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We investigated the correspondence between classifications based on simple sequence repeat (SSR) markers

and on morphological traits for 30 bunching onion (Allium fistulosum L.) varieties. We also examined appli-

cability of an assignment test for variety identification in bunching onion. Cluster analysis based on the allele

frequency data at 29 SSR loci classified most of the varieties except for ‘Iwatsuki-2’ into the predicted

variety groups, ‘Kaga’, ‘Senju’ or ‘Kujo’, which were categorized based on morphological traits. Although

‘Iwatsuki-2’ has been regarded as a member of ‘Kaga’ group, molecular data suggested the variety belonging

to ‘Kujo’ rather than ‘Kaga’. In the assignment test at the individual level, 89.1% of the individuals were

assigned to their original variety. When the assignment was conducted based on groups each consisting of

four individuals, the percentage of correct assignments was considerably improved (99.3%). These results

suggested that the assignment test approach will be useful for variety identification in allogamous bunching

onions, which have large within-variety genetic diversity. On the other hand, it was also suggested that sam-

pling of true source varieties will be fundamental to avoid misjudgment.
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Introduction

Bunching onion (A. fistulosum L.) is considered to have

originated in northwestern China and is mainly cultivated

in East Asian countries, in particular in Japan, China and

Korea (Kumazawa and Katsumata 1965, Ford-Lloyd and

Armstrong 1993). In Japan, bunching onion has a high annu-

al output among fruit and vegetables, following tomato,

strawberry, and cucumber (MAFF 2008). Many local vari-

eties are adapted to various climatic conditions, and are

classified into four groups—‘Kaga’, ‘Senju’, ‘Kujo’ and

‘Yagura-Negi’—according to morphological and ecological

traits (Inden and Asahira 1990).

The main breeding objectives for bunching onion are dis-

ease resistance, high yield, late bolting, high consumer qual-

ities (e.g., low pungency, high sugar content) and suitability

for mechanized farming (e.g., vigorous seedling growth). As

for the seedling growth, we reported that F1 between the

Senju and Kujo groups showed remarkable heterosis (Ohara

et al. 2004). Also, the genetic distances based on AFLPs

showed significant correlation with the degree of heterosis

over the mid-parent for each seedling trait in bunching onion

(Ohara et al. 2005a). To exploit the genetic potential of het-

erosis, it is important to clarify the genetic relationships

among varieties and to explore heterotic groups on the basis

of variety classification using molecular markers. Haishima

et al. (1993) reported the first phylogenetic analysis of

bunching onion. They reported that groups ‘Kaga’ and

‘Senju’ were categorized separately based on a cluster analy-

sis of genetic distance data at eight isozyme loci among 13

bunching onion varieties. Previously, we attempted a classifi-

cation of 11 inbred lines with cluster analysis based on 128

AFLPs (Ohara et al. 2005a). This classification was in accor-

dance with the traditional classification using morphological

and ecological traits. However, these markers are less poly-

morphic and do not reflect genetic structure (isozyme) or are

less discriminative due to dominant inheritance (AFLP).

On the other hand, SSRs are ideal DNA markers due to

their simplicity, reproducibility and codominant inheritance.

In the genus Allium, Fischer and Bachmann (2000) first re-

ported SSR markers from bulb onion (A. cepa L. Common

onion group) and used these for a phylogenetic analysis of

Allium species. From large-scale sequencing of bulb onion

expressed sequence tags (ESTs), hundreds of EST-derived

SSR markers have also been developed (Kuhl et al. 2004,

Martin et al. 2005). In our previous study, we isolated thou-

sands of SSRs from a genomic library of bunching onion

(Wako et al. 2002, Song et al. 2004, Tsukazaki et al. 2007),
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and some of these were used to construct a linkage map of

bunching onion (Ohara et al. 2005b, Tsukazaki et al. 2008).

The SSR markers, which have been mapped on a linkage

map, will be useful for assessing the genetic relationships of

bunching onion varieties, although no attempt has been

made to use them for the variety classification of bunching

onion.

