Linking genomic to specimen & species trait data

Phenome Genome
Specimens Population genomics
Environment Phylogenomics

Episode 1: a winge... Episode 2: Something cool...
With thanks to Paula Mabee!



POPULATION GENOMICS (WGS, SNPS)

For many non-model species:

* SNP screens via RAD or
similar, often with no
reference genome

e GWAS used to detect
outlier SNPs correlated to
traits or environment

 SNP data (here RADseq,
~100K SNPs) available as
raw data on ncbi short
read archive or EBI-EVA

e Often not connectable to
specimen records

Genomic signals of selection predict
climate-driven population declines
in a migratory bird

Rachael A. Bay,** Ryan J. Harrigan,! Vinh Le Underwood,! H. Lisle Gibbs,*
Thomas B. Smith,”* Kristen Ruegg!+”®
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TARGET CAPTURE SEQUENCE DATA:
the bioinformatics grey zone

SNPs eg
ddRAD, GbS OPENWINGS
UCEs 10K avian species, 1000s of UCE loci
Target Anchored
Enrichment
capture o

Custom exons

R NASeq 700 species,

>2000 specimens,

OMG ~2K exons

Whole Genome S 2 M L E
. G ENOMI C S
Reseqgencing
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Exon capture to link micro to macrtoevolution: Eugongylus

%

skinks (Bragg et asl. 2018, Potter et aa!. 2018)
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Phylogenomics of a rapid radiation: the @) e
Australian rainbow skinks

Jason G. Bragg'*' ®, Sally Potter’, Ana C. Afonso Silva'?, Conrad J. Hoskin®, Benjamin Y. H. Bai' and Craig Moritz'

I'd

Eugongylus Accession: PRJNA289283  ID: 289 . . . .
gongy biomaterial provider Western Australian Museum

Eugongylus group skinks targeted loci

> birth date missing
a W a a Targeted exon capture sequencing of Eugongylus group skinks. birth location missing

hrandinsa hictan: missing

Accession  PRJNA289283 n c bi S RA Bio p roj ect missing

Data Type  Targeted Locus (Loci) missing

C d | . Scope Multispecies cell subtype missing

ode & alignments . celltype mising
Organism Eugongylus [Taxonomy ID: 99192]

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Lepidosauria; collected by missing

Squamata; Bifurcata; Unidentata; Scinciformata; Scincidae; Eugongylinae; Eugongylus

collectiol .
o E— Biosample data
Submission Registration date: 8-Jul-2015 culture ¢
Australian National University death date missing
.y c;l o Relevance  Evolution disease missing
2 T/ proect Dat disease stage missing
ot roject Data:
DRYAD About For researchers For organizations genotype missing
Number - . .
Resource Name of Links geographic location missing
Data from: Phylogenomics of a rapid radiation: the growth protocol missing
. . . SEQUENCE DATA
Australian rainbow skinks ~ SRA Experiments 240 health state missing
Bragg JG, Potter S, Silva ACA, Hoskin CJ, Bai BYH, Moritz C Evolutionary Biciog OTHER DATASETS isolation source Meentheena, Western Australia, Australia
Date Published: January 17, 2018 BioSample 342 latitude and longitude 21.4161 S 120.4542 E
DO https://doi.org/10.5061/dryad.v1d32 v SRA Data Details phenotype missing
Parameter Value sample type missing
Data volume, Gbases 251 specimen voucher WAMR139409
Data volume, Tbytes 0.16

storage conditions missing



genumﬂc £

observatories *

The Genomic Observatories Metadatabase
https://www.geome-db.org/

The Genomic Observatories Metadatabase (GeOMe): A new
repository for field and sampling event metadata associated
with genetic samples

John Deck [=], Michelle R. Gaither, Rodney Ewing, Christopher E. Bird, Neil Davies, Christopher Meyer, Cynthia Riginos,
Robert J. Toonen, Eric D. Crandall

Published: August 3, 2017 « hitps://doi.org/10.1371/journal. pbio.2002925
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ALA Phylojive

