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Computer based system that allows to capture, store,
manipulate, analyze, manage, and visualize all types of
spatial information and associated attributes

Hardware
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GIS applications (such as DIVA-GIS) allow users to create combined
queries (user-created searches), analyze spatial information, edit
data in maps, and present the results in tables or maps.

GIS can relate unrelated information deriving from “real”
physical locations by using location as the key index variable.

This key characteristic of GIS enables scientific inquiry and has
many applications (Biology, ecology, environmental sciences, forest
science, geology, engineering, transportation/logisitics, archeology,
geography, agriculture, urban planning, atmospheric sciences,....... )

GIS is much more than a tool to make nice maps for reports, it
is a tool for spatial analysis!
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Geographic Information System (GIS)

Development in recent years:
- Generalized access to GPS -> more georeferenced data
Faster processors -> more complex analyses
Growing amount of data and hard disk capacity -> use of more detailed maps and data
(e.g. climate)
General access to internet -> exchange of data and maps

GIS and Genetic Resources:

Answers to important questions can be obtained with the use of GIS:
- What is the conservation status of priority species?

Where are the areas with highest diversity?

How to formulate optimal in situ conservation strategies?

Which accessions perform best where?

Are there any significant gaps in current collections?

How can diversity be used in climate change adaptation strategies?
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_ GIS file formats




A GIS file format is a standard of encoding geographical
information into a file

- Vector format

- Raster format

-
-n
m|mm(m

Raster

International



GIS file formats

Vector: Different geographical features are expressed by different types

of geometry

* Points T
Zero-dimensional points used for geographical 2 > -
features that can best be expressed by a single S e ™
location (e.g. samples)

e Lines = = ™ 4

One-dimensional lines or polylines used for linear
features such as rivers, roads, railroads, trails,
and topographic lines.

* Polygons

Two-dimensional polygons used for geographical
features that cover a particular area, such as
lakes, admin boundaries, ecological zones,
protected areas etc.

Real World
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Raster: Consists of a matrix of cells (or pixels) organized in a grid
where each cell contains a single value representing information.
Raster files usually derive from digital aerial photographs, satellites

Images or scanned maps.

Extent: size of area

Resolution: size of one cell

Approximate size of Geographic Units
(close to the equator)
Degrees Size
30 seconds 1km
2.5 minutes 5 km
5 minutes 9 km
10 minutes 18 km
1 degree 111 km

nnnnnnnnnnnnn



_ Georeferenced data




Latitude and Longitude:
- Meridians (latitude) and parallels (longitude)
- Prime Meridian (Greenwich) and equator
- 180/360 degrees, 60 minutes, 60 seconds

Formats:
- degrees, minutes and seconds + hemisphere:
DD°MM’'SS” : 12°20'15” S
 decimal minutes: DD°MM.MMMM’: -12°20.25’
- decimal deqrees: DD.DDDD: -12.3375

Decimal degrees = [(Degrees (°) + Minutes (‘) / 60 + Seconds (*) / 3600)] * H
H =1 when the coordinate is in the Eastern (E) or Northern (N) Hemisphere
H=-1when the coordinate is in the Western (W) or Southern (S) Hemisphere

Watch out for lists of coordinates
12°20'15" S #-12.2015 (= 12°12°05" S) with decimals always < .59

-12.2015 # 12.2015
2
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UTM: Universal Transverse Mercator
- metric-based Cartesian grid
- 60 zones/projections (180 x 800 km)

Advantage: low distortion: easy to calculate distances

UTM Zone Numbers
010203 0405 06070808 10 01 12 191414616 17 16 10 0212009 625 6 7262000 3190 T 04389607 9030 d0 414249 4 6 46 47 404050 5150 50 545486 67 56 50 0
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Datum

How to represent earth as simple geometric volume (ellipsoid )
Datum: Definition of used ellipsoid (reference ellipsoid)
Check! Standard: WGS 84 (World Geodetic System)!

Reference
Ellipsoid

Geoid

refarence ellipsoid

.':_- oy : $
A A ‘ =~ Equator

Pole
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Projections

How to represent 3D as 2D

Map/projection properties:
- Area

. Shape

- Direction

« Distance

Distortions

Don't worry!

