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Abstract
In Uruguay, onion (Allium cepa L.) germplasm is mainly derived from the genetic material

introduced by several waves of European immigrants and subsequently multiplied by house-

hold farmers, resulting in a wealth of locally adapted populations. This study examined the

genetic diversity in a collection of 27 local onion populations and two cultivars derived

from them. A total of 843 onion plants were fingerprinted, and 83 inter-simple sequence

repeat polymorphic bands were generated. Analysis of molecular variance showed high diver-

sity within the populations (66% of the total variation). Some short-day populations from

different geographical origins were grouped together by the unweighted pair-group method

using arithmetic averages, principal coordinate analysis and cluster analysis, while the more

extensively sampled long- and intermediate-day populations showed a widespread distri-

bution, with no significant subgrouping among them. This weakly structured gene pool

is probably the consequence of seed and bulb exchange between farmers and natural inter-

pollination. Nevertheless, a Bayesian analysis allowed the distinction of four genetic back-

grounds of alleles in the whole collection, and populations were predominately assigned to

each genetic background. In addition, mitochondrial variants determining normal (N) pollen

fertility or the sterile S or T types were analysed for the same set of plants using specific

primers. Most accessions showed a proportion of male-sterile individuals. Cytoplasm type T

was the most represented (26 out of 29 accessions), and cytoplasm type S was found in a

low proportion of individuals in seven populations. Uruguayan onion germplasm maintains

a low degree of genetic differentiation despite the small cultivated area and intense seed

exchange, probably due in part to different market purposes based on the growing cycle.
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Introduction

Landraces or local varieties arise from the process

of multiplication, selection and conservation of seeds

by farmers and their communities (Zeven, 1998). The

genetic structure of landraces results from a complex

interaction between natural evolutionary processes and

farmer management practices (Brown, 1978; vom Brocke

et al., 2003; Pusadee et al., 2009; Rabbi et al., 2010).

Farmer practices may either reduce within-population

variability by seed or plant selection, or increase it by

seed exchange (Parzies et al., 2004). In turn, seed exchange

may reduce genetic differentiation among landraces, while

selection and local adaptation may increase it.* Corresponding author. E-mail: pasp@fagro.edu.uy
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Bulb onion (Allium cepa L.) is one of the most

important vegetable crops, after tomato (Shigyo and

Kik, 2008). It is an outcrossing, biennial diploid

(2n ¼ 2x ¼ 16), which is highly susceptible to inbreed-

ing (Brewster, 2008). In Uruguay, onion was introduced

by European immigrants and subsequently multiplied by

household farmers. Today, local varieties many times

outperform the introduced varieties in yield, post-

harvest keeping ability and field resistance to specific

diseases (Galván et al., 1997; Galván et al., 2005). For

this reason, local varieties have been the basis of suc-

cessful recent cultivar development by public breeders.

As the process of substitution of cultivars for landraces

accelerates (Vicente et al., 2010, 2013), it is imperative

to collect, characterize and conserve local germplasm

for future use.

Onion is grown in two main geographical regions

in Uruguay; each region specializes in a particular

production system, cropping and harvesting seasons.

Short-day (SD) and intermediate-day (ID) varieties are

preferably cultivated in the northern and western

regions of the country, whereas some ID and long-

day (LD) varieties predominate in the southern

region, mostly in the department of Canelones. Local

onion seed is produced by a seed–bulb–seed method

(González et al., 2011). At the end of the first year,

onion bulbs are harvested and stored under commercial

conditions until the following cropping season. Usually,

bulbs are phenotypically selected by farmers according

to their preferences and market demands. Then, in the

second year, the selected bulbs are planted again for

seed production. This process provides several oppor-

tunities for both natural and artificial selection.

A number of different studies have addressed genetic

diversity in onion using molecular markers (Bark and

Havey, 1995; Bradeen and Havey, 1995; Cramer and

Havey, 1999; Kutty et al., 2006; Baldwin et al., 2012;

Mallor et al., 2014). We selected inter-simple sequence

repeats (ISSRs) because they produce highly poly-

morphic band patterns, such as random amplified poly-

morphic DNA (RAPDs), but are more reproducible

because of the longer length of their primers (Bornet

and Branchard, 2001), and they have successfully been

used in onion and related species (Smolik et al., 2007).

