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It is an exciting time to be in (to do research)!
There’s so much that I want to share with you
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Genomics

“is an interdisciplinary field of biology focusing on the structure, 
function, evolution, mapping, and editing of genomes.” (wiki)

Bioinformatics

https://www.genome.gov/genetics-glossary/Bioinformatics

1 https://irp.nih.gov/catalyst/v19i6/systems-biology-as-defined-by-nih

Computational Biology

Synthetic Biology

Biology?

Any others? How are they different?

What is genomics? 

There’s also these disciplines …
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Systems Biology?

https://www.genome.gov/genetics-glossary/Bioinformatics
https://irp.nih.gov/catalyst/v19i6/systems-biology-as-defined-by-nih


https://www.youtube.com/watch?v=lJzybEXmIj0

Informatics Bioinformatics Computational 
Biology

Biology Systems 
Biology

Methods/Tools for
Management and

Analysis of 
Information/Data)

Development of 
Methods for Analysis of 

Biological Data

Using Computational 
Modelling/Analytical 

Approaches to Address 
Biological Questions

Study of Molecular And 
Cellular Systems

Study of Living 
things

using and studying 
biology using omic 
approaches e.g., 

GenomicsSynthetic Biology

Overlapping Fields

Adapted from 
4

https://www.youtube.com/watch?v=lJzybEXmIj0


Course focus

• Not an algorithm class (although 
some need mentioned)

• Not a data science class

• About nine weeks of omics, five
weeks of practical class in R, one
week of discussion one week of 
exam 
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Grade
Based on attendance (20%), homework (30%) and final exam (50%)

Students are expected to learn the core understanding behind omic methods 
and know where to start to integrate these approaches into their own research.



Public funding of scientific R&D has a significant positive impact on the wider 
economy, but quantifying the exact impact of research can be difficult to assess. A 
new report by research firm Battelle Technology Partnership Practice estimates that 
between 1988 and 2010, federal investment in genomic research generated an 
economic impact of $796 billion, which is impressive considering that Human 
Genome Project (HGP) spending between 1990-2003 amounted to $3.8 billion. 
This figure equates to a return on investment (ROI) of 141:1 (that is, every $1 
invested by the U.S. government generated $141 in economic activity). The report 
was commissioned by Life Technologies Foundation.

Calculating the economic impact of the 
Human Genome Project

https://www.genome.gov/27544383/calculating-the-
economic-impact-of-the-human-genome-project/ 6



A brief history of bioinformatics 
Jeff Gauthier, Antony T Vincent, Steve J Charette, Nicolas Derome
Briefings in Bioinformatics (2018) https://doi.org/10.1093/bib/bby063

2000-2010s – Second generation sequencing and associated challenges

http://www.nature.com/news/2010/100331/full/464670a.html

https://www.nlm.nih.gov/about/https://www.nlm.nih.gov/about/2018CJ.html

sequencing made cheaper, faster and higher throughput
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https://doi.org/10.1093/bib/bby063
http://www.nature.com/news/2010/100331/full/464670a.html
https://www.nlm.nih.gov/about/https:/www.nlm.nih.gov/about/2018CJ.html


Oxford Nanopore
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Oxford Nanopore – how it works
Introduction to nanopore *
https://vimeo.com/297106166

Voltrax
https://vimeo.com/297106291

Sequencing for farmers Rainforest
https://vimeo.com/294216876 https://www.youtube.com/watch?v=6RRSxWtJPUw

@ Oceans From Extreme to everyday
https://vimeo.com/294744892 https://www.youtube.com/watch?v=tQ_oo7_36r8

Reference
https://nanoporetech.com/how-it-works

Nanopore Sequencing of Ebola Viruses Under Outbreak Conditions 
https://www.youtube.com/watch?v=SYBzPEoENWI ; https://www.nature.com/articles/nature16996
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https://vimeo.com/297106166
https://vimeo.com/297106291
https://vimeo.com/294216876
https://www.youtube.com/watch?v=6RRSxWtJPUw
https://vimeo.com/294744892
https://www.youtube.com/watch?v=tQ_oo7_36r8
https://nanoporetech.com/how-it-works
https://www.youtube.com/watch?v=SYBzPEoENWI
https://www.nature.com/articles/nature16996


Read length and capacity go beyond

https://twitter.com/GrandOmics_Intl/status/1188724248480608257/photo/1 10

https://twitter.com/GrandOmics_Intl/status/1188724248480608257/photo/1


(Real) Completion of human genome

11
Very repetitive sequencesNurk et al (2022) Science



12Volume 20 Issue 1, January 2023 ; nature methods
https://www.nature.com/collections/eibbdadhga

https://www.nature.com/collections/eibbdadhga


First take home message: Sequencing are now much 
cheaper, longer and more accurate



First take home message: Sequencing are now much 
cheaper, longer and more accurate. We can now use 
this to study biodiversity!



