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Short Homework

1 Change all the numbers on the previous slide with up-to-date
information.

1 What was the latest large genome to be sequenced?
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Short Homework

d Find the organism with the largest genome known! How many
chromosomes does it have?

1 Do you think a larger genome implies a "more evolved”
organism or a “less evolved"” organism?
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Molecular Biology Background
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ORGANISM

ORGAN SYSTEMS ‘

ORCGAN

CELL

Rod cel | Hair Nerve cell
ineye cell

Muscle cell

http://www.biology.eku.edu/RITCHISO/301notes1.htm
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Cell

mitochondria

nucleus

cytoplasm i

chromosome

http://www.biotechnologyonline.gov.au/popups/img_cellwithlabels.cfm
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2 star molecular
players

Protein

Figure $.21 Schemutic dlagrom Of the suburnil
strosctiere of Beomguelutindn froem nbuenzs
vitus. The structuee compeises aboar S50 amine
acichy arrumest 10w chatns HAL tred) and M
Dlue). The Dost hall of cachs chaln bhas a lightes
solor in the dlageam, The subunit Is very
vlongated with o long stemlike region built up
W residues troo both chaalns and includes ang

of the bomsgeest o bebices Known i o wobnalar
sienctwre, about 73A dong: The gobular Bead 13
formed by residoes only rom HA L (Couttesy of
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The Polymeric Players

DNA

String with alphabet {A, C, G, T} Nucleotides/
Bases

RNA
String with alphabet {A, C, G, U} Bases

Protein

String with 20-letter alphabet Amino acids/
Residues
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121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
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Typical DNA Sequence

gggagaacac
tccaggtccc
agtgcttctt
tcttctagtg
gctgggccge
cgtcctcagce
ccccagcaag
ccagccagga
cgtgcgcagc
ggcccggcgce
agaactccag
ccgaattaat
cagactattg
caccccagct
agtggcccat
tttgcaccaa
tgatggaaaa

ccggagaagg
tcggacagag
agacggactg
ttgctgcecttc
aagaagttcg
gaatttgagt
gacgtcgtgg
gcgcccgccce
ttccatcacg
ttcttcttca
atcttccggg
atttatgaaa
gacaccaggt
gtgatgcggt
ttagaggaga
gatgaacaca
ggacatccgc

aggaggaggc
ctttttccat
cggtctccta
cccaggtcct
ccgcggcatc
tgaggctgct
tgcccccecta
cagaccaccg
aagaagccgt
atttaagttc
aacagataca
ttataaagcc
tagtgaatca
ggaccacaca
acccaggtgt
gctggtcaca
tccacaaacg

gaagaaaagc
gtggagactc
aaggtcgacc
cctgggcggce
cagccgaccc
cagcatgttt
tatgctagat
gctggagagg
ggaggaactt
tgtccccagt
ggaagctttg
tgcagcagcc
gaacacaagt
gggacacacc
ctccaagaga
gataaggcca
agaaaagcgt
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aacagaagcc
tctcaatgga
atggtggccg
gcggccggcec
ttgtcccgge
ggcctgaagc
ctgtaccgca
gcagccagcc
ccagagatga
gacgagtttc
ggaaacagta
aacttgaaat
cagtgggaga
aaccatgggt
catgtgagga
ttgctagtga
caagccaaac

cagttgctgce
cgtgccccct
ggacccgctg
tcattccaga
cttcggaaga
agagacccac
ggcactcagg
gcgccaacac
gtgggaaaac
tcacatctgce
gtttccagca
ttcctgtgac
gcttcgacgt
ttgtggtgga
ttagcaggtc
cttttggaca
acaaacagcg



The building blocks of DNA & RNA

(A) BASE BASE Fig 1.1, Zvelebil/Baum
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DNA double helix structure

(A) 35

sugar—-phosphate
backbone
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Fig 1.3, Zvelebil/Baum
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RNA molecule

Fig 1.5, Zvelebil/Baum

(B)

m ot

ACUGCCAG ACUCUUCU <

g
1

a ACGUAGGA'UAGUUOUOAG
.{_: SEILNET ez

Qo
©
o

N~ ™
o o
ACUAAIAUGUCGGUCIGGGIAAGAua
..... 5500<0 SOES
o ollel LIl elelllll >
#uccAG So< <
H 11
. CLI S<qU>0 “
> (O] > <« :
NDo=0-§ " s
Qo=o ) :
(4] -
<
g2
& Ss
L) <.
1 ] _/\w I >
<UDV 0UUCIICTTIOOD
leolle eollllll
D2U0sLL AACCACGCAIGCC AG UOCUA <O0D0<C<CO<C0T
]
To] < ©
24 < § o O g 6
[ o] -~
= < ) 1
= BOUGD0LY D= OV LIBGIVDVLBVBEG
LI I I O B 11 ses JlLL]le I
<0<LBBOITIO A UA% CUS<O<UDDIDVL
© <= :
UGG 8 o]
— Te) o— c - n
< o Q<. o
~— 0N« U
O <u©

P3-P9
Q'BIC Bioinformatics

P4-P6

11

06/25/09



Typical protein sequence

/translation="MVAGTRCLLVLLLPQVLLGGAAGLIPELGRKKFAAASSRPLSRP
SEDVLSEFELRLLSMFGLKORPTPSKDVVVPPYMLDLYRRHSGOPGAPAPDHRLERAA
SRANTVRSFHHEEAVEELPEMSGKTARRFFFNLSSVPSDEFLTSAELOIFREQIQEAL

