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geneGIS: Computational tools for spatial analyses of DNA profiles and associated
photo-identification records of whales and dolphins

Dori Dick!, Dawn Wright!2, John Calambokidis3, Jason Holmberg?, Erin Falcone3, Tomas Follett>, Debbie Steel>, Beth Slikas>, C. Scott Baker>

1Oregon State University, Corvallis, OR, 2Esri, Redlands, CA, 3Cascadia Research Collective, Olympia, WA, *Shepherd Project, Portland, OR, °Marine Mammal Institute, Oregon State UnlverS|ty, Newport OR
C E‘ AS Contact: dickd@geo.oregonstate.edu ureqon ota ' Marine Mammal

‘{ College of Earth, Ocean, and Atmospheric Scie = UNIVERS I“Stltute
« More large-scale studies of long-lived species (e.g., whales and dolphins) I. Tool Development II1I. Application Example
are now collecting spatially explicit records linked through individual
identification to genetic samples and photo-identification. . Are humpback whale populations in the Western Gulf
9 P P Python 2.7 Scripting Language Interfaced with ArcGIS 10.1 Toolbox of Alaska and Southeast Alaska different?
» Tool specific code developed [a"ion » Creation of new script tools
S— Export to:
e Spatially select records 1. GenAlEx (Peakall & Smouse 2006)
Cr— = S— 3 csvtofeature class 2. Genepop (Raymond & Rousset 1995;
22 ;The Iltlplifeaml‘egl?;s A Text(0 DW | 5" Export to GenAlex_CodominantData R t 2008
63 arameterl = arcpyGetParameteras Lext(0) File Geodatabase Lo... ~Folder %" Export to GenAlex_HaploidData ousse )
. 69 # Output Layer -- a temporary layer from which the selections are made. ET;::E::ZT | z:::ﬁ | \,' Export to Genepop
70 # NOTE: Th_isnﬁle is deltrate:fl automatically when the seript finishes q’ Select Data By Attributes
Zé Parameter2 = fempLayer ik cter shove Io “' Spatial Selection 0 Export to GenAlex_HaploidData
73 # Selection Type 1 -- The first selection must be a NEW_SELECTION o N
74 # This user input is required in order for the tool to run Parameter Properties Tgls Sﬁ}rflm F!xponsdagl;ﬁ:}tlcredgl sssss containing
75 Parameter3 = arcpy.GetParameterAsText(t) ¢ W | Proper ty :aluel : ;ﬂggﬂsa} qMSdEbv GenAlEx (Pe kd '1'0 nd Smouse
;2 # SQL expression 1 -- The string statement, in SQL code, that will be used to select Difziﬁﬂn I:Pq'-'L:rE ge aila bl fr ly el G AlE = e
- 78 # the desired records g:::h;':"'e to http fanarwy.anu.edu.au/BoZo/GenAlExS
79 Parameter4 = arcpy.GetParameterAsText(2) Ervironment Required Inputs:
Phylogenetic g(l) #Selection Type 2 - A second selection that can be either ADD TO_SELECTIONor | [ [l| | |* o
reconstruction: I Aol . P 82 # SUBSET SELECTION
A Mnof Bph2 E A.A.A-..T. 83 # NOTE: This selection is optional EF:SE;LUE::E?‘;??;eg%tﬁ:gs;gﬁé: choose = data pi,
95% B(t:est /—\ I - S;l Parameter5 = arcpy.GetParameterAsText(3) edi rameter Properties
DBphl\: 02 T, i 4 QOT ctatamant 7 __ Tha ctrina ctatamant in QOT ~nda that will ha ncad $a calant
o506 E Bph2
II. Data Input S e .
; Individual_ID Area HapCode Latitude Longitude OtherID 1 OtherID_2 OtherID_3 Date
_ ] L ] ] 420085 SEAK 2 58.2421 -136.1938 gSEA04-41505  Genetic 41505 6/26/2004 0
« Such spatio-temporal records are used to track individual migration and AL T
. . . . . . 430067 SEAK 2 57.1206 -134.689 gSEA04-41472  Photo/Genetic 43490  7/7/20040
life history parameters, to estimate the abundance and trends of IelieilE] Lef"le' Ll el D mEN 1 dmLssmeon medows Sm s
. . . . . . 1_ DNA Pro | e First Set: 583 samples, 337 unique individuals o 430185 SEAK 2 57.7548 -135.1177 gSEA05-52783  Photo/Genetic 52783  5/1/2005 0
populations and, in the case of genetic markers, to infer close kinship S : | g G oowmngeam s e oo
(e.g., parent/offspring relationships) and define management units, or . an | Sk 3 s besebuim Mot i Do
. ] . — — — — —— — _ '7”, St _”,,'an ; :L30288 SEAE 2 57.8398 -136.5075 gSEA04—415m3‘1 Photo/Genetic 41531 7/14 2004’(}
Distinct Population Segments. formated In the Spatially Referenced Genetic Data standardized format (SRGDicsv). ST e —
mtDNA  Locus Locus
- - - - - ivi ' ' ' Hapl 1. A1 1_A2
« There is a conspicuous absence of computational tools for the integration D e = mt DNA haplotype frequencies for:
and spatial exploration of individual records, particularly the potential for Reconcile and put into ||| 400t Photo 1/17/2005 12:12 wxm TERERS 206 -105.6 ) Wt BhfF cF Alaska ) Souffiesst Ak
. . . . . . . . . : ] Mainland
linking photo-identification to genetic information (e.g., DNA profiles) and Sta""(jggcglzjed fo)rmat 410001 Photo  1/31/2005 10:37 MXML "o 20721 10553 GenAlEx AMOVA results
. . . . . . . .CSV 640192 gOK06-63292 Photo 2/13/2006 14:19 Asia-OK  Okinawa  26.753 127.64 M El 206 218
for eXtendlng genetlc |dent|ty to include close klnShlp. 640192  gOKO06-63292 Photo/Genetic  2/13/2006 10:53 Asia-OK  Okinawa  26.685 127.692 M El 206 218 (Fsr = 0.197, p = 0.01)
640192  gOK06-63292  Photo 2/13/2006 15:16 Asia-OK _ Okinawa __ 26.731 127.609 M El 206 218 indicate the populat|ons
are significantly different
based on their mtDNA