Moreover, variety identification based on molecular

markers also becomes important from the point of view of

protection of breeder’s right. The assignment test, which as-

signs each individual to a reference variety in which its

multilocus genotype is most likely to occur (reviewed by

Manel et al. 2005), may allow us to identify the variety in

allogamous plant species (Kubik et al. 2001, Tommasini et al.

2003).

The purpose of this study was (1) comparing classifica-

tions based on allele frequency data of SSR loci and on mor-

phological traits, and (2) verifying possibility of variety

identification in bunching onion which contains high degree

of within-variety diversity. In this paper, we report on the

first study that attempted variety classification using SSR

markers.

Materials and Methods

Plant materials

A total of 30 open-pollinated (OP) varieties of bunching

onion were used in this study (Table 1). These varieties in-

clude not only representatives of three major variety groups,

‘Kaga’, ‘Senju’ and ‘Kujo’, but also another group ‘Okunegi’

and one Chinese variety. These were selected as standard

varieties based on principal component analysis (PCA) of

nine morphological traits in our previous study (Wako et al.

2009, Fig. 1). The 1st PC (contributing 47.4% to the varia-

tion) was mainly associated with length-related traits, and

the 2nd PC (contributing 20.0%) was associated with width-

related traits.

Two species related to bunching onion were also includ-

ed: an accession of A. altaicum Pall. COL/KAZ/1997/

NIVOT/86 and an open-pollination variety of bulb onion

(A. cepa. L.) ‘Kaizuka-Wase-Ki’. These species and

bunching onion belong in section Cepa within Allium, and

A. altaicum is considered a progenitor of A. fistulosum

(Friesen et al. 1999).

Total DNA was extracted from young leaves of each

plant (24 individuals/variety) according to Song et al.

(2004).

SSR markers and PCR

Thirty-three SSR markers were used for genotyping indi-

viduals (Table 2). SSR markers were selected to be evenly

distributed across each linkage group of the bunching onion

map (1–4 loci per linkage group) (Tsukazaki et al. 2008). Of

these, ACM096, ACE010 and ACE044 are bulb onion EST-

derived SSR markers (Kuhl et al. 2004, Tsukazaki et al.

2008), and AMS14 is a bulb onion genomic SSR marker de-

veloped by Fischer and Bachmann (2000). All markers, ex-

cept for AFS103, have been located on the bunching onion

linkage map (Tsukazaki et al. 2008).

PCR amplification was performed according to Tsukazaki

et al. (2008); however, forward primers were fluorescent-

labeled with 6-FAM, NED, PET or VIC dyes (Applied Bio-

systems, CA, USA) prior to use. PCR products were loaded

onto a capillary DNA sequencer (ABI3730; Applied Biosys-

tems), and analyzed using GeneMapper ver. 3.0 software

(Applied Biosystems). Some PCR fragments were purified

and sequenced according to Tsukazaki et al. (2008).

Table 1. List of 30 bunching onion varieties and two related species used in this study

Variery 

no.
Group (subgroup)

Accession 

No.
Variety name

1 Kaga (Shimonita) JP127028 Shimonita

2 JP133859 Aji-Ipponfuto

3 JP133921 Raitei-Shimonita

4 – Miyanegi

5 Kaga (Kaga) JP133844 Amarume-Ipponfuto

6 JP133872 Matsumoto-Nebukafuto

7 JP25431 Gengo

8 Kaga (Iwatsuki) JP133914 Iwatsuki-1

9 JP127040 Jionji

10 JP133870 Iwatsuki-2

11 Senju (Kurogara) JP133875 Yoshikura

12 JP138766 Kachinanori

13 JP133888 Choho

14 Senju (Aiguro) JP133891 Kanehiko

15 JP133906 Tokyo-Fuyuguro-Ipponfuto

16 JP133905 Omiyakuro

No.
Group (subgroup)/

species

Accession 

No.
Variety name

17 Senju (Aigara) JP127027 Nishida

18 JP133854 Kiyotaki

19 JP25470 Toyokawafuto

20 Kujo (Koshizu) JP127042 Koshizu-Aigarakei

21 JP25471 Koshizu-Nebuka

22 JP25474 Koshizu

23 Kujo (Kujofuto) JP133890 Ajiyoshi

24 JP133928 Kujofuto-1

25 JP133847 Kujofuto-2

26 Kujo (Kujohoso) JP133886 Wakamidori

27 JP133852 Asagikei-Kujo-1

28 JP133916 Asagikei-Kujo-2

29 Okunegi JP133877 Motoharu-Bansei

30 China JP138782 Shokyu

31 Allium altaicum JP138870 COL/KAZ/1997/NIVOT/86

32 A. cepa JP25385 Kaizuka-Wase-Ki
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Genotyping and statistical analysis