GNSSFOHRINIYEIIKPAAANLKFPVTRLLDTRLVNONTSOWESFDVTPAVMRWTITOG
HTNHGFVVEVAHLEENPGVSKRHVRISRSLHODEHSWSQIRPLLVTFGHDGKGHPLHK
REKROAKHKORKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLADH
LNSTNHAIVOTLVNSVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYODMVVEGCG
CR"

06/25/09 Q'BIC Bioinformatics
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Protein 3D Structure
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(-

Figure 8.21 Schematic dlagroam Oof the subunit
strssctiare o Do iaatannin ftroen mnuenzs
virus e structue comprises aboor S50 amine
acichs arramues! o two chatns HA L tred) st M
Dl The Goat hall of cacts chaln s a ligintes
color i the dlagram e subanit is very
viongatad with o long stemiike regions Bmailt up
IV resichues oo Both calos amad anciudes ange
Oof thie boaspest o Belices Ko s o wlobnalar
strustwre, about 7534 onig The sgobular Bead 1s
formed by residaes oy from MAL (Courtesy of
Do Wiley, Harvand Linssersaty )



Central Dogma

IDNA acts as a template to replicate itself.
DNA is transcribed into RNA.
RNA is translated into Protein.

[ Replication Tr'anscr'ip‘rion} Translation }

RNA Protein

06/25/09 Q'BIC Bioinformatics
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Central Dogma

DNA replication

DNA
Sl-l-.l-l-'-l'll'.ll--l 3
pa I MMM MM e e

3 5
RNA synthesis

(transcription)

' RNA
LT L O i aed
protein synthesis
(translation)
PROTEIN
H;N -@&H{EE-ED-G0-@—2 - COOH
N

amino acids
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Fig 1.6, Zvelebil/Baum
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DNA Replication

Fig 1.4, Zvelebil/Baum

template strand A

5'

strand A / 3’

3 new strand B

® © o o o o o o o
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© © o o o o o o o 5’ new strand A
strand B Je o o o o o o o o o
DNA double heli |7'| || ||
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template strand B
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Chromosomes

Human chromosomes!

centromere

=~

S T e

chromatid
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Chromosomes

sapiens (human) genome view BLAST search the human genome
Build 36.2 statistics Switch to previous build

“H“ll

Hits: 1
uu

| ——

00088
17 18 19 22 21 22

189

i o« SCUON TRttt
I A€ K0 X6 3K xk nn &8 xx

The chromosomal locations of several genes RUAR A4S RS T K30
believed to be associated with the human
BRCAL gene implicated in breast cancer are
highlighted.

Hits:

CHOTEERRE bt

U IRIFISIRINCHY

$X MY Xk A% x5 2>
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22p13

Human Chr 22

Ideogran=]X| Con't';igzlﬁl Hs I'J'niﬁzlﬁl Genﬁsi_seq& Symbol Position
ABCD1P4 22q11
SNAP29 22q11.21

22p12 —

22p11.2

22p11.1

22911.1

TR |

22911.21 4

22911.22 4

22911.23 4

22912.1

22912.2 4

22q912.3

22q13.1 4

22913.2

22913.31

22q13.32
22913.33
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10H-

20K+

30H-

40H-

NT_028395.

Hz.5173338

NT_011519. Hz.517357

Hz. 108104
Hz.431350
Hz.4495385

Hz.407995

Hz.437635
Hz. 374477
Hz.406277
Hz.554529
[Hz. 149093
Hz.226755
(Hz.632776
IHz. 297524

NT_011520. [Hz.517582
Hz.5175586
Hz.282993
Hz.474751
[Hz.556382
Hz.226117
Hz. 446352
[Hz.523305
1Hs.119595
Hz. 496457
Hz.546303
Hz.474932
Hz.292493
tHz. 182255
4. 443255

NT_011521. Hz.505502
Hz.517666
Hz.24601

NT_011523. Hz.475125

NT_011525.
NT_019197.

NT_113815. Hz.517729

s NT_011526.
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Description
ATP-binding cassette, sub-family D (ALD)

synaptosomal-associated protein
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DNA Molecule
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Complementary Bases
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Proteins — Amino acids

rmino acid letter code || letter code

;r:llr.lﬂl'll.' o Aln A
|arginine ATE K
| aspartic acad Asp D
| nsparginine Asn N
[cysteine Cys G |
}g!ul.m‘.n; acud Glu E ‘
i;tiul.m'n'x Lin Q ‘
| glycine Gily G ‘
histine His H
isoleucine lle |
leucine Leu I
lysine Lys K
methionine Mot M
phenylilanne Phe i
proline Pro i P
wrne AW , N
threonine ‘ Ihr I
tryptophan rp W
vrosine Ivr Y
valine Val . vV

Table 1.1 Amine acid abbreviationy
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RNA
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Figure 1.1 E. coli Ala IRNA

Q'BIC Bioinformatics

23



DNA
[ T
Gene A
06/25/09

Gene B

(Genes

Gene C

Q'BIC Bioinformatics

Gene D GenetE

24



RNA

Protein

é 8] l[' Nucleatides

N g

I} ‘
B i f o3 !
L e

\ucleotides

ny
Wesseniger RNA ﬂ L_!——\‘/"' —
Code mrr_d ‘
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Protein

