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Introduce Yourself!

Your preferred name,
Place you identify with,
Major area of study/research,

Favorite joke (optional)!
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student group presentations.

What is a genome”? What does the

Human Genome genome do”? How is the genome
Review decoded? How do we examine

differences and disease mutants”?
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BIMM-194 W18 Readings Glossary Lectures Sylabus

T A "
BIMM-194 /& 5

D A
Genomics,Big'Data and Human Health

.‘A ;1-

Overview: [he Big Data revolution ir Biology and health care is here. This Z2-unit
BIMM-194 course at UC Sar Diego reviews how recent advances, particularly in
genomics, have the exciting potential to shift medicine from a reactive praciice of
treating symptoms and dis=sases, to one where disease risk is diagnesed early or even
managed pror tc onset.

Description: Imagine a world in which you can irput your age, lifestyle and genomic
infermation in7o an App to obtain personalized recommendations for maintaining your
health. This might incluce the “‘ced you should eat and not eat, drugs you should take
and avoid, and even specific behaviors tc adopt.
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genomics, have the exciting potential to shift medicine from a reactive praciice of
treating symptoms and dis=sases, to one where disease risk is diagnesed early or even
managed pror tc onset.

Description: Imagine a world in which you can irput your age, lifestyle and genomic
infermation in7o an App to obtain personalized recommendations for maintaining your
health. This might incluce the “‘ced you should eat and not eat, drugs you should take
and avoid, and even specific behaviors tc adopt.
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Grading:

Letter grades (F through A+) will be assigned on the basis of student presentations (50 points),
homework and in-class quiz assignments (25 points), contributions to class discussion (15
points), and attendance (10 points). Further details will be given in class.

Note, there is no final exam or mid-term for this course.

Ethics code:

You are encouraged to collaborate with your fellow students. However, all material submitted to
the instructor must be your own work.

“Academic Integrity is expected of everyone at UC San Diego. This means that you must be
honest, fair, responsible, respectful, and trustworthy in all of your acticns. Lying, cheating or
any other forms of dishonesty will not be tolerated because they undermine learning and the
University s ability to certify students’ knowledge and abilities. Thus, any attempt to get, or
help another gel. a grade by chealing. lying or dishonesly will be reported lo the Acadernic
Integrity Office and will result sanctions.

Sanctions can incfude an F in this class and suspension or dismissal from the University. So,
think carefully before you acl. Before you act, ask yourself the following questions: a) is my
action honest, fair, respectiul, responsible & trustworthy and. b is my action authorized by
the instructor? If you are unsure, don’t ask a friend—ask your instructor, instructional
assistant, or the Academic Integrity Office”.

You can learn more about academic integrity at academicintegrity.ucsd.edu
(Source: UCSD Academic Integrity Office, 2017)
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Assessment & Grading:

o |etter grades (F through A+) will be assigned on
the basis of:

»  Student presentations (50 points),

» Homework and quiz assignments (25 points),
»  Contributions to class discussion (15 points),
» Attendance (10 points).

 There will be occasional opportunities for extra
credit

e T[here is no final exam or mid-term!



Today’s Menu

Learning Objectives

What you need to learn to
succeed In this course.

Course Structure

Major class topics and
student group presentations.

Human Genome
Review

What is a genome”? What does the
genome do”? How is the genome
decoded” How do we examine

differences and disease mutants”?
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BIMM-194 W18 Readi

Course objectives:
At the end of this course students will be able to:
» Describe human genome structure and how genomes differ between individuals.

» Appreciate and be able to describe in general terms the recent rapid advances in
sequencing technologies and understand the process by which genomes are currently
sequenced.

Develop an understanding of how genomics can inform us about discase risks.
Critically evaluate and summarize primary research literature in the genomics area.
Discuss major ethical, legal and social implications of advances in genomic technologies.

Utilize terminology such as gene, genotype, phenotype, variant, variants of unknown
significance, traits, multifactorial disease, SNP, genetic test, pharmacogenomics,
epigenetics, microbiome, whole gencme sequencing and exome sequencing.



http://thegrantlab.org/bimm194/

At the end of this course students will be able to:

e Describe human genome structure and how genomes ditter
between individuals.

* Appreciate and be able to describe in general terms the recent
rapid advances in sequencing technologies and how genomics
can inform us about disease risks.

e (Critically evaluate and summarize primary research literature in the
genomics area.

e Discuss major ethical, legal and social implications of advances in
genomic technologies.

o Utilize terminology such as gene, genotype, phenotype, variant,
variants of unknown significance, traits, multifactorial disease, SNP,
genetic test, pharmacogenomics, epigenetics, microbiome, whole
genome seqguencing and exome sequencing.
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Course Structure

Major class topics and
student group presentations.

Human Genome
Review

What is a genome”? What does the
genome do”? How is the genome
decoded” How do we examine

differences and disease mutants”?
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Overview: [he Big Data revolution ir Biology and health care is here. This Z2-unit
BIMM-194 course at UC Sar Diego reviews how recent advances, particularly in
genomics, have the exciting potential to shift medicine from a reactive praciice of
treating symptoms and dis=sases, to one where disease risk is diagnesed early or even
managed pror tc onset.