Correcting the disconnect between phylogenetics and biodiversity informatics

JOSEPH T. MILLER & GARRY JOLLEY-ROGERS

2014; Zootaxa 3754 :195-200
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AMCESTRAL CHARACTER
STATES FOR CLADE

- Foliage=phyllodes

- infloresence type=glabular
- Growth form= tree or shrub

NOMENCATURE
fememee - APNI
Sl - IPNI

e s Maeolesew  Dmws  Eap  (weste e e -EOL
-ALA

- GBIF

- Wikipedia

; 1 - DiscoverlLife
L8 | AN - Google

maconochieana

Maranoensis

microsperma

melvillei

omalophylla

amyctica

ancistrophylla

anarvia

papyrocarpa
sclerophylla_var_sclerophylla

loderi
pendula

sibilans

cana

Images
-APN
-Morphbank

— argyrodendron

— harpophylla
georginae ¢

- Goagle earth

- analytical tools (endemism)

CHARACTER STATES FROM IDENTIFY LIFE TRAITS

- Foliage=phyllodes - user defined
-infloressnce type-globular - ID keys Identify Life
- Growth farm= treg - webservices

- Text mining

-floras

DISTRIBUTION MAPS (ALA)
- envirenemtnal layers (climate and geography)

TAXONOMIC PAGES

Australian Plant Imuljg Irce (AP
Phote New:a.19340

phylojive.ala.org.au

Only for tips =
accepted names
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Morphological

ion in
myobatrachid frogs
Vidal-Garcia et al. 2014
J. Evol. Biol. 27:181-192
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Now in phylojive...

Records for 15 Taxa

Mapping traits

MorphoPCA 2

L1

S. Keogh et al. phylogeny; input

Tree: treetest by Marta Vidal-Garcia

Admin actions: | Tree list Edit tree || Create a new tree
—
Options Character
L L IPIE P
Search T About
L L Helgioporus psammophilus
W Hewoporus amopunctatus View in Spatial Portal
—— _ Legend
Heleioporus eyrei Legend: MorphoPCA 2
L L Heleioporus inornatus Status: MeanSVL W -0.66367
L Heleioporus barycragus done = ;;iz i E;ZE W -0.855958
u Heleioporus australiacus - 33-50 39-5? W -1.28929
L L Necbatrachus albipes ™ 39-5? 45-55 W -1.67495
Ll Meobatrachus wilsmorei B 45.65-51.73
BN oonatrachus pelobatoides B 51.73-57.80
L Neobatrachus sutor W 57.80 - 63.88
B o ohatrachus kunapalari W 63.88 - 69.95
B oonatrachus pictus W 69.95-76.03
am W 76.03-82.10
Neobatrachus aquilonius
MorphoPCA 2
L Neobatrachus fulvus -3.09 - -2.70
B oonatrachus sudeli B -2.70 - -2.31
[ | [P W -2.31--1.93
{ W -1.93--154
Bl |\ agen melanoscaphus W -1.54--1.15
B -1.15--0.76
Il g
— o W -0.76--0.38
1 L W -0.38 - 0.01
I“ — W 0.01-0.40




...and Mapping distributions

Tree: treetest

Admin actions: | Tree list dit tree || Create anew tree

Options Character

L L TR Pt

Search T About
L L Helgioporus psammophilus

L L Heleioporus albopunctatus

Map
L L Heleiopeorus eyrei
L L Heleioporus inornatus Status: Records for 15 Taxa
Colour by:
L L Heleioporus barycragus done

- Species

Heleioporus australiacus

ap

L L Neobatrachus albipes

L Meobatrachus wilsmorei

m Meobatrachus pelobatoides

m Neobatrachus sutor

L L Neobatrachus kunapalari

L L Necbatrachus pictus

L L Neobatrachus aquilonius
L Mecbatrachus fuhvus

BW oobatrachus sudel

Ll 3 Taxa
{ B 000 melancscaphus View in Spatial Portal €————
Legend: Species
Bl 5 raxa B Heleioporus psammophilus

