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Abstract Potato onion (Allium cepa var. aggrega-

tum G. Don) remained the most widely grown onion

type in Finland up to the 1950’s, after which the more

productive cultivars of common onion replaced this

vegetatively propagated onion type. The Finnish

accessions have been maintained in two national plant

genetic resources (PGR) collections since 1990’s but

new samples have been obtained still later. In this

research, we analysed the genetic diversity of potato

onions and shallots, grown in home gardens and in

PGR collection, and compared the uniformity of the

two PGR collections. One hundred ten onion samples

were analysed using eight microsatellite loci, which

amplified 83 alleles in total. There was a large number

of genetically different samples, forming four major

groups in the dendrogram. The results show that there

is still a lot of genetic diversity among the Finnish

potato onions, even though they are propagated

vegetatively. The rich diversity in the samples

obtained from citizens reflects a valuable source of

genetic resources maintained by home gardeners. The

national collection has been updated on the basis of the

results. To ensure the preservation of the rich onion

heritage, efforts are needed to increase the availability

of potato onion to home gardeners and commercial

growers.
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resources � Microsatellites � Genetic diversity

Introduction

Allium cepa L. is a widely grown, economically

important species which is propagated by seeds or

bulbs. There is great variability within the species, e.g.

in bulb characteristics, flavour, storage ability and in

the ability to bolt or produce daughter bulbs in the first

season. A. cepa is commonly classified to two groups:

Common onion group, reproduced from seeds or from

seed-grown sets, and to Aggregatum group which

reproduces mainly via vegetative daughter bulbs

(Fritsch and Friesen 2002).

Aggregatum group produces smaller bulbs than

common onions and usually an aggregated cluster of

bulbs. According to Fritsch and Friesen (2002),

Aggregatum group comprises both shallots and potato

onions which are difficult to distinguish from each

other and intermediate forms exist. Compared to
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shallots, potato onions have typically larger bulb size,

fewer and somewhat flattened daughter bulbs which

remain enclosed by the skin of the mother bulb longer

than in the shallots (Fritsch and Friesen 2002).

However, Leino et al. (2018) reported that neither

morphological nor genetic results support a division

between potato onions and shallots. Generally, the

variability within Aggregatum group is poorly repre-

sented in genebanks, because vegetatively propagated

onions often carry latent viruses (Fritsch and Friesen

2002).

In northern Europe, potato onion is a traditional

onion type, having a long cultivation history within

families. It has also been called multiplying onion or

shallot in some countries (Leino et al. 2018). In

Finland, it has been documented that the most

common cultivated onion in the early 1900’s was

potato onion, called also ‘‘Russian onion’’ (Lundén

1921; Smirnoff 1904; Sunila et al. 1928), which refers

to the origin of the onions. Potato onion was also

commonly called ‘‘set onion’’ referring to its propa-

gation way from bulbs (e.g. Lundén 1921). Potato

onion remained the most widely grown onion type in

Finland up to the 1950’s (Osara and Bremer 1989),

after which the more productive cultivars of common

onion replaced the vegetatively propagated potato

onion. Aura (1963) collected and compared the

morphological characteristics of 27 Finnish potato

onion accessions. According to his analyses, the

accessions were grouped into the more uniform North

Finnish type, producing larger number of bulbs with

smaller size, and into the South Finnish type, produc-

ing lower number of bulbs with bigger size. Aura

(1963) suggested that most of the Finnish potato

onions originate from onions imported from Russia

before the World War I and the local accessions were

developed from original seed-propagated material as

the result of selection by the growers. However, some

of the South Finnish accessions might have been

imported from Central Europe, too.

In 1980’s, the interest in this traditional Finnish

onion rose again, with the scope to compare the

characteristics of different accessions and to eliminate

viruses. Osara and Bremer (1989) collected 112

accessions, most of which originated from North

Finland. This material forms the basis for the current

Finnish PGR collection of potato onions. The collec-

tion has been maintained in two locations at Luke

since 1990’s, one in southwestern Finland in Piikkiö

and one in northern Finland (in Rovaniemi until 2015

and in Sotkamo since 2016). In 2011–2013, a new

inventory of potato onions maintained in situ was

performed (Heinonen 2014) which resulted in 45

contacts of potato onion growers. Some samples have

been obtained from home gardeners even later.