Description: Imagine a world in which you can irput your age, lifestyle and genomic
infermation in7o an App to obtain personalized recommendations for maintaining your
health. This might incluce the “‘ced you should eat and not eat, drugs you should take
and avoid, and even specific behaviors tc adopt.
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BIMM-194 W18 Readings Gl

| ectures

All Lectures are Friday 2:00-3:20 pm in York Hall 3070 (YH 3010) (Map). Glicking on
the claszs topies helow will take you to corresponding lecture nates, hamewark
assigrments, and raquired reading matenal.

Course introduction & review of genome

fundamentals

Introduction to the course, Overview of major Icarning

Fri, 01/12/18 objectives and tapic areas. Human gerame raview: \What is
DNA? What is a genoma? What doas tha genome ca? How
do genomes difer batween individLals? How is the genome
decodzd? Lxplcring what genetic errors are and what

causes them.

Genomics and cancer treatment
What is cancer and now does it arise? Example genes

tamm e Lt o o d o ol o o mae e LA Gl A Lo oo e o e o e o L PR ——
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| ectures

All Lectures are Friday 2:00-3:20 pm in York Hall 3070 (YH 3010) (Map). Glicking on
the claszs topies helow will take you to corresponding lecture nates, hamewark
assigrments, and raquired reading matenal.

Course introduction & review of genome
fundamentals

Introduction to The course, Overview of major Icarning
objectives and tapic areas. Human gerame raview: \What is
DNA? What is a genomea? What doas the genome da? Fow

Fri, 01/12/186

do genomes difer batween individLals? How is the genome
decodzd? Lxplcring what genetic errors are and what
causes them.

Genomics and cancer treatment
What is cancer and now does it arise? Example genes
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Readings

Almost daily we hear about the impact of genomics on healthcare and now gsre-
diracted diagnosis and therzgies are transforrming our understanding of widely
divergent ficlds of biology anc medicing.

Here | share with you some of the stories from th2 last year that | found particularly
interesiing. These stores exemplify the extent to which gercmics is going to change
the lives o7 patients and heathcare professionals.

Lecture 1 Reading homework assignment

DNA Snakes and Lax
Editing the Embryo

DY Crienr: hinhackina vouir own oename
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Here | share with you some of the stories from th2 last year that | found particularly
interesiing. These stores exemplify the extent to which gercmics is going to change
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Lecture 1 Reading homework assignment

DNA Snakes and Lax
Editing the Embryo

DY Crienr: hinhackina vouir own oename
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Lecture 1 Homework
hitps://bioboot.github.io/bimmi194_W18/
Dr. Barry Grant ( bjgrant@ ucsd.edu )

Overview:

Almost daily we hear about the impact of genomics on healthcare and how gene-directed
diagnosis and therapies are transforming our understanding of widely divergent fields of
medicine.

In this document | share with you scme of the stories from the last year that | found particularly
interesting. These stores exemplify the extent to which genomics is geing {e change the lives of
patients and healthcare professionals.

Homework:

Before next week’s class write and email me ( bjgrant@ucsd.edu ) a paragraph of 250 words or
less detailing which of these stories interests you the most and why? Have any other stories
about genomics in the press caught your eye recently? Feel free to write about these for bonus
points.

1. Editing the Embryo:

Just imagine if you could correct a genetic disease right there in the embryc, before the
condition even developed. It may scund like science fiction, but this tantalizing idea edged
closer o potential reality over the pasl few months following ground-breaking work on human
embryo genome editing.

In August, a collaboration from the USA and Korea

ol Ale o o nm oo Ml e o MK e A e o M e e
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Fri, 02/02/18

Fri, 02/09/18

Fri. 02/1 6/’1 8

Fri, 02/23/18

biokoot.cithub.io/bimm194 W18/lcctLres/

How to read a scientific paper & Introduction to
student presentation assignments

A guide for se ecting, reading ard understanding

reviewad primary research articles, How to obtair a basic
understanding of a published science paper and decide
whather or not 1t is a repuiable study? How does the
described werk contribute o advarcing the scientific
knowledge base or our technical capabilitics? Introduction
fo studant presentation assignments.

Student group literature presentations

Each week 2 studert groups of 4 students cach will oresent
sclected primary lizergture on recent genom e advances of
relevance to biomedical scierce ana health care. Topics
may he selectad fram the fallowing list.

Student group literature presentations

Student group literature presentations
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Presentations (25 min):

Based on YOUR review of primary literature on recent genomic advances of
relevance to biomedical science and health care. Topics can be selected from the
provided “Readings” online or address any of the following:

How useful are genomic approaches to solving mystery genetic diseases?
How can your genome directly help guide drug treatments for treating disease”
Can genetic testing be used to predict intelligence or sports performance?

Can genetic testing and genome editing be useful for choosing healthier
embryos and producing designer babies”?

How will increased understating of epigenetics impact health care?

How does the microbiome affect health and can it be rationally altered to
improve health?”

Will having my genome sequenced affect my family members?