Male-sterile individuals have been observed in some

onion landraces (Galván and Sollier, 1994). There are

two sources of cytoplasmic male sterility (CMS) used

for hybrid production in onion (Havey, 2002), which

can be identified to provide additional genetic infor-

mation (Leite et al., 1999). In this study, we examined

the overall structure of the genetic diversity within a set

of 27 onion populations and two released cultivars

derived from them in Uruguay, using ISSR and CMS

marker polymorphisms.

Materials and methods

Plant material

A total of 843 individuals from 27 local onion populations

and two Uruguayan cultivars derived from them (‘Panta-

noso del Sauce CRS’ and ‘Naqué’) were evaluated. Most

populations were collected in the period 1987–1999

(Galván et al., 1997; González Idiarte and Vilaró, 1999),

and preserved at the Germplasm Bank (Facultad de Agro-

nomı́a). Of these local populations, three were collected

from the northern region of the country, two from the

central region of the country and the rest from the

southern region (Table 1 and Fig. 1). These local popu-

lations and cultivars were classified, based on their

photoperiodic responses, into three varietal types: SD,

ID and LD (Table 1). Fully developed leaves from 27 to

30 individuals of each population were sampled at

random and stored in hermetically sealed bags with

silica gel for DNA extraction. Total genomic DNA was iso-

lated from dried leaves using the standard cetyltrimethyl

ammonium bromide (CTAB) method (Doyle and Doyle,

1987). DNA quantity and quality were verified by electro-

phoresis in 1% agarose gel.

ISSR analysis

A total of ten ISSR primers were tested during an initial

screening of two randomly selected individuals from

each accession. The primers (CTTCA)3 and (CT)8GG

were selected for further analyses. Polymerase chain

reactions (PCRs) were carried out in a 25ml mix contain-

ing the following reagents: 1 £ commercial buffer,

1.5 mM MgCl2, 1.7 units of Taq DNA polymerase (Invitro-

gen, Carlsbad, Ca), 0.15 mM dNTPs and 1.25mM primer.

DNA was amplified using a Thermo Electron Corporation

Px2 (Milford, CT, USA) thermal cycler, and by the follow-

ing conditions: an initial denaturation step at 958C for

5 min, followed by 38 cycles of 948C for 1 min, the

annealing temperature for 1 min, and 728C for 2 min

and 30 s, followed by a final extension step at 728C for

5 min. The annealing temperature was set at 588C in the

first cycle and was decreased by 18C per cycle for six

cycles, followed by 32 cycles at 528C. Amplification

products were separated by electrophoresis on 1.5%

agarose gel at 6 V/cm, stained with ethidium bromide,

and photographed on a UV transilluminator.

Cytoplasmic determination

Cytoplasmic determination was carried out for the same

individuals and populations used for ISSR analysis with
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the primer combinations reported by Kim et al. (2009).

PCRs were performed in a 10ml volume containing:

1 £ commercial buffer, 0.2mM forward primer (Mk-F:

50-CATAGGCGGGCTCACAGGAATA-30), 0.2mM reverse

primer 1 (Mk-R1: 50-AATCCTAGTGTCCGGGGTTTCT-30),

0.2mM reverse primer 2 (Mk-R2: 50-CAGCGAACTTTCAT-

TCTTTCGC-30), 0.2ml dNTPs (10 mM each), and 0.5 U

Taq DNA polymerase (SBS, Shaghai, China). The amplifi-

cation conditions consisted of an initial denaturation step

at 948C for 5 min, followed by 40 cycles at 948C for 30 s,

608C for 30 s, and 728C for 90 s, and a final extension

step at 728C for 10 min. The amplification products

were further analysed by electrophoresis as described

in the ISSR analysis.

Analysis of diversity and population structure

For the ISSR analysis, gel images were digitally processed,

inverted and analysed with CrossChecker 2.91 software

(www.plantbreeding.wur.nl/UK/softwarecrosschecker.

html). Amplified bands were scored as presence (1) or

absence (0), and the resulting binary matrices were

analysed with the GENALEX 6.4 package for MS Excel

(Peakall and Smouse, 2006). The Shannon diversity

index (H’) was calculated for each population as follows:

H 0 ¼ 2
Xni

N
ln

ni

N

where ni is the number of individuals in population i and

N is the total number of individuals. The percentage of

polymorphic bands (PPB) for each population was also

calculated.

To assess the structure of genetic diversity within and

among the populations, four complementary approaches

were used: an analysis of molecular variance (AMOVA),

an unweighted pair-group method using arithmetic aver-

age (UPGMA) cluster analysis, a principal coordinate

analysis (PCoA) and a Bayesian model-based clustering

method.