Based on morphological traits, Osara and Bremer

(1989) stated that the northern accessions were more

uniform than accessions collected from southern or

eastern Finland. However, there are difficulties in

performing the characterisation of accessions using

only morphological characters. Leino et al. (2018)

reported large variation in different characters within

the accessions and between different experiments, due

to environmental factors, properties of the set onions

and possible genotype-environment interaction. The

only character showing a consistent scoring among

experiments was the bulb skin colour (Leino et al.

2018).

Due to difficulties in identifying accessions using

only morphological characters, new molecular meth-

ods are increasingly applied to study genetic diversity.

There are several DNA markers of choice for this, e.g.

microsatellite (SSR = simple sequence repeat) mark-

ers that have been developed (Baldwin et al. 2012;

Fischer and Bachmann 2000; Jakše et al. 2005;

McCallum et al. 2008) and used for estimating genetic

diversity in onion. However, only two studies have

been carried out in potato onion (Leino et al. 2018;

Rungis et al. 2020).

The aim of this research was to analyse the genetic

diversity of the Finnish potato onions, grown in home

gardens and in the national PGR collection. We also

aimed to compare the uniformity of the two collec-

tions, maintained in southern and northern Finland.

The results were used for reforming the national PGR

collection of potato onion to conserve high diversity

and remove duplicate accessions.

Materials and methods

Plant material

Samples which originated from the Finnish national

collection of potato onion as well as from home

gardens were analysed in two phases. In 2012, 35

samples were taken from the collection maintained at

Luke’s experimental station in Piikkiö (60�2503000 N,
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022�3100000 E) and in 2016, 29 samples from Luke’s

duplicate collection in Sotkamo experimental station

(64�0705000 N, 28�230000 E). Principally, the same

accessions were grown in both experimental stations

and the aim was to check the genetic identity of these

collections. In addition, 35 samples obtained from

Finnish home gardens were included in the 2012

analysis. Sampling was based on a call which was

made in 2012 and seeked for potato onions still

maintained by home gardeners for several decades of

known cultivation history (Heinonen 2014). After

2012, some new notices on old potato onions were still

received from citizens and nine new samples were

included in the 2016 analysis. The collection sites of

the samples are shown in Fig. 1. One of the samples

originated from Estonia. Samples, their collecting

sites and analysis years are listed in Supplementary

Information. Accessions which were included in the

earlier genetic studies (Leino et al. 2018; Rungis et al.

2020) are also marked in Supplementary information.

Altogether, there were 110 different onion samples

(Table 1), 64 from Luke’s national collection (28

Fig. 1 Collection sites of onion samples obtained from citizens or the Finnish onion PGR collection. Size of the symbol refers to the

number of samples from the same municipality. Letters refer to genetic groups in the dendrogram (Fig. 2)

123

Genet Resour Crop Evol (2022) 69:1547–1555 1549



accessions were analysed from both experimental

stations), 44 from home gardens and 2 reference

samples (common onion and red onion) from a

commercial onion grower. Six of the accessions from

the national PGR collection were assumed shallots,

according to the information obtained at receiving the

samples in early 1990’s. The protocols and equipment

for analysing samples in the two different years were

somewhat different, and the exact protocols are given

only from the most recent study, differences in 2012

are mentioned in parenthesis.

E.Z.N.A� SP Plant DNA kit (Omega Bio-tek,

Norcross, GA, USA) was used for DNA extractions

from frozen leaves (2012: CTAB—Cetyl trimethy-

lammonium bromide—extraction). DNA concentra-

tions were measured using a NanoDropTM 1000

Spectrophotometer (Thermo Fisher Scientific Ltd,

Vantaa, Finland).

Microsatellite analyses

Microsatellites selected for the study were developed

for A. cepa cv. Kaba (Fischer and Bachmann 2000).