Who has the right to know your genetic test results?
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Human Genome genome do? How is the genome
Review decoded” How do we examine
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GENOME REVIEW

» What is a Genome?
* Genome sequencing and the Human genome project

» What can we do with a Genome?
» Comparative genomics

» Modern Genome Sequencing
* Ist, 2nd and 3rd generation sequencing
* RNA-Sequencing and discovering variation



Genetics and Genomics

* Genetics is primarily the study of individual
genes, mutations within those genes, and
their inheritance patterns in order to
understand specific traits.

* Genomics expands upon classical genetics
and considers aspects of the entire
genome, typically using computer aided
approaches.




What is a Genome?

The total genetic
material of an organism
by which individual
traits are encoded,
controlled, and
ultimately passed on to
future generations




Genomes come in many shapes

eu karyote

bacterlophage

* Primarily DNA, but can be

RNA in the case of some
viruses

* Some genomes are circular,
others linear

* Can be organized into
discrete units (chromosomes)
or freestanding molecules
(plasmids)

Prokaryote by Mariana Ruiz Villarreal| Bacteriophage image by Splette / CC BY-SA | Eukaryote image by Magnus Manske/ CC BY-SA


http://commons.wikimedia.org/wiki/File:Average_prokaryote_cell-_en.svg
http://commons.wikimedia.org/wiki/File:Phage_injecting_its_genome_into_bacteria-GL.svg
http://creativecommons.org/licenses/by-sa/3.0/deed.en
http://commons.wikimedia.org/wiki/File:Chromosome-upright.png
http://creativecommons.org/licenses/by-sa/3.0/deed.en

Genomes come in many sizes
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Modified from image by Estevezj / CC BY-SA



http://commons.wikimedia.org/wiki/User:Estevezj
http://creativecommons.org/licenses/by-sa/3.0/deed.en

Genome Databases

NCBI Genome:
http://www.ncbi.nlm.nih.gov/genome
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http://www.ncbi.nlm.nih.gov/genome

Characteristics of Genomes

« All genomes are made up of nucleic M f:?\::) N DY
acids Lo TS I A
— DNA and RNA: Adenine (A), Cytosine (C), R o NS L.
Guanine (G) ol (= e N
— DNA Only: Thymine (T) WS S S
— RNA Only: Uracil (U) & {_szl a—) N

Nitrog=ous
1 q TN, <{/ H

s Ezcec /L/

° Typicallg (but not always), DNA genomes ~ “=~ "] E\i\ - mi_,[ =) M
are double stranded (double helix) while %, = ,/(’é;;;) b
RNA genomes are single stranded i o N i

} - 7 TN H

- Genomes are described as long S = BT
sequences of nucleic acids, for example: | "= =) =)

I =/ ="/ AL
e =T IS "yt
L~ s A
GGACTTCAGGCAACTGCAACTACCTTAGGA |leooniwm) - |
Nitrcgencus ) , Nitrcgencus
Bases Ribowcleic acid Seoxyribonucleic acid Bazes

Darryl Leja, Courtesy: National Human Genome Research Institute.
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Early Genome Sequencing

* Chain-termination “Sanger”
sequencing was developed
in 1977 by Frederick Sanger,
colloquially referred to as
the “Father of Genomics”

* Sequence reads were
typically 750-1000 base pairs
in length with an error rate
of ~1 / 10000 bases




The First Sequenced Genomes
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Haemophilus influenzae
« Completed in 1995
« 1,830,140 base pairs, dsDNA

« 1740 genes

Bacteriophage ¢-X174
« Completed in 1977

« 5,386 base pairs, ssDNA
« 11 genes

http://phil.cdc.gov/

http://en.wikipedia.org/wiki/Phi_X_174



The Human Genome Project

 The Human Genome Project (HGP) was an
i1|19t9eornational, public consortium that began in
— Initiated by James Watson
— Primarily led by Francis Collins
— Eventual Cost: $2.7 Billion

« Celera Genomics was a private corporation that
started in 1998
— Headed by Craig Venter

— Eventual Cost: $300 Million

« Both initiatives released initial drafts of the
human genome in 2001
— ~3.2 Billion base pairs, dsDNA
— 22 autosomes, 2 sex chromosomes
— ~20,000 genes

Jane Ades, Courtesy: National Human Genome Research Institute.


http://www.genome.gov

What can we do with a Genome?

We can compare genomes, both within and between
species, to identify regions of variation and of
conservation

We can model genomes, to find interesting patterns
reflecting functional characteristics

We can mine genomes, to find mutations and
epigenetic correlations with disease, drug sensitivity,
treatment efficacy and other phenotypic
characteristics

We can edit genomes, to add, remove, or modify
genes and other regions for adjusting individual traits



Comparative Genomics

~6-7 million years
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Conservation Suggests Function

* Functional regions of the genome tend to mutate slower
than nonfunctional regions due to selective pressures

 Comparing genomes can therefore indicate segments of
high similarity that have remained conserved across
species as candidate genes or regulatory regions
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figure generated from: http://genome.ucsc

.edu/
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Conservation Indicates Loss

Comparing genomes allows us to also see what we have
lost over evolutionary time

A model example of this is the loss of “penile spines” in
the human lineage due to a human-specific deletion of

an enhancer for the androgen receptor gene (McLean et
al, Nature, 2011)
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When we look at a persons genome we often look for specific changes
(mutations, insertions and deletions) to known genes.

