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Reverse engineering

ie.exe ie.cpp
0100010111010101010101 9 if (!stremp(language,‘sun.java’))

0101010101010101010101 |_" A ¢
0101111100010100101000 printf(“Unrecognized format™);

1010010111010100101010 N .
1101101010100010110 crashComputer();
)

Goals: Understand... Motivations:

* The function of each part ¢ Understand how a given
of the code problem is solved

* The interactions between ¢ Modify the code for our
different parts of the code =~ own purposes




Genomes

e Human genome: {A,C,G, T}~ 109
 Each of your 10! cells has two copies

99.9 %

identical
+—)

99 %

THE STRUCTURE OF DNA

Roles of the genome

* Genome is a blue print for a cell

Describes how to build proteins
— 25,000 genes --> 25,000 proteins (+variations)
— Each protein has its biochemical function

Describes when to build each protein

— Under which situations should a gene be expressed?
Proteins allow:

— Cell administration and maintenance

— Reaction to stimuli

— Protocols for communication between cells
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Roles of the genome: development

7N

The hardware -
Proteins

* Molecules only obey laws of physics
and chemistry.

* Cell organization only relies on
interactions between molecules

* Stochastic, dynamic, “chaotic” system
* High error rate in interactions

* Replicating, self-assembling, self-
repairing system

Maybe software engineers
have something to learn here...
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Content of the genome - Genes

e Gene: region of DNA that encodes one protein

()
DNA sequence Protein sequence

{ACGTH v ™™™ o {(ACDEFGHIKL,

UUUPhe | UUCSer | UAUTyr | UGU Cys

U| vucphe | uccs. K
WICPhe | UCC Ser ) MNPQRSTV.WY}
UUGLeu | UCG Ser G S
Firstletter | CUULeu | CCUPro CGU Arg S TOP
of Codon C| CUCLew | CCCPro | CACHis | cGC Arg
(5’ end) CUALeu | CCAPro | CAAGIn | COAAg

CUGLeu | CUG Pro CAG Gin CGG Arg

AUUlle | ACUThr | AAUAsn | AGUser
Al Aucne [ AcCThr | AACAsn | AGCser
ACAThr | AAALys | AGA Arg

START (Mome yacome | toiy | Acons

GCU Ala GAU Asp GGU Gly
GCC Ala | GAC Asp GCG Gly
GCA Ala | GAAGlu GGA Gly
GCG Ala | GAG Glu GGG Gly

G

BLAST PubMed  Nucleotde Protein Genome  Swuciure  Popoel Taxonomy Help
Haemophilus influenzae Rd KW20, complete genome - 75651..125650

OVERVIEW Start fom Co Search for gene F

Views . e . -
43 protein coding genes ®  Find Open Reading Frames
Graphical View
Click on the rectangle to get BLAST neighbors for the gene of interest
or click on the overview below to see a distant region
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Base Position

TES
TES
CAV2
CAV2
CAV1
MET
CAPZA2
ST7

ST7
WNT2
C7orf7
CFTR
CTTNBP2

Base Position

CFTR
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| RefSeq Genes

The Programmer - Evolution

* Design principles:

— Random modifications (variation)

— Survival of the fittest (natural selection)

3 Billion years of evolution

* Today’s species are the current solution of
the fitness optimization problem

God doesn’t
play dice

«00O
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EUKARYA

2 Alveolates
= 2 Red algae

Slime molds

Entamoebae
=% Heterolobosea

Physarum

% Kinetoplastids
Euglenoids

Microsporidians

Trichomonads

Diplomonads

Central dogma of comparative genomics

(O .ACTAGTCGCATACGATCAGCA...
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Unavailable!

..ACTAGTCGCATACGATCAGCA...

v 1R

...ACATAGTCGTATACGATCAAGCA... ..ATTAGTCGCATAC TCAAGCA...

