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Life

* Life is a characteristic
distinguishing physical
entities having signaling
and self-sustaining
processes from those
that do not

* Organism is the smallest
contiguous unit of life

* Biology is the branch of
science that studies life

D. E. Koshland, “The Seven Pillars of Life,” Science, vol. 295,
no. 5563, pp. 2215-2216, Mar. 2002.
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What are we made of?
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The Cell

e Size: 1-100 microns
e Number: 100 Trillion in human
* Types:

With nucleus: Plants, Animals, Fungi Without nucleus: Bacteria & Archaea
Eukaryote Prokaryote
Membrane- Mitochondrion
enclosed nucleus Nucleoid Capsule
Nucleolus : (some prokaryotes)

Flagellum

Cell Wall
(in some eukaryotes)

Read ‘Cell’ in Wikipedia
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Differences

Prokaryotes Eukaryotes
Single cell Single or multi cell
No nucleus Nucleus

No organelles Organelles

One piece of circular DNA | Chromosomes

No mRNA post Exons/Introns splicing
transcriptional modification
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Cell: Bio-molecular Composition

Prokaryotes Eukaryotes
Water 710% 710%
DNA 0.25% 1%
RNA 1% 6%
Proteins 18% 15%
_ipids (fat) 5% 2%
Carbohydrates |2% 2%
Metabolites 4% 4%
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Genome: The ‘Program’

* Genome is the genetic material of an
organism

e Deoxyribonucleic acid (DNA)

— Encodes these genetic instructions

AGGACCATAAAACTCCAGTCAGTGAAC
AAACAAGTTAATAAACTAAAACTTTCA
TGGTTCTGGCATCGATGAAGAACGCAG
GTAATGTGAATTGCAGAATTCAGTGAA
GAACGCACATTGCGCCCCTTGGTATTC
TGTTCGAGCGTCATTTCAACCCTCAAG
TGGGCTCCGTCCTCCACGGACGCGCCT
GGTGGCGTCTTGCCTCAAGCGTAGTAG
TTGGAGCGCACGGCGTCGCCCGCCGGA
TATTTCTCAAGGTTGACCTCGGATCAT
AAGGTAAGAAAGTTTTTCCTTCCGCTC
CTGGGTGCTGGGTGCTGGGTGCTGGGT
TTGCCTTATCGCTTCGGTGAGGGGCAT
TTGGCCCGCGCTAAGCCTCGTTCGGG(C
CGCATCTGGTTTTTTTGCGACCGGCGT

P e il i o R
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Building blocks of DNA

Bases also known as nucleobases form the
basic building block of DNA

— 4 types: A, T,G,C
e These bases form nucleotides

phosphate
sugar
/
4 iii —_— 5 3
sugar base .

phosphate

nucleotide
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The instruction set: Bases

Nucleobase, Nucleoside & Nucleotide

9% Purines
: | a | iz 1
E :E H’A;#O//ff, io E Y1 N i Nf
EO x(‘j ieo_jpffif ~p 1 Base |1EJ 4 h;]\
IR AT BN o~ :
O { O "0 glycosidic bond
i © ’ Adenine Guanine
Pyrimidines
L nucleoside - At Q )
t-nucleoside monophosphate ---- f‘“}” [ * :_aNf
—————————————————————— nucleoside diphosphate ---------- r%l/Ko rlll/&o
SS——— 1770 ST R T O . Cytosine Uracil Thymine

RNA
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Building blocks of DNA: Direction

@]
S

* DNA is a polynucleotide \L)L T
|

— A nucleotide is ligated (joined) to another by
covalent bonds as shown below
* 3’ OH connected to phosphate
* Phosphate is connected at 5’

* Thus, 3" connectsto 5°

— This gives the DNA direction: 5’ to 3’

OH
’
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Building blocks of DNA: DNA Strand

 DNA s a polynucleotide

* 3 of one nucleotide is connected to 5" (p
phosphate

sugar base
phosphate

e A strand of DNA

ACTGGCAATG

hosphate) of next

ndﬁ&y&ﬁde

3’

N
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DNA: Why direction?

