CartograPlant: Cyberinfrastructure to improve plant health and
productivity in the context of a changing climate

wr
& Map Options 3
celan

Environmen t Layers OFF

CLOSE TREE VIEW

o]
w
+
A

% Map Summary

= Tree Dataset Sources

Y Filters

Irene Cobo Simdn, PhD.

Postdoctoral Fellow
Institute of Forest Science (ICIFOR-INIA-CSIC, Spain) UNIVERSITY OF CONNECTICUT



INTEGRATES VISUALIZES ANALYZES

% Genotypes

<  Phenotypes

<2 Environments

m georeferenced plants}

'@ —
https://cartograplant.org/ (including forest trees)

BACKGROUND



https://cartograplant.org/

Why is CartograPlant relevant and timely?

* Climate change is threatening plant health and

productivity

BACKGROUND

DLYJA
INTEGRATION

DATA
VISUALIZATION

DATA ANALYSIS

Green
ashes
affected
by the
pest
emerald
ash borer




Why is CartograPlant relevant and timely?

o

* Climate change is threatening plant health and
productivity

e Can plant breeding keep pace with the rate and direction
of environmental change?

Green
ashes
affected
by the
pest
emerald
ash borer

DLYJA DATA

SACRGROUND INTEGRATION VISUALIZATION FAAENARSR




Why is CartograPlant relevant and timely?

&
L §¢

* Climate change is threatening plant health and
productivity

e Can plant breeding keep pace with the rate and direction
of environmental change?

* Increasing invasive pests and pathogens Green
ashes
affected
by the
pest
emerald
ash borer

DLYJA DATA

SACRGROUND INTEGRATION VISUALIZATION FARERARSS




Why is CartograPlant relevant and timely?

* Climate change is threatening plant health and
productivity

e Can plant breeding keep pace with the rate and direction

of environmental change?
* Increasing invasive pests and pathogens Green
ashes
affected
by the
pest
emerald
ash borer

* lllegal logging and deforestation (forest trees)

DLYJA DATA

SACRGROUND INTEGRATION VISUALIZATION FARERARSS




Why is CartograPlant relevant and timely?

 Match between genotypes, phenotypes and new
environments

Green
ashes
affected
by the
pest
emerald
ash borer

DLYJA DATA

SACRGROUND INTEGRATION VISUALIZATION FAAENARSR




Why is CartograPlant relevant and timely?

 Match between genotypes, phenotypes and new
environments

* Candidate gene identification (resilience)

Green
ashes
affected
by the
pest
emerald
ash borer

DLYJA DATA

SACRGROUND INTEGRATION VISUALIZATION FAAENARSR




Why is CartograPlant relevant and timely?

 Match between genotypes, phenotypes and new
environments

* Candidate gene identification (resilience)

* Timber origin identification, using chemical, genetic and

anatomic tree data Green

ashes
affected
by the
pest
emerald
ash borer

DLYJA DATA

SACRGROUND INTEGRATION VISUALIZATION FARERARSS
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 Match between genotypes, phenotypes and new
environments

* Candidate gene identification (resilience)
* Timber origin identification, using chemical, genetic and

anatomic tree data Green
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affected
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DATA TYPES INTEGRATED IN CARTOGRAPLANT

1. RAW DATA

5 GENOTYPIC >

& PHENOTYPIC >

ENVIRONMENTAL>

How can these disparate
data types, from different
studies, be integrated?
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DATA TYPES INTEGRATED IN CARTOGRAPLANT

1. RAW DATA { Direct submission of studies }

‘ .
% GENOTYPIC > Tripal Plant PopGen Submit
& PHENOTYPIC > (TPPS) pipeline
Biocuration efforts of affiliated 1
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Direct submission: Tripal Plant PopGen Submit (TPPS) pipeline

https://treegenesdb.org/tpps

* Genotype, phenotype,
environmental data and metadata B:dila i
and provides a DOI

in our TPPS Details section

@ Step 1- Complete
Author and Species Information

TPPS
equencing a d GWAS(
@ Author and Species Information 4 Experimental Conditions siology, an

EXPERIMENT/ANALYSIS DATES

Starting Year: *

Starting Month: *

@ Secondary Author 2: Jason
Holliday
G % e @ Secondary Author 3: James
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Direct submission: Tripal Plant PopGen Submit (TPPS) pipeline

https://treegenesdb.org/tpps

* Genotype, phenotype,
environmental data and metadata
and provides a DOI

° Populatlon genomlcs association

mapping, and landscape genomic
studies
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Direct submission: Tripal Plant PopGen Submit (TPPS) pipeline

https://treegenesdb.org/tpps

* Genotype, phenotype,
environmental data and metadata
and provides a DOI

* Population genomics, association

mapping, and landscape genomic
studies

* Metadata is collected using
ontologies and standards
(MIAPPE)
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Direct submission: Tripal Plant PopGen Submit (TPPS) pipeline

https://treegenesdb.org/tpps

* Genotype, phenotype,
environmental data and metadata
and provides a DOI

* Population genomics, association

mapping, and landscape genomic
studies

* Metadata is collected using
ontologies and standards
(MIAPPE)