_.ATTACGGTCACATACTCAAACA... ...ATTACGTCGCATACGGTCAAACA...

b

S4

S2 S3 L

Sl: GTTACGGTCACATACTGAAACA
S2: GTTATGGTCACATACTGAAACTGA
S3: ATTACTCGCATACGGTCTAACA
S4: ATTTACTCGCATACGGTCTAGCAC

S1

Base Fosition 11 11 i1 11654 T
Kno Genes Based on SWISS-PROT, TrEMBL, mRNA, and RefSeq
+
t =

[ oy
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CFTR MEEEEN

[3
CFTR Region 37 Species TBA Alignments & phastCons
Gaps
humanGGTCﬁHCGHGCﬁﬂGﬁﬁTTTCTTTﬁGCﬁﬁGGTGﬁﬁTﬁﬂCTﬁﬁTTﬁTTGGTCTHGCHHGCHTTTG
chimp GGTCAACGAGCAAGAATTTCTTTAGCAAGGTGAATAACTAATTATTGGTCTAGCAARGCATTTG
20rillaGGTCAACGAGCAAGAARTTTCTTTAGCAAGGTGAARTAACTAARTTATTGGTCTAGCAAGCATTTG
orangutan GGTCAACGAGCAAGAATTTCTTT AGGTGAATAACTAATTATTGGTCTAGCAAGCATTTG

mohode 1phis GGTCAACGAGCAAGAATTTCTT AGGTTAATATTTT
wallaby GGTCAACGAGCAAGAATTTCTTT AGGTTAATATTTT
dunhart GGTCAARCGAGCAAGAARTTTCCTTA AGGTTAATATTTT
platupus GGTCAGCGCGGCCAGAATTTCATTAGCCAGGTGAGTA
chicken GGCCAGCGAGCACG CTCACTAGCGAGGTGAG 3
tortoise GGTCAA GGCTAG TCACTAGCTAGGTGAATATTTT
zebrafish GGTCAGCAAGGCACG CTCTGGCO TE-TCAC
=T T
T T

TATTTGTTCAGT TAAAATTTG
TATTTGTTCAGT TG
TATTTGTTC

AATGTG
AGCTAAAATTTG
AGGTGGCGTTTG

AGCAH
baboon GGTCAACGAGCAAGAATTTCTTTAGCAAGGTGAA-~-~-~-TAATTATTGGTCTAACAAGCATTTG
macague GGTCAACGAGCAAGAATTTCTTTAGCAAGGTGAR TAATTATTGGTCTAACAAGCATTTG
vervetGGTCﬁﬁCGﬁGCﬁﬁGﬁﬁTTTCTTTﬁGCﬁﬁGGTGﬁﬁ TﬁﬁTTﬁTTHGTCTﬁHCﬁﬁGCﬁTTTH