Mercator Projection Gall-Peters Projection

Miller Cylindrical Projection Mollweide Projection

Goode's Homolosine Equal-area Projection

Sinusoidal Equal-Area Projection Robinson Projection
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Data collection
Possible data sources:

Maps

GPS

GpS 315

GeoNames GEOL t (d" |
The GeoNames geographical database covers all countries and contains over eight
\ ) million placenames that are available for download free of charge.

A Platform for Georeferencing Natural History

Collections Data
For Users:

Gazetteers CAPHT

+ Overview
+ GEOLocate Web Application
salzbur ‘ all countries +  Collaborative Georeferencing
g ‘ + GEOLocate 3 xx (standalone)
search || show onmap | [advanced sezrch] e
ucation & Outreac

enter a location name, ex: "Paris", "Mount Everest”,"New York™ For Developers:
SOAP Services

JSON/GeolSON
Embeddable Web Client
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Georeferenced points + attributes

Passport data

« Administrative data

- Detailed site description
- Coordinates!
- Status of sample

Taxonomy etc.

Characterization data

- Morphologic properties (GxE)

- Molecular marker data
- Standards/comparability!
- Crop specific

Evaluation data

« Performance data
« GxE

MULTI-CROP PASSPORT DESCRIPTORS

1. Institute code

FAQ WIEWS code of the institute where the accession is maintained. The codes consist of the 3-
letter 1SO 3166 country code of the country where the institute is located plus a number (8.9.
COLO01). The current set of institute codes is available from
http:/fapps3.fac.org/wiews/wisws.jsp. For those institutes not yet having an FAO Code, or for
those with 'obsolete’ codes, see 'Common formatting rules (v)'.

(INSTCODE)

2.  Accession number

entered into the genebank collection (2.g. ‘PI 113869°).

This is the unigue identifier for accessions within a genebank, and is assigned when a sample is

(ACCENUMB)

3.  Collecting number

Original identifier assigned by the collector(s) of the sampl
initials of the collector(s) followed by a number (e.g. 'FMS9
identifying duplicates held in different collections.

Crop Ontology Curation Tool

e [l o e e

Q The Crop ontology is a service of the Integrated Breeding Platiorm
Guidelines are available at the Crop Ontology wiki; list of crop ontology codes and obo files are on the GCP Pantneon
Check Semantics for Biodiversity web site
New icons appearing on the homepage next to each ontolegy, will et you downlead the ontology in RDF/Turtie format,
Workshop on Crop Ontology and Phenotyping Data Interoperability, 31 March-4th April 2014, Montpellier htip-/finy|

Search Add New Terms. API Help Agtrials Ann|
| 0B

# General Germplasm Ontology # Location and Environment|

FAO/IPGRI Multi-Crop Passport Descriptor £7 terms Country and Location 1112 terms g

FAO/IPGRI Multi-Crop Passport Descriptor Describes official ISO 3166-1 alpha-2, alpl
along with location names.

Germplasm 386 terms [ =4
germplasm Crop Research 256 terms

Describes experimental design, environm
ICIS germplasm method 165 terms SR 4 associated with the crop study/experimen

ICI$ germplasm methods
# Plant Anatomy & D P

# Phenotype and Trait Ontology

Banana Anatomy 149 terms.
Banana 52 terms % Banana Anatomy
Banana beta version

Plant Ontology 1710 terms  [Sarace]
Barley Trait Dictionary 76 terms @ ﬁ The Plant Ontology describes plant anato

development for all plants. The goal of the|
framework for meaningful cross-species of
phenotype data sets from plant genomics

ICARDA - Trait Dictionary Version Beta

Barley Trait POLAPGEN Ontology 148 terms [[50 =2
Barley Trait Ontology 6 June 2013 submitted hy the Insfitute of Plant

(COLLNUMB)

§°' Core descriptors for
(e \ INSitu c%ws?r\/atlon of
Bleversity Crop Wi relatives V. 1

