely that the
molecules are also similar in:

\hlstory
Deletion?
ACCTG +
||| AC-TG
ACGTG N
* ACGTG
Point mutation *

Insertion?



We need computers and algorithms to find
biological sequence alignments

Why not find all biological sequence alignments
manually?

How many times can you find the query sequence
ATCGGCCATTAC in the following target sequence?
Is it there at all? If so, is it unique?

ATCACTGTAGTAGTAGCTGGAAAGAGAAATCTGTGACTCCAATTAGCCAGTTCCTGCAGACCTTGTGAGGACTAG
AGGAAGAATGCTCCTGGCTGTTTTGTACTGCCTGCTGTGGAGTTTCCAGACCTCCGCTGGCCATTTCCCTAGAGC
CTGTGTCTCCTCTAAGAACCTGATGGAGAAGGAATGCTGTCCACCGTGGAGCGGGGACAGGAGTCCCTGTGGCCA
GCTTTCAGGCAGAGGTTCCTGTCAGAATATCCTTCTGTCCAATGCACCACTTGGGCCTCAATTTCCCTTCACAGG
GGTGGATGACCGGGAGTCGTGGCCTTCCGTCTTTTATAATAGGACCTGCCAGTGCTCTGGCAACTTCATGGGATT
CAACTGTGGAAACTGCAAGTTTGGCTTTTGGGGACCAAACTGCACAGAGAGACGACTCTTGGTGAGAAGAAACAT
CTTCGATTTGAGTGCCCCAGAGAAGGACAAATTTTTTGCCTACCTCACTTTAGCAAAGCATACCATCAGCTCAGA
CTATGTCATCCCCATAGGGACCATTGGCCAAATGAAAAATGGATCAACACCCATGTTTAACGACATCAATATTTA
TGACCTCTTTGTCTGGATGCATTATTATGTGTCAATGGATGCACTGCTTGGGGCGATCTGAAATCTGGAGAGACAT
TGATTTTGCCCATGAAGCACCAGCTTTTCTGCCTTGGCATAGACTCTTCTTGTTGCGGTGGGAACAAGAAATCCA
GAAGCTGACAGGAGATGAAAACTTCACTATTCCATATTGGGACTGGCGGGATGCAGAAAAGTGTGACATTTGCAC
AGATGAGTACATGGG




Basic Local Alignment Search Tool
(BLAST)



There are two types of sequence alignment:
local and global

Global alignment — find the

single best alignment across
the entire length of both
seguences

Local alignment - find one or

more highly similar local —_ -

regions between both
seguences



BLAST Is a very fast tool for finding local regions
of similarity between biological sequences

Basic Local Alignment Search Tool

Your query segquence

ATCACTGTAGTAGTAG .
CTGGARAGAGAAATCT Can be DNA, RNA or protein

GTGACTCCAATTAGCC

Internet search
or local search

BLAST your sequence: search target
database for local alignments

7~

- nt = non-redundant nucleotide
seguence database

<

nr = non-redundant protein
sequence database

-

Target databases are extremely large; millions of sequences



There are six types of BLAST, depending on the
type of query and target sequences

Nucleotide BLAST
(blastn)

Protein BLAST
(blastp)

blastx

tblastn

tblastx

-
-

Search a nucleotide database
using a nucleotide query

Search a protein database
using a protein query

Search a protein database using
a translated nucleotide query

Search a translated nucleotide
database using a protein query

Search translated nucleotide
database using a translated
nucleotide query



Many animals use the Earth's magnetic field for
orientation and navigation esp. during migration

Some examples: sea turtles, swallows, monarch
butterflies and fruit flies (Drosophila melanogaster)

Cryptochome is a key protein for geomagnetic sensing; it
seems to be a quantum compass

Humans produce cryptochrome in the retina, but we don't
seem to have this geomagnetic perception



Human cryptochrome, when it replaces fruit fly
cryptochrome, works the same way

Researchers created cryptochrome-deficient flies,
and they lost their ability to navigate

They then created transgenic flies with human
cryptochrome instead of their normal version

The flies with the human cryptochrome could
navigate just as well as the flies with the normal

version

How similar are the protein sequences of human
cryptochrome and fly cryptochrome?