 Ensures the FAIRness of the data
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Direct submission: Tripal Plant PopGen Submit (TPPS) pipeline

https://treegenesdb.org/tpps

Genotype, phenotype, I e
environmental data and metadata 1 AR
and provides a DOI

Population genomics, association

mapping, and landscape genomic
studies

Metadata is collected using
ontologies and standards
(MIAPPE)

Ensures the FAIRness of the data

Supports standard genotyping file
formats (VCF)
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Direct submission: Tripal Plant PopGen Submit (TPPS) pipeline
UCONN BIOCURATION TEAM
E New Phytologist

Fine scale genetic structure in the wild ancestor of maize (Zea Charles Demu rjian, MSc
Full paper = (3 Free Access mays ssp. parviglumis)
Geographical and environmental gradients shape phenotypic|  JOOST AN HEERWAARDEN, JEFFREY ROSS IBARRA,JOHN DOEBLEY, JEFFREY C. GLAUBITZ Emi Iy Strickland , BSc

... See all authors v

trait variation and genetic structure in Populus trichocarpa
First published: 23 February 2010 | https://doi.org/10.1111/j.1365-294X.2010.04559.x | Citations: 25
Athena D. McKown )%, Robert D. Guy, Jaroslav Klapsté, Armando Geraldes, Michael Friedmann
... See all authors v

Victoria Burton, BSc

X4 Jeffrey Ross-Ibarra, E-mail: rossibarra@ucdavis.edu

First published: 25 November 2013 | https://doi.org/10.1111/nph.12601 | Citations: 128 M eg h a N M yI eS
Read the full text > P PDF Q| TOOLS « SHARE
IS SECTIONS T POF A TOOLS < Madd|e GadomSkl
Abstract
Summary

Analysis of fine scale genetic structure in continuous populations of outcrossing plant
species has traditionally been limited by the availability of sufficient markers. We used a

* fopUlistrchocapa SAIHSSpresdiasasSINESIamING EAmSHIcaSFEmAIAS SXen set of 468 SNPs to characterize fine-scale genetic structure within and between two

variation in photoperiod, growing season and climate. We investigated trait varig

in P. trichocarpa using over 2000 trees from a common garden at Vancouver, Car dense stands of the wild ancestor of maize, teosinte (Zea mays ssp. parviglumis). Our
representing replicate plantings of 461 genotypes originating from 136 provenar analyses confirmed that teosinte is highly outcrossing and showed little population
localities. structure over short distances. We found that the two populations were clearly

The vast majority of the TPPS submitted studies (and their associated

genotype, phenotype and environmental data) are available in CartograPlant
thanks to our Biocuration team
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Environmental layers

950 environmental layers are now available in CartograPlant
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CartograPlant current statistics

Plants 8,439,968
Species 635

Genera 277

* Countries 43

Studies 313

* Genotypes 771,763,817
* Phenotypes 1,741,822

* Environmental layers
950
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TGDR300-LK1044

:[0]Y|3 Temperate Grasslands, Savannas & Shrublands

Study Associated

A rangewide herbarium-derived dataset indicates high levels of gene flow in black cherry (Prunus serotina)
Konrade, Lauren 2019 View Additional Details

STUDY FILE DOWNLOADS

Phenotype Accession

&
Genotype SSRs/cpSSRs &,

Markers Markers Count
Genotypic Data

Marker Name Genotype Marker Type

509_48 NA microsatellite
506_34 230 microsatellite
510_50 175 microsatellite

DLYJA DATA
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DATA ANALYSIS

Q Map Navigation

£ Map Optic

RESET MAP

Analysis ID: 1015
Phenotypes: 0
Genotypes: 0

.éa' CartograPlant

Environmental layers: 0

Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Run Analysis

Welcome!
Your unique analysis ID: 1015

Analysis name: | Untitled

Analysis type: | Genotype x Phenotype x Environmental V‘

To begin analyzing data, we strongly recommend creating a workspace.
A workspace stores all your uploaded files so you can use (or reuse) them when running workflow analyses. Without a workspace, you can't select data files to be used when running analyses.

