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1. The Human Genome
2. The Molecular Biology Dogma: DNA, RNA and Protein
3.  Beautiful Algorithms: Rigorous, Practical, Elegant code
4. Chapter 1: Sequence Alignment Algorithms
5. Chapter 2: Combinatorial Pattern Matching Algorithms
6. Chapter 3: Phylogenetic Trees Algorithms
7. Chapter 4: Machine Learning Methods: Hidden Markov Models Algorithms
8. Chapter 5: Genome Assembly Algorithms (Introduction)
9. Chapter 6: Genomic Privacy (Introduction)
10. The Bioinformatician as a Detective — two puzzles:
The Adventures of the Dancing Men code, by Sherlock Holmes/Arthur Conan Doyle

The Prison code, a code used in a prison in California
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Beautiful Algorithms

Rigorous: state-of-the-art, mathematical analysis of their accuracy
Practical: very efficient, work on large data sets

Elegant code:  “simplicity is the ultimate sophistication”

O O O 4d

von Neumann'’s “esthetic criteria”

many applications to different areas

m| John von Neumann’s “Beautiful” criteria

O “By a model is meant a mathematical construct which, with the addition of certain verbal
interpretations, describes the observed phenomena... Furthermore, it must satisfy certain
esthetic criteria — that is, in relation to how much it describes, it must be rather simple
...One cannot tell exactly how “simple” simple is. ...Simplicity is largely a matter of
historical background, of previous conditioning, of antecedents, of customary procedures,
and it is very much a function of what is explained by it.”

O — John von Neumann



Evolution
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Evolution

Nothing in Biology Makes Sense
Except in the Light of Evolution
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The Genome
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Tlle Senuence of the Human Genome
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J. Craig Venter, ..., Sorin Istrail, ..., "The Sequence of the Human Genome" Science, 2001
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The Genome
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J. Craig Venter, ..., Sorin Istrail, ...,
"The Seauence of the Human Genome" Science 2001
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, J. Craig Venter,
"Whole-genome shotgun assembly and comparison of human
genome assemblies" Proc. Nat. Acad. Sci. USA, 2004



Biomolecular Data

CTTACTAATCC
TTTATTAATTC
TCTATTAATTC
TTTATTAATTC
TCTACTAATTC
ATTATTAATTC
ATTECTAATTC
ATTATTAATCC
TCTATTAATTC
CTTATTAATTC
CTTATTAATTC
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Biomolecular Data

“Data! Data! Data!” he cried impatiently. “I can’t make bricks without clay.”
Sherlock Holmes

“The more I see the less I know for sure.”

John Lennon
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CCTTGATGCTCCTGGCACAAATGAGCAGAATCTCT

GACATGACTTTGGATTTCCCCAGGAGGAGTTIGAT
THE 20 COMMON AMINO ACIDS 3= o7 " o CAGCCATCTCTGTCCTCCATGAGCTGATCCAGCAG
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. =& 1 . ATCTTCAACCTCTTTACCACAAAAGATTCATCTGCTGCTTGGGATGAGGACCTCCTA
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& "__1 o el 4 r'i"l' AAGAAATACTTCCGAAGAATCACTCTCTATCTGACAGAGAAGAAATACAGCCCTTGT
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5 i : AAGAAAGATTAAGGAGGAAGGAATAA, TGTGATCTCCCTGAGACCCACAGCCTGGA
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e o o g , TCTGATGGACAGACATGACTTTGGATTTCCCCAGGAGGAGTTTGATGGCAACCAGTT
Ly 1. - I f r g CCAGAAGGCTCCAGCCATCTCTGTCCTCCATGAGCTGATCCAGCAGATCTTCAACCT
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The Dogma of
Molecular Biology




The Molecular Biology Dogma

Template strand

DNA

Transcription

RNA

RyRRERRRE

Met

Translation

Ser Val His Ala Leu Met Cys

Gin

Pro

Protein



Transcription

gene Exon 1 Intron 1 Exon 2 Intron 2 Exon 3

I)qus_ CGTCTAGTACTGCATTAGCGATGIC ATACGATGCATGC, GGCATAC
GCAGATCATGACGTAATCGCTACGTATGCLACGTACGTTNCCGTATG

\ 4

CGTCTAGTACTGCATTAGCGATGCATACGATGCATGC, GGCATA!