 The naming convention (5’ to 3’) is important
because:
— nucleic acids can only be synthesized in vivo in the
5'-to-3' direction

— The relative positions of structures along a strand
of nucleic acid, including genes and various
protein binding sites, are usually noted as being
either upstream (towards the 5'-end) or
downstream (towards the 3'-end)

* By convention, single strands of DNA and RNA
sequences are written in 5'-to-3" direction
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Building blocks of DNA: DNA Strands

* The sequence of nucleotides in an existing DNA strand controls the
sequence in which nucleotides are joined together in a new DNA strand

— A>T, G—>C
5’ CATTGCCAGT 3’
leotid - CATTGCCAGT
nucieotidae
monomers
ﬁ C compliment
o N
G -
\/ \ o Reverse /
e Ce ¢ compliment GTAAC\GGTCA
111} oA 1]
lG T A A g lG lG T c 1A reverse
\
3’ ACTGGCAATG 5’ ACTGGCAATG

* The strand corresponding to an existing DNA strand is called its
complimentary strand

— The two DNA strands are antiparallel to two eachother
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Building blocks of DNA: DNA Strands

* Why Complimentarity?

— Because it allows for efficient Hydrogen bonding

\
e\ == H-N N= >7N
— /
N )N N-H-----O R
O R H
Adenine Thymine Guanine Cytosine
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Building blocks of DNA: DNA Strands

e Backbone

— Formed by
alternating
sugar and
phosphates

A C T ||-T-, I;:T C A la T rl;;"
T 1 1118 il ! |
T |G Al el e |G 7|7 A/.f

hydroge}\—bonded
base pairs

sugar—bhosphate
backbone
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Thymine
Adenine

Phosphate-
deoxyribos€ <, H Ny 9
- H--N
backbone kQ/N{ - \q
o 9 o

. N2
3" end ~ Cytosine ;™
Guanine 5 end
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Building blocks of DNA: DNA Double Helix

double-stranded DNA

e The two DNA strands
twist around each other
to form a double Helix

sugar-phosphate hydrogen-bonded
backbone base pairs

DNA double helix

Rosalind Franklin with X-ray image of DNA
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Building blocks of DNA: DNA Double Helix

e The DNA o O
A . @ Nitrogen
double helix is © Carbon

© Phosphorus

Minor groove

stabilized by
the Hydrogen
bonds
between the
strands and
stacking of the
aromatic bases

Major groove

Pyrimidines Purines )
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DNA’s building blocks: Summary

(A)  building block of DNA (D} double-stranded DNA
phosphate

sugar
ok +  — T
sugar base

phosphate

nucleotide

(B} DMNA strand

sugar-phosphate hydrogen-bonded

I T I I l I I T I I backbone base pairs

(E)} DMNA double helix

(C) templated polymerization of new strand

nucleotide

?‘ %,

(\)
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DNA double helix

R
S
N

> l | o
3
| \
! l ) ¢
I | h
2rm
WCI0OSOmMes form
"Doads” on a DNA “sting.”

\

How is the
program stored?

Bacterial DNA Plasmids

. l

A\ I, l | \ \/
\ \ \
\\ \ i \\
A
Core of eght
Festonge molecules

Ot
2nd allow them 10
\ other molocudes in t

\
\‘

i '

ones

es
teract with
W rUCkns

Circular DNA in Prokaryotes like E. Coli
'{'ﬂ‘(ﬁ;" K
Hnere

SRR

s L i Bl

2 Y

Metaphase chromosomes

Chromosomal DNA in Eukaryotes (H. Sapiens)
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Program size: DNA base pairs (bp)

Organism # of base pairs # of Chromosomes
Virus
HIV 9193
SARS 29751
Porcine circovirus 1759
Prokayotic
Haemophilus influenzae 1.8x10°
Escherichia coli (bacterium) 4.6x10°
Carsonella ruddii 159, 662 (0.16M)
Eukaryotic
S. cerevisiae (yeast) 1.35x107
Drosophila melanogaster (fly) 1.65x108
Homo sapiens (human) 2.9x10°
Paris japonica 150x10°

http://en.wikipedia.org/wiki/Genome
http://www.nature.com/news/2006/061009/full/news061009-10.html
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Nucleotide composition of a genome

e Genomes often have a characteristic GC
content which is more or less constant across
a genome (value ranges from 24-72%)

Nucleotide density
1

A
. °

08} _—
—T

06}

04}

I I I | | I I I I
0 05 1 15 2 25 3 35 4 4.5 b
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Data density in the genome

* Typical cell nucleus size:
— 6 microns: same as dust particles
— Stores all genetic material and a whole lot more