Select workspace

MANAGE WORKSPACE FILES

This workspace currently contains no files

https://cartograplant.org/

CREATE NEW WORKSPACE

Summary and Confirm

© Mapbox © OpenStreetMap Improve this map
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Q Map Navigation

Russia

Analysis ID: 1053

.é ; CartO raPIant Phenotypes: 0 lg,,ia‘v Loy |
’ g Genotyppes: 0 £

Environmental layers: 0 '5

Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Run Analysis Summary and Confirm South
. Atlantic
Filter By Traits ] Becam

2 studies detected based on the trees you selected on the map
TGDR674 | TGDR682 - © Mapbox © OpenStreetMap Improve this map

O bud break 1836 phenotypes  [@VIETERIHIEN I Te I
O bud set 2754 phenotypes  [ONEUETIRWILIEN IS T[]
O carbon to nitrogen ratio 1836 phenotypes  [OVEETERVIHIEN IS Te IS
O frost free days 918 phenotypes Overlaps with all studies
O leaf chlorophyll content 2754 phenotypes  [ONEUEILAWIGIENIS WY
O leaf nitrogen 15 content 1836 phenotypes  [@VIETERVIHIEN I eI
O leaf shape 918 phenotypes Overlaps with all studies
O mean annual precipitation 918 phenotypes Overlaps with all studies
O mean annual temperature 918 phenotypes Overlaps with all studies
O plant height KLY ATV Overlaps with all studies
O ratio of average warmest month temperature to average summer precipitation 918 phenotypes Overlaps with all studies
O volume 2754 phenotypes  [ONEUEILAWIGIEN ST

O whole plant mass 918 phenotypes Overlaps with all studies

O wood carbon 13 content 918 phenotypes Overlaps with all studies
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Q Map Navigation

& Map Options

Environment Lay

Russia

O plant height 3672 phenotypes  [OVEUENRWIEI NI
O ratio of average warmest month temperature to average summer precipitation 918 phenotypes Overlaps with all studies

O volume 2754 phenotypes  [ONVELEIERI IS T

O whole plant mass 918 phenotypes Overlaps with all studies
O wood carbon 13 content 918 phenotypes Overlaps with all studies S
u
Atlantic
bud break bud set carbon to nitrogen ratio Ocean

© Mapbox © OpenStreetMap Improve this map

0 0
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Adjust thresholds Adjust thresholds Adjust thresholds

frost free days leaf chlorophyll content leaf nitrogen 15 content
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1 1

Save adjustment
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DATA ANALYSIS

Q Map Navigation

& Map Options

Russia

Environment Laygy

O plant height 3672 phenotypes
[ ratio of average warmest month temperature to average summer precipitation 918 phenotypes
O volume 2754 phenotypes
O whole plant mass 918 phenotypes

O wood carbon 13 content 918 phenotypes Overlaps with all studies

bud break bud set carbon to nitrogen ratio

1 bud set ] South
© Awaiting query... ; Atlonitic
g query. : plant height : Ocean
diameter at breast haight plant height T 1 1
7008 L] L © Mapbox © OpenStreetMap Improve this map
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Q Map Navigation

Russia

.ea' CartograPlant

Manage Filter By Traits Filter By Genotypes

Filter By Traits

2 studies detected based on the trees you selected on the map
bud break

bud set

O carbon to nitrogen ratio

O frost free days

O leaf chlorophyll content

O leaf nitrogen 15 content

O leaf shape

O mean annual precipitation

O mean annual temperature

plant height

O ratio of average warmest month temperature to average summer precipitation
O volume

O whole plant mass

O wood carbon 13 content

rtogratree#analysis-filter-sn

Filtering & Imputation

918 phenotypes Overlaps with all studies

2754 phenotypes  [OVEUETERVIHEN IS

918 phenotypes Overlaps with all studies

918 phenotypes Overlaps with all studies Z '.‘shm,dma :c‘ (Mj./_"pihm“rj
bud set carbon to nitrogen ratio 1 bud set 1

Analysis ID: 1053
Phenotypes: 3
Genotypes: 0

Environmental layers: 0

Population Structure Add environmental data Run Analysis Summary and Confirm
South
Atlantic

Ocean

© Mapbox © OpenStreetMap Improve this map

1836 phenotypes

PCA (3 phenotypes)

Overlaps with all studies

LRI Overlaps with all studies

1836 phenotypes  [ONEUETERWIIE| RSV

918 phenotypes Overlaps with all studies

2754 phenotypes  [ONEUETERVIHIEN T

1836 phenotypes  [ONEUETERWIEIE| RS TS §
918 phenotypes Overlaps with all studies %
918 phenotypes Overlaps with all studies %,
918 phenotypes Overlaps with all studies % 1
3672 phenotypes  [ONEUETERVIHIEN e g
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DATA
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Q Map Navigation