Imke Thormann, Adriana Alercia, Mohammad Ehsan Dulloo
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Errors are unavoidable, how to deal with them ?
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T
Project Data Layer Map Analysis Climate Grid Stack Tools Help
| Dl @la|o|alal o]« ol +] x| 5lmele]=
s identiy =1o| x| :
-
s |-49_5?034 5 |e_9?935
zhp zpecie |
" Check Coordinates —Rec1of1
Optionz  Points outside all polygons | Paints da not match relations | Paints do nat match with 3, | Laver: shp species_lat_long_49365
MoReg [ [ |FamiLy [MamE |LaTDE )
a7 £36833 115833 FRubiaceas Alibertia edulis 11.583] || PAMILY: Fublaceas
75 BI7EE7 115 Fiubisceae Hlibertia edulis 115 NaME: Alibertia edulis ﬂ o8-
387 -83.75 11.9333 Fubiaceae Alibertia edulis 11.933 LATDEC: 3.0528 =10l
388 8365 115667  Fubiaceae Alibertia eduls 11.566] ||LOMGDEC: -43.6417 d ek mtch i, | .
394 837667 120167 Fubiacese Alibetia eduls 12mey || ELEY_M: —
398 435417 Rubiaceas Alibertia eduls o528 ||COUMTHRY: Panama 3
409 -78.5833 Fubiaceas Alibertia edulis 94333 ::z
513 -61.99 Sapindaceae Allophwlus eduliz -£1.54 ::z
jataia) -47 67 Sapindaceae Allophyluz eduliz -24.92 lis
el -123.4583 487 Fosaceas Amelanchier alnifolia 487 ::::z .
623 1226167 485333 Fosaceas Amelanchier alnifolia 48533 1 ainifolia
g3 1234583 487 Fosaceas Amelanchier alniflia 487 ramiole .
B56 1226167 485333 Fosaceas Amelanchier alnifolia 48533 _»l_l
703 -36.0833 92.87 Fosaceas Amelanchier arborea 92.87 E=
721 325333 92.72 Rosaceas Amelanchier arborea 9272
;S; ;:II g; :12:33 Eosaceae :me:anc:?er arl;orea j:ll ;gg !I:I!H! _ = I O I il J MM
-71. . 0saceae melanchier alborea . =
763 360833 9287 Rosaceae Emelanchier arborea 527 | % | 6365002 v [11.58004 o
Fil 325333 9272 Rosaceas Amelanchier arborea 9272 ° -
a7 7125 41.5833 Rozaceas Amelanchier atborea 415831 zhp zpecie |
858 -71.25 41.5833 Rosaceas Amelanchier arborea 41.583 .
BEa 360833 9287 Rosaceas Armelanchier stborea 9287 | [_AecZofd
a7 325333 92.72 Rosaceas Amelanchier arborea 9272 Layer: shp species_lat_long_49365
936 9.42 0.4a Anacardiaceas Anacardium occidentals 048
937 9.42 0.4a Anacardiaceas Anacardium occidentals 048 FaMILY: Anacardiaceaes
928 2.3 832 Anacardiaceas Anacardium occidentals 832 MNAME : Anacardium occidentale ﬂ
100 -71.25 41.5833 Rosaceas Amelanchier arborea 41.583 LATDEC: 11.52
1011 -71.25 41.5833 Rosaceas Amelanch?er arborea. 41.583 LOMGDEC: -83.65
1022 £4.68 47.82 Rosaceas Amelanch?er bartr.amlana 47.82 ELEY M: 10 |
1063 -71.25 41.5833 Rosaceas Amelanch?er Iaev?s 41.583 COUNTRY: Micaragua ﬂ ——
1092 -71.25 41,5833 Rozaceas Amelanchier lagviz 41,583 —
1115 -71.25 41,5833 Rosaceas Amelanchier lagvis 41.583 22:2::::: |
1150 9365 11.58 Anacardiaceas Anacardium occidentale 11.58 ccidentale
1151 H2.78 11.28 Anacardiaceas Anacardium occidentals 11.88 :EZ;::
1152 H2.75 12 Anacardiaceas Anacardium occidentals 12 anramiana
1191 83.917 8.5 Anacardiaceas Anacardium excelsum 2.5 e
1293 778 g.22 Anacardiaceas Anacardium excelsum 822 .
1300 778 g.22 Anacardiaceas Anacardium excelsum 822 ccidertale
13mM 773 822 Anacardiaceas Apacardium exoelsum 8.22 Jocidentsle ;';I r
1an2 779 e Anarardiareas Amarardiom exeealzam el 3
Flou: 62 of 1681 Highlight |~ PanTa |[ZoomTa ] Esport | - =
Fow: 35 of 1681 Highlight Pan To Zoom To E xport e - _.|_|
[, Ident ilElll' ‘S(a\el 1828221 | Y Data fImage /
X
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Identification of atypical points

112 walid, non-duplicate, obzervations (out of 144)
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Errors

Errors are unavoidable, how to deal with them ?

