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Comparative
Genomics:
Study of the entire tree of life, from microbes to humans, 

both extinct and extant, and the evolutionary processes 

that shape this diversity

Haeckel, Ernst. The evolution of man. 1897.
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Endless Forms 
Most Complicated

10-14 million species today

~4 billion years of evolution 
Genotype x phenotype x individual x 
species



Humans
Traditional models

Non-traditional models
Veterinary models

Agricultural species
Natural models

Perspectives in Comparative Genomics Meeting

• Joint sponsored

• Goal: Accelerate scientific and medical breakthroughs 
that improve human health

• Identify key challenges & opportunities in comparative 
genomics - and propose ways forward

National Institute of
Food and Agriculture



My perspective
Dogs as natural model for disease and behavior



New genomes for 130 species

Align genomes for over 240 species

Find highly conserved - and accelerated - positions

My perspective
The 200 Mammals Project: resolving conservation to single bases



Genome sequencing 
consortia
Genome 10K

200 Mammals Project (now Zoonomia)

Earth Biogenome Project

Vertebrate Genomes Project

Bird 10K

Bat 1K 

DNA Zoo

Matt Verdolivo/UC Davis



Why Comparative Genomics?

1. Human medicine

2. Genomic innovation

3. Agriculture and environment



Conserved for 100 
million years? 

Probably doing 
something

Human medicine
Genetic variant to genome function

Lindblad-Toh et al Nature 2011



# samples
Branch 
length

Expected number of 
false positives

29 Mammals Project 29 4.9 22,995,049

200 Mammals Project 241 16.6 191

gnomAD v3 71,702 0.17 2,604,359,690
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240 mammals 
conservation over ~100 million years

phyloP score

Kircher et al. “Saturation mutagenesis of twenty disease-associated regulatory elements at single base-pair resolution.” Nature communications 2019

Kircher et al 2019
saturation mutagenesis & MPRA

absolute value of Log2 variant effect

position on human chromosome 19



Human medicine

Lindblad-Toh et al Nature 2011Lindblad-Toh et al Nature 2011

1. Variant to function

2. Best model organism

3. Source / reservoir for zoonotic diseases

4. and more …  



Why Comparative Genomics?

1. Human medicine

2. Genomic innovation

3. Agriculture and environment



Genomic Innovation
Hibernation

How do they do this? Can we replicate it in humans? 
Credit: A. Hindle



Genomic Innovation
What else can other species do?



Why Comparative Genomics?

1. Human medicine

2. Genomic innovation

3. Agriculture and environment



Agriculture and biodiversity conservation

Retain diversity in
critically endangered 

populations

USFWS Mountain-Prairie

Restore diversity from 
frozen cell cultures 

thru IVF

Revive & Restore / Scott StineDavid Monniaux

Find protective 
adaptations in wild 

populations

Fir0002/Flagstaffotos

Genetic selection for
food production



Genomics is focused on humans
Comparative genomics remains a relatively small field

What are we missing?



Challenge #1: Technical
Comparative genomics is inherently cross-disciplinary

No universal standards for genomic data or phenotype data

Projects with many diverse species don’t have an obvious “home”

Complexity of problems challenge available computational infrastructure and software

The problem: lack of integration limits value of data

Way forward: leverage advances in human genomics
Build a “library for life” that integrates genomic & phenotype resources, provides universal standards, and 
expands computational infrastructure

Develop software for comparing multidimensional data within and between species, temporal-spatial 
scales, and environments

Support systems / browsers and robust data sharing requirements for comparative genomics



Challenge #2: Interpersonal
Comparative genomics needs worldwide area of study and use

Acute shortages of skilled computational scientists.

Data management, ownership and sharing challenges 

Focus on species that are easy-to-access at cost of diversity

The problem:

Way forward: collaboration
Provide training opportunities in computational sciences

Provide trans-agency funding opportunities that encourage interdisciplinary, synergistic research —
partnerships between computational scientists, field scientists, and local communities

Support projects with multi-faceted design: advance human health & support biodiversity conservation



Challenge #3: Scientific
Discovering the rules of biology across the tree of life

Normalizing the use of any organism as a “model organism” 

Developing new experimental methods for non-traditional models 

Building true cross-disciplinary collaborations

The problem

Way forward

Some of the biggest discoveries in basic biology & medicine are from other species (e.g. CRISPR (bacteria), transposons (maiz

Genomics is now focused primarily on humans, and research/data in other species is difficult to integrate



Why?
• Find both what we share with other species and what makes us unique. 

• Accelerate the discovery of new therapeutics for common and rare diseases

• Address the environmental impact of humans on our planet, and preserve biodiversity
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Image credit: Charles Darwin, “The structure and distribution of coral reefs” (1842)


