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Sequence analysis (6 lectures)

A little biology...
...and statistics (conditional, Markov chains, HMMs)
Biological sequence “matchmaking”

Evolution of DNA and protein sequences - Distances

Pairwise and multiple sequence analysis
Algorithms for database search

Gene finding
DNA motif dicovery

cis-regulatory motifs and modules
microRNA genes
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Sequence analysis (6 lectures)

What we will not talk in these lectures
Genome sequencing assembly
Clustering/classification (K-means, SVMs, etc)
RNA folding
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Outline of the biology part

Basic Definitions

Cells’ basic components

Basic characteristics of DNA & Proteins
Transcription and Translation: Central Dogma
Other Features of Genetic Sequence
Molecular Evolution
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Cells’ components

e Cells are complex , ;
. . \ nurﬂ‘lza"r::'n;glrzpe nucleus
e We look at a simplified S e }
Ve rS i o n: ~ O Golgi complex

lysosome

e Extracellular environment

e Membrane . ,/,age..um

e Cytoplasm L/ B b mombeane
e Nucleus (in eukaryotes) o v endopisamic
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DNA - Chromosomes - Genes
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DNA - Chromosomes
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Hydrogen bond
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What is a “gene”?

|
* We cannot define it (but we know it when we see it...)

* A loose definition:

“Gene” 1s a DNA information unit that is able
to perform a function in a cellular environment
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Central Dogma (and beyond)

messenger-RNA

Human gDNA, ~3x10° bp
Contains ~ 22,000 genes

translation folding

Lipid membrane
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Slide courtesy: Serafim Batzoglou

—

i " [Transcigtan| e
i [ ‘ Ly
Cytapiasm Huclear -
MornEiara Segining Noasty compiated
o1 protein pratein -,
[T Newly formed | | A

massanger RHA [MANA]

- RIGsCrTR

uclpotde p—
._'HE ROLE OF THE RIBOSOME N TRANSLATION
dmiec eeit binde 4
oSy owing et chak
g el ot s i
Newhy lomod ! o .--._"“‘“
protmn chain ? L "w
e \ o
,‘/‘t;_ !"l 1._, LY
G | 5
PEMA — [?[f - 180 e
Hucous 1o codon
\ [
LR B codon
Cytapioim Corrgiuod '<$ 4%,
e [ J—{ e} ma || marne || o |—{uneora]

Benos 02-710/MSCBIO2070 1-FEB-2007 10




Genes and Proteins

Second letter

U C A G
uuy i UAU : UGU v
uuc | gianive || uce Uac | Tyrosine || e | Gpsteine | ¢
u Serine

YUA | Leucine Bgé UAA | stop codon| | YGA | Stop codon| A
uuG UAG | stop codon| | UGG | Tryptophan| G
o cw edl Histidine | | CGY g

) EC She Leucine 5L Proline Arginine
= CUA cca || ca A
()] e (€d<] Glutamine | | CGG G
+ AUU AAU ; AGU ; U
i leoletcine f\glc) AAC | Asparagine| | cc | Serine =

— A HREEE Threonine

. Methionine; | ACA AAA : AGA i A

initiation ACG AAG | Lysine AGG | Arginine
Sdcodon L. G
Guy GCu GAU | Aspartic | | GGU o
G Gue Valine GCC 1Ay GAC | acid a6¢ Glycine G
e oA GAA | gtamic || SSA| A
GUG GCG GAG | aid GGG G
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Amino acid varieties

HYDROPHOBIC AMINO ACIDS

c00~ ?oo’
*HaNf(lifH ‘Hng(‘:fH
CH, CH
7 N
HiC™ CHy
Alanine Valine
(Ala or A) (Val or V)
coo~ coo™

|
+H,N—c‘—H +H3N—(I:—H
CH, CH,

Methionine  Phenylalanine
(Met or M) (Phe or F)

Co0~ [ee]e}
*ng—(‘:—H *HaN—tl:—H
H—é—CH3 (I:Hz
(:IHZ /tl:b
CHy HsC™ CHy
Isoleucine Leucine
(e orl) (Leu or L)
CO0™ CO0™
*H;N—C—H *HJN—é—H
&, &y
C‘:C\H
NH
!
Tyrosine Tryptophan
(TyrorY) (Trp or W)