* DNA storage
— 5.5 petabits / mm3 of DNA

— 90 PB / 41g of DNA (All of CERN’s storage)
— Can store information for thousands of years

(yHItkeR APl B bR ea- 12279 PIEAS Biomedical Informatics Research Lab 22



Execution of the program: Central dogma of molecular biology

Prokaryotes Eukaryotes
Yha¥h A4y ¥  FESFrESF ST
ZREEREEREREREREYR —— i —— ARG

(pre-mRNA)

primary transcript (AN AR AV AVAV ANV AV ANAN

 splicing

00000000 —— froten ——— QOOV000
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Central dogma of molecular biology

* |t describes how genes are ‘expressed’: Gene Expression
* Transcription
— DNA - mRNA: (A,T,G,C) to (A,U,G,C)

* DNA bases to RNA bases
* Qutput of transcription is called a “transcript’ (remember transcriptomics?)

e Translation
— mRNA-> Protein

* RNA bases to amino acids
° (AIUIGIC) to (AICIDIEIFIGIHIIIKILIMINIPIQI RISITIVIWIZ)

e Splicing
— pre-mRNA = mRNA
* RNA to RNA
— Exon

— Intron

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 24



Transcription

* Performed by RNA polymerase after its binding to transcription factors
* Template strand of the DNA acts as the template for the production of RNA
* Coding strand contains the DNA version of the transcript sequence

* Either strand may be serving as the template: i.e., some genes run one way and some the
other way and in some cases the same segment of double helix contains genetic information
on both strands

TAATGCTAGACGTGTTCTAGGA
UAAUGCUAGACGUGUUCUAGGA
ATTACGATCTGCACAAGATCCT

Transcription factors

N A Coding
A% e
3 TTTITETIIITII UITIIIITIIT I

Template
RNA polymerase Strand

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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Translation

* |n translation the mRNA is converted into a
sequence of amino acids

* Performed by Ribosome

MRNA LR

Translation

Ribosome

polypeptide

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 26



nonpolar polar basic acidic (stop codon)

1st
base U
vuu ucu
(FPhe/F) Phenylalanine
UucC UCC
U
UUA UCA
UuG UCG
Ccuu CCU
(Leu/L) Leucine
CuUC CCC
c
CUA CCA
CUG CCG
AUU ACU
AUC [ (llefl) Iscleucine ACC
A
AUA ACA
AUGH | (Met/M) Methionine@) ACG
GUU GCU
GUC GCC
G (ValV) Valine
GUA GCA
GUG GCG

Codon Table

Standard genetic code

2nd base

(Ser/S) Serine

{Pro/P) Proline

(Thr/T) Threonine

(Ala/A) Alanine

CIS 529: Bioinformatics

A G
uGu
(Tyr/Y) Tyrosine (Cys/C) Cysteine
UGC
Stop (Ochre) @ UGA  Stop (Opal) @
Stop (Amber) @ UGG (Trp/W) Tryptophan
CGU
(His/H) Histidine
CGC
(Arg/R) Arginine
CGA
(GIn/Q) Glutamine
CGG
AGU
(Asn/N) Asparagine (Ser/S) Serine
AGC
AGA
(Lys/K) Lysine (Arg/R) Arginine
AGG
GGU
(Asp/D) Aspartic acid
GGC
(Gly/G) Glycine
GGA
(Glu/E) Glutamic acid
GGG

PIEAS Biomedical Informatics Research Lab

3rd
base

o r» O C| @ *» 0O Ccl &G *» 0| Cc G » O0O|C
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Translation
 Example below

 The end of the protein
corresponding to the 5’
end of the mRNA is called
N-terminus whereas the
other one is called C-
terminus (we’ll see why
when we will talk about

proteins more)
5 3’
UAAUGCUAGACGUGUUCUAGGA

UAAUGCUAGACGUGUUCUAGGA
MLAVF

N-terminus C-terminus

CIS 529: Bioinformatics
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Proteins

46 11 16 21 26 31 36 41 46 o1 56 Bl 66 7l 76 g1 86 91 96
LTEEQIREFKEAFSLFDKDGDGTITTKELGTYMRSLGANPTEAREL UDMINEVDADGHGT IDFPEFLTMMARKMKDTDSEEEIREAFRVFDKDGNGY ISARELRHYMTHLGEKLTDEEVDEMIREADIDGDGAVHYEEF VIMMTA
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Open reading frames

