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Overview –

Genomes, Environment and Digitization

• We know genomes change over time and space…

– Temporal comparisons

– Geographic comparisons

• …but thus far we’ve focused on just one 

dimension of the genome – its sequence

– Genome expression and changing environments

– Epigenetics and changing environments

• How do we capture these data and what kinds of 

research will it enable?

– Need for renewed collection of diverse resources for 

genomics

– Capturing these data and linking it to environmental change



Gothenburg, Sweden

Museum collections in 21st century

evolutionary biology



Gothenburg Natural History Museum
Museum für Naturkund, Berlin

Gothenburg Herbarium

Museum of Natural History, Stockholm

Museum of Southwestern Biology, U. New Mexico

Universeum, Gothenburg

Essig Museum of Entomology, Berkeley

Natural History and Science Museum, University of Porto

Museum of Comparative Zoology, Harvard

Lund Museum of Zoology



Gothenburg Natural History Museum



Lund University Museum of Zoology





Postdoctoral fellowships in Biology - 2015



The NSF collections postdoctoral program 

broadens the collections community*

As a result of your postdoc, have you, do you or are you ….
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… become more 
familiar with the 

workings of a modern 
collection

Feel comfortable
applying for a curator
position in a museum

Learned about new
possibilities for

collections-based
research

Increased my interest
in collections

…interested in 
remaining involved 
with collections as I 
move forward in my 

career
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*Based on a post-conference survey of 35 participants



Museum of Comparative Zoology:

a research and teaching museum

Schmitt, C. J., Cook, J., Zamudio, K., Edwards, S. V. 2018.

“Museum specimens of terrestrial vertebrates are sensitive indicators of 

environmental change in the Anthropocene.” Phil. Trans. R. Soc. Lond. B., in review.



From field to digital genome

Collection

Accession

Data generation

Whole genomes and variation linked to vouchered specimens

Digitization



Grinnell Resurvey Project
Population genomics over 100 years for 
chipmunks impacted by climate change

Microsatellites/exon capture from tissues & skins for ~10K exons; 
Rubidge et al. 2012 Nature Climate Change;  Good et al. in review.



Tracking the effects of a Mycoplasma epizootic

through time in House Finches

Mycoplasma

unexposed areas

Pre-epizootic tissue 

collection: priceless!

Wang et al. 2003 Evolution; Wang et al. 2006 Mol. Ecol.; Bonneaud et al. 2011 PNAS

1980s

Mycoplasma

exposed areas
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Ongoing collections
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types emerging from

single study system
2007



Whole-genome sequencing reveals serial 

bottlenecks due to introductions and disease
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Whole-genome sequencing 

reveals subtle signatures of 

disease-induced natural selection

Shultz et al., in prep.



Whole-genome sequencing 

reveals subtle signatures of 

disease-induced natural selection

Shultz et al., in prep.



Turner, 2009. Phil. Trans. R. Soc. 364: 3403; Goldinger et al. PLoS ONE 10 (5): e0126995.

The genome is dynamically expressed and modified in space and time…

…but museums are unprepared for capturing this dynamism

Gene 

expression

level in whole 

blood

(humans/

Australia)

Original Remainder

Seasonal Trend



Campbell-Staton et al. 2017. Science 357: 495–498.

Rapid phenotypic evolution triggered by the 2013-2014 polar vortex

2013-2014
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Rapid sequence and expression evolution

triggered by the 2013-2014 polar vortex

Campbell-Staton et al. 2017. Science 357: 495–498.
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Expression comparisons in House Finches

are limited to geography, not time

?
AL

AZ

?

Bonneaud et al. 2011. PNAS; Zhang et al. 2014. BMC Genomics

Expression differences Splice variant differences



Comparative Genomics as a 

Foundation for Evo-Devo

Studies in Birds
Phil Grayson, Simon Y.W. Sin, Timothy 

B. Sackton, and Scott V. Edwards

Eco-evolutionary



Stage HH24-25 chickens and rheas

ATAC-Seq identifies DNA with open 

chromatin, accessible to transcription 

factors

Buenrostro et al. 2015. Curr Protoc.Biol. 2015; 
109: 21.29.1–21.29.9.

Assay for Transposase-Accessible Chromatin

Greater Rhea



Ratite noncoding element 1317692 is contained under chicken ATAC peaks …

... but the rhea is missing this peak

Conserved

element

Chicken

hind limb

Chicken

Forelimb

Rhea

forelimb

Chromatin state varies by species, 

development time…and probably environment



Chromatin state predicts the ability of noncoding 
regions to drive gene expression



Genomically-informed cryo-collections

produce high-quality genomes

Based on 31 reference-quality genomes of birds in Edwards lab
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Sample types

High-molecular weight DNA samples Additional samples/parts RNA-quality samples

Tissue sample types

Genomically-informed field collections
facilitate a greater diversity of temporal studies



Genomic data are easy to digitize; linking them to

specimens and environments is harder

DMRT1



Vision: from genomes and epigenomes to global change

Genomes          Environments      Spatial/Temporal Change

Courtesy J. Tonini, poster
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