Slide courtesy: Serafim Batzoglou

HYDROPHILIC AMINO ACIDS

Acidic amino acids

Polar amino acids with
uncharged R groups

Basic amino acids [l ?oo' [olelely
- — — 'HSN—C‘—H +H3N—?—H *H;N—C—H
| | | =]
’HZN—(I:—H ’H]N—(‘Z—H ‘H;N—(‘:—H CH (|:HZ Lt
coo™ OH CHy
?HZ C\H? C\HZ Aspartate Serine Threonine
tI:H2 (‘ZH2 C—NQ (Asp or D) (Seror S) (ThrorT)
?Hz C‘Hz ﬂ_N/4CH zl:oo’ [elelely ?oo'
?Hz "“H H H ‘HSN—?—H *H;N—(I:—H *HJN—(‘:—H
NH3 C‘:NH; CH, CH, CH,
e | | 0
2 CH, C. CH,
Lysine Arginine Histidine [ N Yo |
(Lys or K) (Arg or R) (His or H) coo ? /C\\
HN" S0
(Glu or E) (Asn or N) (GIn or Q)
SPECIAL AMINO ACIDS
COo0™ COo0™ COo0™
*HgN <|: H  *H;N—C—H (‘:/ )
sN—C— BN—C—
| | *H,N” T CH,
CH, H
| H,C——CH,
SH
Cysteine Glycine Proline
(Cys orC) (Gly or G) (Pro or P)
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Amino acid varieties (cntd) :
tiny
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\®SQ'\G
Y ‘\' polar
/\\; N
" W% e
F W ‘)‘ E/ qQ
o~ ——
hydrophobic . charged
aromatic positive
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Categories of living organisms | ¢
Bacteria 2=2llonys, Archaea Eucarya
Prokaryotes Eukaryotes
Mitochondrion pectee e oSaTGiG HoR Fungi
Fartin | posive ! Rl
Chloroplast raxleti m’:.g- Mi;:‘;’& Ciliates
Havonactencyanohactelia Pyrodiclium, Trc",euzgus —
Thermo‘oga richomonads
Anuifex Microsporidia

Diplomonads
{Giardia}

Source: http://www.bmb.psu.edu/courses/micro401/default.htm
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Prokaryotes vs. Eukaryotes

Prokaryotes Eukaryotes Eukaryote

Nucleolis Mitochondria
Cell Cell walls, no Cell membranes, Nucleus
nucleus/organelles nucleus/organelles
. . Monocistronic
mRNA Polycistronic
(mostly) ;
Endonlasmic Ribosomes
Reticulum
Simple (no introns Prok
Gene ’ Complex ARELE
short UTRs) P
Transcription Simple Complex
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Genome logistics:
viruses and prokaryotes

Organism Size (bp x 10%) No. of prot. genes
HIV-1 0.1 8
/. phage 0.05 71
E. coli 4.7 3,200
H. influenza 1.8 1,700
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Genome logistics: T
L [ J
Organism Size (bp x 10° No. of prot. genes
S. cerevisiae
C. elegans 97 19,100
Y|
A. thaliana 125 25,500
o D. melanogaster 180 13,600
e, :/i
k| ] H. sapiens 2,900 25,000
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Gene structure: prokaryotes
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MRNA

proteins
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Gene structure: eukaryotes
I
O 100 -) ) ) —
< > < > >
“core” promoter exon-1 exon-2 . exon-3
intron-1 intron-2
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RNA Splicing
CAAT TATA Rty
mrna  OENE
>
5 UTR CDS 3 UTR
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mRNA
I
ATG
protein
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Alternative splicing
CAAT TATA
nrva  CEINEENS ¢
mRNA _ :
(transcript-2)
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Transcription regulation

|
e promoter region

e expression levels % -mm .

o degradation N

o post modifications —==——— —=——— ————

N N

'R BE RN

ol
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Transcription regulation

e promoter region

e expression levels  emE
e degradation

e post modifications
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Non-coding genes

e tRNA) Transfer RNA (tRNA)
e ribosomal RNA®)

(bind's mANA)

e snoRNA()

AMING ACIA

°® etC Attagit:gient

Source: http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookPROTSYn.html

()Not to be discussed in this course.
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Other DNA elements

e transposable elements()
e repetitive DNA()
e “junk” DNA®)

()Not to be discussed in this course.
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