W Heleioporus albopunctatus
— Heleioporus eyrei
r M Heleioporus inornatus




And now in ALA spatial portal

(on annual mean moisture index)




Reflections on bioinformatics, genomes & traits

* Capturing and sharing trait data will enrich our
understanding of G <-> P in micro and macroevolution

* Comparative WGS is the ideal but still need genome
subsampling for most organisms (and research budgets)

* There is a bioinformatics gap connecting museum
specimens to subgenome data (esp. target capture)

* Phylogenetic visualization and retrieval of museum data
is powerful for exploratory analyses of G+ E<->P






I European Variation Archive

Submit Data Study Browser Variant Browser Clinical Browser dbSNP Import Progress

EVA / HOME

Support for non-human variant data archival and accessioning is transitioning from dbSNP to EVA from September 2017.

Short genetic variants studies (<50bp) Structural variants studies (>50bp)

Top 5 Species Top 5 Types Top 5 Species Top 5 Types

@ Whole Genom

® Human Sequencing ® Human
® Mosquito ® Exome Seque! ® Mouse
@® Cow @ Genotyping By ® Cow
@ Rice Array @ Fruit fly
© Sheep @ Curation ® Pig




Fnabling “phylojive” for
ohylogeographic lineages

SM6Nd

I_'_h

Combine:

* user-input tree :
(phylojive) with —|
* user-input records

(sandbox) using
informal names

— W

planiceps
—>Allow node based
A B C D E F
. . M M 1 |sampleID lineageID Location Latitude Longitude phenotype
VI S U a I I S a t I O n I n 2 |ABTC77094_ CYABS 31k N Einasleigh on Mt Surprise |  -18.2945 144.0766 not banded
R 3 |SEWR8462_CY CYABS Georgetown-MtGarnet Rd -18.294454 144.076613 not banded
ge Og ra p h I C & 4 |CCMO0119_ChYCYABS BLAC 37 -19.53237 144.06488 not banded
Zl CCMO0115_CYCYABS BLACTIP -19.5363 144.19704 not banded

environmental space
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http://130.56.249.207/jit/examples/PhyloJive/craigdata.html

I European Variation Archive

Submit Data Study Browser Variant Browser Clinical Browser dbSNP Import Progress

EVA / HOME

Support for non-human variant data archival and accessioning is transitioning from doSNP to EVA from September 2017.

Data requirements

EVA accepts submission of genetic variation data based on three criteria:

1. The genome assembly used is International Nucleotide Sequence Database Collaboration (INSDC) registered, or will be at point of submission

2. The variation data is described in valid VCF file(s) this can be tested prior to submission using the EVA VCF Validation Suite found here

3. For all data submitted to the EVA, we require that it be possible to compute allele frequencies for all submitted variants. Therefore, the EVA supports
two types of submissions: 1) variation data with sample genotypes 2) summary data with population allele frequencies



GeOMe Genomic Observatories MetaDatabase Workflow

XODDOOODODDDDTK
Template J
Generator Sequence
Metadata GeOMe Ul
FASTA/FASTQ \ )
GBIF
_ | L] LLL Data Validation Results GeOMe\ Accession
=5 DB -3 Sequence
preages | User — AN Read Archive
— submission™>--_} " submission

Globally Unique Identifier Registry for Physical Samples
R2MBIO56



GeOMe adopts terms from standards + a minimum set of required

fields. ey s & genom:cC
Stendards S / WSS T STANDARDS consortiu

Darwin Core

GeOMe Projects adopts specific terms and custom validation rules
for specific use cases.

e.g. requiring trait descriptions, or environmental measurements.

BIOCODE AAAG e
2 ' " " -1- TATTAZ
r"(‘/" ~ 0 I; A Zas= S AATAC

e GLOBAL ARMS PROGRAM Diversity of the Indo-Pacific Network

I p
| A