We can use BLAST to find protein sequences In
humans that are similar to fly cryptochrome

Distribution of 13 Blast Hits on the Query Sequence &

|Mous&overto show defline and scores, click to show alignments

Color key for alignment scores

<40 80-200 >=200

Qe ] | | | ]
1 100 200 300 400 500

Descriptions
Legend for links to other resources: [!] UniGﬂe E GEO E Gene E Structure III Map Viewerﬁ PubChem BioAssay

Sequences producing significant alignments:

Accession | Description | Total score | Query coverage |_ E value
BAA31633.1 KIAAD658 protein [Homo sapiens] 75 375 4% 3e-103
Q45AND.2 RecName: Full=Cryptochrome-2 >gb|AAH41814.1| Cryptochrome 2 (photolya 7 375 94% 3e-103
BAFB3945.1 unnamed protein product [Homo sapiens] 74 374 94% 4e-103
NP_004066.1 cryptochrome-1 [Homo sapiens] >sp|Q16526.1|CRY1_HUMAN RecName: Full: 374 94% 4e-103
NP_066540.2 cryptochrome-2 isoform 1 [Homo sapiens] >dbj|BAG64048.1| unnamed prote 374 94% 4e-103
NP 001120929.1 cryptochrome-2 isoform 2 [Homo sapiens] 332 85% 2e-90
BAG57993.1 unnamed protein product [Homo sapiens] g 289 72% 2e-77
AAH35161.1 CRY2 protein [Homo sapiens] 7 287 72% 6e-77
EAW97796.1 cryptochrome 1 (photolyase-like), isoform CRA_b [Homo sapiens] 2 259 59% 2e-68
BAGS58504.1 unnamed protein product [Homo sapiens] - 241 47% S5e-63
BACO5354.1 unnamed protein product [Homo sapiens] S 14% 3e-10
BACB6686.1 unnamed protein product [Homo sapiens] : 14% 8.6
NP _001051970.1 sickle tail protein homolog isoform 2 [Homo sapiens] >emb|CAI12212.1| KIA . 9% 9.4

We get a list - and visual overview - of alignments
of the query sequence to target sequences




We can view the alignment between guery
and target seqguences for each match

- Query coverage = 94%

- Score = 374 bits (960)

- Expect = 4e-103

- Identities = 214/521 (41%)

- Positives = 298/521 (57%)

- Gaps = 41/521 (8%)




We can also view a detailed record for
each matching target sequence




BLAST Tutorial

http://www.digitalworldbiology.com/BLAST/slidel.
html



~
<3 NCBI

FubMead

Entraz

BLAST Tutorial — Slide 1

National Center for Biotechnology Information

Mational Library of Medicine

BLAST CiniInA Books

SITE MAF
Guide to NCBI
resources

About NCEI 8
The science behind
Our resources. An
imtroduction for
resgarchers,
aducators and the

pubilic.

GenBank
Sequence
submission support
and software

Molecular
databases

Saquances,
structures and

taxonomy

Literature

databases
FubMead, CMIM,
Books and PubMed

Central

s NCBl do?

Established in 1988 as a national resource for
molecular biology information, NCEI creates
public databases, conducts research in
computational biology, develops software
tools for analyzing genome data, and
disseminates biomedical information - all for
tter understanding of molecular
&5 affecting human health and
. hew More..

Draft Human Genome

Explore human genome resources or browse
tha human genome segquence using the M-:EJ
Yiewer,

BLAST the Zebrafish Genome!

MCBI introduces a new
Zebrafish Genome BLAST
page. BLAST Zebrafish mRNA,
EST, HTGS, (WGS and

EST), and refarence
sequences. More .

Copyright © Digital World Biology. All rights reserved.

Matbonal Instibates of Healib
TaxBrowsar

Structure

Hot Spots

¥ Cancer genome
anatomy projact

F Clustiars of
orthologous groups

¥ Coffee Break
¥ Electronic PCR

¥ Gene expression
omnibus

F Genes and disease

* Human genome
resources

k Hurman map viewer

F Human/mouse
homology maps

* LocusLink

k Malaria genatics &




BLAST Tutorial = Slide 2

rHCBYBLAST Home

BLAST finds regions of similarity batwean bioclogical sequences. Morg...