RNA polymera . RNA
gegcA-rcmcGﬂrzmigGcmcbmmectacemccﬂrmlccsmue

nuclear factors ‘

[GUACUGCAUUAGCGAUGE AUACGRAUGCAUGCAANGGCAUAC]

hRN
(heter onuclear)
splicing \ \

mRNA [GUACUGCAUUL AUACGEGCAUAC _
(messenger) polyA tail




DNA I
molecule W

Gene 4

Triplets \‘

DNA: DNA base sequence

(triplets) of the gene codes
for synthesis of a particular
polypeptide chain

mRNA: Base sequence
(codons) of the transcribed
mRNA

" Anticodon
tRNA: Consecutive base s

sequences of tRNA
anticodons recognize the
mRNA codons calling for
the amino acids they
transport
tRNA
Polypeptide: Amino acid 9

sequence of the
polypeptide chain ‘

Start
ranslation

© 2013 Pearson Education, Inc.




The set of 20 amino acids

Nonpolar, aliphatic side groups

J\H

coj

Glycmc
Gly, G

H

@
HsN" o

Leucine
Leu, L

CH,

)\H

Alanine
Ala, A

Methionine
Met, M

(]

HN" >coj

Valine
Val, vV

NfCOZ

Isoleucine
Ile, I

Polar, uncharged side groups

OH

L
(]

HNT col

Serine
Ser, S

Proline
Pro, P

IH
C)

H3N CO;
Threonine

Thr, T
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HN" coj
Aspartate
Asp, D

SH

b

@
HNT cob

Cysteine
Cys, C

HzN O

H
®
HN" coj

Glutamine
Gln, Q

Aromaticside groups

DL

coj
Phenylalanine Tyrosine Tryptophan
Phe, F Tyr, Y Trp, W

Positively charged side groups

(]
H;N
= \/S\ fL
® ©
H3N COz COZ Co2

Lysine

Histidine
Lys, K

His, H Asparagine

Asn, N

Negatively charged side groups
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HN" >col HN" >coj
Glutamate Aspartate
Glu, E

Asp, D



The Genetic Code
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Genetic Variation

SNPs & HAPLOTYPES
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Single Nucleotide Polymorphism

(SNP)

GATTTAGATCGCGATAGAG
GATTTAGATCTCGATAGAG

A SNP is a position in a genome at which two or more different bases
occur in the population, each with a frequency >1%.

The two alleles at the site are G and T

O The most abundant type of polymorphism



acatagcclttccca gtgtttccatgtgtctgggctgcttttgcactctaatggcagacitaagaaattgtag
cagagaccacaatgcctcaaatatttactctacagccctttataaaaacagtgtgccaactcctgatttatgaa
cttatcattatgtcaataccatactgtctttattactgtagttttataagtcatgacatcagataatgtaaatc
ctccaactttgtttttaatc aaaagtgttttggccatcctagatatactttgtattgccacltaaatttgaaga

aggagaat’&ﬁu”
ccccactcli @
Igtccata \I
tacttataf NI
ttgttttallml
tgagatcapus
ggatacag
tatttttt | ¥
tgtattgcly
tactttton B

ttaaaaagif-a**aa,@a,a
.as ,

Human Genome contains ~3 G
basepairs arranged in 46
chromosomes.

Two individuals are 99.9% the same.
L.e. differ in ~ 3 M basepairs.

SNPs occur once every ~600 bp
gatcacga
attagcca ‘
tgggaggc .
aaaaa atf”
tctactatb A S o | 5
tttctctttttttgtggattttaaaggattttctacat
cttttcaacctagactggatgcattttttgtttttgtt
gaatgtattgaagaat@tattgttgaacaaaagcagtg
ggaatgttttcagtctttcactatttaatatgatttta
aggaaattcccttctatttctagtttgttgagattttt

Average gene in the human

genome spans ~27Kb

~50 SNPs per gene

DU QO Y QO Q O OO F+FFQ QO@ft+ O QW



Haplotype
pIOLYP C A G

T TG Haplotypes

C
T

() G)

SNP SNP SNP

Two individuals
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AT ATEST TR RS STRSTTTTS