The seven selected ones were AMS06, AMS12,

AMS13, AMS16, AMS23, AMS25, and AMS30

(Table 2).

To separate and visualise amplified products, an

ABI PRISM� 310 Genetic Analyzer (Thermo Fisher

Scientific Ltd, Vantaa, Finland) was used (2012:

MegaBACE 500 Sequencer), and the forward primer

of each primer pair was labelled with a fluorescent

dye, FAMTM (5-carboxyfluorescein), VIC� or TETTM

(6-carboxytetrachlorofluorescein). Microsatellites

were amplified in a PCR reaction of 10 ll, containing

0.05 U Biotools polymerase (Biotools B&M Labs,

S.A., Madrid, Spain), 1 ll buffer supplied by the

enzyme manufacturer containing 2 mM MgCl2,

200 lM each dNTP, 20 ng of DNA, and 500 nM

each primer. The PCR program for microsatellites

AMS06, AMS13 and AMS 25 was as described in

Fischer and Bachmann (2000). For the rest, the PCR

amplification conditions were as follows: 37 cycles of

30 s at 94 �C, 45 s at 50 �C (AMS30), 55 �C (AMS16,

and AMS23) or 60 �C (AMS12), and 60 s at 72 �C in a

BioRad C1000 thermal Cycler (Bio-Rad, Hercules,

California, USA). The program contained an initial

denaturation step of 5 min at 94 �C and was followed

by a final extension step of 5 min at 72 �C. PCR

products were amplified separately but some with

different fluorescent label were joined for the ABI runs

(AMS12 ? AMS13 and AMS23 ? AMS30), dilu-

tions differed from 1/20 to 1/200. GeneMapper�
software 5 was used for allele size estimation.

Data analyses

Polymorphic information content (PIC) for

microsatellite loci was counted with the program

Cervus version 3.0.7 (Kalinowski et al. 2007) accord-

ing to the formula by Bostein et al. (1980). DARwin

software version 6.0.014 (Dissimilarity Analysis and

Representation for Windows, Perrier and Jacque-

moud-Collet 2006) was used for counting a dissimi-

larity index between samples based on the Dice

coefficient. To visualise dissimilarities, an unweighted

neighbor-joining (NJ, Saitou and Nei 1987) tree was

built. In addition, principal coordinates analysis

(PCoA) based on genetic distances between samples

was performed using the software GenAlEx 6.4

(Peakall and Smouse 2006, 2012). GenAlEx was also

used for counting genetic diversity indices H0 (ob-

served heterozygosity) and Shannon’s diversity index

I (Shannon 1948), to compare the samples from

citizens with those from the collection.

Results

Eight microsatellite loci (primers for AMS12 ampli-

fied two different loci) were used for studying the

genetic diversity among the Finnish potato onions and

shallots. All the SSRs contained dinucleotide repeats

and amplified 83 alleles in total (Table 1), the number

of alleles in a locus varying from 2 to 17 (mean 10.3).

PIC values varied from 0.36 to 0.84 (mean 0.72).

Genetic distances between accessions were visu-

alised with an NJ tree (Fig. 2) and PCoA (Fig. 3). In

the dendrogram (Fig. 2), four main groups were

Table 1 Origin of the analysed samples

Origin Number of samples

PGR collection in Luke Piikkiö 35

PGR collection in Luke Sotkamo 29

Citizens 44

yellow and red onion 2

Total 110
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formed (A = 32 samples, B = 47 samples, C = 13

samples, and D = 4 samples), and the groups were

split into subgroups. Twenty-eight accessions were

analysed from duplicate PGR collections (2012 sam-

ples from Piikkiö and 2016 from Sotkamo, Table 1),

and some of them differed in their microsatellite

results: 11 slightly (1–2 allelic differences) and 3

greatly (GS3, PII_Lappeenranta HY 88B, and Ylämaa

HY 90B). In the PCoA (Fig. 3) the first two axes

explained 46% of the variation among the 96 samples.