Leam mone aboul how 1o use the new BLAST design

BLAST Assembled Genomes

Choose a spacies ganome Lo search, or list all genomic BLAST databases

Human o Oryza safiva Gallus gallus

N L S D Bos faurus 0 Fan troglodytes
Rat o Danio rerio Microbas
Arabidopsis thaliana o Drosophila melanogaster Apis mellifera

LAST program to run

Search a8 nuclectide database using a nucleotide query

nucleptide blast
: blastn, megablast, discontiguous megablast

aanch proteln database using a proteln guery

protein blast
Algovithms: blastp, psi-blast, phi-blast

blastx Search proteln database using a translated nucleotide query
tblastn | Search translated nucleotide database using a protein guery

thlastx | Search translated nucleotide database using & translated nucleotide query

Specialized BLAST

Copyright © Digital World Biology All rights reserved.




BLAST Tutorial = Slide 3

~_, BLAST

I
~ Home RocontResults Saved Stratogies  Help

FHCBUBLASTI blastn swte: BLASTN programs search nucleotice datnbases using 0 nucleotide quary. o

pon  Bookmars
Entar Queary Saqueance
Enter accossion number, gi, or FASTA sequence by Chuery subrangs

SAATCCGGAGAGTGTIGGTCACTTAGCGCGGGGAACATCGAGCA From
ATTCCAAGATGACCATTTTGCACGACAAGCAGGTICAGGCACT
SAAGTTGTTCGAGAAGCTCAGCGTAGCCGCCACTGGTGAGCCA To
STTCCTGCAGACCAGATCGACGAAAGGCTTAGAAACATCACAA

Or, upload file "Croete File | me e ssbestg
Job Title

Erler & descriplve 1@ for your

Choose Search Sai

Dainbase Human geromic + transcript I Mouse geromic + trenscipt @ Sthers: (o atc. )

Mucheotide collection (nrintl = Y A
Entrez Quenyg
op [

Eninr an Entrer queny ¥ limit seanch

Program Salection

Cptimize for " Haghly similar sequences (megablast)

"'E' Mona dissimilar sequances (discontiguaus magablast

") Somewhat similar sequences (blastn) |

rhooss & BLAST aloodim & For the BLAST activities:

1. Change the database to "Others”

2. Select "nucleotide collection” from
the pull-down menu.

i. Change the program selection to
optimize for more dissimilar
sequences.

BLAST Search database Test'gpipe/B606/allcantig

- Shvaiw ficiui A I & inet e daw

F Algorithm paramaters

Copyright © Digital World Biology All rights reserved.




BLAST Tutorial — Slide 4

<. BLAST

~ Home RascentRssults Saved Strategiss Help

r NGB BLAST! biastr Formatting Results - SAH2CB3801N  [Formatting optiors)
Job Title: MNuclectide sequence (2110 letters)

Hequest 1D SAHICEIS0IN

Status Searching

Submitted at Wad Jul 11 165748 2007
Current time Wed Jul 11 16:57:50 2007

Time since submission

This page will be autormatically updaled in 15 seconds Either wait F}atienﬂ}{r or set up an
account and come back later to view
your results.

Copyright © Digital World Biology All nghts reserved.




BLAST Tutorial = Slide 5

» NCBIY BLAST/ blastn/ Formatting Results - 3AHSCBEC015 [Reformat these Results)

Job Title: Nucleotide sequence (2110 letters)

I:;}

BLASTN 2.2.17 (Jun-24-200T)

RID: SAHSCHGCOLS

Database:

GS5 . envirg

Query= ﬂ This is the length of your query sequence.

Length=2110

Copyright © Digital World Biology All nghts reserved.




BLAST Tutorial = Slide 6

The thick bar represents the sequence that

was used to search the database. This 2 Blast Hits on the uence

sequence is called the "query” sequence
| click to show alignments

Color key for alignment scores
40-50 80-200

|
00

—

This scale shows the nucleotide
position in the guery sequence
The first base is position 1, the
last base, position 2110

Hashed areas reprasent gaps
or regions that differ between
the two sequences

Each bar indicates a region
where a sequence from the
database matches the query
sequence.