Li;g:;:m;mgﬁm Infinite Sites Assumption:
LA

uwcv:.m TIICSTIEGTETC
L+7aaram1mmmm
l*?ﬂ:.'ramvmcrmm

Each site mutates at most once

l+7aavam1mwmm
ul'J‘C TATLTLOSTIICESTIGTESTC

AT CTAT ATGOG TISCGTIGTETC
AT CTAT ATGOG TIAC GTRGRGTA

ATCTAT J.TE: TIICGTIGTGTC
= TCTATAT TIICGCTIGTGTC
AT CTAT ATGROG TIICGTIGTGTC
[ FTCT ATAT GG TIICGTIGTETC
(AT TRTS TG TIICETIGTGTC
[ FTCT ATAT GO TINCGTIGTGTC

ATCTATAT QO TIICSTIGTETC
TICTATAT QOGS TINCSTIGTETC
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Haplotype Pattern

CAGT

R O O
o OO
R Ok O

O O Rr o

T T
CA
CT

() 3 Q

A
G
T

At each SNP site label the two alleles as 0 and 1.
The choice which allele is 0 and which one is 1
is arbitrary.



Synapsis: Pairing of
homologous chromosomes
l—;l
Paternal Maternal

R
A

Recombination

A

over ¢

Crossing /

GTTCGACAACAT
ACGTATCTATTA

GTTCGACTATTA



o [ J PaternMaternsl
Recombination ¢
The two alleles are linked, I.e.,
they are “traveling together”
SSSSSSS q over/¢

GTTCGACA AA
ACGTATCTA

Recombination
disrupts the linkage
ii

GTTCGACTATTA



CACAGCCTGGATAACAGGAGGACCTTGATGCTCCTGGCACAAATGAGCAGAATCTCT
CCTTCCTCCTIGTCTGATGCACAGACATCACTTTGGATTTCCCCAGGAGGAGTTTGAT
GGCAACCAGTTCCAGAAGGCTCCAGCCATCTCTGTCCTCCATGAGCTGATCCAGCAG
ATCTTCAACCTCTTTACCACAAAAGATTCATCTGCTGCTTGGGATGAGGACCTCCTA
GACAAATTCTGCACCGAACTCTACCAGCAGCTGAATGACTTGGAAGCCTGTGTGATG
CAGGAGGAGAGGGTGGGAGAAACTCCCCTGATGAATGCGGACTCCATCTTGGCTGTG
AAGAAATACTTCCGAAGAATCACTCTCTATCTGACAGAGAAGAAATACAGCCCTTGT
GCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCCTCTCTTTATCAACAAACTTGC
AAGAAAGATTAAGGAGGAAGGAATAA, TGTGATCTCCCTGAGACCCACAGCCTGGA
TAACAGGAGGACCTTGATGCTCCTGGCACAAATGAGCAGAATCTCTCCTTCCTCCTG
TCTGATGGACAGACATGACTTTGGATTTCCCCAGGAGGAGTTTGATGGCAACCAGTT
CCAGAAGGCTCCAGCCATCTCTGTCCTCCATGAGCTGATCCAGCAGATCTTCAACCT

What is the meaning of this DNA sequence?

A code to break!



Can you break this code?

TR IFAY R XY
SI0WSEPEE'



Chapter 1: Sequence Alignment

Image, courtesy of Vincent van Gogh Museum
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Chapter 1: Sequence Alignment Algorithms

Local Alignment

| Target Seguence|
5' ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3

| Query sequence [5* TACTCACGGATGAGGTACTTTAGAGGC 3°

Global Alignment

| Target Seguencel
5' ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3°

[0 0 0SS 4 41 A A 0 A L 6L

5' ACTACTAGATT----ACGGATC--GTACTTTAGAGGCTAGCAACCA 3°
| Query Sequence |

peacies/Abbrv

Rh.
. Ag
4. Ag:
Rh:
Rh:
Ag

xxxxxxxxxxxxxx
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Whole genome sequence of the 2019-nCoV COT'OINNAVII'US, in one of the first French cases,

made at the Institut Pasteur (Paris), using a unique Platform (P2M), open to all
French National Reference Centers. Credit: Institut Pasteur/CNR of respiratory infection viruses.
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Dr. Margaret Oakley Dayhoff
The Mother & Father of Bioinformatics