Samples of group A2 were most clearly grouped

together.

Some grouping based on collection sites (Fig. 1)

could be observed: landraces from northern Finland

were mainly in subgroup A1, which, however, also

contained samples from other parts of Finland. Eastern

accessions were mainly in subgroup A2. The biggest

group B was very heterogeneous containing acces-

sions from all over Finland.

The dendrogram (Fig. 2) revealed three bigger

clonal groups containing 11–16 identical or nearly

identical (with a maximum of two allele differences)

accessions of which at least one was from the existing

collection. These could represent old and more widely

spread potato onion accessions which still are under

cultivation. Genetic diversity was a little higher in the

samples from the collection compared to those from

citizens (number of alleles 47 vs. 41, Shannon’s

information indexI1.642 vs. 1.535, Ho 0.620 vs.

0.497). However, rich variability was also still left

within in situ samples, as 14 accessions received from

the citizens (n = 44) differed with at least in three

alleles from the existing samples in the PGR

collection.

The reference samples, red onion and common

onion, did not group in the dendrogram near to any

potato onions reflecting the fact that they contained

some alleles that did not exist in potato onions. Red

Table 2 SSRs used for studying genetic diversity in the Allium samples

SSR Repeat motif Fluorescent

label

Primers Allele size

range (bp)

No. of

alleles

PICa

AMS06 (TA)3TG(TA)3(CA)18(TA)2 FAM GGT GCA TAG GGT CTC ATC TG 134–152 9 0.73

ATT GAT TGT TTG TTT GGA TGT

G

AMS12 (CA)25 FAM AAT GTT GCT TTC TTT AGA TGT

TG

a: 229–231 2 0.36

TGC AAA ATT ACA AGC AAA

CTG

b: 257–271 8 0.69

AMS13 (GT)27(AT)2 TET ACC TTT TAA ATT GAC GAT ATT

CC

143–175 16 0.84

CTG CAC TAT TCT GTG ATG TAT

TTC

AMS16 (CA)20(TA)2 TET CTG CAT TAA AAC AAC CAA

ACT TG

249–259 6 0.72

GAG CTC CAC TTC TTC CAA ACT

AG

AMS23 (AT)5(GT)19 TET GCT GTT CAC TGG TCT ATC TGG 127–190 14 0.76

ATT CGG TGC TGA TTT TCG

AMS25 (AC)21(AT)3 VIC GAG GGC AGT GTT AGC ATT CC 207–254 11 0.82

GCA ACC TTT CCC CGA GAG

AMS30 (CA)8CG(CA)22(TA)4 VIC CAC TAA TGG GGT AAA TAA

TGT TCT AC

305–348 17 0.82

TTG CCT TGA AAT CCA GAC

aPolymorphism information content
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B 

