Inking genomes, traits and environment
across time and space:

a vision for Digitization 2.0

Scott V. Edwards
Department of Organismic and Evolutionary Biology
Museum of Comparative Zoology
\ Harvard University
Cambridge, MA USA

http://www.oeb.harvard.edu/faculty/edwards




M1 TIRSEERNAAEN ‘Hm— AT T

Oveglew .
Genomes, Env1ronment and Digitization

e\ ‘ NI Tae T /NN LT OTa

« We know genomes change over time and space..

— Temporal comparisons
Geographic comparisons

dimension of the genome — its sequence

— Genome expression and changing environments
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F ...but thus far we’ve focused on just one

* How do we capture these data and what Kinds of

research will it enable"/
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— Epigenetics and changing environments .
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NSF PRFB SYMPOSIUM

\NSF Symposium for Postdoctoral Research Fellowships in Biology
Research Using Biological Collections, Nov. 7-9, 2017




Directorate for Biological Sciences

Postdoctoral fellowships in Biology - 2015

Sophie George
bio_dbi_prfb@nsf.gov, (703) 292-8470

Carter Kimsey
bio-dbi-prio@nsf.gov, (703) 292-8470

Diane Jofuku Okamuro
dbipgr@nsf.gov, (703) 292-4400

DUE DATES

Full Proposal Deadline Date: January 8, 2015

SYNOPSIS

The Directorate for Biological Sciences (BIO) awards Postdoctoral Research Fellowships in Biology to recent recipients of the doctoral degree for research and training in selected
areas supported by BIO and \mth special goals for human resource deuelopment in biology. The fellowships encourage |ndependenoe at an early stage of the fesearch career to
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The fellowships are also designed to provide active mentoring of the Fellows by the sponsoring scientists who will benefit from having these talented young scientists in their
research groups. The research and training plan of each fellowship must address important scientific questions within the scope of the BIO Directorate and the specific guidelines in
this fellowship program solicitation. Because the fellowships are offered to postdoctoral scientists only early in their careers, NSF encourages doctoral advisors to discuss the
availability of these postdoctoral fellowships in biclegy with their graduate students early in their doctoeral programs to ensure potential applicants may take advantage of this funding
opportunity. Fellowships are awards to individuals, not institutions, and are administered by the Fellows.



The NSF collections postdoctoral program
broadens the collections community*

As a result of your postdoc, have you, do you or are you ....

100.00

ol
-
D 40.00
... become more Feel comfortable Learned about new Increased my interest ...interestedin
familiar with the applying for a curator  possibilities for in collections remaining involved
workings of a modernposition in a museum collections-based with collections as |
collection research move forward in my
career

*Based on a post-conference survey of 35 participants



Museum of Comparative Zoology:
a research and teaching museum

ML
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.
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From field to digital genome

Whole genomes and variation linked to vouchered specimens
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Data generation
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Model organism or animal sample D I g Itl Zatl 0 n

Identifiers BioSample: SAMN06628349; Sample name: Emu 1B-2889

Organism Dromaius novaehollandiae (emu)
cellular Eukaryota; Opit Metazoa; Ei ; Bilateria; D ia; Chordata; Craniata; Vertebrata; Gnathostomal

pterygii; Dipr pha; Amniota; psida; Sauria; ; Archosauria; Dinosauria; Sau

Theropoda; Coelurosauria; Aves; ae; Ci D i Dromaius

Package Model organism or animal; version 1.0

Attributes age missing
sex male
tissue liver
isolate ROM 1B-2889
collection date 1998
environment biome Deciduous forest
isolation source blood preserved in ethanol
environment feature Emu farm
environment material tissue
geographic location Canada: vicinity of Toronto
isolation and growth condition  http://www.informdurham.com/record/OSH0181

. latitude and longitude 43.65 N 79.38 W
AC C e S S I O n P . sample material processing DNA isolation
’ Y sample size 1

Submission Harvard University, Scott Edwards; 2017-03-22



Grinnell Resurvey Project
Population genomics over 100 years for
chipmunks impacted by climate change
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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 1n House Finches

* Pre-epizootic tissue

* = Y * collection: priceless!

Ongomg collectlons
During the epizootic
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Diverse data

2007 types emerging from
single study system
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Wang et al. 2003 Evolution; Wang et al. 2006 Mol. Ecol.; Bonneaud et al. 2011 PNAS

°~



Whole-genome sequencing reveals serial
bottlenecks due to introductions and disease
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Whole-genome seqguencing
reveals subtle signatures of

disease-induced natural selection
o 1990 B 2001 B 2014
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Whole-genome seqguencing
reveals subtle signatures of

disease-induced natural selection
o 1990 B 2001 B 2014
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The genome is dynamically expressed and modified in space and time...

Original Remainder

metabolic «

tl

Gene
expression
level in whole
blood Seasonal Trend
(humans/
Australia)

Time

...but museums are unprepared for capturing this dynamism
Turner, 2009. Phil. Trans. R. Soc. 364: 3403; Goldinger et al. PLoS ONE 10 (5): e0126995.



Rapid phenotypic evolution triggered by the 2013-2014 polar vortex
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Campbell-Staton et al. 2017. Science 357: 495-498.
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Rapid sequence and expression evolution
triggered by the 2013-2014 polar vortex
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Campbell-Staton et al. 2017. Science 357: 495-498.



EXxpression comparisons in House Flnches
are limited to geography, nottime &5
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Bonneaud et al. 2011. PNAS; Zhang et al. 2014. BMC Genomics
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Guojun Sheng  Editor
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Reptilian
Developmental
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Comparative Genomics as a

Foundation for Eco-evolutionary

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

B. Sackton, and Scott V. Edwards

Draft Genome
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Assay for Transposase-Accessible Chromatin

ATAC-Seq identifies DNA with open
chromatin, accessible to transcription
factors

Stage HH24-25 ChIS and rheas

Tn5

- S,

______

Buenrostro et al. 2015. Curr Protoc.Biol. 2015; oo’
109: 21.29.1-21.29.9.



Chromatin state varies by species,
development time...and probably environment

Ratite noncoding element 1317692 is contained under chicken ATAC peaks ...

Conserved
element

... but the rhea 1s missing this peak




Chromatin state predicts the ability of noncoding
regions to drive gene expression
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Genomically-informed cryo-collections
produce high-quality genomes

161

—_
\}

Scaffold N50 (Mb)
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Genome quality

Blood (EtOH) Blood (QLB) Frozen Tissue
DNA source

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



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

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

Number of samples

Tissue sample types



Genomic data are easy to digitize; linking them to
specimens and environments is harder

Genomes

Genome Browser
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Vision: from genomes and epigenomes to global change

Genomes Environments  Spatial/Temporal Change
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m=s n A tool for the spatial analysis of diversity
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