The Atlas of Protein Sequence and Structure 1972

“To those who would know the biochemical
structure, function and origin of man and
would strive to improve his lot. ”



Hydrophilic Small, Simple, Hydrophilic
-Small Aliphatic Alanine Not hydrophobic, smallest
Proline
Glycine
-Acid amide Glutamine Slightly basic, amide, carbonyl
Asparagine
-Acid Glutamic Acid Acid, carbonyl
Aspartic Acid
-Hydroxyl Serine Hydroxyl, small
Threonine
Sulfhydryl Cysteine Uniquely Reactive, Small
Aliphatic Valine Hydrophobic
Isoleucine Similarly branched
Methionine
Leucine
Basic Lysine Basic, Nitrogen, Large
Arginine
Histidine
Aromatic Phenylalanine Aromatic Rings, Hydrophobic, Large
Tyrosine
Tryptophan
Special Histidine Heterocyclic rings
Tryptophan
Cysteine Close similarity in shape
Serine
Phenylalanine Hydrophobic; similar size
Leucie
Isolenine

Methionine



Alphatic

Hydrophobic Hydrophilic

PANeNZE NN rOENeHu - na

SemoMoN LN
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Positive Negative (harged
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Glycine-rich nucleatide binding loop motif
A - [GenBank accession No.] . loop
koA @ psaudomanas aseruginoss, ExoU, 687 aa  [AAC16023) 107 [l
SHaa e R B PLAZA (Group VIA), 752 a0 [AAD41722) 427
A A S AL ',‘ # PLA2B (Group VIB), 782 30 [BAAS4997] 445
-3 -4 4 44 4 0 7 ¥ 1 PLAZ | 8 cPLAZ « (Groep IVA), 749 a8 [P47712) 197 |1
S '} ?-: -: -’ :’lz " : 8 PLAZ [ (Group IVB), 101288 [AAD32135] stof‘
B L I ST I IR R 2 c 8 PLA2y (Group IVC). 54188 (AAC32823) 46 |
. 3 £ 8ed § +0 33 2 ) L] e
G TN BB A IR 3 rsiberisis, rubber toe labex patatin, 388 an  [AFF25553] S
-1 } 2 7 A e) 3 ) b d X EUS, cucumber patatn, 405 aa [Tr0260)
— o AR AT TS yperosum, potalo tubor patatin B2, 386 aa [P15477)
= recoman ADECcKm, 1o0bacco patatin, 360 an [Toas41)
¥ Ambvdopsis thaluna, patate-Sko prolein, 414 aa [CAB16787)
. Serine hydrolase mol
Dayhoff's PAM matrix G-X-S-X-G/S
14 @ 8 Em B 154 316
457 [ 477 583
p ’ a7s 495 o8
..I_ It N D ¢ 220 240 521
w67 2 9 10 3 ssg <78 823
| N3 1 1 | 74 o4 357
I 1 9822 36 0 Y
L 0 12 9859 0O
| 1 0 u 99735
All entries » 104 active silo serno of cPLA2 active site aspartate of cPLA2
“ W - highly d dues among all
B - conserved residues between Exol & some of PLAZ/patain proteins
W W - conser dues only PLAZ & patatin peoteins

| L. conserved amino-acks substitution (semilarity)
three or more identical amino-acid resk




The

Smith Waterman
Algorithm




Smith and Waterman at Los Alamos, New Mexico
Photo by David Lipman, Taken Summer of 1980

Smith and Waterman




ARTEMIS Summer 2008
Professor Istrail

Viral src gene products are related to the catalytic chain of
mammalian cAMP-dependent protein kinase.
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AUTHORS
W. C. Barker and M. O. Dayhoff