A1 

A2 

C 

D 
0 0.1 

KANGASNIEMI 

SANTE1* 

SANTE2* 

CREATION* 

GS2* 

GS5* 

ÄRMÄTTI 1 

ÄRMÄTTI 2 

ENO 

LAPPEENRANTA HY 89B 

PUDASJÄRVI HY 35 A 
SPK85961 red 

PTL V992/2016 

Sample 41 Turku/2016 

KUUSAMO 01/2016 

GS3*/2016 

Sample 42 Kajaani/2016 

VESILAHTI RÄMSÖÖ/2016 
NOKIA/2016 

ESTONIA, JOGEVA HY 54B/2016 

HELSINKI HY 54C/2016 

HELSINKI HY 54E 

LOHJA HY 58/2016 

HOLLOLA HY 62B/2016 

SUONENJOKI HY 77/2016 

ANTTOLA HY 85B/2016 

PII_LAPPEENRANTA HY 88B/2016 

YLÄMAA HY 90B/2016 

YLÄMAA HY 92/2016 

SPK85961 yellow/2016 

Sample 43 Ylitornio/2016 

Sample 44 Pälkäne/2016 

Sample 45 Keitele/2016 

Sample 46 Keitele/2016 

Sample 47 Tammela/2016 

Sample 48 Punkalaidun/2016 

Sample 49 Kokkola/2016 

GS3*/2012 

RANUA /2012 

VIHTALAHTI LAUKAA/2012 

KUUSAMO 01/2012 

PUDASJÄRVI HY 33/2012 

ESTONIA, JOGEVA HY 54B/2012 

SUONENJOKI HY 77/2012 

ULLAVA HY 78/2012 

YLÄMAA HY 90A/2012 

YLÄMAA HY 92/2012 

SPK85961 yellow/2012 

LOHJA HY 58/2012 

ANTTOLA HY 85B/2012 

RUOKOLAHTI HY 96 A/2012 

YLÄMAA HY 90B/2012 

PII_LAPPEENRANTA HY 88B/2012 

HELSINKI HY 54C/2012 

NOKIA/2012 

POSIO 

VESILAHTI RÄMSÖÖ/2012 
Sample 1 Ylistaro/2012 

Sample 2 Kajaani/2012 

Sample 3 Suomussalmi/2012 

Sample 4 Suomussalmi/2012 

Sample 5 Tervo/2012 
Sample 6 Koski TL/2012 

Sample 7 Virolahti/2012 

Sample 8 Sotkamo/2012 

Sample 9 Kangasala/2012 
Sample 10 Kangasala/2012 

Sample 11 Riistavesi/2012 

Sample 12 Konnevesi/2012 

Sample 13 Kurikka/2012 

Sample 16 Kaavi/2012 

Sample 17 Kuopio/2012 

Sample 18 Kontiolahti/2012 

Sample 19 Haapajärvi/2012 

Sample 20 Ypäjä/2012 

Sample 21 Ylämaa/2012 

Sample 22 Alavus/2012 
Sample 23 Juuka/2012 

Sample 24 Reisjärvi/2012 

Sample 25 Enonkoski/2012 

Sample 27 Tammela/2012 

Sample 28 Evijärvi/2012 

Red onion/2012 

Common onion/2012 

Sample 31 Rovaniemi/2012 

Sample 32 Helsinki /2012 

Sample 33 Nivala/2012 

Sample 34 Taivalkoski/2012 

Sample 35 Loimaa/2012 

Sample 36 Keitele/2012 

Sample 37 Huittinen/2012 

Sample 38 Tohmajärvi/2012 

Sample 39 Pukkila/2012 

Sample 40 Somero/2012 

PIELAVESI HY 67A/2012 

PTL V992/2012 

Fig. 2 The dendrogram containing 87 potato onions, 7 assumed

shallots (marked with an asterisk), common onion, and red onion.

Samples were analysed either in year 2012 or 2016 or both. The

samples that were analysed in both years and were proven to be

duplicates do not have the year marked after their name; those

that differed from each other greatly are indicated with arrows.

Samples from the existing plant genetic resource collection are

written in capital letters
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onion was in group B and common onion in group C.

All the six samples that were recognized as shallots,

were in group B, and three of them were genetically

identical (GS2, Sante2, and GS5). One of the assumed

shallots, Sante1 was genetically identical to six potato

onion accessions.

Discussion

The genetic results showed that there is still a lot of

genetic diversity among the Finnish potato onions,

even though they are propagated vegetatively. Our

results are slightly divergent to the findings of Leino

et al. (2018) who reported that there is a high degree of

clonality in the Fennoscandian multiplying onions.

However, they also found that the Finnish accessions

showed higher diversity and differed from Scandina-

vian accessions. The material in the study by Leino

et al. (2018) included only 14 Finnish accessions, three

of which were probably breeding material and other

three regarded as shallot varieties. Thus, our study

gives a more comprehensive view to the genetic

diversity within the Finnish cultivated potato onions.