- Source data (field book)

- Information by collectors

Importance of
proper documentation

Decision:
Eliminate or correct ?

Collecting Missions 5
Files Repository qﬁqm,

@
cg) %
SGRP

Collecting Missions Documents
Results of the query [permalink]

Click on the itemns of the results list to view the metadata and download the PDF file.

Go back to the search mask

Title
Eﬁ Collecting Mission to Mauntius and Rodriguez (CN317Report.pdf)
E# Collecting Mission to Mauritius and Rodriguez (CN317AccessionVouchers.pdf)

@:’ Collecting Mission to Mauritius and Rodriguez (CN3175ummaryForms.pdf)

Modified
Jan 31, 2012

Jan 31, 2012

Jan 31, 2012
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_ Additional data
sources




#  GBIF.ORG http://lwww.qgbif.org/

GBIF Free and Open Access to Biodiversity Data

International data providers’ networks (established in 2001) that shares
biodiversity data without any cost

Plantae, Animalia, Fungi, Bacteria, Viruses (516,757,748 records)
with coordinates: 448,781,964

Example:

Plant records in Mauritius
6,276 records

4,835 georeferenced sites
(quality control!!!)



http://www.gbif.org/

https://www.genesys-
Gateway to Genetic Resources E‘qr.orglwelcome

CGIAR initiative to group all the information from crop genebanks
Mainly crops (important)

Accession level information (including characterization data)
2,802,770 accessions

Example:

Plant records in Mauritius
315 records

[ georeferenced sites
(quality control!!)



https://www.genesys-pgr.org/welcome
https://www.genesys-pgr.org/welcome
https://www.genesys-pgr.org/welcome

J:a\ Collecting

ot

(= ) Missions http://bioversity.github.io/geosite/

Access to original passport data of germplasm samples collected around
the world during Bioversity International supported missions

Plant records (220,000 records)
with coordinates: 150,000

Example:

Plant records in Mauritius
47 records
47 georeferenced sites Wy
(quality control!) i
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http://bioversity.github.io/geosite/
http://bioversity.github.io/geosite/
http://bioversity.github.io/geosite/




Highland Papayas (Vasconcellea spp.)

Species richness Species diversity

(Shannon)
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Highland Papayas (Vasconcellea spp.) Species diversity

Additional species




Cherimoya (Annona cherimola) Allelic diversity

Additional alleles




Collection gap analysis

Highland Papayas (Vasconcellea spp.)

Observed species richness

Modeled species richness

Potential collection gap

oy
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Wild and rare chilli species (Capsicum flexuosum)
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Threat analysis

Wild walnut (Juglans regia)
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Georeferenced data contain much unknown or hidden
information

Importance to georeference (and carry out quality control)

The quality of the analysis depends much on the amount
(and quality) of the data: importance to integrate data (at
regional / global levels)

GIS: be careful in the interpretation of results (there are
always results!)

How can we better integrate intraspecific diversity data into
spatial analysis?

International






GIS software developed by CIP, Bioversity, and Berkeley University with
support from FAO, USDA, SINGER, BMZ, and SENASA.

Emphasis in mapping and spatial analysis of diversity

Tools to check/correct data

Works with vector (shp) and raster (grd) data

Includes climate data and runs the BIOCLIM and DOMAIN niche models
Includes a tutorial handbook with exercises to learn how to use it

DIVA-GIS

free, simple & effective

http://lwww.diva-gis.org
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http://www.diva-gis.org/
http://www.diva-gis.org/
http://www.diva-gis.org/
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www.bloversityinternational.org
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