Scroll down

The color of the bar
comesponds to the
length of the matching
region and how well
the sequences match
each other.

—
I
I
I
I
I
I
I
I
I
1 I
—
i
—
—
—
I
I
L
L

Copyright © Digital World Biology All rights reserved.




BLAST Tutorial — Slide 7

A description of the sequence

The total score includes scores from
non-contiguous portions of the subject
sequence that match the query.

The Max % ident corresponds to the
match to a subject sequence with the
highest percentage of identical bases.

Legend for links

BegueEnoes product

|Cliok besdsrs tofeort oolenme)

T I'!-I-l .- :'l:'f.l. - e
MaErhula It BTh ey

Maphely iraurata madegasc
Mapohely Ira
LB T
na californicums

D erighion
=

[ Fisek iR for
rASE mMadEparcanang e

mEME Sor e

o obher rescmpcess El IniGens E OF0 E ot} D Eimorure

significant aliguments:

subunt @
nrh LA Tod herveely &
Ty B
mARE for ho ooy

ey anm Easuni B [ he-5"

nANA For hamodparm subuml g

7% T

| The Accession number is linked |
| to the GenBank record.

. i -
A score that indicates how well
the sequences match. For nucleatide
sequences, this is approximately egual to
twice the length of the matching region.

The Max score is linked to data that show
where the sequences match.

The query coverage corresponds to
the fraction of the query sequence that
matches a subject sequence.

See the next page to learn

|::> more about the E value.

Copyright © Digital World Biology All rights reserved.




BLAST Tutorial = Slide 8

The E value is equal to the number of sequences that
you would expect to find in a database composed
entirely of random sequences.

Two important parameters that influence the E value are:

. In this example, the E value equals
» The number of sequences in the database 0.0 I E

(database size). teo-21 <fm— 21

o The length of the query sequence. 122?3 tele

Ze-14
There is a greater chance of finding a match in a larger le-09 The letter "e" is used to show that -21 is the
database. And the chance of finding a match for a short ‘112:3; exponent. You would "expect” to find very few
sequence is greater than the chance of finding a match le-03 random sequences in this database that

to a longer sequence. 19-05'3 match the query sequence this well.
014
014 —>
014
014
014
.22
2E

:gg This sequence has an E value of 3.4, A database of

-gg random sequences would be likely to contain 3.4
4 « sequences that matched the query sequence equally
4 well.

1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
2
3.

Copyright © Digital World Biology All rights reserved.




BLAST Tutorial = Slide 9

Iagend for links ito other resoorcens

Spquences producing significani aligumentsi
g llix snAErE T Sort ool

r hemecyanin subunit &
n mAMA (& harrstyarar sukburd g

The Max score is linked to data that show
where the sequences match.

See where the sequences align. ::}

Copyright © Digital World Biology All nghts reserved.




BLAST Tutorial = Slide 10

B, tht!
ween the query
quence found in

nucleot
D110 masiactide regian: it
‘-1 ]D ”I.-I L:l .- =l = |::t :a:ag't.t.g‘t.t.l::g:ag:a:ag'l::

+1l:|'=.:.:.l atcacaaccttagoh
N
|:|'|:|+|:|'=|_| :|+t H i H ERMHuE T uEE +=_|:|' ‘|’| HCEACT 1’1‘ agg't.

5 +.+|:|'|:|'i:i 1:1|:|' a E: CLoTLAac
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
= =1

E: t ;[1 1t t [} tt T :++ 1‘ 1‘ 1‘ E: _.‘|'|:|'|:|"1 ac iil:[l_ I 1|:|'1|:|'1|:|+|

[ [l 1+|:|'| faacttc .|:|'1+|:|'1| 3 o |:|+| agqc ++|:|'|:|'| aaaqoaagoqogqa G000

||||||||||||||||||||||||||||||||||||||||||||| LEEETEETT T
|:|'11|:|'t .......... =t chto ..t.__ TR aa EE: 200

Lt Ads
IIIIIIIIIIIIIIIII
o bt -

= AT g’:‘
|||||||||||||||||||||||||||| |
T TA O |:|+| atic |:|+ ar A it + |_.|:|'|_t|:|'1| =Tu - 420

Copyright © Digital World BiologyAll rights reserved.