£ Map Optic

V ent Layers ~ OFF

RESET MAP North
Pacific

v

Russia

#% Map Summary

Analysis ID: 1053

.é" CartograPlant Phenotypes: 3

Genotypes: 0 South

Atlantic

Environmental layers: O
Ocean

Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Run Analysis Summary and Confirm N Ol S [mEEoin =

Filter By Genotypes
2 studies detected based on the trees you selected on the map

TGDR674 | TGDR682

Overlapping genotypes: 24887

Insights TGDR674 0 TGDR682 8183

We analyzed 2 studies and discovered the following:
There are a total of 24887 SNP overlaps across all 2 studies

J_ SNP overlaps between TGDR674, TGDR682: 24887
O TGDR674 has 24887 SNPs

D TGDR682 has 33070 SNPs

TGDRé74 has 0 non-overlaps

TGDR682 has 8183 non-overlaps

DATA DATA

ACRSHERNS INTEGRATION VISUALIZATION PAIAANALSIS
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Q Map Navigation

& Map Optior.

Russia

é Analysis ID: 1053

’ CartograPlant Phenotypes: 3
Genotypes: 24887
Environmental layers: 0

Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Run Analysis Summary and Confirm P flo - tth,
antic
Ocean

+ VCF files successfully uploaded to workspace

© Mapbox © OpenStreetMap Improve this map

Found Genotype VCF for TGDR674
Found Genotype VCF for TGDRé82

Quality filtering method SNP Quality Filtering Step 1.4: Missingness per individual, filtering v

SNP QUALITY FILTERING STEP 1.4: MISSINGNESS PER INDIVIDUAL, FILTERING ANALYSIS CONFIGURATION

Missingness per individual, filtering

£ SNP quality filtering. Step 1 (part 4): Missigness per individual, filtering

© Select the file to use. If files don't appear, please try refreshing the workflow

Workspace available files: v

£ Output from the step 1 (part 3)

@ Select the file to use. If files don't appear, please try refreshing the workflow

DATA DATA

LGSO INTEGRATION VISUALIZATION

DATA ANALYSIS
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Q Map Navigation

& Map Optior.

Russia

i " IV ‘
| é Analysis ID: 1053 Algeria| Libya 9
- ’ CartograPlant Phenotypes: 3 -
Genotypes: 24887 '5
Environmental layers: O
South
Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Run Analysis Summary and Confirm Atlantic

Ocean

+ VCF files successfully uploaded to workspace
© Mapbox © OpenStreetiap Improve this map

Found Genotype VCF for TGDR674
Found Genotype VCF for TGDR682

Quality filtering method + SNP Quality Filtering Step 1.4: Missingness per individual, filtering

SNP Quality Filtering Step 2: Minor allele count per marker
SNP QUALITY FILTERIN

Missingness per individual, filtel SNP Quality Filtering Step 1.2: Missingness per individual sorted list

SNP Quality Filtering Step 1.1: Missingness per individual list

SNP Quality Filtering Step 1.3: Missingness per individual, individual selection
s i SNP Quality Filtering Step 3: Minimum quality score

£ SNP quality filtering. Ste ualityFiltering;Stepi3. Mi LEY,

SNP Quality Filtering Step 4: Minimum reads per marker

© Select the file to use. SNP Quality Filtering Step 5: Missingness per marker If files don't appesar, please try refreshing the workflow
. ' SNP Quality Filtering Step 6: Minimum allele frequency n

Workspace available files:

SNP Quality Filtering Step 7: Hardy-Weinberg equilibrium

SNP Quality Filtering Step 8: Mendelian errors (for family-based data only)

SNP Quality Filtering Step 9: Linkage disequilibrium (retain only independent SNPs for further population structure analysis)

£ Output from the step 1

© Select the file to use. If files don't appear, please try refreshing the workflow

DATA DATA

LGSO INTEGRATION VISUALIZATION
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Q Map Navigation

& Map Optior.

