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Lecture #1 « Sehulich
Syllabus and introduction Sk o

MEDICINE & DENTISTRY

We acknowledge the Anishinaabek (Ah-nish-in-a-bek), Haudenosaunee
(Ho-den-no-show-nee), Liinaapéewak (Len-ahpay-wuk) and Attawan-
daron (Add-a-won-da-run) peoples, whose traditional lands we are
gathered upon today.

Image source: Native Land Digital, https://native-land.ca/.
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Lecture #1
History of Pandemics

wwwwwwwwwwwwww

The Worst Pandemic in History?
» Covid-19
» HIV/AIDS
» Smallpox
» Black Death (Bubonic Plague)
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Lecture #1
History of Pandemics

Schulich

MEDICINE & DENTISTRY
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Image source:https://www.visualcapitalist.com/history-of-pandemics-deadliest /
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Lecture #1 A
ni H S Schulich
Yersinia pestis

Plague is a disease that affects humans and other mammals. It is
caused by the bacterium, Yersinia pestis.

Image source:https://en.wikipedia.org/wiki/Yersinia_pestis.
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Lecture #1 A
. - . & Schulich
Questions about Yersinia pestis

Where did Yersinia pestis come from?

Pathogenic to
—Y. similis 228 No
Y. pseudotuberculosis IP31758 | ves
Y. pseudotuberculosis 1P32953 | ves
LCAHPY| Y. pestis KIM10+ Yes
™ Y. pestis CO92 Yes
Y. aldovae 670-83 No
Y. aleksiciae 159 No
I;Y intermedia Y228 No
LCAY Y. rohdei YRA No
Y. frederiksenii Y225 e
Y. kristensenii Y231 No
] Y. enterocolitica Y11 Yes
4[)/. enterocolitica 8081 Yes
Y. ruckeri YRB babogericoish
Y. ruckeriBig Creek 74 Lo -

[S. liquefaciens HUMV-21
\S. liquefaciens ATCC 27592

Image source:https://www.nature.com/articles/srep36116.
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Lecture #1 A
. - . Schulich
Questions about Yersinia pestis

How old is Yersinia pestis?

(pseudotuber- 1403 (promoter
culosis, pestis) "t fiea tran.) PPCP1 (loss)
53000 BC Eurasia BA Plagues (2815 -1626 BC) l
Branch 0.PE7 (CHN)
Branch 0.PE2 (FSU)
pPCP1 Branch 0.PE3 (AFR)
OMTH

Branch 0.PE4 (CHN, FSU)
Branch 0.ANT1 (CHN)

Plague of Justinian (GER)
(541-544 AD) (1st Pandemic)

Branch 0.ANT2 (CHN)
Branch 0.ANT3 (CHN)
Branch 4 (MON)

ymtgain (flea tran.)
flhD inactivation (immune evasion)
plal131V (neutral mut.)
pde2 (insertion, flea tran.)
resA (internal duplication, flea tran.)

pla 1259T (bubonic plague)
pde3 (nonsense mut., flea tran.)

Branch 3 (CHN, MON)

Branch 2 (CHN, FSU, IRN)

Black Death (ENG) (1347-1351 AD) (2nd Pandemic)
Branch 1.ANT (AFR)

Branch 1.IN (CHN)

Branch 1.0RI (World-wide) (3rd Pandemic)

Image source:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4644222/.
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Lecture #1 A
. . . Q Schulich
Questions about Yersinia pestis

What makes Yersinia pestis virulent?

= e b
Y. similis 228 No No es ves 4
T Y. pseudotuberculosis IP31758] ves Yes o Yes B
L(K pseudotuberculosis IP32953( ves ves Jrumuns sopYV or . Yes .
LCAHPY]| Y. pestis KIM10+ Yes Yes mestine b pYV of ¥ No 4
\{Y. pestis CO92 Yes Yes et by oty No %
Y. aldovae 670-83 No No o No 1
Y. aleksiciae 159 No No o No 1
Y. intermedia Y228 No No o No 1
LCAY | ———— Y. rohdei YRA No No o No 1
" Y. frederiksenii Y225 No No es No 1
Y. kristensenii Y231 No No es No 1
Y. enterocolitica Y11 Yes Yes o Yes 2
Y. enterocolitica 8081 Yes ves o Yes 2
Y. ruckeri YRB e [ o No 1
Y. ruckeri Big Creek 74 Sraeric o fish | O o No '
S. liquefaciens HUMV-21
{S. liquefaciens ATCC 27592
Image source:https://www.nature.com/articles/srep36116.
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Lecture #1 _
. - . Schulich
Questions about Yersinia pestis

How did Yersinia pestis become so deadly?