The AMOVA was used to describe the genetic structure

and variability within and among the populations using

the GENALEX 6.4 package (Peakall and Smouse, 2006).

Nei’s genetic distances among the populations, bootstrap

Table 1. Accessions, origin, harvest date (cycle) and individuals sampled for the 27 local onion populations and two onion
cultivars derived from them in Uruguay

Accession no. Population no. Origin Harvest datea No. of sampled plants

UR9101 1 Canelones Late December (IDb) 30
UR9102 2 Canelones Late December (IDb) 30
UR9103 3 Canelones January (LD) 30
UR9104 4 Canelones January (LD) 28
UR8903 5 Canelones Late December (IDb) 30
UR19101 6 Canelones November (SD) 29
UR9704 7 Soriano Early December (IDa) 29
UR9702 8 Paysandú Early December (IDa) 30
UR9718 9 Canelones November (SD) 30
UR9720 10 Canelones Early December (IDa) 30
UR9706 11 Soriano Late December (IDb) 30
UR9727 12 Paysandú Early December (IDa) 30
UR9729 13 Salto Early December (IDa) 30
UR8710 14 Canelones January (LD) 30
UR8901 15 Canelones January (LD) 30
UR8701 16 Canelones January (LD) 30
UR8709 17 Canelones Late December (IDb) 30
UR8902 18 Canelones January (LD) 30
UR8815 19 Canelones January (LD) 29
UR8823 20 Canelones January (LD) 30
UR8703 21 Canelones January (LD) 30
UR8819 22 Canelones January (LD) 30
UR8907 23 Canelones January (LD) 29
UR8906 24 Canelones January (LD) 29
UR8905 25 Canelones January (LD) 30
UR7022 26 Canelones Late December (IDb) 30
UR7021 27 Canelones January (LD) 20
cv. ‘Pantanoso del Sauce CRS’ 28 Cultivar Late December (IDb) 30
cv. ‘Naqué’ 29 Cultivar November (SD) 20

a(SD) short-day onion type; (ID) intermediate-day, subdivided into early (IDa) or late (IDb) December harvest date; (LD)
long-day onion type.
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values (10,000 replicates) and an UPGMA tree were

calculated from the binary matrix using GENDIST,

SEQBOOT, NEIGHBOR and CONSENSE programs of

the PHYLIP 3.69 package (Felsestein, 2005). The PCoA

was performed with the GENALEX 6.4 package (Peakall

and Smouse, 2006). Significance tests for AMOVA were

estimated by 1000 permutations.

The software STRUCTURE version 2.3.3 (Pritchard

et al., 2000) was used to detect population structure

and to assign individual plants a probability of belonging

to the clusters within the collection. This software esti-

mates the most likely number of clusters (K) of alleles

in the collection by calculating the log probability of

data for each K value (Pritchard et al., 2000). The basic

admixture model with unlinked loci and uncorrelated

allele frequencies was used, in which the assumed

number of populations (K) varied from 1 to 29, with ten

replicates for each K value, 100,000 burn-in runs followed

by 500,000 Markov Chain Monte Carlo (MCMC) genera-

tions. First, the K values showing the highest likelihood

were considered. Because the application of this criterion

resulted in a wide range of K values (K ¼ 2 to K ¼ 12)

with high and constant likelihood scores, a complementary

criterion based on identify clusters of individuals that

remained grouped at all the K values in the selected

range was applied. The lowest K values that showed

these groupings is presented. The graphical display of the

results of STRUCTURE was generated using the Distruct

software (Rosenberg, 2004).

Results

ISSR analysis

The primers (CTTCA)3 and (CT)8GG amplified a total of

83 polymorphic bands that ranged from 240 to 2200 bp.

The first one amplified 38 bands from 240 to 1490 bp in

length, whereas the latter yielded 45 different bands

from 260 to 2200 bp. All loci were polymorphic at the

global level and no private or fixed alleles were ident-

ified in any accession.

Within the populations, the number of polymorphic ISSR

loci ranged from 28 (cv. ‘Naqué’) to 59 (population 4), with

a mean of 45.6 (Table 2). Within the populations, the PPB

values varied from 33.7% for cv. ‘Naqué’ to 71.1% for popu-

lation 4, with a meanof 53.2%. The Shannon diversity index

(H’) showed an average of 0.241 within populations ran-

ging from 0.158 (cv. ‘Naqué’) to 0.345 (population 6).

Soriano

Salto

Paysandú

Canelones

34°

32°

58° 56° 54°

50 100 km0

30°

Fig. 1. Sampling regions of the 27 local onion populations
studied. The areas where the accessions were collected are
marked in grey.

