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METHODS
Taro samples and GBS

• Sampled 189 non-hybrid (“pure”) and hybrid taro individuals

• GBS done with PstI endonuclease, single-end Illumina sequencing, and TASSEL 

(Bradbury, et al. 2007)

• Visualization 3D plot made with R (https://www.r-project.org/) and all 189 samples

• SNP counts / population analysis done on 70 “pure” samples

UNEAK vs. pseudo-reference GBS runs

• UNEAK reference-free GBS pipeline run through TASSEL and used all 189 samples; 

results for a subset of 70 “pure” samples was used for SNP counts / population 

analysis

• Reference-based GBSs were done with TASSEL using bowtie2 (Langmead and 

Salzberg 2012) and a pseudo-reference

• GBS pseudo-reference: GBS sequencing reads from 95 samples (single GBS plate 

including the “pure” 70) were assembled using IDBA-UD (Peng, et al. 2012)

• RAD+GBS pseudo-reference: RAD-Seq (Davey and Blaxter 2010) paired-end reads 

for 2 samples and GBS reads from the 189 samples were assembled using IDBA-

UD

• Transcriptome pseudo-reference: paired-end Illumina RNA-Seq available through 

NCBI (You, et al. 2015) were assembled using Trinity (Grabherr, et al. 2011); only 

longest isoforms were used

Population assignments using Structure

• Structure (Pritchard, et al. 2000) was run on the 70 “pure” samples over K clusters 2 

through 9

• Structure Harvester (Dent and vonHoldt 2012, Evanno, et al. 2005) was used to 

select the median/mode optimal K clusters

• Clumpak (Kopelman, et al. 2015) was used to visualize population assignments and 

admixture

• Initial group assignments in visualizations set to morphological classifications made 

by Whitney, et al. 1939

Trees

• Phylogenetic trees were constructed for each dataset with RAxML (Stamatakis 2014)

• Based on the GTR+G model and 250 bootstrap replicates
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• GBS with a pseudo-reference increases total # SNPs

• GBS with RAD+GBS or transcriptome pseudo-

references improves quality of SNPs

• Hawaiian taro cultivars fall into 5 to 6 generally well 

supported clades

• Most clades are consistent with morphological 

classification (Ulaula, Manini, Lauloa, Kai)

• Some groups are not supported genetically (Piko) or 

more inclusive than suggested by morphology 

(Lehua)

piko
(junction of 
petiole and 
blade on
upper 
surface)

ka‘e lau
(edge of 
leaf)

a‘a lau
(midrib and 
veins)

mahae
(leaf sinus)

lau or lū‘au

(leaf) ‘ao lū‘au or mahola

(unexpanded, rolled leaf blade)

hā
(petiole
or leaf 
stalk)lihi māwae

(sheath edge)

māwae
(petiole sheath)

kōhina
(top of corm;
cut to form 
huli)

‘a‘a‘a
(fibers)

‘ili kalo
(skin of corm)

‘I‘o kalo
(flesh of corm)

cross-section
of kalo

huluhulu
(roots)

kalo
(corm)

Taro (Colocasia esculenta) is a food staple in 

the Pacific. In Hawaii, 84 cultivars of taro have 

been classified using morphological features 

(Whitney, et al. 1939), but genetic relationships 

between cultivars are unknown. Here, Hawaiian 

and Pacific cultivars are analyzed for single 

nucleotide polymorphisms using genotyping-by-

sequencing (GBS) protocols (Elshire, et al. 

2011). Since taro lacks a reference genome 

sequence, we employed pseudo-reference 

genomes to evaluate SNP diversity. We found 

that our pseudo-reference genome methods 

yielded a greater number of SNPs relative to the 

reference-free UNEAK (Lu, et al. 2013) GBS 

method. Results for 70 “pure” (expected non-

hybrid) taro are used to explore relationships 

between morphological and genomic 

characteristics.

Phylogenetic analyses
(transcriptome dataset with minor allele frequency ≥ 10%; size of 

grey circles corresponds to bootstrap support values 50–100%)

Population classifications
(minor allele frequency ≥ 10%; K clusters = 7; 

groups as described in Whitney et al., 1939)
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classifications)
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Cladograms on the right show phylogenetic relationships between 

groups based on each dataset. Relationships supported by less than 

50% of bootstrap replicates are indicated by polytomies (between 

groups) and dashed lines (within groups). The RAD+GBS and 

transcriptome-based datasets provided better resolved trees, 

measured visually and by average bootstrap support.
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http://www.ctahr.hawaii.edu/Site/Taro.aspx
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