ABSTRACT

The transforming protein sequences translated from the Rous avian and Moloney murine sarcoma
virus src genes are shown to be related to the catalytic chain of bovine cAMP-dependent protein
kinase (ATP:protein phosphotransferase, EC 2.7.1.37). The avian transforming protein, also a
protein kinase, shows greatest homology with the bovine protein kinase in the carboxyl-terminal
half, where the protein kinase activity is localized. Moreover, lysine occurs in the inferred
transforming protein sequences at the position homologous with the proposed ATP-binding lysine
of the bovine protein kinase. This relationship is consistent with the hypothesis that the src genes
originated in the host genomes, in which they are members of a superfamily of distantly related
protein kinases that are normal constituents of mammalian cells. In the host, these sequences

are much more highly conserved than in the viruses.
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Viral src gene products are related to the catalytic chain of

ARTEMIS Summer 2008 55
Professor Istrail 5

mammalian cAMP-dependent protein kinase

1 BOV-PK
2 MMSV
3 RSV-PC

1 BOV-PK
2 MMSV
3 RSV-PC

QIEHTL NEKRT - -LQAV NFPF LVKLEFSF KDNSNLYMVMEYV PGGE MFSH
SQRSFWAELNIAGLRHDNIVR VVAASTRT PEDSNSLGTI IMEFGGNV TLH
SPEAFL QEAQV - -MKKL RHEKLVQL-YAVVSEEPIYIVI EYMSKGSLLDF

S E FL E I L N LV L SN Y VI EY GG H

* * *

- ---=--------LR-RIGRF-SEPHARFYAAQIVLTFEYLHSLDLIYRDL
QVIYDATRSPEPLS CR - -KQLSLGKCLKY SLDVVNGLLFLHSQSILHLDL
- -----------LKGEMGKYLRLPQLVDMAAQIASGMAYVERMNYVHRDL

L R GK LSLP YAAQIV G Y HS HRDL

* * 3k



Viral src gene products are related to the catalytic chain of

ARTEMIS Summer 2008 £

Professor Istrail %

mammalian cAMP-dependent protein kinase

1 BOV-PK
2 MMSV
3 RSV-PC

1 BOV-PK
2 MMSV

QIEHTL NEKRT - -LQAV NFPF LVKLEFSF KDNSNLYMVMEYV P E MFSH
SQRSFWAELNIACLRHDNIVR VVAASTRT PEDSNSLOC TI IME F NV TLH
SPEAFL QEAQV - -MKKL RHEKLVQL-YAVVSEEPIYIVI EYMSKOCSLLD F

S E FL E I L N LV L SN Y VI EY H

* * *

- -----------LR-RICRF-SEPHARFYAAQIVLTFEYLHSLDLIYRDL
QVIYDATRSPEPLSCR - -KQLSLOGKCLKY SLDVVNGLLFLHSQSILHLDL

3 RSV-PC - --=---------LKGCEMGCKYLRLPQLVDMAAQIAS CMAYVERMNYVHRDL

L R K LSLP YAAQIV Y HS HRDL
* * ok

A = Alanine D = Asartic Acid S = Serine G = Glycine

V = Valine E = Glutamic Acid T = Threonine

F = Phenylalanine K = Lysine Y = Tyrosine

P = Proline R = Arginine H = Histidine

M = Methionine C = Cysteine

I = Isoleucine N = Asparagine

L = Leucine Q = Glutamine

W = Tryptophan
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Chapter 2: Combinatorial Pattern Matching

Image, courtesy of Vincent van Gogh Museum
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Chapter 2: Combinatorial Pattern Matching
Algorithms

0123456 7 8 91011121314151617 181920

text[amanap I anac|ana I p|ana|ma
pattern [p | I [a[n .
Best Motif Found:
[a m|a|n no
NAME START SITES END STRAND MARGINAL SCORE
[m alnla nol 23 aaacgacgtaatgctac 6 - 229
2 17 aaacgac.taat.ctac 2 - 8.45
ﬂn p no 3 30 caacga ta.tgcaac 14 - 14.1
4 23 caaccacgtaatgcaac 6 - 23.6
no 5 24 caaccacgtaatgcata 7 - 17.5
nﬂnn Score: 51.1928

N
)

e
MU . g

logo with ssc

CRAVGHC |

0"

| Scan alignment 1 | against sequence databases using GLAM2SCAN.
| View alignment 1 | | View PSPM 1 |

| Compare PSPM 1 | to known motifs in motif databases using Tomtom.
Regular Expression for Motif: [aclaac[cglalcglg?taa?tg?c[at][at][ac]lg
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Emergency knife (S) is always handy in case opossum or the

woodpecker gets sick and can't work.
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The Dogma
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Figure 9.2 Schematic model for transcriptional
T Fs activation. The TATA box-binding protein,
which bends the DNA upon binding to the
TATA box, binds to RNA polymerase and a
number of associated proteins to form the
preinitiation complex. This complex interacts
with different specific transcription factors that
bind to promoter proximal elements and
enhancer elements.
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transcription
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Big open problem about what
is an evolutionary model for
regulatory regions of genes !!!