A \x 7

Amiino Acidy
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Basic Genetic Processes

DNA replication
DNA repair
genetic recombination

DNA
S O R FLL R L e
Rttt L LI T Y Y Y

DNA transcription
(RNA synthesis)

RNA

M B b L B L ] L

3’
[ I | | il it | T |
N/
codons

protein synthesis

PROTEIN

HzNQ'/:KDCOOH—O COOH

amino acids

Figure 6-1 The basic genetic
processes. The processes shown here
are thought to occur in all present-
day cells. Very early in the evolution
of life, however, much simpler cells
probably existed that lacked both
DNA and proteins (see Figure 1-11).
Note that a sequence of three
nucleotides (a codon) in an RNA
molecule codes for a specific amino
acid in a protein.

Q'BIC Bioinformatics
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C Ta’ C T:)
The Genetic Code d}' | }f

UCcAa
/}QUcodon

-~

UG
5 A C  mRNA 3

2nd base in codon

UCHA|G

Phe | Ser Tyr Cys
Phe | Ser Tyr Cys
Leu | Ser STOP | STOP
Leu | Ser STOP | Trp
Leu | Pro His Arg
Leu | Pro His Arg
Leu | Pro Gin Arg
Leu | Pro Gln Arg
lle | Thr | Asn | Ser
lle | Thr | Asn | Ser
le | Thr | Lys | Arg
Met | Thr | Lys Ary
Val | Ala | Asp Gly
G Val | Ala | Asp Gly
Val Ala Glu Gly
Val Ala Glu Gly

06/25/09 The Genetic Code

UOpPOd Ul 9SBq pIE

1st base in codon
j - @ C
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Figure $.21 Schemutic diagrom Of the sibunit
strosctiere of heomugielatinin from nuenss
virus The structiee compeises aboar 550 amine
acichy arrumpe 10 twio chatns HAL red) and M
(lue). The Doat hall of eachs chaln bas a lightes
solor in the dlageam, The subunit Is very
clongated with o long stemiike region built up
I residues troom both Calns amd includes ang
Of the lonsgest o behices known I o gdobnalar
seucture, about 754 Yong! The wobular Bead 15
formed by residoes only from MA L (Couttesy ol

Dan Wikey, Harvand Untversity ) ‘IBIC BiOinformatiCS
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Replication
]| ‘Informetwﬂ DNA duplicates
SRR GVRSOVRNNERNONR

SOOIV RONVRNINARNONRD

|
Information

¥
S\S\I\/VL? Transcriptio_n

RNA synthesis

l mRNA
nucleus

D A

Info rrlmlion

nuclear envelope

Protein

— cytoplasm

v

Translation

Protein synthesis

Protein

The Central Dogmna of Molecular Biology
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Transcription

Fig 1.7, Zvelebil/Baum

(A) (B)
/5'
coding strand D/NA 3 DNA double
RNA polymerase f)ellx
|
e T ‘
7 C [ )
32 Q Q Q Q Q QO Q Q Q OS5
noncoding strand DNA
oncoding stra rewinding
1TRANSCRIPTION
direction of

transcription

active site

5/

/
newly synthesized short region of
RNA transcript DNA/RNA helix
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Chromosome

” T~
// 23 \\

— DNA
(Interrupted
Gene)
| || )
Exon 1 Exon 2 Exon 3
¢ TRANSCRIPTION
N |- Precursor
~ mRNA
J/ SPLICING
\\x_"j—mRNA
TRANSLATION
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Transcription Regulation

N\
Basal TF . 5;@
Binding Sites gc}\é\&
S o Q
R
/\ %\’b Gene
CAT Box TATA Box

TATAAT

Gene-Specific TF
Binding Sites

enhancer coding region
< > promoter region

A

A
\ 4
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DNA Transcription

gene

7

exonz2

77

exon3

Chromosomal DNA

4

intron 1

intron 2

Transcription

\ (RNA synthesis)

%

exon2

%

exon 3

Nuclear RNA

77

%

/‘ RNA Splicing

exon1

exon2

exon3

Messenger RNA

RNA synthesis and processing
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start of transcription

Transcription MALLE

Initiation oo .o _
@
&

B .

'

TFIU8
TFIIF —.other factors
e RNA polymerase ||
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Transcription

06/25/09

RNA polymerase Figure 6-2 The synthesis of an RNA
stop signal for molecule by RNA polymerase. The
promoter HRApolymerass enzyme binds to the promoter
sequence on the DNA and begins its
Lo synthesis at a start site within the
8 promoter. It completes its synthesisa

DNA double helix

DNA HELIX N ) o a stop (termination) signal,
OPENING shart it for utnzcription whereupon both the polymerase and
its completed RNA chain are released

During RNA chain elongation,

AN "V VOV, Ememermene

@

3
INITIATION OF RNA CHAIN Therefore, an RNA chain of 5000
BY JOINING OF FIRST TWO nucleotides takes about 3 minutes 1o
RIBONUCLEOSIDE .
TRIPHOSPHATES l : complete.
5' &
3