(pseudotuber- 1403 (promoter
culosis, pestis) "t fiea tran.) PPCP1 (loss)
53000 BC Eurasia BA Plagues (2815 -1626 BC) l
Branch 0.PE7 (CHN)
Branch 0.PE2 (FSU)
pPCP1 Branch 0.PE3 (AFR)
OMTH

Branch 0.PE4 (CHN, FSU)
Branch 0.ANT1 (CHN)

Plague of Justinian (GER)
(541-544 AD) (1st Pandemic)

Branch 0.ANT2 (CHN)
Branch 0.ANT3 (CHN)
Branch 4 (MON)

ymtgain (flea tran.)
flhD inactivation (immune evasion)
plal131V (neutral mut.)
pde2 (insertion, flea tran.)
resA (internal duplication, flea tran.)

pla 1259T (bubonic plague)
pde3 (nonsense mut., flea tran.)

Branch 3 (CHN, MON)

Branch 2 (CHN, FSU, IRN)

Black Death (ENG) (1347-1351 AD) (2nd Pandemic)
Branch 1.ANT (AFR)

Branch 1.IN (CHN)

Branch 1.0RI (World-wide) (3rd Pandemic)

Image source:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4644222/.
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Lecture #1 A
. - . & Schulich
Questions about Yersinia pestis

How do we know all this?

DNA Sequencing

genes information , pyehon®foldss;
hmn t > b

& '
g S_pro
acce S Lodoh codiny

aalysis geriories ~§imulations

Molecular Biology DNA Sequencing Bioinformatics
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Lecture #1 & Schulich
Further reading

MEDICINE & DENTISTRY

c ¥
3 UE 2, P176-181, FEBRUARY 2021 [ 1= c&) D ©
o, Download Full Issue PDF [903 KB]  Figures

Save Share  Reprints  Requesi]

History of the Plague: An Ancient Pandemic for the Age

of COVID-19

Kathryn A. Glatter, MD & = ® Paul Finkelman, PhD

Published: September 23, 2020 * DOI: htt,

0i.0rg/10.1016/j.amjmed.2020.08.019 *

UNIVERSITY - CANADA
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Lecture #1 <t
1 Al . chulic
What is Bioinformatics? = Q® o

Bioinformatics is an interdisciplinary field of science that develops

- methods and

- software tools
for understanding biological data, especially when the data sets are

large and complex.

|
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Lecture #1 ..
What is Bioinformatics? S octn

Bioinformatics uses biology, chemistry, physics, computer science,
computer programming, information engineering, mathematics and
statistics to analyze and interpret biological data. (From
Wikipedia).
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Lecture #1 Sehalich
P P C 1C
What does a Bioinformatician do? sy

- set behind comupter and analyse biological data

it_Selection View lign Tools External commands Help

15511 4
MK2155611

MK215543.1
M1ssE21
MK115563.1
MK115569.1
M115STLL
MK2155441
M215578.1
MK215565.1
MK21553LL
MK115554.1
MK115557.1
MK115884.1
M15sS2.1
M215525.1
2155751
MK115567.1
MK115579.1
MK1155161
MK2155341
M50z
MK215550.1
MK115498.1
MK115508.1
MK115568.1
MK215547.1
MK215505.1
MK215540.1
MK215545.1
MK115495.1
MK1155511

?
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Lecture #1 « Sopulich
Why do we need bioinformatics? o

P> new technologies are coming to light

> more and more data is generated

Cost per Human Genome

Moore’s Law
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Lecture #1 « Sehulich
Why do we need bioinformatics? Sk o