We then sort these genes into distinct piles much like sorting dirty laundry.




Into the 1st basket go the relatively few “actionable” disease causing mutant
genes. These are the precious few that existing treatments can potentially
address (i.e. their are known therapies for treating their associated iliness).
E.g. BRACA1 and breast cancer. These are like precious laundry items for the
dry-cleaners.

The 2nd basket contains the “unactionable” gene mutations, these are the
wish they were actionable set where medicine has little to offer. E.g. mutations
linked to familial Alzheimer disease for which there is no treatment yet. Many
people don’t want to know about these.

The 3rd basket contains the “potentially actionable" genes. E.g. gene
variants yielding adverse reactions to drugs like abacavir or clopidogrel that
you have never heard of but may be prescribed in 10 years time. If you do
take these drugs you will have serious immune reactions or die in agony from
bleeding to death respectively. These are like the items you don’t use but keep
in the back of the closet just incase you need them some day.

The 4th basket contain “other” mutant genes that don’t directly affect your
health but may be significant for your siblings and kids. E.g. the cystic fibrosis
gene where you have one good copy and one bad copy (1/23). This is like
laundry that is someone else’s and not yours but you want to do it anyway.




Modern Genome Sequencing

* Next Generation Sequencing (NGS) technologies
have resulted in a paradigm shift from long reads
at low coverage to short reads at high coverage

* This provides numerous opportunities for new
and expanded genomic applications

Reference

Reads



Cost per Genome

W ®
”’000.
X A Moore's Law

National Human Genome
Research Institute

genome.govisequencingcosts

$1K
20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015




Cost per Raw Megabase of DNA Sequence

*
\—)
Yoy

Moore's Law

N IH National Human Genome
u B Research Institute

genome .gov/sequencingcosts

°
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015




Timeline of Sequencing Capacity

2001 2002 2003 2004 2005 2006 2007 2008
10
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AB| 3730x 458 GS-20| Solexa lurmirs ABI SOLID
capillary PYrOsBqUencer saquence sequuncer Titaniurn, S0LID3.0
SeQUENGer anatyser lurnina GAI
2001 2002 2003 2004 2005 2006 2007 2008
1,000 Genames, Watsan
Jratt human Human Microtiome gencime
Qenoms HapMap Project begins  ENCODE Proect begirs projacts negin pubication

=NCOLE Project Frst tumour:nammal
piot publcatiors' genome putiication

2008 2010

Hoche/da4 | lllurena GAlX, [ lvmina Hi-Seq

2000

2009 2010

1,000

Ganomes piot

and HapMap3
publcations

Human gerede
gyrdromes pubkadens

Mardis, ER (2011), Nature, 470, pp. 198-203



DNA Sequencing Concepts

* Sequencing by Synthesis: Uses a
polymerase to incorporate and assess
nucleotides to a primer sequence

— 1 nucleotide at a time

* Sequencing by Ligation: Uses a ligase to
attach hybridized sequences to a primer
sequence

— 1 or more nucleotides at a time (e.g. dibase)



Modern NGS Sequencing Platforms

Roche/454

_ife Technolcgies SCLID

Hlumira Hi-Seq 2000

Library amplification method

Sequencing method

Detection method

Post incorporation methed

Error model

Read length
(fragment/paired end)

emPCR* on bead surface

Polymerase-mediated
incorparation of unlabelled

nucleotides

Light emitted from secondary
reactions initiated by release of PPi

NA (unlabelled nucleotides are
added in base-specific fashion,
followed by detection)
Substitution errors rare, insertion/
deletion errors at homopolymers
400 bp/variable length mate pairs

emPCR* on bead surface

Ligase-mediated addition of
2-base encoded fluorescent

oligonucleotides

Fluorescent emission from
ligated dye-labelled
oligonucleotides

Chemical cleavage removes
fluorescent dye and 3" end of
oligonucleotide

End of read substitution errors

75 bp/50+25 bp

Enzymatic amplification
on glass surface
Polymerase- mediated
incorporation of end-
blocked fluorescent
nuclectides

Fluorescent emission
from incorporated
dye-labelled nucleotides
Chemical cleavage of
fluorescent dye and 3’
blocking group

End of read substitution
errors

150 bp/100+100 bp

Modified from Mardis, ER (2011), Nature, 470, pp. 198-203




Illumina - Reversible terminators

Hlumina/Sclexa
Solid-phase amplification
Cne DNA molecule per cluster

Cluster

- ;
\ growlh . ) a

' lllumina/Solexa — Reversible terminators

' t“ ®.

' ' \\
' ' ' u/ Incorporzte

2ll four
nucleoTices,
cach .abcl
with a

. differons dye

Sample preparation
DNA (5 ug)

Template - ' ' '
dNIPs . '
and . . ' '
polymerase ®
, N

100-200 million molecular dusters

Bridge amplificaticn

Wash, four-
colourimagng .