Phylogenetic trees are not good models for the Regulatory Genome
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if CY & CB1 i1=1 ifis5=0
else i1 = 0.5 else
i2 = i1 UI()
if(ForEorDC) &Z
else
if R i3 = CB2(t)
else i3 = k e CB2(t) if i9=1
(1<k<2) else
ifP& CG1 & CB2 i4 =2
else i4=0 if (CG2 & CG3 &CG4)
else
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else i5=0
i6 = 4 (i2+i3
exXpre

=THE FIRST GENE

DNA program that regulates-the

scon ot BRORIG ooa kit

i7
i7

OTX(t)
(o]

i8 i6 + i7

io=1
i9 =0
i10
i10

o
i8

i11M=2
i11 =1




outside The Endomesoderm model:
Mat cff tndo Mes Endo-mes View from the genome
' I—(BK':"‘-’//&)zzkd-(] otibels Apr.19", 2002
MicrNuc
Mat Otx
np=TCF
-G 1
|,>_| Matemal
21 |3 Wnt8 L 1= 1 L 3 r>] R 2 g & early
ol |2 Kel  SoxBl AL Ko Otx Eve interactions
g?)‘ p a
. L€ colored boxes indicate post gastrular domains of expression genes l?:edfg;'zﬁe
PR b—GsKk-3 I-/‘Fr,-(— Mesoderm  Endoderm temitories
o -
Cleavage =TCF
Endo-Mes ¥ T
Wni3 ";E l:{ Rep. ofLWntB
9. [ELlL" e Krox g O (18 hrs) ,
Hnf 6 ' B ‘b Late Wnt8
M-V2L I signal from
Mat. N : 2
> | veg
7 | S S“Wf , i
Repressor ; 4 | - I J_
PMC > '——ﬁ ™
2 E(S)? ; y \ 4 1 2 L A I ' LA A4
’ — A
w {5 Qg o Bt X 2l — o
1l > ﬁ | Dela :ig B
““Prmarl  Deka Z1 | m 1 4] e v [ [ Lim
| ! Gem & Eve ul ®
i E - Kol FoxB
4 Notch No! Elk
‘I.I el” | ' J ™ HoxIl/13b
: Vegl
I3 - 24
TBe Gsc | ! J_ Endomes up to 20-24hours
e, 1 Nel |
T — 11—
lsght i _Lﬁf 1Y g i |! _Llf’u,[’ > i 3 * HF' Post gastrular

EpHx
Sm37 Ficolin $n30 Sms0 | SuTx CAPK Dpt Pk Apobec  Kakapo OrCT Gelsolin Fndol6 terminal or
peripheral

MSP|30L
[-> r’ r’ | Decorin downstream

Pm27 Cyclophllm Msp130 FVMO genes

«THE FIRST NETWORK




@m

-~

The View from the Genome

The Endomesoderm model:

outside
_LLiCl Endo-mes View from the genome
}—GSK-B'—;//ﬁ,zzkd+| @ Apr.19™, 2002
| 1
f'_‘ Matemal
Wnt8 llv l == I’ 1{ } 3 r’l l [_' & early
Krl  SoxBl Kox g O Eve interactions
e LiCl  colored boxes indicate post gastrular domains of expression genes l?;ed':g:"g:e
i }—Gsk-3 H{‘Fn-( Mesod Endoderm temitories
to 40~
Cleavage =TCE
Endo-Mes l
W8 'L"E__ ; T Rep. of Wnt&
o I8 1> — o O {18 hrs) Late Wnt8
M—w2r| Hofé N slgnal fiom
1 veg2
I
_J__' | I
< B ol
! A A4
4l ”
Uo Hmx | B o FoxA tak Eve
T I ol | R
Pmarl 1 L ) l -LL 2 Lim
—ﬁq 2 = Foxi
Ets : 1 -
—ir| n i
e = iy
. '
EpHx _:_f_y_lf_ ’ {’&,[’ g y ™ _Llf 4 l’ vy Post gastrular
sm37 Ficolin Sm30  Sm Apobec  Kakspo OrCT Gelsolin Endo16 terminal or
MEPL3OL ] B peripheral
_LE‘ _'_C ; downstream
Pm27 Cyclophilin Msp1 genes