MEDICINE & DENTISTRY

Moore’s Law
N describes tl
ement is im
Transistor count
50,000,000,000

The number of transistors on microchips doubles every two years [SNRVad
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Lecture #1
Course materials

nnnnnnnnnnnnnn

» My slides are available at OWL

Western g
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Lecture #1 _
Course syllabus Qe

» In-person lectures (Wednesdays 2:30pm - 4:30pm) at
WIRB-1170

» In-person lab practicals (Thursdays 2:30pm - 4:30pm) at
HSB-16

» Team taught (Dr. Parisa Shooshtari, Dr. Christina Castellani,
Dr. Roux-Cil Ferreira)

Western g
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Lecture #1 it
Gettinghelp Q= ulich

» Please use OWL Forum to post questions!

» Teaching Assistant
- Zi Huai (Matthew) Huang
- Elly Shin

|
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Lecture #1
Evaluation Schulich

» Lab assignments (60%)

Practical application of topics covered in class
> Literature review (10%)

- Students are expected to work independently.

- Submit a short written report (due Oct 30, 2023)
» Oral presentation (10%) (Dec 4-8, 2023)

» Oral examination (20%) (Exam period)
- Individual assessment of basic knowledge by course
instructors.

Western g
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Lecture #1
Topics

& Schulich

MEDICINE & DENTISTRY

Data formats

Working on the command line (Linux/Unix)
Sequence alignment, analysis

Building trees

Genome-wide association studies (GWAS)
Metagenomics

Epigenomics

Transcriptomics

vVvvyvVvvyVvyVvyYyvyy

An introduction to mathematical modeling
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Lecture #1 < i
: . _ 1
Basics of Biology, Central Dogma of life e e

> DNA makes RNA makes protein

Tsl

DNA IEREEREEREEREEREEREEREEREERERREERERREE TTTT1 'k?\
TN L1 UL L L] %(‘
s 7 6lacolotalcaciccolcanlrachanlrrelscslrrulanclocalnnnlscitlosalssalssslescirealran

Transcription

mRNA Ll L b LU L L L L L LU L L] IR
A UGACGGUACAGCCGCAAUACGAAUDUGEGCGUUUAAGEGEGAAAGCUGGAACCSEGGECECUCAUAA
STOP.

Translation
9

Protein  )— )— —
Aa Phe Lys Ala lys Ala Gy Thr Gy Ag Ser

Met Thr Asp Gin Po Ghn Tyr Gu Leu

www.genome.gov /genetics-glossary /Central-Dogma.

Image source: https:

™
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Lecture #1 i
X i 1
Basics of Biology, Central Dogma Schulich

DNA P P A P A P H'\ Nd¢
a1 6lac olle 1wl aellccecanlracloanliralecslrrolaaclecouaalscilsnlicnlssdcscicaran

Transcription

v
mMRNA AU GACGGUACAGECEGCAAUACGAAUDUGGEEGUUUAAGEEGAAAGCEUGGAACCEGGECGCCUCAUAMR
sTOP

\ Translation

Protein  —)—0—0—0— — 00— —0—0— —0— —0—0—0—0— —0

Met Thr Asp Gn Po Gin Tyr Gu Leu Aa Phe Lys Aa Lys Al Gy Thr Gy Amg Ser

Image source: https://www.genome.gov/genetics-glossary /Central-Dogma.
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Lecture #1 <t
The deoxyribonucleic acid (DNA) A

» The deoxyribonucleic acid (DNA) codes all information of life
(with some viral exceptions where information is coded in
RNA).

» Composed of small molecules called nucleotides
— four different nucleotides distinguished by the four bases:
adenine (A), cytosine (C), guanine (G) and thymine (T)

Western g
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Lecture #1
# & Schulich

The deoxyribonucleic acid (DNA)

» DNA molecules usually consist of two strands arranged in the
double helix.