BLAST Tutorial = Slide 10a

Sequences producing significant alignments: (baits) Value

X161 .1 | FCHEMSUA Tarantula mRNA for hemocyanin. 0.0
emb 7BO7 547807 HNephila inaurata madag... 2e-48
emb | AJ30 A307308 Cupiennius salei mRMA ... fe=24

phila inaurata madagas
gene )
Length =

acaccaggtgtcatga

actccaggtgtcatgaccgatactgota

144

B
|
t

1133 cacagattcatcgataacgitttocaggaatacaagaaaactobtoccagt

| not detect matching

Query

Mephila sequence

of the nucleotides
in this sect 1

atgttgtttaccococtota the query sequenc

acgttg E g acygs Caas aagaagaaggacaggactyg

ga cttctattacatgoatcagcagatgtyg ag actgtgag

)} ghtgaacttttctattacatgoatcaacagatgtgtgocagatacgattgogaaagattgt 692

aanqc

3 ccaatgge




BLAST Tutorial = Slide 10b

aagend for linkm to other resources |

Soquences producing significant aliquments!
jSliok bBesders Too Sort OoLumss ]

Look at the GenBank record.

Copyright © Digital World Biology All rights reserved.
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Histany Clipboard

| Add to Clipboard |

. Tarantula mFMA for.. [2i9266]

ECHEMSTA 2110 bp 4 InT 12-5EP-193
ntula mE - in subvnit a.

ta; Arachnida; Aransae;

&UTHOES
TITLE
JOTENAL
REFERENCE
AUTHOE.S
TITLE

JOUENAL
[IEIILIITE

ambda-gt10"

anin subunit =

short for "|:- 0 l:ii 9




BLAST Tutorial —» Slide 12
PublfQed ..

Mucleotide Prot=in Genome Structure

g (o) (ex]

D Limits Freviennd ax Historny Clipbaard

Display || Cifation %[ save || Text| | Order |[ Add to Clipboand |

[ 1:FBiel Chem 1990 Mov 15;265(37):19447-52 Related Aricles, Books, Protein, Mocleotide

Arthropod hemocyanins. Molecular cloning and sequencing of cDNAs encoding the tarantula
hemocyanin subunits a and e.

Voit R, Feldmaier-Fuchs G
Zoologisches Institut, Universitat Munchen, Federal Fepublic of Genmany.

cDMA clones comprising, the entire coding region of two out of the seven heterogeneous subunits of hemocyanin from
the tarantula, Evrypelma californicwm, were izolated from four cDMA libraries constucted from tofal FMA from the
heart tissue of single spiders. Hybridization was first carried out using a tarantula hemocyanin subunit e partial cDMNA,
and several positive clones were isolated, including one confaining a 2.2-kilobase full-length cDMA {Jambda M 1). The
cDHA comprises an open reading frame for 623 amino acids, 34 nucleotides of the S'noncoding region, and 286
nucleotides of the 3'-noncoding region. To select for other hemocyanin subunits, fea 17-mer oligonucleotide mixtures,
corresponding to the conserved regions in the copper A and copper B oxygen-binding site of chelicerate hemocyanins,
wele used as probes. Among the positive clones obtained, full-length DM As coding for subunit a were identified. The
cDHA sequence determined from clone lambda E 1 provides an open reading frame coding, for 630 amino acids and
includes the 5'- and 3'-noncoding regions. Morthem blot analysis revealed single transcripts for subunits a and e, each
2.3 kilobases long. The cDMAs for subunits a and e were both found fo lack any leader peptide sequence. This
supports the idea that the mature protein accumulates in the cytoplasm and is released by cell rupture.

MeZH Terms: m—
Amino Acid Sequence |Backtnthe heglnmng| |—:>
Animal
Base Sequence

Binding 5 ites Try a BLAST search
Cloning, Molecular*
Codon

Copperfmetabolism

Copyright © Digital World Biology All rights reserved.




Hand-on BLAST Tutorial
(1) Open the BLAST web application:

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

(2) In another tab, open this web page:

http://www.digitalworldbiology.com/BLAST/62000s
equences.html|

(3) Copy and paste the example sequence into
the text box on the BLAST page



Questions?



Questions?
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