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worldwide



What Can We Do with Specimen Data?

Monitor shifts in biodiversity through time
Track invasive species

Ecological Niche/Species Distribution Modeling
Track phenological shifts

Integrate with evolutionary history

Past movements and climate change
Landscape genetics
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Enabling Research Using Specimen Data

* Making data available through the portal
— >46 M specimen records
— Augmented records
— Diverse means of searching data

* Developing examples and research Workflows

— Florida plant diversity, polyploidy, evolution of breeding
systems, paleoclimate and glacial refugia

— Conceptual workflows
— Scripts
— R packages

* Facilitating research
— Developing methods
— Aggregating tools
— ‘workbench’” model
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Facilitating Research

* Further development of methods

e Aggregating tools

e ‘Workbench’ — enhanced workflows

* Research applications workshops
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* Further development of methods
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PhyloJIVE

Links biodiversity data to trees
Joe Miller & Garry Jolley-Rogers
phylojive.ala.org.au/

:‘ ATLASOoF AUSTRALIA

sharing biodiversity knowledge

Species Locations  Collections  Mapping & analysis Datasets Blogs Get involved

Home =» Phylojive

Phylojive

PhyloJive (Phylogeny Javascript Information Visualiser and Explorer) is a web based application that places
biodiversity information aggregated from many sources onto compact phylogenetic trees.

The project is the brainchild of Garry Jolley-Rogers and Joe Miller and was developed by Temi Varghese and
Garry Jolley-Rogers as part of the Taxonomy Research & Information Network (TRIN) — see the original project
page, original code repository and ALA code repository. The ALA has contributed to the PhyloJive codebase to
integrate a number of web services: occurrence data, maps and character data from Identify Life. This work has
been undertaken with help and advice from Joe Miller.

The getting started page outlines the steps for creating a new phylogenetic tree and contains demo data sets that
can be used to get up and running.

A. buxifolia
Source: Australian Plant
Image Index Image by: Macd




PhyloJIVE instance in IDigBio

iDigBio Portal PhyloJIVE Home OpenTree -~ Sample Trees Tutorial Research Tools

Existing Tree: Helianthus

Helianthus tree by Joe
Miller

B Hcliznthus atrorubens

Select another tree:

Helianthus v

Helianthus maximiliani
Helianthus porteri

+ Click the top button to get M Helianthus niveus
the navigation aid

+ Click nodes to get maps
and external services B seiznthiDigBio reported occurrences
+ Try choosing characters naliantheli@nthus petiolaris

(if awvailable) to plot on the
tree; +
= Align-names feature; Helianthus debil ‘ * o
search; set-root; rotate, -

etc.

B cliznthus npe=l--s
*®

Helianthus prae

Helianthus annu

Helianthus argoj

Create New Tree Helianthus anomn

Helianthus dese | maflet | Man dats AE MnenStrestilan contrikotors
DiscoverLife World Map
o™ Atlas of Living Aust. Spat. portal

Helianthus exilis | RlRARARMRgIHelianthus petiolaris

— M Helianthus bolande

Developed by Garry Jolley-Rogers, Joe Miller, and Temi Varghese
Integrates biodiversity data with phylogeny
http://phylojive.acis.ufl.edu/ A. Matsunaga



http://phylojive.acis.ufl.edu/

IDIgBIo — Lifemapper Instance
mufemapper

iDigBio Portal Lifemapper Predictions  Explore Data  Tutorial Research Tools

iDigBio-Lifemapper workflow

@ Pull Specimens

() Create & ®
" Species Models OEUSIH
@ D B lM Predictions
2 IUIGDIO \ My Lifemapper
A. Matsunaga (® Visualize 47
A. Stewart Predictions @ Get Predictions @ Get Specimens
) Metadata & data exploration

http://lifemapper.acis.ufl.edu/




Facilitating Research

* Further development of methods

e Aggregating tools

@ iPlant Collaborative™

QJ scovery Environment

© Apps
Apps +  Workflow »

Category <« Public Apps >> Beta
|a) microRNA Analysis (1) Naihe
(8 Molecular Structure (0) @ 7 add column to file
(& Motif Identification (2) —
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4 [_] Phylogenetics (14) © 7 Add GO to Blastp-unipr...