Table 2. Number of polymorphic bands, percentage of
polymorphic bands (PPB) and Shannon diversity index (H’)
for the 27 onion populations and the two onion cultivars
derived from them in Uruguay

Accession no.

No. of
polymorphic

bands PPB H

UR9101 41 48.2 0.242
UR9102 56 67.5 0.297
UR9103 48 57.8 0.253
UR9104 59 71.1 0.343
UR8903 55 66.3 0.294
UR19101 57 68.7 0.345
UR9704 44 54.2 0.233
UR9702 52 62.7 0.273
UR9718 53 63.9 0.284
UR9720 50 60.2 0.209
UR9706 38 41.0 0.159
UR9727 56 66.3 0.282
UR9729 52 62.7 0.261
UR8710 45 53.0 0.210
UR8901 49 53.0 0.249
UR8701 42 49.4 0.213
UR8709 42 49.4 0.209
UR8902 47 51.8 0.240
UR8815 41 45.8 0.213
UR8823 45 53.0 0.262
UR8703 39 43.4 0.219
UR8819 48 50.6 0.194
UR8907 41 45.8 0.211
UR8906 50 60.2 0.316
UR8905 40 45.8 0.222
UR07022 35 37.4 0.159
UR07021 30 36.1 0.199
cv. ‘Pantanoso

del Sauce CRS’
40 45.8 0.238

cv. ‘Naqué’ 28 33.7 0.158
Mean 45.6 53.2 0.241
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Both cultivars were included among the accessions with

the lowest diversity indices with the open-pollinated cv.

‘Naqué’ showing the lowest values of the collection.

Analysis of diversity and population structure

The overall AMOVA showed that a high proportion of

genetic diversity resided among the individuals within

each population (66%), whereas the remaining 34%

resided among the populations (P ¼ 0.01; Table 3).

When the AMOVA considered the cropping cycle and

geographical regions as sources of variation, it also

resulted in a higher percentage of the genetic variability

within the populations. Genetic differences between the

populations collected from the southern and northern

regions were significant, although only 4% of the

variation was explained by this partition. The AMOVA

revealed no significant variation among the growing

cycles (Table 3). The UPGMA dendrogram of the

29 populations showed only two groups with a bootstrap

support higher than 90 (Fig. 2(a)). Group B1 comprised

four LD southern populations and the SD cultivar

‘Naqué’, and group B2 consisted of four ID north-western

populations (7, 8, 11 and 12) and one SD accession (9)

from Canelones (Fig. 2(a)).

For the STRUCTURE analyses, the criterion for obtain-

ing the most likely value of K revealed that at values

from K ¼ 2 to K ¼ 4, the main clusters were already

identified. Further increases in the K values resulted

in a higher subdivision of individual assignments into

the same four clusters. In addition, clusters obtained

at K ¼ 4 were consistent with phenotypic data of the

landraces and the results obtained with the PCoA and

dendrogram. Thus, K ¼ 4 was chosen as the most

likely number of clusters. At this K value, the analysis

revealed a cluster of alleles (represented in green)

that predominate in five SD and ID accessions from

different geographical origins (Fig. 2(a)). Most of these

populations were also present in group B2 of the

UPGMA tree. Then, a second cluster (represented in

blue) predominated in the ID and LD accessions from

Canelones, and the SD cultivar ‘Naqué’. Most popu-

lations belonging to this cluster were included in

group B1 of the UPGMA tree. The remaining two clus-

ters (represented in yellow and red) contained the rest

of the ID and LD accessions from different geographical

origins. Some of these accessions had no predominant

genetic background, but had a mixture of two or

more clusters (Fig. 2(a)).

In the PCoA, the first three principal coordinates

together explained 68% of the total genetic variation

(Fig. 2(b)). This analysis showed a clear grouping of

the SD and ID populations from the northern (Salto)

and western (Soriano) regions of Uruguay (populations

6, 7, 8, 9, 11, 12 and 13). Most of these populations

also clustered together in both the UPGMA (cluster

B2) and STRUCTURE (represented in green) analyses.

In contrast, the more numerous group of the ID and

LD populations from the southern region (Canelones)

and the two cultivars showed a widespread distribution

(Fig. 2(b)).