3
RNA CHAIN ELONGATION
IN 5'-to-3' DIRECTION

BY ADDITION OF

RIBONUCLEOSIDE
TRIPHOSPHATES

5
3

continuous _
RNA strand 5'
displacement
and DNA helix
re-formation

GG SR s

TERMINATION AND
RELEASE OF POLYMERASE AND
COMPLETED RNA CHAIN

short region of
DNA/RNA helix

5
3
3

5

224  Chapter 6 : Basic Genetic Mechanisms
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Transcription Factors

1 The general transcription factors have been highly
conserved in evolution; some of those from human
cells can be replaced in biochemical experiments by
the corresponding factors from simple yeasts.
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Protein Synthesis

1. Transcription

‘g/tRNA
amino acids

o
2]
\ F
¢ Pol)’lneras g
\ N
. \ \ N -
:;.:M,ﬁ‘ \\\\ oroteins / Anticodon
\\\ Q
rNa B >
nucleotides v.‘ e polypepiid

nuciear

membrane

Protein synthesis
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1ns
‘the
ray. growing polypeptide chain

Protein Synthesis:

Incorporation of amino
aclid into protein
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Genomic Databases

d Entrez Portal at National Center for Biotechnology
Information (NCBTI) gives access to:
® Nucleotide (GenBank, EMBL, DDBJ)
® Protein (PIR, SwissPROT, PRF, and Protein Data Bank or PDB)
® Genome
@® Structure
® 3D Domains
® Conserved Domains
@® Gene; UniGene; HomoloGene; SNP
® GEO Profiles & Datasets
@ Cancer Chromosomes
@ PubMed Central; Journals; Books
® OMIM
@ Database Neighbors and Interlinking

06/25/09 Q'BIC Bioinformatics
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Sequence Alignment — Why?

>g1]12643549|sp| 018381 | PAX6_DROME Paired box protein Pax-6 (Eyeless protein)
MRNLPCLGTAGGSGLGGIAGKPSPTMEAVEASTASHRHSTSSYFATTYYHLTDDECHSGVNQLGGVFVGG
RPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETGSIRPRAIGGSKPRVATAEVVSKIS
QYKRECPSIFAWE IRDRLLQENVCTNDN IPSVSSINRVLRNLAAQKEQQSTGSGSSSTSAGNS ISAKVSV
SIGGNVSNVASGSRGTLSSSTDLMQTATPLNSSESGGASNSGEGSEQEA I YEKLRLLNTQHAAGPGPLEP
ARAAPLVGQSPNHLGTRSSHPQLVHGNHQALQQHQQQSWPPRHYSGSWYPTSLSEIPISSAPNIASVTAY
ASGPSLAHSLSPPNDIESLAS1GHQRNCPVATED IHLKKELDGHQSDETGSGEGENSNGGASN IGNTEDD
QARL ILKRKLQRNRTSFTNDQIDSLEKEFERTHYPDVFARERLAGKIGLPEAR IQVWFSNRRAKWRREEK
LRNQRRTPNSTGASATSSSTSATASLTDSPNSLSACSSLLSGSAGGPSVSTINGLSSPSTLSTNVNAPTL
GAGIDSSESPTPIPHIRPSCTSDNDNGRQSEDCRRVCSPCPLGVGGHQNTHH IQSNGHAQGHALVPAISP
RLNFNSGSFGAMYSNMHHTALSMSDSYGAVTP IPSFNHSAVGPLAPPSP IPQQGDLTPSSLYPCHMTLRP
PPMAPAHHH I VPGDGGRPAGVGLGSGQSANLGASCSGSGYEVLSAYALPPPPMASSSAADSSFSAASSAS
ANVTPHHT IAQESCPSPCSSASHFGVAHSSGFSSDP I SPAVSSYAHMSYNYASSANTMTPSSASGTSAHV

>g1]6174889 | PAX6_HUMAN Paired box protein (Oculorhombin) (Aniridia, type Il protein)

MQNSHSGVNQLGGVFVNGRPLPDSTRQK I VELAHSGARPCD I SRILQVSNGCVSK ILGRYYETGS IRPRA
I GGSKPRVATPEVVSK IAQYKRECPS I FAWE I RDRLLSEGVCTNDN I PSVSS INRVLRNLASEKQQMGAD
GMYDKLRMLNGQTGSWGTRPGWYPGTSVPGQPTQDGCQQQEGGGENTNS I SSNGEDSDEAQMRLQLKRKL
QRNRTSFTQEQIEALEKEFERTHYPDVFARERLAAK I DLPEAR 1 QVWFSNRRAKWRREEKLRNQRRQASN
TPSHIPISSSFSTSVYQPIPQPTTPVSSFTSGSMLGRTDTALTNTYSALPPMPSFTMANNLPMQPPVPSQ
TSSYSCMLPTSPSVNGRSYDTYTPPHMQTHMNSQPMGTSGTTSTGL I SPGVSVPVQVPGSEPDMSQYWPR

LQ

06/25/09 Q'BIC Bioinformatics
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Drosophila Eyeless vs. Human Aniridia

Query: 57 HSGVNQLGGVFVGGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETG 116
HSGVNQLGGVFV GRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETG
Sbjct: 5  HSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETG 64
Query: 117 SIRPRAIGGSKPRVATAEVVSK ISQYKRECPSIFAWE IRDRLLQENVCTNDNIPSVSSIN 176
SIRPRAIGGSKPRVAT EVVSKI+QYKRECPSIFAWEIRDRLL E VCTNDNIPSVSSIN
Sbjct: 65 SIRPRAIGGSKPRVATPEVVSKIAQYKRECPSIFAWE IRDRLLSEGVCTNDNIPSVSSIN 124
Query: 177 RVLRNLAAQKEQ 188
RVLRNLA++K+Q
Sbjct: 125 RVLRNLASEKQQ 136
Query: 417 TEDDQARLILKRKLQRNRTSFTNDQIDSLEKEFERTHYPDVFARERLAGKIGLPEARIQV 476
+++ Q RL LKRKLQRNRTSFT +QI++LEKEFERTHYPDVFARERLA KI LPEARIQV
Sbjct: 197 SDEAQMRLQLKRKLQRNRTSFTQEQIEALEKEFERTHYPDVFARERLAAKIDLPEARIQV 256
Query: 477 WFSNRRAKWRREEKLRNQRR 496
WFSNRRAKWRREEKLRNQRR
Sbjct: 257 WFSNRRAKWRREEKLRNQRR 276

J

E-Value = 2e-31

06/25/09
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Implications of Sequence Alignment

dMutation in DNA is a natural evolutionary process.
Thus sequence similarity may indicate common
ancestry.

In biomolecular sequences (DNA, RNA, protein),
high sequence similarity implies significant
structural and/or functional similarity.
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Discovery based on alignments

d Early 1970s: Simian sarcoma virus causes cancer in some
species of monkeys.

1 1970s: infection by certain viruses cause some cells in
culture (in vitro) to grow without bounds.

@® Hypothesis: Certain genes (oncogenes) in viruses encode cellular
growth factors, which are proteins needed to stimulate growth of a
cell colony. Thus uncontrolled quantities of growth factors produced
by the infected cells cause cancer-like behavior.

1 1983:
@® The oncogene from SSV called v-sis was isolated and sequenced.

@® The partial amino-acid sequence for platelet-derived growth factor
(PDGF) was sequenced and published. It stimulates the proliferation
of normal cells.

@® R.F. Doolittle was maintaining one of the earliest home-grown
databases of published amino-acid sequences.

@® Sequence Alignment of v-sis and PDGF showed something surprising.
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PDGF and v-sis

1 One region of 31 amino acids had 26 exact matches
 Another region of 39 residues had 35 exact matches.

d Conclusion:

@® The previously harmless virus incorporates the normal growth-
related gene (proto-oncogene) of its host into its genome.

@® The gene gets mutated in the virus, or moves closer to a strong
enhancer, or moves away from a repressor.

@ This causes an uncontrolled amount of the product (the growth
factor, for example) when the virus infects a cell.

[ Several other oncogenes known to be similar o growth-
regulating proteins in normal cells.

06/25/09 Q'BIC Bioinformatics
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V-sis Oncogene - Homologies

Score E
Sequences producing significant alignments: (bits) val
g1]332623]gh]J02396.1|SEG_SSVPCS2 Simian sarcoma virus v-si... 4591 0-0
gi|61774)emb|V01201.1|RESSV1 Simian sarcoma virus proviral ... 4504 0.0
g1 ]332622]gb|J02395.1|SEG_SSVPCS1 Simian sarcoma virus LTR ... 1283 0.0
g1 ]885929|gbuU20589.1|GLU20589 Gibbon leukemia virus envelo... 1140 0.0
g 4505680 ref|NM_002608.1| Homo sapiens platelet-derived g... 954 0.0
g1 ]20987438|gb|BC029822_.1] Homo sapiens, platelet-derived g... 954 0.0
g1 |338210)gbM12783.1|HUMSISPDG Human c-sis/platelet-derive... 954 0.0
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Sequence Alignment

>gi1]|4505680 | ref|NM_002608.1]| Homo sapiens platelet-derived growth
factor beta polypeptide (simian sarcoma viral (v-sis) oncogene
homolog) (PDGFB), transcript variant 1, mRNA Length = 3373 Score = 954
bits (481), Expect = 0.0 ldentities = 634/681 (93%), Gaps = 3/681 (0%)
Strand = Plus /7 Plus

Query: 1015 agggggaccccattcctgaggagctctataagatgctgagtggccactcgattcgctcct 1074

PEEREREreeneeee eeeeeeer et teeeeeenene teeeeeeer teeeind
Sbjct: 1084 agggggaccccattcccgaggagctttatgagatgctgagtgaccactcgatccgectcct 1143
>21E G D P I P E E L Y E M L S D H S I R S

Query: 1075 tcgatgacctccagcgcctgctgcagggagactccggaaaagaagatggggctgagetgg 1134

IHreer veeer teeeeenne et eeeeet veeer 0 veenneeener e il
Sbjct: 1144 ttgatgatctccaacgcctgctgcacggagaccccggagaggaagatggggccgagttgg 1203

>61D L NM T R S H S G G E L E S L A R G R
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Sequence Alignment

Sequence 1 gi 332624 Simian sarcoma virus v-sis transforming
protein p28 gene, complete cds; and 3" LTR long terminal repeat,
complete sequence. Length 2984 (1 .. 2984)

Sequence 2 gi 4505680 Homo sapiens platelet-derived growth factor
beta polypeptide (simian sarcoma viral (v-sis) oncogene homolog)
(PDGFB), transcript variant 1, mRNA Length 3373 (1 .. 3373)

06/25/09 Q'BIC Bioinformatics 48



Similarity vs. Homology

JHomologous sequences share common
ancestry.