marmoset GGTCAACGAGCAAGAARTTTCTTTAGCAAGG
dusky_titi GGTCAACGAGCAAGA TAGCAAGG

sguirrel_monkey GGTCAACGAGCAAGA TAGCARAGG TTG
mouse_lemur GGTCAACGAGCAAGA TAGCAAGG ﬁTTﬁTTGGTCiﬁG TTG
lemur GGTCAACGAGCAAGA TAGCAAGG ATTATTGGTCCAGT TTG
2alago GGTCAGCCGAGCAAGA TAGCAAGGTGAATAAT TATCGACTCCAGT G TTG
rabbit GGTCAACGAGCAAGA TAGCAAGGTGAG TﬁYCT‘ ATTATTGGTCTAI Cﬁﬁ TTG
rat GGTCAARCG TGCAAGAATTTCTTTAGCAAGGTAAACG TTCAACTGTTGGT TTCOT TTG
mouseGGTCﬁZCG‘GCﬁﬁGi~ﬁTTTCTTTﬁGCﬁﬁGGTﬂﬁﬁTﬁTTTﬁﬁ TCTTGGTCTTIGT G TTG
cnuGGTCﬁZCGRGCSﬁGﬁﬁTTTCTTTﬁGCﬁﬁGGTGﬁﬁTﬁTCT CTATCGGTTCAGE TTG
sheep GGTCACCGAGCAAGAATTTCTTTAGCAAGG TTG
muntjak_indian GGTCAACGAGCAAGAATTTCTTTAGCAAGGT CTTATTGGTCCAGE TTG
pig GGTCAGCGAGCAAGAATTTCTTTAGCAAGGT TTATTGGTC ﬁGC TTG
horse GGTCACCGAGCAAGCATTTCTTTAGCAAGGT TT TTG
cat GGTCAGCGAGCAAGAARTTTCCTTAGCAAGGT TT TTG
dog GGCCARAAGAGCARAGARATTTC! AGCAAGGT cG G
ajbat GGCCACCGAGCAAGAATTTCTTTAGCAAGGT TTG
cpbat GGCCAGCCGAGCCAGAATTTCTTTAGCAAGGT TTG
hedgehog GGTCAACGAGCAAGAATTTCATTAGCAAGGTGAATA T - - — - — — — — —— — — — — GCATTTG
armadillo GGTCAACGAGCAAGAATTTCTTTAGCAAGGT SACTATTGGACCAGT TCACACTTG
opossum GGTCAACGAGCAAGAATTTCTTTAGCAAGGT T ARTATTTT TATTTATTCAGTTGAAATTTG

TAGCAH

AGCAH

GCA

AART
AARTC
CGTGG

tetra GGTCACAGCGGCACGTCTG TTTGGCCAGGT - -AC
fugu GGTCAARAGGGCACG TG

TTTCGGCCAGGT ACT

conservation

- N
Platypus | Monotremata
Opossum | Marsupialia
9 —————— Tenrec
Mammalian | —————
. Hyrax Afrotheria
1 t ——— Elephant
eVO u lon ——— Armadillo |Xenarthra
Hedgehog
I  Shrew

———— Microbat (brown bat)
Rapld radiation ~75 Myrs ago q [ Megabat (horseshoe bat) Laurasiatheria

Cow
H° a[t,og
Many nearly independent phyla —————— Sauirel )
— o

Many “noisy” copies of ancestor

Guinea Pig
[ Rabbit
Tree Shrew Euarchontoglire|
Lemur
- Accurate reconstruction of L Bushbany
ancestors may be feasible Macague
Human
Chimpanzee

Mareulies et al.. PNAS 2004
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Ancestral mammalian genome reconstruction

Base-by-base reconstruction of
complete ancestral genomes
* Including coding, non-coding,

repetitive regions

Boreoeutherian ancestor

Expected reconstruction accuracy™:

e From ideal choice of extant mammals 99%

* From soon-to-be available genomes: 96%

* With currently available sequences:

(full or 2X coverage)

90%

) For >90% of euchromatic genome

[Miller, Haussler, Blanchette]

Hyrax
Elephant

Armadillo

Hedgehog
Shrew
Microbat (brown bat)

»e bat)
~70 Myrs

a
Dog
Squirrel

.

Mouse
Rat
Guinea Pig

Rabbit
Tree Shrew
Lemur

Bushbaby
Macaque

Human
Chimpanzee

Tree from Margulies et al., PNAS 20

Afrotheria

Xenarthra

Laurasiatheria

Euarchontoglirg
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One program, many functions

Neuron (nerve cell

Muscle cell

genome!

§'-REGION

Regulation of gene expression

SILENCER ENHANCER

BASAL
4+ TRANSCRIFTION
= COMPLEX

a TRANSCRIPTION START Gene

PROMOTER

Transcription factor binding sites:

® Short: 6 to 20 nucleotides

@ No specific signature; each TF has different binding site

® Can be up to 1 million nucleotides upstream of gene regulated
Often clustered with other binding sites, forming modules
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