: TGAA GACTTTAACTTYGTTGGTT
(Um) ] (C&2n)

Figure 3: Computational logic model for Modules A and B of endo16 (from

25])



regulatory sequence by developlng the cis- Lex1con a database of known 01s—regu1atory modules the cis-
Browser, a next-generation regulatory genome browser and a library of tools for assisting in the annotation
pipeline. The cis-Lexicon will be a comprehensive catalog of experimentally-validated gene regulatory
knowledge, designed to be a foundation and benchmark for future prediction algorithms. The cis-Browser is a
high-speed integrative environment for viewing and annotating all types of genomic information. It is capable
of displaying data from the cis-Lexicon, public online databases, BLAST hits, and precomputed comparative
genomics analyses. To aid annotators' entry of information into the cis-Lexicon, we are developing high-
throughput tools for finding relevant literature and assisting in the extraction of correct information. We suggest
several algorithms to analyze the cis-regulatory data as the cis-Lexicon expands. The CYRENE project is being
carried out in cooperation with Eric Davidson at the California Institute of Technology.
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One gene, 30 years of study, 300 docs and postdocs

A Proposal for Nobel Prize
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Eric H. Davidson

Genomic Regulatory Systems
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The View trom the Nucleus

View from the nucleus: Endomesoderm nuclei to hatching blastula stage; the Wnt8/Tcf signalling loop and its genes.

Apr. 19% 2002
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Building Protein-DNA Assemblies
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The Building Blocks
*Free Energy

Free energy is the “GLUE”
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«Protein-DNA 'Dd*

Binding (free energy)
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Information Processing
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=Boolean Circuit
=Synchrenous input and output
=Completely defined gates
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Chapter 3: Phylogenetic Trees

Image, courtesy of Vincent van Gogh Museum
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SARS-CoV-2
(COVID) phylogenetic tree
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The SARS-CoV-2 phylogenetic tree — the family tree that shows the evolution of
all the sequenced coronavirus samples worldwide.



Herbert Simon’s Parable on Evolution
“The Parable of the Two Watchmakers”

A mathematical theory
of “interruptions”

o
- B .
i

* Two fine watchmakers: Hora and Tempus, who were making equally fine watches, each
consisting of 1000 parts. Their popularity attracted many phone calls from customers,
interrupting their work and making the partly assembled watch at hand fall apart.

¢ The math: Assuming that the probability of an interrupton occurring while a part is being
added to an assembly is 0.01, Hora made 111 times as many complete assemblies per watch
as Tempus; Tempus had to make 20,000 as many attempts per completed assembly as Hora.

* The outcome: Hora became a rich man, but Tempus went bankrupt.

HORA TEMPUS




Chapter 4: Hidden Markov Models

Image, courtesy of Vincent van Gogh Museum
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Chapter 4: Hidden Markov Chains
Algorithms
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Gene finding 1n a genome using HMMs
algorithms

24 de agosto de 1899 - 14 de junio de 198t

(44 . .
For one rational line or true sentence there are thousands of

. . . . 29
nonsense cacophonies, mountains of verbal trash and incoherencies.
Jorge Luis Borges



Chapter 5: Genome Assembly Algorithms:
An Introduction

Image, courtesy of Vincent van Gogh Museum



Chapter 5: Genome Assembly Algorithms
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Whole genome sequence of the 2019-nCoV COT'OINNAVII'US, in one of the first French cases,

made at the Institut Pasteur (Paris), using a unique Platform (P2M), open to all
French National Reference Centers. Credit: Institut Pasteur/CNR of respiratory infection viruses.