榟擻㛡嘚䓪 Biodiversity (Biological Diversity)

Edward O. Wilson
(1929-2021)

“Father of biodiversity”

https://www.jstor.org/stable/43310356

The Biological Diversity Crisis
䚂䐼虓٬㝡事儗٬㣜撨鸔

E. O.㣜撨叝

https://www.jstor.org/stable/43310356


Definition of term biodiversity

https://www.newyorker.com/news/daily-comment/honoring-the-legacy-of-e-o-wilson-and-tom-lovejoy

Thomas Lovejoy
(1931-2021)

Edward O. Wilson
(1929-2021)

“Father of biodiversity”

https://www.newyorker.com/news/daily-comment/honoring-the-legacy-of-e-o-wilson-and-tom-lovejoy


Definition of term biodiversity

https://nap.nationalacademies.org/read/989/chapter/1

1. CHALLENGES TO THE PRESERVATION OF BIODIVERSITY
2. HUMAN DEPENDENCE ON BIOLOGICAL DIVERSITY
3. DIVERSITY AT RISK: TROPICAL FORESTS
4. DIVERSITY AT RISK: THE GLOBAL PERSPECTIVE
5. THE VALUE OF BIODIVERSITY
6. HOW IS BIODIVERSITY MONITORED AND PROTECTED?
7. SCIENCE AND TECHNOLOGY: HOW CAN THEY HELP?
8. RESTORATION ECOLOGY: CAN WE RECOVER LOST GROUND?
9. ALTERNATIVES TO DESTRUCTION
10. POLICIES TO PROTECT DIVERSITY
11. PRESENT PROBLEMS AND FUTURE PROSPECTS
12. WAYS OF SEEING THE BIOSPHERE

https://nap.nationalacademies.org/read/989/chapter/1


Biodiversity (= biological diversity) 
definition

https://www.science.org/doi/10.1126/science.253.5021.758
PR Ehrlich and EO Wilson (1991) Science 

泘⯦榟擻㛡嘚䓪溿狔佭硎礶㏑
䫔碠⺨牊榟擻┾溿狔㞞⛰⟋䧐
鵞牊㛡嘚䓪阁㱚憡☕걊䅸✿㞒
谊溿狔╈㏇擻牊佭㞞⛰䎬䡗
氳㏇┘⺱氳냖碎⮈걊╈僘㛡㵽
擻牊♓⹗刈◚擻牊憡⛰攒⮯㛡
䡝㳋佄巷磿阁☕䳸䝐氳佭
榺亥☕걊氳孨Ⳃ錊㛡擻牊塜ꪫ
舃巷磿氳㣜耖鵞┘⥪䏆ꮷ䡘⠟
氳梫㗟紈鈶麅⺎耈⯢䍐祺忳氪
㷤⽰榟䛞硎礶䢦䬠❠氳ꄆ釒Ⱶ耈

https://www.science.org/doi/10.1126/science.253.5021.758


Biodiversity (= biological diversity) 
definition

https://www.science.org/doi/10.1126/science.253.5021.758
PR Ehrlich and EO Wilson (1991) Science 

泘⯦榟擻㛡嘚䓪溿狔佭硎礶㏑
䫔碠⺨牊榟擻┾溿狔㞞⛰⟋䧐
鵞牊㛡嘚䓪阁㱚憡☕걊䅸✿㞒
谊溿狔╈㏇擻牊佭㞞⛰䎬䡗
氳 (how?)㏇┘⺱氳냖碎⮈걊
╈僘㛡㵽擻牊♓⹗刈◚擻牊憡
⛰攒⮯㛡䡝㳋佄巷磿阁☕䳸
䝐氳佭榺亥☕걊氳孨Ⳃ錊㛡
擻牊塜ꪫ舃巷磿氳㣜耖鵞┘⥪
䏆ꮷ䡘⠟氳梫㗟紈鈶麅⺎耈⯢
䍐祺忳氪㷤⽰榟䛞硎礶䢦䬠❠氳
ꄆ釒Ⱶ耈

https://www.science.org/doi/10.1126/science.253.5021.758


Charles Darwin’s notebook

萵┘鵂鷪鶡ⴭ鑝榟擻㱄氳┉
⮊齉鐁┘鵡

Nothing in biology makes sense except in 
the light of evolution. 
- Theodosius Dobzhansky



Why should we care (loss of) biodiversity?