Similar sequences are "near” to each
other by some appropriately defined
measurable criteria.
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Types of Sequence Alignments - 1

HIV Strain 1
[Global .
[] HIV Strain 2
dGlobal Alignment: similarity over entire length
] ]
Local | I

dLocal Alignment: no overall similarity, but some
segment(s) is/are similar

06/25/09
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Types of Sequence Alignments - 2

dSemi-global Alignment: end segments may
not be similar

DSemi-GlobaJ

g 9 Strain 1
(D
_ [] Strain 2
Multiple
Strain 3
U ’ Strain 4

dMultiple Alignment: similarity between sets of
sequences
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Sequence Alignment

Q6Global:
®Needleman-Wunsch-Sellers (1970).

dLocal:
® Smith-Waterman (1981)

@Useful when commonality is small and global
alignment is meaningless. Often unaligned
portions "mask” short stretches of aligned
portions. Example: comparing long stretches of
anonymous DNA:; aligning proteins that share only
some motifs or domains.

LDynamic Programming (DP) based.
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Why gaps?

dExample: Finding the gene site for a given
(eukaryotic) cDNA requires "gaps”.
dWhat is cDNA? cDNA = Copy DNA

DNA
*:*:’:h_::

[ \ I // [
MRNA Reverse
ion

Transcription
cDNA

>_

Translat Transcription

|
Protein
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How to score mismatches?

A C D E F G H-—»

. N
(o =
I =
o M H o M =
A R n%
NN M M D
R T ~d
m
— = N | M
I |
M W N M
I |
°© ®f ¥
+ e g 79
K U O B b U om—»
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BLAST & FASTA

dFASTA
[Lipman, Pearson ‘85, '88]

dBasic Local Alignment Search Tool
[Altschul, Gish, Miller, Myers, Lipman ‘90]

06/25/09 Q'BIC Bioinformatics
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BLAST Overview

dProgram(s) to search all sequence databases
1 Tremendous Speed/Less Sensitive
 Statistical Significance reported

dWWWBLAST, QBLAST (send now, retrieve results
later), Standalone BLAST, BLASTcI3 (Client
version, TCP/IP connection to NCBI server),
BLAST URLAPT (to access QBLAST, no local client)
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BLAST Strategy & Improvements

dLipman et al.: speeded up finding "runs”
of “hot spots”.

1Eugene Myers '94: "Sublinear algorithm
for approximate keyword matching”.

JdKarlin, Altschul, Dembo '90, '91:
"Statistical Significance of Matches”
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Why Gaps?

JExample: Aligning HIV sequences.

06/25/09

Q'BIC Bioinformatics

Strain 1
Strain 2
Strain 3

Strain 4
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BLAST Variants

[ Nucleotide BLAST
® Standard blastn
@® MEGABLAST (Compare large sets, Near-exact searches)

® Short Sequences (higher E-value threshold, smaller word size, no low-
complexity filtering)

 Protein BLAST
® Standard blastp
@ PSI-BLAST (Position Specific Iterated BLAST)
® PHI-BLAST (Pattern Hit Initiated BLAST, reg expr. Or Motif search)
® Short Sequences (higher E-value threshold, smaller word size, no low-
complexity filtering, PAM-30)
O Translating BLAST
@ Blastx: Search nucleotide sequence in protein database (6 reading frames)
@ Tblastn: Search protein sequence in nucleotide dB
® Tblastx: Search nucleotide seq (6 frames) in nucleotide DB (6 frames)

06/25/09 Q'BIC Bioinformatics 59



BLAST Cont’d

J RPS BLAST

@® Compare protein sequence against Conserved Domain DB; Helps in
predicting rough structure and function

] Pairwise BLAST

® blastp (2 Proteins), blastn (2 nucleotides), tblastn (protein-
nucleotide w/ 6 frames), blastx (nucleotide-protein), tblastx
(nucleotide w/6 frames-nucleotide w/ 6 frames)

] Specialized BLAST

® Human & Other finished/unfinished genomes
® P. falciparum: Search ESTs, STSs, 6SSs, HTGs

® VecScreen: screen for contamination while sequencing
@® IgBLAST: Immunoglobin sequence database
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BLAST Credits

[ Stephen Altschul
1 Jonathan Epstein
 David Lipman

[ Tom Madden

d Scott McGinnis
d Jim Ostell

d Alex Schaffer

[ Sergei Shavirin
[ Heidi Sofia

d Jinghui Zhang
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Databases used by BLAST

JProtein

@nr (everything), swissprot, pdb, alu, individual
genomes

INucleotide

@nr, dbest, dbsts, htgs (unfinished genomic
sequences), gss, pdb, vector, mito, alu, epd

JMisc
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Rules of Thumb

- Most sequences with significant similarity over their entire
lengths are homologous.

J Matches that are > 50% identical in a 20-40 aa region occur
frequently by chance.

] Distantly related homologs may lack significant similarity.
Homologous sequences may have few absolutely conserved
residues.

J A homologous to B & B to C = A homologous to C.

J Low complexity regions, transmembrane regions and coiled-coill
regions frequently display significant similarity without
homology.