Chapter 6: Genomic Privacy

Image, courtesy of Vincent van Gogh Museum



HOMER’s attack:

Genomic privacy studies on Genome-Wide Association Studies (GWAS)
were first introduced as the well-known Homer’s attack (2008) that
showed that publicly released GWAS statistics can be used to estimate

a GWAS participant’s disease status from knowing her/his genotypes at
certain risk factors.
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Do not
make the same mistake as Homer

Take CSCI12820: Medical

Bioinformatics and study the genetics
of complex disease.

D’OH!!
If only I took

Topics include
* Hypothesis testing
* Haplotype phasing

SCI2820...

implicate th N * The missing heritability problem

gene that * Genome-wide Association Studies
made you * Tag SNP selection
bald! * Coalescent Theory

CSCI2820
Tuesday/Thursday 2:30-3:50

Cartoon by
prof. Alper Uzun (Brown Medical School)
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CSCI1820 Algorithmic Foundations of Computational

Biology
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CSCI1820 Algorithmic Foundations of Computational
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‘1o De-novo genome
assembly algorithms

O  deBruijn graphs and
Poisson theory of k-

mers and NGS

“Io  Lander-Waterman

statistical theory

1o Haplotype assembly

— . - : "Whole-genome shotgun assembly and comparison
"The Sequence of the Human Genome" Science, 2001 of human genome assemblies" Proc. Nat. Acad. Sci. USA, 200-
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Biology
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CSCI2840 Advanced Algorithms in Computational Biology and
Medical Bioinformatics
Genome-wide Association Studies (GWAS

Prof. Sorin Istrail

Published Genome-Wide Associations through 2011
1,617 published GWA at p<5X10-® for 249 traits

The GWAS Human Genome
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Genome-wide Association Studies (GWAS)

Prof, Sorin Istrail

Published Genome-Wide Associations through 2011
1,617 published GWA at p<5X10-3 for 249 traits
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Genetlc Heterogenelty
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The Common Dlsease Common Variant (CDCV)
hypothesis is dead.

Long live the Common Disease Many Rare Variants
| }J hypothesis!

The GWAS Human Genome

| The CDCV ‘s classical drawing metaphor as “Needles in
A1 the Haystack,” with few needles with a common look in

M| a large haystack, needs to be replaced now with a van 7
Gogh-like drawing, with many needles each differently }‘
| looking and private to areas in the large haystack.
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Genome-wide Association Studies (GWAS)
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CSCI2820 Advanced Algorithms in Computational Biology and Medical Bioinformatics
Genome-wide Association Studies (GWAS)

Prof, Sorin Istrail

Published Genome-Wide Associations through 2011
1,617 published GWA at p<5X10-3 for 249 traits
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Topics include .2
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The GWAS Human Genome 4 7, 7 s G TN ;) g o
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haplotype phasing, linkage disequilibrium, tagging SNPs,
identical by descent (IBD), pedigrees, trios

| + coalescent theory, Polya urn game, Ewens sampling o
| lemma, genome-wide graph theory algorithms /

» the genetic heterogeneity problem, the missing heritability %

! problem %
1 . : . : &
W * statistical models of disease, association tests and multiple §*

, hypothesis testing fd
!

* autism, multiple sclerosis, type 2 diabetes .
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Bioinformatics 1s detective work

0 The Dancing Men code, Sherlock Holmes

0 The Prison code, a real life code used in CA



The Adventures of the Dancing Men &

by Sir Arthur Conan Doyle
“Sherlock Holmes”

1000820 E0E T IEL

criminal's message (1)

L2 00CT T 01

criminal’'s message (2]

FX{XTE

Elsie s reply

IEESO TIPS
)CR 90008 S0A

criminal's message (3)
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The Adventures of the Dancing Men &

by Sir Arthur Conan Doyle
“Sherlock Holmes”

Dancing Man Code
(Sherlock Holmes)
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The Dancing Men code

by Arthur Conan Doyle: “The Adventures of the Dancing Men”
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Hello, how are you?

TX33TTUIXFEXET Y

Cood morning!

IRRRSRRTIREPT

How was your weekend?

TYIUXELTY FUXXXXEY

What the heck!

WYY Y YXY XY X

I've seen that movie!
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The Prison code

Solution: An Algorithm based on Markov Chain Monte Carlo
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