Possible Amino Acid R S R A FW S PM S A A DS S * KA AP FTWNURASIDNURDUGOOTPTRTAIK
I 6 Ry 38 G R Ry € R R P & :H L B R L GH AR GSUR: TP 6 R SR 2T & N 'R 6. Ry R
Sequences (Forward) B AR PO A R A I ST o e Vo I A S I R A e T L
CGATCTCGGGCGITCTGGTCGCCGATGTCGGCGGCCGACTCATCTTGAARGGCT GCACCGT TCACGAACCGGGCGTCGAACCGGCARCCGCGGACGGCGA
NucleotideSequence { SR AU U O] SR (SO | U A Y R A S i A SO [V S O I SR |
GCTAGAGCCCGCARGACCAGCGGCTACAGCCGCCGGECTGAGTAGRACTTTCCGACGTGGCAAGTGCTTGGCCCGCAGCTTIGGCCGTTGGCGCCTGCCGEET
R DRANOQDGTIDA AA ASEUDA QT FH ARARMzGNTYVT FIRA ADTFIRU CGR RV A
S R P REUPURIRBHRIRGYVY * RS L S CUREIZ RVYVYUPIRIRTYVUPILIRUPI RTR
Sequences (Reverse) A I EPTI RTA STU®PUPRSMIEKT FU&POQVT™* S G PT S G AV A S P S

Possible Amino Acid

S * S TKQM®WTTCRTEFEPERTRCR®H*YVATFTYVASS®GTVRGL
N RDROSIKCGLEHADSTL®RGGTYVGE KWLTLSTPRTRETPTFA AGOC
Gene 1 IO S P A V S VS 6 F CRLYVGNRSR RY
AATCGTGATCGACARAGCAAATGTGGACTACATGCAGATTICCCTGAGAGGCGETGTCGETAAGTGGCTITTGTCGCCTCGTCGGEARCCGTTCGCGEETT

TTAGCACTAGCTGTTITCGITTACACCTGATGTACGTICTAAGGGACTCTCCGCCACAGCCATTCACCGARAACAGCGGAGCAGCCCTTGGCARGCGCCCRR
F DHDVYV FCTIHVYVYHILNGS STU LIRUHRYTAI KT AETDU?PVTT RUPN
FRSRCLULHUZPS S CASIETZRTLUZPUPTU®PILHSI KD GIRIRSGNA AP
I TISULATFTS* M CTIG QS AT DTULUZPI KU ORI RTITUPTET RIETRT

Gene 2 S BR IR ¥NG OEL PR AN P @ FROBT AAR ST SSE PR WS IS BME SE S¥E ¥ CGED T W PROIR S0 PE SRE VL RY R
R A PTV FOQOQRU®RNOASI RCIRRGTC CIR RDW S ITURTE FSGA ATV S PURTCGA
VA POQHS S AATHIRAVYVAVYV GVDGVVLIRIDIL AP S ARG AA AR
GTCGCGCCCCARCATTCCAGCGCCGCAACGCATCGCGCTGTCGCCGTGGGTGTCGATGGAGTATTACGAGATTTGGCGCCEGTCAGCCCGCGGTGCGGLGC

CAGCGCGGGGTTGTAAGGTCGCGGECGTTGCGTAGCGCGACAGCGGCACCCACAGCTACCTCATARTGCTCTAARCCGCGGCAGTCGGGCGCCRACGCCGCG
DR GLMGAGTCI RMASDUDS G HTUDTISY>* S I QRUPR™*GATRR
Q RA GV NWI RIPRILADI RUORRZPHRBRIHAHEHLIVILNZPA ATILGT RHZPA
T A GWCEUL AW ATV CRA AT ATU®PT S PTDNIRSE KA AGTDA ATRUPA-AA-A

A S #8 OF CEE AT CRY NY T A QR G Uk CHD B F CCE CRCCK: DD A DI R UK R LS ST DF CHY P E VA
R € R 8 ‘W ‘R; A T 8§ =R 3N 55 W '€x T: € 9 -8 oA R T M: Py T =K -8 o =% B T T Ry §
G VV P G2A2ZQHI R AT RSZAZPVI RAQGR RTCTR RUPOQ®-AYVDIURUPUPZAZR
GCGGTGICGTTCCTGGCGCGCARCATCGCGCAACTCGGTCTGCACCTGTTCGAGCGCAAGGACGATGCCGACCGCAAGCGGTTGACCGACCACCCGECTCG