• Ethics 鷻䐼

• Esthetic 紈㱄

• Harnessing ⮵榫*

• Ecosystem functioning  
榟䛞硎礶Ⱶ耈*

PR Ehrlich and EO Wilson (1991) Science 
Phd comics



Biodiversity definition

Mammola et al (2023) Current Biology



https://www.youtube.com/watch?v=K83GJw69fTA

ORG.one (from Oxford Nanopore)

(video ; around 5 minutes)

https://www.youtube.com/watch?v=K83GJw69fTA


Case Example: Biodiversity Genomics Europe

24https://biodiversitygenomics.eu/

(launched 28th September 2022)

https://biodiversitygenomics.eu/


25https://biodiversitygenomics.eu/

https://biodiversitygenomics.eu/


26https://biodiversitygenomics.eu/

Key messages:
1. To scale up the quantification of biological 

diversity
(communities, species, individuals)

2. To scale up the collation of metadata 
(ecology, distribution, metadata, 
monitoring)

3. To scale up the study of biology
4. Applications and conservations

https://biodiversitygenomics.eu/


Topic one: Study biological diversity using genomes

27



Sequencing all genomes

28



https://www.frontiersin.org/articles/10.3389/fpls.2017.00119/full 29

https://www.frontiersin.org/articles/10.3389/fpls.2017.00119/full


Topic two: Study biological diversity using barcoding

30Note to self: two video talks at 20 minutes in total; + 5 mins in discussion?

DNA barcoding? Large barcoding? 
Metabarcoding? Amplicons? What’s the difference?



Molecular identification of species – DNA barcode

Cited 13,579 times (google scholar)

COI gene



Schindel and Miller (2005) Nature
Kress and Erickson (2008) PNAS

Molecular identification of species – DNA barcode



International Barcode of Life

https://www.youtube.com/watch?v=SHwd0bP4zRk

The Centre for Biodiversity Genomics: a look inside the world's 
leading DNA barcoding facility (6:18)

https://www.youtube.com/watch?v=K1AchBQHnw4
BIOSCAN: tracking biodiversity on Earth (2:00) 

Also useful reading (discussion): Four years of DNA barcoding: Current advances and prospects
Frezel and Leblois (2008) Infection, Genetics and Evolution

https://www.youtube.com/watch?v=SHwd0bP4zRk
https://www.youtube.com/watch?v=K1AchBQHnw4


Tabernet et al (2012) Molecular Ecology

Molecular identification of species in a community – metabarcoding

Individuals

Community

Cristescu et al (2014) TREE
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From DNA barcoding to Metabarcoding

Cristescu et al (2014) TREE

Need high throughput ; 
Capped by sequencing technology
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Metabarcoding

https://www.youtube.com/watch?v=YiQKwpl0pq0

DNA metabarcoding for biodiversity monitoring (4:12)

https://www.youtube.com/watch?v=bdwU_ZPk1cY
How we can detect pretty much anything - Hélène Morlon and Anna Papadopoulou (5:54) 

https://www.youtube.com/watch?v=YiQKwpl0pq0
https://www.youtube.com/watch?v=bdwU_ZPk1cY
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Ruppert et al (2019) Global Ecology and Conservation

Applications of environmental DNA metabarcoding
in aquatic and terrestrial ecosystem



Combining the two together? – metagenomics

Claesson, Clooney & O'Toole (2017) Nature Review Genetics

MANY



Resolved bacterial genomes from metagenomics samples using long reads

“102 complete Metagenome-assembled
genomes (cMAGs) obtained by Pacific
Biosciences (PacBio) high-accuracy long-read
(HiFi)metagenomic sequencing of five human
fecal samples.”

“We used our methods to analyze 
metagenomics data from 13 human stool 
samples. We assembled 20 circular genomes, 
including genomes of Prevotella copri and a 
candidate Cibiobacter sp.” 