Tod: CATCOT Ceave dye
Bottom: C2CC2C anc terminating M
groups, wash

(other sequencing platforms summarized at end of slide set)

Metzker, ML (2010), Nat. Rev. Genet, 11, pp. 31-46



Illumina Sequencing - Video
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https://www.youtube.com/watch?src vid=womKfikWIxM&v=fCd6B5HRaZ8



https://www.youtube.com/watch?src_vid=womKfikWlxM&v=fCd6B5HRaZ8

NGS Sequencing Terminology

Insert Size Sequence Coverage
length
/\ . .
=D> :: _ ) j i - > < » : :
i i — — <'—|—I 4; ) >
- < —_— < - <
—

| o 6X
..III ||I..

gl [ | L] s [ ]|
01 23 456 7 8 9101112

Base coverage by sequence

insert size



Summary: “Generations” of DNA Sequencing

First generation

Second gencration®

Third generation®

I'undamenlal lechnology

Resolution

Current raw read accuracy
Current read length

Current throughput
Current cost

RNA-sequencing method
Time from start of sequencing
reaction to result

Nample preparabion

Data analysis

Primary resulls

Size-separalion ol specilically end-
labeled DNA fragments, produced by
SBS or degradation

Averaged across many copies ol the
DNA molecule being sequenced

High

Moderale (800-1000 bp)

Low

High cost per base

Low cosl per run

¢DNA sequencing

Hours

Muoderately complex, PCR amphificanon

not required
Routine

Buse calls with quahity values

Wash-and-scan SBS

Averaged across many copies ol the
DNA molecule being sequenced

High

Shorl, generally much shorler than
Sanger sequencing

High

[.ow cost per base

High cost per run

¢DNA sequencing
Days

Complex, PCR amphlicatnon
required

Complex because of large data
volumes and hecause short reads
complicale assembly and
alignment algorithms

Rase calls with quality values

SBS, by degradation, or direct physical
mspection of the DNA molecule

Single-molecule resolution

Muderate

Long, 1000 bp und longer 1n
commercial syslems

Moderate

[.ow-tn-moderate cost per base

Low cosl per run

Direct RNA sequencing and cDNA
sequencing
Hours

Ranges [rom complex o very simple
depending on technology

Complex because of large data volumes
andd because technologies yield new
types ol mnformalion and new sigmal
processing challenges

Rase calls with qualily values,
potentially other base information
such as kinelics

Schadt, EE et al (2010), Hum. Mol. Biol., 19(RI2), pp. R227-

R240



Third Generation Sequencing

* Currently in active development
* Hard to define what “3rd” generation means

» Typical characteristics:
— Long (1,000bp+) sequence reads
— Single molecule (no amplification step)

— Often associated with nanopore technology
* But not necessarily!



SeqAnswers Wiki

A good repository of analysis software can be found
at http://seqanswers.com/wiki/Software/list
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http://seqanswers.com/wiki/Software/list




What can we do with all
this sequence information?






Population Scale Analysis

We can now begin to assess genetic differences on a
very large scale, both as naturally occurring
variation in human and non-human populations as
well somatically within tumors

1000 Genomes

A Deep Catalog of Human Cenetlc Varlation

to improve cancer care

The Cancer Genome AtIaS q\i Understanding genomics


https://www.genomicsengland.co.uk/the-100000-genomes-project/

“Variety’s the very spice of life”

-William Cowper, 1785

*Variation is the spice of life”

-Kruglyak & Nickerson, 2001

* While the sequencing of the human genome was a great milestone,

the DNA from a single person is not representative of the millions of
potential differences that can occur between individuals

* These unknown genetic variants could be the cause of many

phenotypes such as differing morphology, susceptibility to disease,
or be completely benign.



Germline Variation

* Mutations in the germline - ,* s ,*
are passed along to w w
offspring and are present o
in the DNA over every cell L 'n'*/l

* |n animals, these

typically occur in meiosis
during gamete

differentiation * w *

i



Somatic Variation

Sirst

nutaton
Second
mutation

Third
mutasion

Fourth Maignam cells
mutation ‘umor growtn

Darryl Leja, Courtesy: National Human Genome Research Institute.

Mutations in non-germline cells
that are not passed along to
offspring

Can occur during mitosis or from
the environment itself

Are an integral part in tumor
progression and evolution


http://www.genome.gov

Mutation vs Polymorphism

* A mutation must persist to some extent within a
population to be considered polymorphic
— >1% frequency is often used

* Germline mutations that are not polymorphic are
considered rare variants

“From the standpoint of the neutral theory, the rare variant
alleles are simply those alleles whose frequencies within a
species happen to be in a low-frequency range (0,q), whereas
polymorphic alleles are those whose frequencies happen to be
in the higher-frequency range (q, 1-q), where | arbitrarily

take g = 0.01. Both represent a phase of molecular
evolution.”