Samples in our study were collected from different

areas in Finland, indicating that potato onions have

been grown all over the country during the last

decades. Although some grouping of accessions

according to geographical locations could be observed

in the dendrogram, it is evident that onions have

moved with the home gardeners to new growing sites,

which was also reported by Leino et al. (2018). The

geographic location marked in the Fig. 1 was the

collection site, i.e. the most recent growing location,

which may be far from the traditional growing area of

the accession. As an example, the ‘‘Sample 40

Somero’’ was cultivated in the Southwest Finland

(Somero 60�3704500 N, 23�3005000 E), but it was

originally obtained from the southwestern part of

Lapland (Keminmaa 65�4800500 N, 24�3204000 E),

where it has been cultivated for several decades. The

Co
or

d.
 2

Coord. 1

Principal Coordinates (PCoA)

A1

A2

B

C

D

Fig. 3 Principal coordinates analysis based on genetic distances between samples. The legends refer to genetic groups in the

dendrogram
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home gardener specifically wanted a northern potato

onion from the locality where she was born.

Most of the citizens, who replied to the onion

inventory in 2011–2013 (Heinonen 2014), knew the

history of their onions one or two generations back-

wards in their family or they had received onions from

friends, neighbours or other sources within Finland.

Based on the respondents’ memories, we can assume

that many in situ samples of potato onion have over

one hundred years of growing history, but they have

been often moved to new growing sites. Therefore, we

cannot anymore separate North and South Finnish

potato onion types, as Aura (1963) did in his report in

1960’s.

In the European study by Rungis et al. (2020),

focusing on the genetic diversity of European potato

onion collection, most of the Finnish accessions were

unique in comparison with other samples. Only two of

the 24 Finnish samples represented genotypes that

were also found in other Nordic countries. The Finnish

samples in the study were selected to represent

separate genotypes according to our preliminary data.

Therefore, they included a large share of the genetic

diversity available in the Finnish PGR collection at the

time of the study. According to Rungis et al. (2020),

the Finnish accessions were genetically intermediate

between the Nordic and Baltic groups. The high

genetic variation and uniqueness might be related to

the suggested origin of the Finnish potato onions from

seed-propagated material from Russia (Lundén 1921;

Aura 1963). This cannot be, however, confirmed

without further analyses, including material from

larger geographical area.

One of the accessions in our study, Sante1, which

was regarded as a shallot, was genetically identical to

six potato onion accessions. However, the division

between potato onions and shallots seems to be

unclear (Fritsch and Friesen 2002), and according to

Leino et al. (2018) it might be mainly related to

linguistic traditions without any clear genetic

distinction.

Twenty-eight samples in the study were from

duplicate collections (Piikkiö and Sotkamo) and some

of them gave different microsatellite results. Minor

differences in microsatellites might be due to different

methods and equipment used and to different inter-

pretations (two different persons). On the other hand,

major differences, observed in three accessions, are

likely to be caused by sample mixing over the years, as

the samples had been grown in different locations.

This reflects the challenges in the practical mainte-

nance of field collections over years and highlights the

need to check the genetic identity of duplicate

collections.

The rich diversity in the samples obtained from

citizens reflects a valuable source of genetic resources

maintained by home gardeners. Most of the variability

was already present in the existing PGR collection but

also new accessions differing greatly from the samples

in the collection could be found. According to the

present results the collection has been updated. Six

new accessions were taken to the collection which

now contains 29 accessions with the status accepted

and a few with the pending status.

There is a rising interest in using old domestic crop

plants both among home gardeners and small-scale

commercial growers. However, potato onions are

often heavily infected by viruses which hinders the use

of accessions in commercial propagation and produc-

tion. In 1980’s, Osara and Bremer (1989) and Bremer

et al. (1991) found that all accessions under study

carried viruses, the most common of which were onion

yellow dwarf virus, OYDV, and shallot latent virus,

SLV. In vitro cultivation methods can be used to

produce healthy bulbs, but this is time-consuming and

expensive. To ensure the preservation of the high

genetic diversity and to enhance the utilisation of the

accessions, more research efforts should be laid on

virus elimination and safe cultivation procedures to

ensure good plant health in the whole production

chain. Moreover, efforts to increase the availability of

potato onion to both home gardeners and commercial

growers would ensure the preservation of our rich

onion heritage.
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