CGCCACAGCAAGGACCGCGCGTITGTAGCGCGTTGAGCCAGACGTGGACARAGCTCGCGTITCCTGCTACGGCTGGCGTTCGCCAACTGGCTGGTGGGCGAGC
A T DDNIRARILMMBACS S PR CRN GSRILS S ASU RILIRBRNUVSWOG S

R HREOQROAVVDRILETUGQVOQETLA ALVYVYTISGVYVALUZPOQSGT VYV RE
R P TTGUPATCCI R AVYVI RDA ASGT RACU PR RUHBEIRSGT CA AT SU RGG aR

BBE crr TGG GGA BAT GTT ACC AGG TCC GAA CTT ATT GAG GTA AGA CAG ATT
2. A TGC BAT GGG GRR BB TTA CCA GGT CCG RAC TTA TTG AGG [l GAC RAGA TTT AR
3. AT GCA B8 GGG RRA TGT TAC CAG GTC CGA ACT TAT [l GGT RAG ACA GAT TTA 2
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Non-Sense Mutation

DNA: 5" - ATG ACT CAC CGA GCG CGA AGC TGA - 3'
3' - TAC TGA GTG GCT CGC GCT TCG ACT - 5°'

* A point mutation in a sequence of DNA that results in a TR 30 - AU O R G (R RN A ER - o
premature StOp COdon Protein: Met Thr His \;i\/r'g Ala Arg Ser Stop
— Protein product is incomplete or non-functional DNA: 5' - ATG ACT CAC TGA GCG CGA AGC TGA - 3°

wui

3' - TAC TGA GTG ACT CGC GCT TCG ACT -
mRNA: 5" - AUG ACU CAC UGA GCG CGU AGC UGA - 3°

¢ BEta_Thalassemla F‘r‘otein; Met Thr His Stop

— Results from a single point mutation
* HBB gene on chromosome 11
* Reduction in production of hemoglobin

— HBB blockage over time leads to decreased Beta-
chain synthesis
* Having a single gene for thalassemia may protect
against malaria
* One of the most commonly inherited disorders in

Pakistan e
. . . . Hemoglobin Molecule
* With a prevalence rate of 6 % in the Pakistani
population
* 5000-9000 children every year

B ' ¥ =
%f Thalassaemia

“1xisiss  Federation of Pakistan

Ao

red blood cell
B chain .. / " a chain

helical shape of the
polypeptide molecule
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Splicing

* Modification of the
nascent pre-messenger
RNA (pre-mRNA)
transcript in which
introns are removed and
exons are joined

* Human genome:

— ~180,000 exons for
~21,000 genes

— ~9 exons/gene

4 3 2 1

| £

s SEon  GU | [CA T Tpy-py-py] ACIHNCHONNNN 3

fem—0 oW oty O N 3
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pre-mRNA transcript
Exon1 Intron Exon?2 Intron Exon3

d

Intron

Exon 1 Exon2 Exon 3

Spliceosome

¢ N

Spliced RNA

—— Intron Exon1 Exon2 Exon 3
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Alternative Splicing

DNA
RNA

1 2 3 4 5 1 2 4 5 1 2 3 5
MRNA sy -

FOMOOMOM

el el Rl R

“

Protei A Protein B

Three different isoforms
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Alternative Splicing

* ~“95% of multi-exonic genes in the human
genome are alternatively spliced

* Explains how ~20K genes can produce a whole
lot more proteins

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 34



Post translational modifications

* Proteins can change even after they are
created through PTMs

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 35



5

Gene structure: Prokaryotes

RBS 3'UTR

5'UTR

Promoter Coding region

3' DNA

5l

RNA

Start Stop
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Gene structure: Eukaryotes

— 5' UTR Coding region o
enhancers +aTa box -
l Promoter \ Exon 3
~ Exon 1 Exon 2 * DNA
5" I 2020 s 20 a2 ]
Intron 1 Intron 2

Initial transcript
5' cap (Still in nucleus) 3' Poly-A tail

N

S AAAAA

final mMRNA
(in cytoplasm)

O I A AAAA

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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Human Genes

* Regulatory regions: up to 50 kb upstream of +1 site

* Exons: 1 to 178 exons per gene (mean 8.8)
8 bp to 17 kb per exon (mean 145 bp)

* Introns: 1 kb — 50 kb per intron (mean ~2,000 bp)

* Gene size: Largest — 2.4 Mb (Dystrophin). Mean — 27 kb.
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Conclusions

* Readings
— Required: Pevzner chapter 3

— Recommended:
* Wikipedia!
* J. Cohen, “Bioinformatics: an Introduction for Computer

Scientists,” ACM Comput Sury, vol. 36, no. 2, pp. 122—-
158, Jun. 2004.