-Motoo Kimura



Types of Genomic Variation

* Single Nucleotide Polymorphisms
(SNPs) - mutations of one nucleotide
to another

* Insertion/Deletion Polymorphisms
(INDELs) - small mutations removing
or adding one or more nucleotides at
a particular locus

* Structural Variation (SVs)
- medium to large sized
rearrangements of chromosomal DNA

AATCTGAGGCAT
AATCTCAGGCAT

AATCTGAAGGCAT

AATCT|--

e

-~ — »

ll ~ed >
{ ' 4

e | .

2 |

TN

M

54';

1)

e

NGGCAT

Ny

Darryl Leja, Courtesy: National Human Genome Research Institute.



http://www.genome.gov

Differences Between Individuals

The average number of genetic differences in the

germline between two random humans can be broken
down as follows:

* 3,600,000 single nucleotide differences
* 344,000 small insertion and deletions
* 1,000 larger deletion and duplications

Numbers change depending on ancestry!



Discovering Variation: SNPs and INDELs

* Small variants require the use of sequence data to
initially be discovered

* Most approaches align sequences to a reference
genome to identify differing positions

* The amount of DNA sequenced is proportional to the
number of times a region is covered by a sequence

read

— More sequence coverage equates to more support for a candidate variant site



Discovering Variation: SNPs and INDELs

SNP

\

ATCCTGATTCGGTGAACGTTATCGACGA&ECGATCGA
ATCCTGATTCGGTGAACGTTATCGACGATCLCGATCGA
CGGTGAACGTTATCGACGATCLCGATCGAACTGTCAGC
GGTGAACGTTATCGACGTTCICGATCGAACTGTCAGCG
TGAACGTTATCGACGTT ZCGATCGAACTGTCAT C
TGAACGTTATCGACGTTLCGATCGAACTGTCAGCGGC
TGAACGTTATCGACGTTLCGATCGAACTGTCAGCGGC
GTTATCGACGATICCGATCGAACTGTCAGCGGCAAGCT
TTATCGACGATCCGATCGAACTGTCAGCGGCAAGCT

sequencing error
or genetic variant?

ATCCTGATTCGGTGAACGTTATCGACGATCCGATCGAACTGTCAGCGGCAAGCTGATCGATCdATC

IGATGCTAGTG

reference genome TTATCGACGATCCGATCGAACTGTCAGCGGCAAGCT
TCGACGATCCGATCGAACTGTCAGCGGCAAGCTGAT
ATCCGATCGAACTGTCAGCGGCAAGCTGATCG

TCCGAEﬁGAACTGTCAGCGGCAAGCTGATCG
TCCGATCGAACTGTCAGCGGCAAGCTGATCGAT
GATCGAACTGTCAGCGGCAAGCTGATCG

sequencing error /’ ARCTGTCAGCGGCAAGCTGATCG

or genetic variant? TGTCAGCGGCAAGCTGATCGA
TCAGCGGCAAGCTGATCGA

CGJ
CG4
CG2
CGl

CQ
TC(
TC

T
AT C
A
NTCGA
ATCGATGCTA

s ATCGATGCTAG
SATCGATGCTAGTG

f

INDEL



Genotyping Small Variants

* Once discovered, oligonucleotide probes
can be generated with each individual
allele of a variant of interest

* A large number can then be assessed
simultaneously on microarrays to detect
which combination of alleles is present in a
sample



SNP Microarrays

Shearing

/ XLabeling

01010101010101010,010,0,01010101010,
01010101010101010101010101010101010

0101010,0,0101010101010,0,0,010,010,
01010101010101010101010101010101010,
010101010101010101010,0101010101010,
010,0101010101010,01010,010,0101010,
010,0101010101010101010101010101010

01010101010101010101010,01010101010,
010101010101010101010,0101010101010,
010101010101010101010,0,010,0101010,

Maggie Bartlett, Courtesy: National Human Genome Research Institute.

AN

TAACGATGAATCTTAGGCATCGCGC

TAACGATGAATCGTAGGCATCGCGC
genotype: T/T

GGCTTAAGTACCCTATGGATTACGG

GGCTTAAGTACCTTATGGATTACGG
genotype: C/T

|

B intensity



http://www.genome.gov

Discovering Variation: SVs

» Structural variants can be discovered by
both sequence and microarray approaches

* Microarrays can only detect genomic
imbalances, specifically copy number
variants (CNVs)

» Sequence based approaches can, in
principle, identify all types of structural
rearrangements



Impact of Genetic Variation

There are numerous ways genetic variation
can exhibit functional effects

premature stop codons gene or exon deletion

TAC->TAA / : :
frameshift mutation ! transcription factor binding disruption

acosnc A 7

ATGCAAAT->ATGCAGAT
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RNA Sequencing

The absolute basics



Normal Cells Mutated Cells

. Thlel mutated cells behave differently than the normal
cells

« We want to know what genetic mechanism is causing the
difference

* One way to address this is to examine differences in
gene expression via RNA sequencing...