Deoxyribonucleic acid (DNA)

‘/ Major groove E“
S~
¢~ —
ol s s
Minor roove e %
o e
o e |
- |- - \\\
—_7

Image source: https://www.genome.gov/genetics-glossary /Deoxyribonucleic-Acid.
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Lecture #1 <t
The deoxyribonucleic acid (DNA) A

» In canonical Watson—Crick base pairing in DNA,

» adenine (A) forms a base pair with thymine (T),
» and guanine (G) forms a base pair with cytosine (C)

Q Nitrogenous
base

a‘ Nucleotide
— Thymine Aderine
/
— . o p
s M p ol %
[ e st
I o H7<‘T/‘M AU
7 / L Sugar
/ o-p o oy o N{ \/)\ B A
E & \\/\/ % o L P
| Phosphats
group.

Sugar-phosphate-
backbone

Image source: https://www.genome.gov/genetics-glossary/Deoxyribonucleic-Acid.
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Lecture #1 ..
The deoxyribonucleic acid (DNA) A

» DNA strands has a “direction”
- at one end, the terminal carbon atom in the backbone is the
5" carbon atom of the terminal sugar
- at the other end, the terminal carbon atom is the 3' carbon
atom of the terminal sugar

» therefore we can talk about the 5" and the 3’ ends of a DNA
strand

» in a double helix, the strands are antiparallel (arrows drawn
from the 5" end to the 3’ end go in opposite directions)

Western g
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Lecture #1 - _
; . . Schulich
Basics of Biology, Central Dogma of life

DNA Sequencing NHGRI FACT SHEETS
) genome.gov
\iit\j

gle
Exiract DNA Propare Library. Genomic Fragment

\
Make Thousands of Copies
Hundreds of Milions
of Genomic DNA Fragments
—%_ on a Surface % 2%

Gomputational
Analysis of Data

« . Genomic Samples
| . - into Sequencing Machine

e

Image source: https://www.genome.gov/about-genomics/fact-sheets/ DNA-Sequencing-Fact-Sheet.
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Lecture #1 i
: _ _ 1
Basics of Biology, Central Dogma of life e e

» Whats is a DNA sequence

GAGTAATACAG AG CG AG AGG ACG ACA

Image source: https://geneticeducation.co.in/what-is-electropherogram-how-to-read-it/.

Western
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Lecture #1
e Schulich
DNA Gch

» DNA sequence information is stored in different formats

CTGGGGCTTTACTGATGTCATACCGTCTTGCACGGGGATAGAAT
ATTTTCTGAAAGTTACAGACTTCGATTAAAAAGATCGGACTGCG
TTTTTCGACGTGTCAAGGACTCAAGGGAATAGTTTGGCGGGAGC

. CGATAAAATTCAACTACTGGTTTCGGCCTAATAGGTCACGTTTT

Romme tmemee  CCCTGGGTGTTCTATGATAAGTCCTGCTTTATAACACGGGGEGE
ATCCAAGCGCCCGCTAATTCTGTTCTGTTAATGTTCATACCAAT
o AGCCCAGTCGCAAGGGTCTGCTGCTGTTGTCGACGCCTCATGTT
GGTTAAGGCGTGTGATCGACGATGCAGGTATACATCGGCTCGGA
TCGCGGTTCGGCGCGTAGTTGAGTGCGATAACCCAACCGGTGGE

AGACAACCTAACTAATAGTCTCTAACGGGGAATTACCTTTACCA
CAATGATATCGCCCACAGAAAGTAGGGTCTCAGGTATCGCATAC
GACAGTAGAGAGCTATTGTGTAATTCAGGCTCAGCATTCATCGA

Image source: Improving Pattern Matching performance in Genome sequences using Run Length Encoding in
Distributed Raspberry Pi Clustering Environment by Pratik Kanani and Mamta Padole
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Lecture #1 _
& Schulich
Chromosomes

DNA is packaged into individual chromosomes
» prokaryotes (single-celled organisms lacking nuclei) typically
have a single circular chromosome
— examples: bacteria, archea
» eukaryotes (organisms with nuclei) have a species-specific
number of linear chromosomes
— examples: animals, plants, fungi

|
Western
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Lecture #1
# & Schulich
Genomes