We now have two paths with different emphasis

40

Rare species that may extinct
New species but with little basic biology known

Indicator species / Iconic species

Model species that can be experimented in lab
Model species but with extensive basic biology known

Keystone species

Complementary
Omic approaches

Conservation genomics

Interested in how the genomic bases of traits/phenotypesInterested in population demography / prediction 

Ecology and evolution of species Ecology and evolution of species

*

* To be taught in lecture 3-6

Response to environmentResponse to environment

Ecological genomics / Molecular Ecology



Topic 3: Ecological genomics / Molecular Ecology
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Ecological genomics (EG) / Molecular Ecology 
definition 

“A unique combination of disciplines is emerging —
evolutionary and ecological functional genomics —
which focuses on the genes that affect ecological 
success and evolutionary fitness in natural 
environments and populations

Feder and Mitchell-Olds (2003) Nature Reviews Genetics

• “the focus is on organisms that inhabit natural 
environments and the goal of researchers is to 
explain variation in DARWINIAN FITNESS in 
populations, and variation in size, range, 
longevity and diversity among populations, 
species and higher taxa

• Identify gene or genes of interest

• This is challenging and requires multiple 
disciplines (ecology, evolution, functional 
biology and genomics)

• And carry out experiment to reveal its 
functions and molecular details

Molecular Ecology is almost synonymous with the field 
but usually performed on non-model/wild species.



An ideal model organism for EG

Feder and Mitchell-Olds (2003) Nature Reviews Genetics

Not many organisms
fit all these criteria



Model organisms

https://www.yourgenome.org/facts/what-are-model-organisms

• Easy to maintain and breed in a laboratory setting.
• Many model organisms can breed in large numbers.
• Some have a very short generation time, which is the time 

between being born and being able to reproduce, so several 
generations can be followed at once

• Mutants allow scientists to study certain characteristics or 
diseases. 

• Easy and cheap genetic manipulation
• Some model organisms have orthologs to humans.
• Model organisms can be used to create highly detailed 

genetic maps.
• Or they may occupy a pivotal position in the evolutionary 

tree

https://www.yourgenome.org/facts/what-are-model-organisms


Research in model yeast Saccharomyces cerevisiae 

• Biotechnology
• Fermentation
• Synthetic biology
• High-throughput / Systematic
• Light sensing 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3213361/pdf/695.pdf

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3213361/pdf/695.pdf


Genotypes Phenotypes Ecology

• Abiotic
• Biotic
• Short term / long term

• Genotype frequencies
• Genomic variations
• Population genomics
• Comparative genomics

Ecological genomics

• Phenotype frequencies
• Phenotype plasticity
• Development

Traditional model
organisms

Ecologists



Genotypes Phenotypes Ecology

• Abiotic
• Biotic
• Short term / long term

• Genotype frequencies
• Genomic variations
• Population genomics
• Comparative genomics

Ecological genomics / Molecular Ecology

• Phenotype frequencies
• Phenotype plasticity
• Development

Traditional model
organisms

Ecologists
Advances in genomics
really kick off this field; rather 
than choose a model species we
can ask virtually any questions across 
all organisms



Conceptual framework for eco genomics

Ecological interactions 
between the organism, the 
population and community 
levels and the ecosystem

Interactions between the levels, with organismal 
responses affecting and being affected by its 
genotype, which in turn affects what genes are 
expressed and at what levels, which in turn has 
effects on the phenotype of the organism, ultimately 
leading to its overall response.

Ecological genomic studies seek to integrate these disciplines 
(orange arrows) through the use of functional genomics approaches.Ungerer et al (2007) Heredity 



Waldvogel et al (2020) Evolution Letters

Experimental approaches to assess evolutionary responses to climate change using 
different sets of biological data. 



Topic four: Measuring biodiversity

50



Discussion time: How do we measure biodiversity?

• What does it mean by “High biodiversity” as oppose to “low biodiversity”?

• What is “biodiversity hotspot”?

• How do we measure biodiversity? Unit of biodiversity?

• And why do we need them?



Harper and Hawksworth (1994 ) Phil Trans R Soc London B
* Also contains nice introduction on history of biodiversity

*



Purvis and Hector (2000) Nature

Which of the two populations do you consider to have a higher biodiversity?



Purvis and Hector (2000) Nature

”To proceed very far with the study 
of biodiversity, we need to pin the 
concept down. We cannot even 
begin to look at how biodiversity is
distributed, or how fast it is 
disappearing, unless we can put 
units on it.