( )I ; I ( : I E 700001 gAR04MR-037  Genetic 2/23/2004 12:45 MX-AR Revillagigedo 18.74 -110.97 F El 214 218
\] I V S @ PhotoID Only PhotoID & DNA Profile DNA Profile Only
=0 csv to feature class 7 120°0'E '

,, l:orth 1}:;§iEfic Ht:r;?l?ack Whale Sightings from SPLASH* h a pl OtypeS .
« To enhance understanding of cetacean population structure, ecosystem
relationships, and predictive models of human impact we are developing Import into ArcGIS 1[_ntDNA h_aP'OtYPeh
and implementing geneGIS— a geographic information system feature class Ha-haskiittiig
architecture and toolbox to facilitate visual exploration and spatial n o EEE B
analyses of individual-based records from DNA profiles and photo- A+ A- A3 A4 A5 E1 E2 E3 E4 E5 E6 E7 E14 F2 F4
identification.
« Specifically:
i gp:t::: :);';:O;aegon and selection . geneGIS provides a quantitative approach to conservation priorities by mapping * Although geneGI5was developed to enhance our understanding of the spatial
4 tha o ortyto tormats reauired by other denetic analvees software spatial data and relevant attributes (e.g., sex, mtDNA haplotype, microsatellite relationships between marine mammals and their environment, we envision
P qd Y g Y alleles), improving our ability to study the influence of the seascape on the _functlonallty of geneGISto extend to other taxa in terrestrial and aquatic
 We demonstrate the utility of geneGIS using SPLASH, a collated database population structure. environments.
of humpback whale (Megaptera novaeangliea) records in the North . This is critical to understanding, minimizing, and predicting the impacts of * Future developments include tools to identify and connect individuals between
Pacific (Barlow et al. 2011) with more than 8,000 naturally marked anthropogenic seascape alteration and global climate change on marine regions and to extract values from input environmental layers (e.qg.,

individuals and 2,700 associated DNA profiles including 10

biodiversity. bathymetry, sea surface temperature).
microsatellites, mtDNA haplotypes, and sex.

***We are seeking access to additional individual-based genetic and photolID datasets
from other species and populations to test tool functionality.

« geneGISis accessible to molecular ecologists who want to visualize and

« Tools for geneGIS are under development in two different environments: discover spatial patterns in their data. Please contact Dori Dick for more information. %
1. Python 2.7 and ArcGIS 10.1 via ArcToolbox
2. Java-based, web interface supported by the Shepherd REFERENCES | o | o ACKNOWLEDGEMENTS
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