(5] community Ecology (0) @ % appendunclustered
[5] Comparative Methods (1)

© " bam2fastq_unma
ﬁEvolutionary Models (2) 0 % ix pped

[& Tree Building (10) © 7 Blast2Seqs
{5 utility Tools and Scripts (1) @ 7 Blastp a subset of uniprot
E HLIGRAS 310 © 7 Bowtie-2.2.1--Build-and...

E Sequence Alignments (3)
[ vcF and GFF (3)
[ High-Performance Computing (-1) @ % btrim

© 7 Bowtie2Build-2.2.4 inde...

Integrated by
Laura Gardiner

Laura Gardiner
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Jeremy DeBarry

Dongliang Wu
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Senthil Subraman...
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Facilitating Research

* Further development of methods

e Aggregating tools

e ‘Workbench’ — enhanced workflows

* Research applications workshops




Facilitating Research

* Toward a Biodiversity Workbench

}
2

Clustered

C. Germaln Aubrey,J Allen, K. Neublg, L. I\/IaJure R. Abbott, = ouerisporeed
M. Whitten, J. M. Ponciano, B. Mishler, S. Laffan, T. Lemay, R. Guralnick, D. Soltis .

14



Obtain Align Build Tree
sequences (e—— sequences (E———. ctTree
* GetSeq * Muscle (aML)

* Ninja (NJ)

* PHYLIP
(MPE NJ,
ML)

e RAXML
(ML)

Visualize Integrate Run Analysis

Tree — Data — A
e iPlant * Lopper *DACE

Tree * TNRS *Contrast

Viewer *OUch

*Picante
*Penalized
likelihood

ﬁ\ '
@) iPlant

J Collaborative



f('-?\) iPlant
\ Collaborative" biscovery Environment

Show all notifications B3 Gk

Preview

Only BK of the selected file is displayed. For full view of data, please downlead file.