However, any attempt to measure 
biodiversity quickly runs into the 
problem that it is a fundamentally 
multidimensional concept: it 
cannot be reduced sensibly to a 
single number”

Sample A could be described as being the more diverse as it 
contains three species to sample B’s two (richness A>B). But there 

is less chance in sample B than in sample A that two randomly 
chosen individuals will be of the same species (evenness B>A)



Duelli and Obrist (2003) Agriculture & Ecosystems & Environment

(also) Phylogenetic diversity



Purvis and Hector (2000) Nature

• Richness (Numbers of…)
• Species?
• OTUs?
• Higher taxonomic level?

• Evenness
• How are they distributed?
• Genetic analogues? (heterozygosity)

• Differences
• Genetic variability?
• Morphological variability?

Three type of measures*

Association

ecosystem function

conservation
biological control

ecosystem resilience

* To be taught in the amplicon lecture



Additional notes



Scaling up!

Porter and Hajibabaei (2017) Molecular Ecology

*



“Towards the fully automated monitoring of ecological communities”

Besson et al (2022) Ecology Letters

*



Waldvogel et al (2020) Evolution Letters

Predicting species’ responses to climate change



Translational Ecology

Enquist et al (2017) Ecol Environ 



Population genomics
(PhD) 

+

million years ago 

Comparative 
genomics/transcriptomics

(Postdoc) 
Metagenomics/

metatranscriptomics

Summary: quantifying diversity (㓹㍕㛡嘚䓪)
at different timescales

紮냉鹨⥉遺 奄鬴㓹㍕냉遺 竭냉㓹㍕냉遺



Main question 1: Characterise and understand microbial 
biodiversity

Main question 2: Pathogen evolution



憡☜띷釒溿狔䐮榟擻

榫䏭厬氳┉儗傴饇㝷⩬㛻㳄鉮ꄄ









Why should we care (loss of) microbial biodiversity?

• Ethics 鷻䐼

• Esthetic 紈㱄

• Harnessing ⮵榫*

• Ecosystem functioning  
榟䛞硎礶Ⱶ耈*

PR Ehrlich and EO Wilson (1991) Science 
Phd comics



Extensive sampling of Saccharomyces cerevisiae 
in Taiwan reveals ecology and evolution of 
predomesticated lineages

69

勇❆溿狔⮈◸



Many of the fundamental principles of biology were 
discovered in this species as a model organism

Scientists view of yeast



黁ꃫ鿰ꀺ头氳舅抇梫㗟㏇⿵⼲



Evolution of S. cerevisiae 

逈껖ⴭ氳鷪

瑮┉⠕ꃫ鿰蘇劔껖ⴭ⯦氳鷪

㞞冽鐁ꃫ鿰ꀺ头佭鵂鷪Ⳃ吤擻㶗⪭佭☕걊縡⥉䲮
黁㱚⸊儗氳氪嶏㏑佭㏇⿵遵⼲



0.012%



㵫舧想氳┉氬㛡⠕蘇劔䵅鶡庌ⴭ嘻
꿯㜦氳◄氪榟▽舧想㰇㏇氳ꃫ鿰ꀺ
头⠟珔抇▉逈塾걊鶡⺨㛻閊硎┾
僘于氳閊硎鵞辑炑舧想氳ꃫ鿰ꀺ头

㛡嘚䓪⽰╈㎜┉嘚냖

縡┦麅僘┉堒鶡⪌╯⯦亥╈㎜䫑⮽
艃⺱걊企⮈㳄氳黁┉紮



䫑⮽氳舧想ꄇ榟ꃫ鿰ꀺ头閊硎╈氪杯僘
┉堒⽰⩝⯦╈㎜䫑嘚儗齉佭企⮈㳄氳┉
紮랊勂谊㏑杼⥉䲮▉◬笞㏇┉

⪭╈ TW1 ⽰ CHN-IX 氷憡企⮈㳄氳┉紮
镜伺▽⺐想佭氪饊㏑╯┉

鵞辑炑舧想氳ꃫ鿰ꀺ头㛡嘚䓪▉⽰╈㎜┉
嘚ꪞ䅻냖



ꄇ榟ꃫ鿰ꀺ头㏇╈㎜艃舧想氳
㴨꤂䫑嘚⮈䄭氪杯舧想閊硎
氳丨ꄈ佭┪槡⺱㶹䈲㏑ⶆ╈
냖氳

㵸㵸氳舧想䳕僘㞞塞냖氳㛡嘚
䓪㶩佭阁☕꿯㜦╯谊

Biogeography of S. cerevisiae