Cytoplasmic discrimination analysis based on the

orf725 region and the cox I gene showed that 24 of

the 27 local populations presented sampled plants with

CMS types, while the remaining three populations (popu-

lations 9, 10 and 19) had the N-type cytoplasm for all the

sampled plants (Fig. 2(a)). The CMS-S or CMS-T types

predominated in three local populations (populations 1,

5 and 13) and both cultivars. The CMS-S-type cytoplasm

showed a lower frequency in the collection, as it was pre-

sent in only five accessions (average 8.4%), mainly in the

ID accessions (populations 1, 2, 3 and 13) except for LD

population 3. The CMS-T-type cytoplasm was present in

Table 3. Analysis of molecular variance (AMOVA) for the 27 local onion populations and the two cultivars derived from
them in Uruguay based on 83 ISSR polymorphic bands

Type of AMOVA Source of variation
Degrees of
freedom

Sum of
squares

Mean
squares

Standard
variation %

Overall Among the populations 28 3,422,992 1,22,250 3940** 34%
Within the populations 814 6,306,700 7748 7748** 66%
Total 842 9,729,693 11,688 100%

Per cycle Among cycles 1 185,758 185,758 0198 2%
Among the populations 27 3,237,234 119,898 3859** 32%
Within the populations 814 6,306,700 7748 7748** 66%
Total 842 9,729,693 11,805 100%

Canelones – other regions Among regions 1 224,693 224,693 0423** 4%
Among the populations 27 3,198,300 118,456 3813** 32%
Within the populations 814 6,306,700 7748 7748** 65%
Total 842 9,729,693 11,983 100%

**Significant at the 0.01 probability level.
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24 local onion populations (average 32.2%), predomi-

nantly in local populations 1, 5 and 13 and both cultivars

(maximum frequency for cv. ‘Naqué’ 92%). In contrast,

the CMS-N-type cytoplasm was predominant in 19 of

the 27 populations, particularly in the LD accessions

(populations 3, 4, 14, 15, 16, 18–25 and 27; Fig. 2(a)).

Discussion

Previous studies in Uruguayan onion landraces revealed

high levels of variability in morphological and agronomi-

cal traits (Galván et al., 1997; González Idiarte and Vilaró,

1999; Galván et al., 2005). In the present study, we also

found high levels of genetic variability in 27 Uruguayan

landraces and two cultivars using molecular markers.

High levels of genetic diversity are expected for local

populations, especially for outcrossing species as has

been reported for onion cultivars using RAPD (Kutty

et al., 2006) and restriction fragment length polymorphism

(RFLP) (Bark and Havey, 1995) markers. Until now, popu-

lation studies in onion have been performed using domi-

nant molecular markers, particularly RAPD (Bradeen and

Havey, 1995; Kutty et al., 2006; Leite and Anthonisen,

2009), but not ISSR (reviewed by Reddy et al., 2013) mar-

kers. Indeed, the latter were used in a study conducted

on Indian landraces (Chaurasia and Adsul, 2009). In the

present study, we also used ISSR markers and found

them to be sufficiently informative and reasonably cost-

and labour-effective.

The results of AMOVA showed that most of the marker

variation was due to the differences between individuals

within the populations. This was also supported by the

Shannon diversity indices (H’), the PPB values and the

overall lack of private alleles, suggesting the absence of

genetic isolation among the populations. This structure
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Fig. 2. Population structure analyses based on ISSR markers and CMS types of the 27 local onion populations and the two
cultivars (‘Pantanoso del Sauce CRS’ (P d Sauce) and ‘Naqué’) derived from them in Uruguay. (a) UPGMA, STRUCTURE and
cytoplasmic discrimination analyses. The asterisks indicate the branches (B1 and B2) with a bootstrap support higher than
90. The bar indicates Nei’s genetic distance. (b) Principal coordinate analysis (PCoA).
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is expected for an outcrossing species, where most of the

genetic variability resides within rather than among the

populations (Hamrick and Godt, 1997). In addition, gen-

etic differentiation between the geographical regions or

growing cycles was low. Indeed, the genetic structure

analysed by different approaches (AMOVA, PCoA and

STRUCTURE) did not reveal a clear separation between

the northern and southern populations or between the

ID and LD populations. However, STRUCTURE assigned

most of the accessions into four clusters of related alleles.

One of these four groups, which was also evident in the

PCoA, mostly comprised the accessions of short and

intermediate cycles. Despite the low genetic differen-

tiation between the growing cycle types revealed by the

AMOVA, this cluster of accessions suggests that the SD

populations may be related to the same source of germ-

plasm, thus implying that the SD populations in Cane-

lones may have originated from plant material already

present in the northern and western regions.