* B. Alberts, A. Johnson, J. Lewis, M. Raff, K. Roberts, and
P. Walter, “Cells and Genomes,” 2002.

* History

— http://en.wikipedia.org/wiki/History_of genetics

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab
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Problems in Bioinformatics

DNA synthesis

Genomics: (replication)
- Assembly
- Detection of variation | DNA
- GWAS

RNA synthesis
RNA: nucleotides (transcription)
- Gene expression
- Transcriptome assembly | RNA
- Pathway analysis

protein synthesis

(translation)
Protein:
- Mass spectrometry PROTEIN
- Structure prediction ——’!‘,“"*“
- Protein-Protein amino acids

interaction Figure 1-2 Essential Cell Biology Ye (O Garland Science 2010)

CIS 529: Bioinformatics
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Basic skills required

* Understanding of the scientific method
* Biology/Chemistry knowledge

* Programming

* Algorithms

* Databases

e Al & ML

* Need to feel comfortable in interdisciplinary area
* Primary data from others

* Abstract thinking to address important biology &
CS problems
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Biology vs. CS

Everything is true or false in computer  Either True or False
science

Strive to understand the complicated, Seek to build their own clean virtual

messy natural world worlds
Obsessed with being the first to Obsessed with being the first to invent
discover something or prove something

Comfortable with the idea that all data  Not!
have errors

Typically have to complete one or more Get high-paid jobs after graduation
5-year post-docs...
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Assignment-1: Python Warmup

* Brevibacillus brevis .

e Circular genome 0
— 6,296,436bp (6.3M) ’

* Produces a antibiotic! - e

— Download as fasta file from

* http://bacteria.ensembl.org/bre
vibacillus brevis nbrc 100599/I

nfo/Index Q]

Brevibacillus_brevis_nbrc_100599.GCA_000010165.1.23.dna.chromosome.Chromosome.fa
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Assignment

* Write program
— Count the number of k-mers in overall genome

e k=1:countA, T, G, C
— What is the percentage of G+C in the Genome? 47.3%

* K=2: count AA, AT, AG, AC, TA, TT, TG, TC, GA, GT, GG,
GC, CA, CT, CG, CC

 And soon
* Plot the frequencies for k=1, k=2

— Plot the frequencies for k=1 and k=2 in a window
of an arbitrary size and then experiment with
different window sizes (100, 1000, 10000)
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Assignment

* Write a program which when given a protein sequence finds the start
location of that sequence in the genome together with the sense’ or the
directionality

— 6 OREFs, Circular

* Find the sequence for the antibiotic circular mini protein (peptide)
Tyrocidine B1

/LYS\
val Leu

A\

Tyr Phe

| |

Gln Pro

% #

Asn\\\~ Trp
Phe"//

Val-Lys-Leu-Phe-Pro-Trp-Phe-Asn-Gln-Tyr
Lys-Leu-Phe-Pro-Trp-Phe-Asn-Gln-Tyr-Val
Leu-Phe-Pro-Trp-Phe-Asn-Gln-Tyr-Val-Lys
Phe-Pro-Trp-Phe-Asn-Gln-Tyr-Val-Lys-Leu
Pro-Trp-Phe-Asn-Gln-Tyr-Val-Lys-Leu-Phe
Trp-Phe-Asn-Gln-Tyr-Val-Lys—-Leu-Phe-Pro
Phe-Asn-Gln-Tyr-Val-Lys-Leu-Phe-Pro-Trp
Asn-Gln-Tyr-Val-Lys-Leu-Phe-Pro-Trp—-Phe
Gln-Tyr-Val-Lys-Leu-Phe-Pro-Trp-Phe-Asn
Tyr-Val-Lys-Leu-Phe-Pro-Trp-Phe-Asn-Gln

O O ~NO O E W =
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o
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Python Help

Reading File

Plotting (matplotlib.pyplot)

String Functions (count)

Use Lists or Strings
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End of Lecture-2
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