] Greater evolutionary distance implies that length of a local

alignment required to achieve a statistically significant score
also increases.
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Rules of Thumb

(d Results of searches using different scoring systems may be compared directly using normalized
scores.

O If Sis the (raw) score for a local alignment, the normalized score S' (in bits) is given by
or_ A=In(K)
In(2)
The parameters depend on the scoring system.
O Statistically significant normalized score,

N
S's logl —
> |og s

where E-value = E, and N = size of search space.
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Types of Sequence Alignments

HIV Strain 1
Global
1 0. L | L 1 HIVStrain2
Local
- ]
USemi-Global] R I
. ©C - 1 strain1
(D
_ 1 O 1 [ ] Strain?2
Multiple
. 1 .1 [ "] Strain3
U © [ ] .1 [ 1 Strain4

06/25/09
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Global Alignment:
An example

V: GAATTCAGTTA
W: GGATCGA

Given

d[L, J] = Score of Matching
the I™" character of sequence V &
the J™ character of sequence W

Compute
S[I, J]= Score of Matching

First I characters of sequence V &
First J characters of sequence W

G A ATTOCATGT T 5 Ly
ololofolololo|olo|o|o|o

e Q0 QQ
clo|lao|lao|la|lal|lo

Recurrence Relation

S[I, J]= MAXIMUM {
S[I-1,J-11+8(V[I], W[JTD.
S[I-1,J]+8(V[I], —),
S[I, J-1]1+8(—,W[JT])}
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S[I, J]1= MAXIMUM {

Global Alignment:
An example

S[I-1, J-1]1+ 8(V[I], W[J]),

S[I-1, J1+d(V[I], —),

S[I, J-11+8(—, W[J]) }

GAATTCAGTTA
GGATCGA
GAATTCAGTT A
o |ofofofofo]ofo]oo]o]o

Vv
W

A ATT CAGTT A G AATTTUOCOGTT A
Q) 0 Of O Of O] O Of 0|0

-

)
L
T.

1

5 [oF

S o T T

G AATTCA GTT A
Q10 (0 (0|0 (O {00 (0|0 |0 (0

» T T C A GTT A

Q|0 (0[O0 [0 |00 (0|0 |0 (0

ATTOCAGTT A

&
L2

G

010 (0|00 (OO O (0|0 0[O

21212 |2

1

21212 (2|2 |22 |2 |2 |3

212 |3 (3|3|3([3]|3 (3|3

212 |3 (3 |3 |4 (4|4 |4 |4

212 |3 (3 |3 |4 [4]|5]|5]5

2 13|13 (3|3|4([5]|5]|5]|6

1
1
1
1
1

0
0
0
0
0

A
T

c
G
A
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Traceback

GAATTOCAG TT A
010 (0|00 (0|0 |0 (0|0

GAATTOCAG TT A

GAATTTCAGTT A

21212 (212 |2 (2|2

1
1
1
1

0
0
0
0

G
G
A
T
c

012234.
012234,
S = | N[N
S| == || on | =
S| == || on | =
S|~ |~ || o
S|~ |~ || o
S == NN XN
S == NN XN
| ot — ] o~ — ] —
o|lalala|la|a
O 0 @ = O
0123345%““
L= I I I IS IR PO P
D= | NN |||
S|l = | NN |||
|~ |~ ||| | = |
S| == N ==
D ||~ || ||| o
D ||~ || |on ]| o | o
S == NN NN
L=l el I I I B o Y I
| ot | o o o — ] o~ —
olo|la|la|la|la|la|ao

GA ATTCAG TT A

GAATTCAGTTA

=
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Alternative Traceback

GAATTOCAG TT A

010 (0|00 (0|0 |0 (0|0

GAATTOCAG TT A

Q10 |0 (00O (OO0 |0 (0|0

GAATTTCAGTT A
Q10 |0 (00O (00 |0 |0 (0|0

112 (2 (212 (2|2 |2 (2
112 (2|3
112 (2|3
112 (2|3

& [O

T|0O

clo

G |0

5

|4 |4

11212 (22 |2 (2 (2|2 (2

112 (2|3 |3 (3|3 (3 [3]3

112 (2 (3|3 )4 [4 [4 |4 ]4

11212 (3

A |0

T |0

c|0

G |0

3

3

3

3

3|4 |4 (4|4 |4 (4

|4 |4
4

1 (212 (2 (2 (2|2 (2|2 (3

1

11212 |3

11212 |3

11212 |3
3

0

A

T |0

c|0

G |0
A |0

GAATTCAGTTA

AATTCAGTTA

G -

=

GAATTCAGTTA
| | || | IPrevious
GGA-TC-G--A

V
W
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Improved Traceback

A A T T C A G T T A
0 0 0 0 0 0 0 0 0 0 0 0
o) x1 1 —1 —1 —1 —1 —1 x1 —1 —1 —1
0 x1 (! 1 1 1 1 1 x2 — 2 — 2 — 2
0 1 " x2 — 2 — 2 — 2 x2 12 12 12 x3
0 1 2 12 x3 x3 3 — 3 3 x3 x3 13
0 1 12 12 13 13 x4 — 4 — 4 — 4 4 4
0 1 12 12 13 13 14 14 xD <5 <5 <5
0 1 12 x3 13 13 14 x5 15 15 15 x6
06/25/09 Q'BIC Bioinformatics 70