Most of the ID and LD populations from Canelones

(the most represented in the collection) showed a

more scattered distribution in the PCoA (Fig. 2(b)).

Some of these populations or individuals were assigned

to a mixture of different genetic pools in the STRUC-

TURE analysis (Fig. 2(a)). Although weak, the associ-

ation among the accessions with the SD and ID

cycles from different geographical origins, and the

lack of population structure among the long and inter-

mediate growing cycle accessions from Canelones

suggested that, despite generalized admixture, a certain

degree of structuring is present in this collection.

Indeed, we observed highly dynamic seed exchange

or the deliberate mixing of bulbs in seed-producing

crops, aiming at genetic improvement. These practices

were observed and/or reported by farmers themselves

in the surveys during seed collection (Galván et al.,

1997). Gene flow among the populations may also

involve unintentional events such as cross-pollination

among the populations as a consequence of inappro-

priate isolation during seed production.

The PCoA and STRUCTURE analyses did not differen-

tiate between the red skin (populations 9, 10 and cv.

‘Naqué’) and yellow-brown skin (the other populations

and cv. ‘Pantanoso del Sauce CRS’) onions. The red and

yellow onions appeared scattered throughout the differ-

ent groups. Skin colour in onions is controlled by a few

major genes (Clarke et al., 1944; Khar et al., 2008), and

it is thus easy for farmers and breeders to fix different col-

ours without affecting the overall genetic background of

a population. In addition, both cultivars presented earlier

harvest dates than the landraces that clustered with them.

This suggests that selection for agronomic traits implied

direct or indirect selection for uniform earlier cycles

while not affecting the genetic background or excessively

narrowing the genetic base of these populations. Grow-

ing cycle, determined by the photoperiodic threshold

for bulbing, is another trait controlled by major genes

(Taylor et al., 2010) and, as skin colour, it is unlikely to

be tagged by the neutral markers used in this study.

This lack of the relationship between population struc-

ture and morphological or agronomic traits has also

been observed, among others, for seed size in common

beans (Blair et al., 2009) and for cultivar groups of Tulipa

gesneriana (Tang et al., 2013).

Cytoplasmic characterization showed that most acces-

sions had a high percentage of individuals with CMS (S

and T). Leite et al. (2006) found all the three cytoplasm

types (N, S and T) present in Brazilian onion varieties,

with CMS-T type being the most frequent, while the CMS-

S type being the less represented. Sterile cytoplasm types,

which seem tobe spreadout in SouthAmericanonion land-

races, were originally discovered in European varieties.

The CMS-S-type cytoplasm was primarily discovered in

cv. ‘Italian Red’ (Jones and Emsweller, 1936; Jones and

Clarke, 1943), while the CMS-T-type cytoplasm was orig-

inally discovered in cv. ‘Jaune paille des Vertus’ (Berninger,

1965). The CMS-T-type cytoplasm appeared in 27 of the 29

accessions along with the N-type cytoplasm, while the

CMS-S-type cytoplasm appeared in a low proportion of

mostly southern accessions clustered in the PCoA diagram.

Unexpectedly, cv. ‘Naqué’ and cv. ‘Pantanoso del Sauce

CRS’ showed a high proportion of the CMS-T-type cyto-

plasm. Probably a high frequency of fertility restoration

genes has allowed for fertile seed production in the

source populations and during the breeding process.

In conclusion, diversity in onion has been previously

reported for large collections at much broader sampling

levels (Baldwin et al., 2012; Mallor et al., 2014). In this

study, we emphasized the analysis of genetic differen-

tiation in a large collection of local populations represent-

ing a small geographical area and related it to production

systems. We found that, in spite of the relatively small

cultivated source area and widespread seed exchange

among farmers, a low degree of genetic structure is main-

tained and could be detected in our preliminary analysis

based on nuclear and cytoplasmic markers. We suggest

that this population structuring is probably maintained

by the actual productive practices of local farmers

reinforced by the seasonal specialization of the crop in

the different geographical areas and reproductive iso-

lation due to flowering dates. These results help to

understand the main forces that shape genetic structure

in Uruguayan onion landraces, which constitutes the

basis for efficient in situ maintenance of genetic diversity

and breeding strategies based on local germplasm. In

particular, the relationship between the shorter-day

populations from the main production area in Canelones

and the northern populations may deserve further study.
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and Galván GA (2011) Quantitative studies on downy

mildew (Peronospora destructor Berk. Casp.) affecting
onion seed production in southern Uruguay. European
Journal of Plant Pathology 129: 303–314.
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