Normal Cells Mutated Cells

S

Each cell has a bunch
of chromosomes

l




Normal Cells Mutated Cells

Genef1 Gene2 Gene3

Each chromosome has
a bunch of genes



Normal Cells Mutated Cells

Some genes are active more

than others

/\/
~ 2/ mRNA
% % transcripts

Gene1 Gene2 Gene3



Normal Cells Mutated Cells

Gene 3 is the
most active
Gene 2 is *
not active SR\,
/\/
~_ % MRNA
N/ N\ transcripts
N/ N/

Y | .

Gene1 Gene2 Gene3




Normal Cells Mutated Cells

=

HTS tells us which genes are
active, and how much they are
transcribed!

/ 1 Nao

~ 0/, MRNA
% % transcripts
TN/ TN/

Y | .

Gene1 Gene2 Gene3




Normal Cells Mutated Cells

/\/
N/ %
/\/
= = N R Y
We use RNA-Seq to measure gene ... them use it to measure gene

expression in normal cells ... expression in mutated cells



Normal Cells

Then we can compare the two cell
types to figure out what is
different in the mutated cells!

¥ Y

N
/\/ /\/
AN/ N/

Mutated Cells




Normal Cells

_ Gene3
Gene2
~N
/\/ /\/
AN/ N/

Differences apparent for Gene 2
and to a lesser extent Gene 3

Mutated Cells

X

/\//‘\/
N
%/-\/



3 Main Steps for RNA-Seq:

1) Prepare a sequencing library
(RNA to cDNA conversion via reverse transcription)

2) Sequence
(Using the same technologies as DNA sequencing)

3) Data analysis
(Often the major bottleneck to overall success!)

We will discuss each of these steps in detail
(particularly the 3rd) next day!



Lets skip ahead to the start of step 3

Gene WT-1 WT-2 WT-3
A1RG 30 5 13
AS1 24 10 18

We sequenced, aligned, counted the reads per gene in each
sample and normalized to arrive at our data matrix

Normal Cells

X
/\/%
%%

Mutated Cells



Step 1 in any analysis is always the same:



Step 1 in any analysis is always the same:
PLOT THE DATA!!



Step 1 in any analysis is always the same:

PLOT THE DATA!!

* If there were only two genes, then plotting
the data would be easy

Gene

WT-1

WT-2

WT-3

A1BG

30

13

AS1

24

10

18




Step 1 in any analysis is always the same:

PLOT THE DATA!!

* If there were only two genes, then plotting
the data would be easy

Gene WT-1 WT-2 WT-3
X 30 0 13
y 24 10 18

Just replace the gene names
with “x” and “y” and plot!




sample-1 sample-2 sample-3
X 30 5 13
v 24 10 18
30
20
10

T T

10 20 30 40




sample-1 sample-2 sample-3
X 30 5 13
\\
y 2 43 \O 18
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20
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sample-1 sample-2 sample-3
X 30 5 13
y 24 10 18
30
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But we have 20,000 genes...

So we would need a graph with 20,000 axes to
plot the data!



5o we use PCA (principal component analysis) or
something like it to plot this data.

PCA reduces the number of axes you need to
display the important aspects of the data.



This is a PCA plot from a real RNA-seq experiment done
on neural cells. The “wt” samples are “normal”.
The “ko” samples are samples that were mutated.

Principal component 2
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This is a PCA plot from a real RNA-seq experiment done
on neural cells. The “wt” samples are “normal”.
The “ko” samples are samples that were mutated.
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Principal component 1



Plotting the data:

(1) Tells us if we can expect to find some
interesting differences

(2) Tells us if we should exclude some samples
from any down stream analysis.



Step 2: ldentify differentially expressed genes between
the “normal” and “mutant” samples

This is typically done using R with either the edgeR or DESeq2
packages and the results are generally displayed using graphs like
this one

4
I

2
I

logFC

4 2 0

0 5 10 15

logCPM



Step 2: ldentify differentially expressed genes between
the “normal” and “mutant” samples

A Red dot is a gene that is different between “normal” and
“mutant” samples (black dots are the same).

4
I

2
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logFC

4 2 0

0 5 10 15

logCPM



Step 2: ldentify differentially expressed genes between
the “normal” and “mutant” samples

4
I

2
I

logFC

4 2 0

0 5 10 15

logCPM

The x axis tells us how much each gene is transcribed (CPM
stands for Counts Per Million)



Step 2: ldentify differentially expressed genes between

the “normal” and “mutant” samples

The y axis tells you how big the relative difference is between
“normal” and “mutant” (FC stands for Fold change)

logFC «

4
I

2
I

4 2 0

0 5 10 15

logCPM

The x axis tells us how much each gene is transcribed (CPM
stands for Counts Per Million)



Step 3 and beyond: We’ve identified interesting
genes, now what?

2 4
I I

logFC

4 2 0
I

0 5 10 15

logCPM

1. If you know what you’re looking for, you can see if the
experiment validated your hypothesis.

2. If you don’t know what you’re looking for, you can see if
certain pathways are enriched in either the normal or mutant

gene sets.