é Analysis ID: 1053

’ CartograPlant Phenotypes: 3
Genotypes: 24887
Environmental layers: 0

Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Somit)

Run Analysis Summary and Confirm

Atlantic
Ocean

+ VCF files successfully uploaded to workspace

© Mapbox © OpenStreetMap Improve this map

Found Genotype VCF for TGDR674

9 Found Genaype VCF or TGORSS? Histograms to help decide the quality filtering thresholds available soon!

g_

Quality filtering method SNP Quality Filtering Step 1.4: Missingness per individual, filtering

-

4
SNP QUALITY FILTERING STEP 1.4: MISSINGNESS PER INDIVIDUAL, FILTERING ANALYSIS CONFIGURATIOM & g .
®

§ -

2

Missingness per individual, filtering

£ SNP quality filtering. Step 1 (part 4): Missigness per individual, filtering g .
© Select the file to use. §
Workspace available files: v

o J

T T 1
20 30 40 50 60
£ Output from the step 1 (part 3)
% of missing data per SNP

© Select the file to use.

don't appear, please try refreshing the workflow I

DATA DATA
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DATA ANALYSIS
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Q Map Navigation

& Map Opti

" ment Layers OFF
RESET MAP North
P alciific

v

#% Map Summary

Analysis ID: 1053

.¢" CartograPlant Phenotypes: 3

Genotypes: 24887

Environmental layers: O

Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Run Analysis Summary and Confirm

© Mapbox © OpenStreetMap Improve this map

Number of populations
2
Select VCF file

SELECT VCF FILE v

GENERATE FAST STRUCTURE

DATA DATA
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DATA ANALYSIS

Russia

EEEEEEEE

Analysis ID: 1053

é" CartograPlant Phenotypes: 3

Genotypes: 24887

Environmental layers: 0

Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Run Analysis Summary and Confirm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Number of populations

k."" 5 Select VCF file

« :'Tl".\
g = '.",\'_h-‘ SELECT VCF FILE * K=2

x GENERATE FAST STRUC
3 g K=3
¢

K=4

Population
e WS
e Q
. Tp

Population structure calculation (PCA and DAPC) and visualization (fastSTRUCTURE, PCA and DAPC) available soon!!!

DLYJA DATA

SASRSESRNS INTEGRATION VISUALIZATION PAIAANALISIS
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$ CartograPlant

Russia

Environmental lay€e

Manage Filter By Traits Filter By Genotypes Filtering & Imputation Population Structure Add environmental data Run Analysis Summary and Confirm

Choose environmental layers PRECACHE VALUES

us

0 Biotic Damage (North America) GATHER AND UPLOAD TO WORKSPACE

‘@ Climatic variables (World, ClimateWNA) Found 145 Mean Annual Precipitation CWNA
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GWAS WITH EMMAX ANALYSIS CONFIGURATION

This GWAS pipeline performs association mapping using the EMMAX software, a mixed model accounting for the sample structure. In addition to the computational

efficiency obtained by EMMA algorithm, EMMAX takes advantage of the fact that each loci explains only a small fraction of complex traits, which allows us to avoid

repetitive variance component estimation procedure, resulting in a significant amount of increase in computational time of association mapping using mixed model.

EMMAX is a linear mixed model (LMM) to perform GWAS, correcting by a wide range of sample structures (which encompasses population stratification and hidden

relatedness). To this end, it uses an internally calculated kinship matrix as a random effect, and population structure externally calculated as a fixed effect. More

information about EMMAX program can be found here: https://genome.sph.umich.edu/wiki/EMMAX
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CONCLUSIONS

e CartograPlant is intended to serve as a community
resource for Plant Molecular Ecology.
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CONCLUSIONS

e CartograPlant is intended to serve as a community
resource for Plant Molecular Ecology.

* These flexible analytic workflows allow to analyze a
diversity of data types (e.g. SNPs, SSR) and
experimental designs (e.g. natural populations,
common garden) and facilitate a diversity of biological
questions in CartograPlant.
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* Mega and meta-analysis take advantage of one of the
main strengths of CartograPlant: the curation and
integration of a diversity of data types (genotypic,
phenotypic and envrironmental) from different studies,
thanks to the metadata collection using ontologies and
standards.
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e CartograPlant is continuously growing to stay up-to-
date with the latest research and statistical methods to
analyze high-throughput biological data.




CONCLUSIONS

e CartograPlant is intended to serve as a community
resource for Plant Molecular Ecology.

* These flexible analytic workflows allow to analyze a
diversity of data types (e.g. SNPs, SSR) and
experimental designs (e.g. natural populations,
common garden) and facilitate a diversity of biological
questions in CartograPlant.

* Mega and meta-analysis take advantage of one of the
main strengths of CartograPlant: the curation and
integration of a diversity of data types (genotypic,
phenotypic and envrironmental) from different studies,
thanks to the metadata collection using ontologies and
standards.

e CartograPlant is continuously growing to stay up-to-
date with the latest research and statistical methods to
analyze high-throughput biological data.

* Having a centralized and up-to-date platform to
integrate, visualize and analyze high-throughput
biological data is key in the current big data era in
plant biology.
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