
Genotyping by sequencing of onion (Allium 
cepa L.) for SNP marker development

J.A. Labate1, J.C. Glaubitz2, and M.J. Havey3

1USDA-ARS, Plant Genetic Resources Unit, Geneva, NY 14456
2Institute of Biotechnology, Cornell University, Ithaca, NY 14853

3USDA-ARS, Vegetable Crop Research Unit, Madison, WI 53706
NOA/NARC/IARS, Madison, WI, July 24 – July 27, 2019

 Materials and Methods 
GBS was performed on two replications of DNA from 46 F2 
lines, the original parents of the F2 family (Alisa Craig 43 
and Brigham Yellow Globe 15-23) from USDA-ARS 
Vegetable Crops Research Unit, two doubled-haploid lines 
(DH2107, DH2110) from Cornell University and 94 USDA 
NPGS accessions.  GBS libraries were prepared using the 
restriction enzyme EcoT22I and assayed in 96-plex format 
using standard protocols (Elshire et al. 2011). SNP calling 
was performed using TASSEL 3.0 Universal Network 
Enabled Analysis (UNEAK) bioinformatics pipeline, which 
does not require a reference genome (Lu et al. 2013).  
Sequences from the DH lines and F2 samples were used 
to construct a pseudo-reference genome.  Over 70,000 raw 
SNPs were scored.  Quality filters were then applied to 
SNPs as follows:  not heterozygous in any DH line, minor 
allele frequency greater than or equal to 30%, minimum 
genotypic read depth of 7, maximum missing data of 10%, 
and goodness-of-fit to the expected 1:2:1 segregation ratio 
for an F2 family.  Using all sequenced samples, tags with a 
minimum number of ten reads were aligned against the 
pseudo-reference genome of 530 concatenated, non-
redundant tags.  Novel SNPs that did not align because 
they were not found in the F2 family were quality filtered to 
yield a total of 1,006 SNPs.  Further filtering of gap, tri-
allelic and sites heterozygous in the DH lines gave 895 
total SNPs.

Onion (Allium cepa L.) is not highly tractable for 
development of molecular markers due to its large (16 
gigbases per 1C) genome size.  Single nucleotide 
polymorphisms (SNPs) are useful for genetic 
characterization of onion due to codominance and common 
occurrence in elite germplasm.  We completed genotyping 
by sequencing (GBS) to identify SNPs in onion using DNAs 
from 46 F2 plants, parents of the F2 plants (Alisa Craig 43 
and Brigham Yellow Globe 15-23), two doubled haploid 
(DH) lines (DH2107 and DH2110), and 94 USDA National 
Plant Germplasm System (NPGS) accessions representing 
27 countries.  SNPs were called using the TASSEL 3.0 
Universal Network Enabled Analysis (UNEAK) 
bioinformatics pipeline and sequences from the F2 and DH 
plants were used to construct a pseudo-reference genome 
against which genotypes from all samples were scored 
using custom scripts.  Bioinformatics filters were used to 
identify a set of 895 high quality SNPs.  Genetic diversity, 
inbreeding, and population structure related to 
geographical origins were analyzed.  GBS appears to be 
promising for SNP discovery in onion, although lack of a 
reference genome required extensive custom 
bioinformatics analyses to identify high quality SNP 
markers.

 Results and Interpretation

Fig. 1. Principal coordinates analysis of 895 SNPs x 94 onion samples from 27 countries 
showed that most of the genetic variation was shared among the three categories Asia, 
USA and other.  PCoA1, PCoA2, and PCoA3 explained 5.8%, 2.6% and 2.2% of the 
variation, respectively and 10.6% cumulatively.  Eleven  samples marked by the ellipse 
originated from Afghanistan, China, Iran, Iraq, Pakistan, Russia, Tajikistan, Turkey and 
Uzbekistan.

 Conclusions 
Use of an F2 mapping population and DH lines greatly 
facilitated SNP marker development and genotyping of 94 
onion accessions.  Although Asia is the center of diversity, 
results showed that Asian diversity has been well-captured 
globally, and particularly in the USA.  A fraction of the Asian 
samples were divergent along PCoA coordinates 1 and 2, 
implying that some unique genotypes are available to 
further increase variation in USA and other germplasm 
pools.
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Table 1.  Genetic diversity estimates (Peakall and Smouse 2006) of 895 SNPs x 94 onion 
samples categorized by geographical origin.  Expected heterozygosity = average 
heterozygosity if two alleles are sampled from the population at random.  Observed 
heterozygosity was similar across groups at approximately 12% -14%.  Expected 
heterozygosity was also similar at 23%, suggesting that the USA and “other” samples have 
captured much of the genetic variation from Asia, the center of origin.