DNA- and RNA-Seq Databases
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Actemncad

Soeguenos Read Archve (SRA) makes biolog ol sequonce cuto avaioe 1o e rescarch communiy 10 enhonce reprodooidity and

allow for new cisoovenes by comparng dosa s, The SRA siores ow secuencing dota ond dignment infoemesion fram high shroughpat

soguenang plutiormes, nduding Rochae 4848 G
Helscupe®, Compete GenamiceG, ard Pachic Bioscienoss SMRTS

Getting Started

Liremmiaradegg snd L

I &
=

Lal- o

Deenicar Cubs

Taols and Software

Jownbosnt SHA Toakd thiGal* Horn

SRA Rur Erorvans CarBrnt Hom™s

SRA R Sedwdne

Related Resources

lomE, lluming Genome Anayzer®, Agpled Blosysioms S0OULD Sysem®, Haicos

You I, NS 2 UNRLES RN, - By

CETTING STARTED
N3 Sdiaden

NZ3 Hup Ml
NS Hant

Mg s Tihands

Capyright Dincamrar

ow Haw) At 1530

RESCURCES POPULAR FEATURED
Chivrsnnks & Bowaus Puls'ded Cunrabe Tonbowy Rugia by
Duli & Bllaue Eosharat’ Adobod Hod )y

LG B M Fus'del Caed Sanzr

Doruee & S Fua'del Had Mok e Begaareey

Canus by u eS| S Egavas or Dvmnows
Canirz s Maluan Modorads A YRaw

CSamaing & Max Cuaiw Haiwur Cpronw
Mooy Py o W ancne

(F) ST L H Cham e v

LTS Fidw M - AS)

LSATINYA AnN e Ml ham SALAN ZA A Arshae
TorozTy

Tk~ K Tuserar

Wanivice

Provacy | Brossers | Accamcblky Contact

Nrizeal Cavnr fzr Shodactroogy rlamatiar, US. hxdosal Lisnry & Neddoa

S0 Houhv e Mg, Batwrads MO I8 U

NCBI NFORNATION
Ao LNCB
Fmeudi U KCEI

N o
NEIFPaR

N Fesatoch

N Iw Al

N W Y e

oy
[P

__EEPN y

O LIPS T PO € PO T

a?
USA.gov



http://www.ncbi.nlm.nih.gov/sra

Protected Data - dbGaP

NCBI Database of Genotypes and Phenotypes (dbGaP):
http://www.ncbi.nlm.nih.gov/sra

= NCBI Rasnura: ¥ How To ¥ mmila@ersid My NCRI Sign Out

dbGaP B Soarch

Limts  Advancad Help

Tha datatmas o Ganotypas and Phenotypes (dbiaP) was déevalopad ta archiva and dislibute the reaudta of stludies
$at have imvastiated the imaraction of Jenctyps and phenctype.

Getling Started Access dbGaP Data Important Links
coGul Tulors Culbcioes & yrinpry S
Overvine Aury fr Gl bed Auzoves D e =P RES Fons
=\ Punia Bora vin i Downicad

. e Ar 0 Bozulls enr o e

s Too §

Comastliz

Lataat Studiss

Importart netice: MIH haz estad lehec 2 cakazdan o1 d2GaP zamglos Cesprated 35 dEEroprake for @arera roscarch use (GRL) by submiing Insitutions, which Indicatos that there are no Aahe-
[wrletory: un sacondary resesrch ese begerd thoss o) - in e Genume Cele Uscy Code of Condot. For dulaids. vei, e culugior's pogs,

Srady Enbarge Rekase Dotals Fartikipants Type O Swdy Links Pladom
. , - i R . i r3 Cohont 45 g ST
Camparalive Aranva r ol Prinany sod Maseal e Colimedsl Cancar Varsdon 1: 20150139 S
o 2 y
3 Casa-lonral LNk Gororss Aouhon Lx

Vargon 1:2018-72-14

phadIDi42.1 o1 Yersinn 1 passad Mullnsnse, Posrwndisg

- 19 N . A ns FararOr A2 &2aed
PodCFR CMzangd Ve Jecorationd, Cohont =iz
Virdoes T peecenc HeCoralzaneesa<_aty
am=amn N LSLE Mg
pheP0IOr.v2Ied , . T e
” Werson 23 2006 0426 A 16173 ~an3itad na Unss  Magegends sy
Frourmirsham Cchoe e et F . )
verson A8 X8 s MNagdgpT xS
Yerenn 28 NS0 Na w08 _ALteled
pha0E261 o1 e 1 passed . . Haw &%
v : . - £ Cianim) Yl Lnee
Whode Senocis Soquarerg or HUSS:d ond HUCS24 CMZAd —— (BTN & 1

Yo, arm bavec NEBE > Carmeiex & Moo Znm » Dalahaen of Dasctypac ard Pharoypee dbGa ™ i e Dark


http://www.ncbi.nlm.nih.gov/sra

Summary

Website, ethics, assessment

Course Logistics and grading procedure.

What you need to learn to

Learning Objectives e
succeed In this course.

Major class topics and

Course Structure .
student group presentations.

What is a genome”? What does the

Human Genome genome do? How is the genome
Review decoded” How do we examine

differences and disease mutants”?