Genomes

» the term genome refers to the complete complement of DNA
for a given species

» the human genome consists of 23 pairs of chromosomes
— mosquitos have 3 pairs
— camels have 35 pairs

> every cell (except sex cells and mature red blood cells)
contains the complete genome of an organism

Western g
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Lecture #1
# & Schulich
Genomes

Genomes
> genes are the basic units of heredity

» a gene is a sequence of bases that carries the information
required for constructing a particular protein (more accurately,

polypeptide)
P such a gene is said to encode a protein
» the human genome comprises 25,000 protein-coding genes

Western g
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Lecture #1
Gene Density

wwwwwwwwwwwwww

Gene Density

» not all of the DNA in a genome encodes protein:

bacteria 90% coding gene/kb
human 1.5% coding gene/35kb

Western g
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Lecture #1 < i
Basics of Biology, Central Dogma Moo

Transcription is the process of making an RNA copy of a gene's
DNA sequence.

IBEREERERREE TTITTTTTIV /NN
I TR T T A
lscd

e L )

DNA IERREREEREERE R RN RN
T T Ll
bt oucdoraleadecdeaniacloas

1
‘ 5

l Transcription

NN LLUL LU L DL UL L]
mRNA AUGACGGUACAGCCGCAAUACGAAUUGGCGUUUAAGGCGAAAGCUGGAACCGGGCGCUCAUAAR
sTop
¢ Translation
Protein @ — —0—@0—0— —@0—0— —0—0— —0— —0—0—0—0— —0
Met Thr Asp Gn Pro Gn Ty Gu Leu Aa Phe Lys Aa lLys Al Gy Thr Gy Ag Ser
Image source: https://www.genome.gov/genetics-glossary /Central-Dogma.
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Lecture #1
# & Schulich

| z N/ \ MEDICINE & DENTISTRY

» RNA is like DNA except:
— often single stranded
— the base uracil (U) is used in place of thymine (T)

» a strand of RNA can be thought of as a string composed of
the four letters: A, C, G, U

cnnHrcAjrAA

DNA \II:M:HIHHM:HIIHlwln HH\ HIHII
cale 6l c g

a v ofac oo aleadle aalraclsadrr or 1 7 a 6o c ol a o c vl als e

Transcription

[}
mRNA AUGACGGUACAGCCGCAAUACGAAUUGGCGUUUAAGGCGAAAGCUGGAACCGGGECGCUCAUAR
| sToP
Image source: https://www.genome.gov/genetics-glossary /Central-Dogma.
Western fg) _ o
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Lecture #1
# & Schulich

| tN/ \ MEDICINE & DENTISTRY

» RNA is like DNA except:
— often single stranded
— the base uracil (U) is used in place of thymine (T)

» a strand of RNA can be thought of as a string composed of
the four letters: A, C, G, U

Western g
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Lecture #1 < i
Basics of Biology, Central Dogma Moo

Translation is the process by which a protein is synthesized from
the information contained in a molecule of messenger RNA
(mRNA).

TTTTTTT T TTTTTTT TTTT TTTTTTTTT TTTT TTTTT T \
DNA T 7\\

T O O O T A T R T T T f
7 olaceloralcaslecleanlraclanirelecslrrvaaslecsanlscrlosalssalsscschecalran

Transcription

me AUGACGEUACAGCCECAAUACEAAUUGGECGUUUANGECEAAAGCUGGEAACCEEECECUCAUAN
sop

& Transiation

Protein ) —0—0—0—0— —0—0—0—0—0——0— 00000
Met Tw Ap Gn Po Gn Tr Gu Leu Aa Phe Lys Aa lys Al Gy T Gy Ag Ser

Image source: https://www.genome.gov/genetics-glossary /Central-Dogma.
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Lecture #1

. . S Schulich
Amino Acid codes
Three One
Amino acid letter letter
symbol __symbol*

Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys (¢}
Glutamic acid Glu E
Glutamine Gin Q
Glycine Gly G
Histidine His H
Isoleucine lle |
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr Y
Valine Val \

source: https://link.springer.com/article/10.1007 /s00500-010-0624-9.
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