Import ~ More Actions ~  “Z» Refresh | Fil| GCTAAAGCCTTACGTATGTCTGGTGGAGATCATATTCACTCOGGGACCGTAGTAGGTAAA ~
. 1| CTTGAAGGGGAAAGAGAGATCACTTTGGGCTTTGTTGATTTACTGCGCGATGATTTTGTT
4 () nmatasci [[] Name GAAARAGATCGAAGTCGCGGTATTTATTTCACTCAAGATTGGGTCTCTCTACCAGGTGTT
4 ] analyses B =, CTGCCCGTGGCTTCAGGCGGGAT TCACGTTTGGCATATGCCTGCTCTGACTGAGATATTT
b (¢ campa GAGE 008 || GGGGATGATTCCGTACTACAGTTCGGGGGAGGAACTTTAGGCCATCCTTGGGGAAATGEA nalyses
pa_ H CCCGGTGCGGTAGCTAATCGAGTAGCTCTAGAAGCATGTGTACAAGCCCGTAATGAGGGA
i ] campa_CACE- — CAMPAN| CGTGATCTTGCTCGTGAGGGTAATGAAAT TATCCGGAAGGCTGGCAAATGGAGTCCTGAG
b e st 1 |4 sequend CTATTTTCTGCTTGTGAGGTATGGAAAGAGATCAAATTTGAGTTTGCCGCAATGG
campa_fas a >405146_Clermontia_kekeana
i ] campa_fast-1 TGTCACCACAAACAGAGACT AAAGCAAATGTTGGCT TCAAAGCTGGTGTTAMAGAGTATA
b @ st 1o AATTAACTTATTATACTCCTGAGTATCAARCCAAGGATACTGATATTTTGGCAGCCTTCC
campa_last GAGTAACTCCTCAACCCGGAGTTCCGLCTGAAGAAGCAGGGGCTGCAGTAGCTGCCGAAT
4 '] campa_getseq CTTCGACTGGTACATGGACAACTGTGTGGACCGATGGACTTACGAGTCTTGATCGTTACA
AAGGGCGATGCTATCACATCGAGCCCGTTGCCGGAGAAGAAACTCAATTTATTGCTTATG
([ logs TAGCTTACCCATTAGACCTTTTTGAAGAAGGTTCTGTTACTAACCTGTTTACTTCCATTG
i ] campa_lopper TGGGTAATGTATTTGGATTTAAAGCACTGCGTCGTCTACGTCTCGAAGATTTGCGAATCC
b o CGCCTGCGTATGTTAARACT TTCCAGGGCCCGCCTCATGGCATCCAAGTTGAACGAGATA
campa_musc AATTGAACAAGTATGGTCGTCCCCTGTTGGGATGTACGATTAAACCTAAATTGGGGTTAT
i ] campa_ninja CTGCTAAAAACTACGGCAGAGCAGTTTATGAATGTCTTCGTGGTGGCCTTGATTTTACCA
bl it AAGATGATGAGAACGTGAACTCCCAACCATTTATGCGTTGGAGAGATCGGTTCGTATTTT
campa_ninja- GTGCCGAAGCTATTTATAAAGCACAGGCTGAARCAGGTGAAATCAANGGGCATTACTTGA
i ] campa_rax ATGCTACTGCAGGTACAAACGAAGAAATGAT GAAMGGGCTGTATTTGCCAGAGAATTGG
e .~ GCGTTCCTATCGTAATGCATGACTACCTAACAGGGGGGTTCACTGCAAATACTAGCTTGG
campa_rax-1 4 CTCACTATTGCCGAGATAATGGTCTACTTCT TCACATCCACCGCGCCATGCATGCAGTTA
i logs i TTGATAGACAGAAGAATCATGGTATGCACTTTCGTGTACTAGCGAAAGCCTTACGTATGT
alr CAGGTGGAGATCATATTCACGCCGGTACCGTAGTAGGGARACT GGAAGGGGAAAGAGAGA

TCACTTTGGGCTTTGTTGATTTACTGCGCGATGAT TTTATTGAAAAAGATCGAAGTCGTG
GTATTTATTTCACTCAAGATTGGGTCTCTCTACCAGGTGTTCTGCCCGTGGCT TCAGGCG
GTATTCACGTTTGGCATATGCCTGCTT TGACCGAGATCTTTGGGGATGATTCCGTACTAC
AATTCGGTGGAGGAACT TTAGGACATCCGTGGGGAAATGCACCCGGTGCCGTAGCTAATC
GAGTCGCGCTAGAAGCATGTGTACAAGCCCGTAATGAGGGACGTGATCTTGCTCGTGAGG
GTAATGAAATTATCCGTAAGGCTGCCACATGGAGTCCTGAGCTATCTGCTGCTTGTGAGG
TATGGAAAGAGATCAAAT TTGAGTTTGCCGCAATGGATACTTTATAA
»87137117_Cyanea_kuhihewa
CGAAAGAAACCAAAAATATCCAAATTTTTGCGAAAATTATCCAATTCCAAATAAATGTCC

- GATAGCAAGGTGATCGGT TAATGAAATAAGAACCGGGAGTTAGCACGTGATTTCGTGAGT
/) sequences fa ACCATTCACCCGAATTCAATTGAAT TG T T TACT TATTCGATGAGT GAAGT TTCAAGTTCA
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Connecting Trees, Specimens, Tools

EXAMPLE WORKFLOWS:

W
22 iDicBio

egrated Digitized Biocollections

OPEN

Tree of Life

Lifemapper

ARBOR

revolutionary workflows

3
&
&
3
&
o select clade o 6"’\
taxon names
@ %,
%,

[ G
[ G

o visualize

“dark parts” of
clade—species

with missing

trait data =
T2
T6

o select

clade

@ trees

run ecological
niche modeling
(ENM) for all tips

e analyze ENM data
and tree to calculate:

« shifts in ecological niche
across tree

+ phylogenetic constraints
on niche evolution

e analyze data to:

+ test hypotheses of

review specimens, character evolution

score morphology for

species without it « reconstruct ancestral

states

jp /o
ir'

M= =37
| — & T4 94

7= in%, Te g
7%

occurrence
data

analyze data to quantify and qualify biodiversity
and co-visualize maps, trees, and geospatial stats

trait data o trees @

RESOURCES:

Lifemapper Arbor
+ ecological niche modeling « evolutionary models
« biodiversity and range i

« comparative methods
analysis « visualization
+ visualization

Open Tree of Life iDigBio
« phylogenies « trait data

« taxonomy / names. « specimen data /images
- visualization « fossil data / images

© query

for a pruned

subtree of o
OCCUITENCE  species in L}‘)O grid
data area data

taxon names

o analyze data to
compute phylogenetic
diversity (PD)

select area of interest,
query global presence/absence
matrix (PAM) to get species subset

@ select clade © analyze data to:

+ estimate rates and
test hypotheses of
diversification

e upload new trees
to improve phylogenetic
resolution

4

trees,
sampling proportions
(from taxonomy)




Connecting Trees,

RESOURCES:

Lifemapper Arbor
« ecological niche modeling « evolutionary models
« biodiversity and range i

« comparative methods
analysis

- visualization
« visualization
OpenTree of Life iDigBio
« phylogenies « trait data
+ taxonomy / names + specimen data /images
« visualization « fossil data /images

o select clade

Specimens, Tools

faxon names

DDG

[
idl4

-‘.&

run ecological
niche modeling

e analyze ENM data
(ENM) for all tips

and tree to calculate:

« shifts in ecological niche
across tree

» phylogenetic constraints
on niche evolution




Connecting Trees, Specimens, Tools

ABI Innovation: BiotaPhy Project

@ Connecting resources
% to enable large-scale biodiversity analyses

D. Soltis, P. Soltis, J. Fortes, A. Matsunaga,
J. Beach, J. Soberon, S. Smith
RESOURCES:

Lifemapper Arbor
+ ecological niche modeling « evolutionary models
« biodiversity and range « comparative methods
analysis

« visualization
« visualization

Open Tree of Life iDigBio
« phylogenies + trait data

- taxonomy / names « specimen data /images
- visualization - fossil data / images




TRY R
PIarWT-r;ai_t Database

N |
=l PhotosyntheticPathway
= | Respiration LeafAl‘lea .
" | PlantLifespan
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Images as Sources of Trait Data

W . 'a = | :
Plant Trait Database

N |
=l PhotosyntheticPathway
= | Respiration LeafAt‘ea
| PlantLifespan
M S LA WoodDensity Gf‘OWth FO rm

PhenologyType LeafN
LeafP

ea PhotosyntheticCapacity
MaxPlantHeight

‘ Computer Science/Image Analysis‘




Facilitating Research

* Further development of methods

e Aggregating tools

e ‘Workbench’ — enhanced workflows

* Research applications workshops
Community input: topics, volunteers
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Many Uses for Specimen Data in Research

« Connections to other resources, e.g. GenBank

» Ecological Niche/Species Distribution Modeling

* Integration with phylogeny, e.g. PhyloJIVE

« Complex integration of phylogeny, specimens,
ENM, other heterogeneous data

* Images as sources of traits for ecological studies

 Others???

* Discussions: Research Tool Development
Data Use in Research and Education
« Research Applications Working Group




Lauren Gonzalez

Andre Naranjo

iDigBio is funded by a grant from the National Science Foundation’s Advancing Digitization of
Biodiversity Collections Program (Cooperative Agreement EF-1115210). Any opinions, findings,
and conclusions or recommendations expressed in this material are those of the author(s) and
do not necessarily reflect the views of the National Science Foundation. All images used with
permission or are free from copyright.
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