Improved Traceback

A A T T C A G T T A
0 0 0 0 0 0 0 0 0 0 0 0
o) x1 1 —1 —1 —1 —1 —1 x1 —1 —1 —1
0 x1 (! 1 1 1 1 1 x2 — 2 — 2 — 2
0 1 " x2 — 2 — 2 — 2 x2 12 12 12 x3
0 1 — 2 12 x3 x3 3 — 3 3 x3 x3 13
0 1 12 12 13 13 x4 — 4 — 4 — 4 4 4
0 1 12 12 13 13 14 14 xD <5 <5 <5
0 1 12 x3 13 13 14 x5 15 15 15 x6
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Improved Traceback

MmN ™M O
Vol = L L] X
- N |~ |, | YOO 0
N R P T A
1..?_?_3455
U A I A T A A

(o0 TR I~ o
Aﬁmee_.ww_l
T
~— (00 U I o
CE IR L TR oo
1ﬂ23444
| Ly T T o
1123333_|
,_\T,_\XTTT
_I
1.1.23333A
eT,_\XTTT
I
— lem e o e e |, <C
,_\TXTTTX
(@)
1112222-
B I N B I R B I
X | X | | | | | <
o | [ o | |[OoO |Oo |oO
O O << v O <

12
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Subproblems

dOptimally align V[1..I] and W[1..J] for every
possible values of I and J.
dHaving optimally aligned
® V[1.I-1]and W[1..J-1]
® V[1.I]and W[1..J-1]
® V[1..I-1]and W1, J]
it is possible to optimally align V[1..I] and W[1..J]

= O(mn),
where m = length of V,
and n = length of W.
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Generalizations of Similarity Function

dMismatch Penalty = o
1 Spaces (Insertions/Deletions, InDels) =
d Affine Gap Penalties:

(Gap open, Gap extension) = (y,0)
dWeighted Mismatch = ®(a,b)
1 Weighted Matches = Q(a)
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Alternative Scoring Schemes

G A A T T c A G T T A

0 2 3 4 5 6 -7 8 9 10 1 12

G 2 x 1 —-1 — -2 -3 ~-4 —-5 — -6 ~-7 -8 ~-9 < -10

6 3 1-1 el - -3 4 ~ 5 — -6 —7 « -5 -7 — -8 —-9

1-2 x 0 x 0 - - — -4 - - —-8 x -7

1-3 P -2 1-2 il — <2 - - -~ 6 — 7

c 6 1-4 1-3 1-3 -1 x -1 x 0 ~ -2 <~ -3 — -4 -5 ~-6

G 7 -5 -4 -4 1-2 -3 1-2 x -2 x -1 <~ -3 —-4 —-5

A 8 1-6 1-5 1-5 1-3 1-4 1-3 x -1 1-3 x -3 x -5 x -3
Match +1 V: GAATTCAGTTA
Mismatch —2 | | | | | |
Gap (-2, -1) W GGAT-C-G--A
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Local Sequence Alignment

JExample: comparing long stretches of anonymous
DNA; aligning proteins that share only some motifs
or domains.

1 Smith-Waterman Algorithm
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Recurrence Relations
(Global vs Local Alignments)

d S[I, J]= MAXIMUM {
S[I-1, J-1]+ 8(V[I], W[J]),
S[I-1, 31+ d(V[I], -,
ST, J-1]+8(—, W[J]) }

d S[I, J] = MAXIMUM {0,
S[I-1, J-17 + 8(V[I], WIJ)),
S[I-1, J]+8(V[I], —),
S[I, J-1]+d(—, W[J]) }

06/25/09 Q'BIC Bioinformatics
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Local Alignment: Example

G A A T T c A G T T A
0 0 0 0 0 0 0 0 0 0 0
G x 1 0 0 0 0 0 0 0 0 0 0
6 x 1 -0 0 0 0 0 0 x 1 0 0 0
A 0 x 2 x 1 0 0 0 x 1 0 0 0 x 1
T 0 10 x 1 x 2 —1 0 0 0 x 1 x 1 0
c 0 0 0 10 x 0 x 2 0 0 0 0 0
6 0 0 0 0 0 0 0 x 1 0 0 0
A 0 x 1 x 1 0 0 0 x 1 0 0 0 x 1
Match +1 V: -|GAATTCIAGTTA
Mismatch -1 | | | |
Gap (-1, -1) W: GIG - AT -C|-G - - A
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Properties of Smith-Waterman Algorithm

dHow to find all regions of “high similarity"?
® Find all entries above a threshold score and traceback.

dWhat if: Matches = 1 & Mismatches/spaces = 0?
@ Longest Common Subsequence Problem

dWhat if: Matches = 1 & Mismatches/spaces = -o?
@ Longest Common Substring Problem

dWhat if the average entry is positive?
@ Global Alignment
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How to score mismatches?

A C D E F G H-—»

. N
(o =
I =
o M H o M =
A R n%
NN M M D
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m
— = N | M
I |
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I |
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BLOSUM n Substitution Matrices

JFor each amino acid pair a, b

@For each BLOCK
> Align all proteins in the BLOCK

»Eliminate proteins that are more than n%
identical

»Count F(a), F(b), F(a,b)
»Compute Log-odds Ratio

Iog( F(a,b) )

F(a)F (b)
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