To assess the degree of DNA polymorphism at each SSR

locus, we evaluated the number of alleles and the total het-

erozygosity (HT) for each SSR locus. The HT value was cal-

culated according to the following formula (Anderson et al.

1993):

HT = 1 − ,

where k is the total number of alleles detected at a locus and

Pi is the frequency of the ith allele in all of bunching onion

individuals genotyped.

The average values for the within-variety heterogeneity

(HS), the among-variety variability (DST), and the among-

variety variability relative to the total variability (GST) were

calculated according to Nei (1973). The analysis of Molecu-

lar Variance (AMOVA) was calculated by using GenAlEx

6.2 (Peakall and Smouse 2006). For evaluation of genetic

heterogeneity for each variety, the number of alleles, num-

ber of genotypes and proportion of individuals showing the

prevailing genotype (the most frequent genotype within each

variety, Pr%) were calculated. Genetic distance was calcu-

lated from allele frequencies of each locus according to Nei

(1972), and cluster analysis based on both the Unweighted

Pair Group Method using arithmetic Average (UPGMA) and

the Neighbor-Joining (NJ) method was conducted using

Populations 1.2.30beta (Langella 2007).

Assignment test

The likelihoods of multilocus genotype were calculated

for each tested individual in each variety following Rannala

and Mountain (1997). Briefly, we calculated the frequency

for each allele of each variety by the Bayesian method. Then

the likelihood of a diploid genotype occurring in a particular

variety was estimated under the assumption of random mat-

ing within a variety. When the sample of the variety includ-

ed a tested individual, the observed allele frequencies in the

variety were obtained after removing the individual from the

sample. We regarded the variety giving the highest likeli-

hood as a variety that the tested individual was derived from.

A total of 1000 diploid genotypes were generated by re-

sampling from each of the varieties to generate the empirical

distribution of the likelihoods under the null hypothesis that

a tested individual was derived from the variety following

Paetkau et al. (2004). By comparing the observed likelihood

of a tested individual with the empirical distribution in the

variety, we obtained the significance level of the likelihood

in the variety, which was called membership probability in-

dicating the confidence of the tested individual to be derived

from the variety. To obtain the probabilities of the tested in-

dividual to be misclassified in the wrong variety, we evaluat-

ed the relative frequency of individuals in a variety showing

the membership probability of more than 5% in the assign-

ment test to each of the varieties. The membership probabil-

ities were calculated with GeneClass2 (Piry et al. 2004).

Because variety identification may be conducted in a lot

unit in its practical application, we also computed the likeli-

hood of each group, which consisted of randomly selected

four individuals within each source variety, occurring in

each reference variety. This assignment was conducted for

1000 groups per variety. The likelihood, L, was calculated as

follows:

where m is the total number of individuals to be assigned, mk

is the number of copies of genotype k in the to-be-assigned

sample, and Pk is the frequency of genotype k in the

Pi

2

i 1=

k

∑

Fig. 1. Diagram of principal component analysis based on nine morphological traits (leaf blade length, leaf sheath length, flower stalk length,

pedicel length, leaf blade width, leaf sheath width, flower stalk width, numbers of tillers and 1000-seed weight) of bunching onion varieties

(Wako et al. 2009). Varieties belonging to groups ‘Kaga’, ‘Senju’ and ‘Kujo’ are represented by circles, squares and diamonds, respectively.

Variety numbers correspond to those in Table 1.
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reference variety sample (pi
2 for homozygotes and 2pipj for

heterozygotes, with pi, the frequency of allele i). In a similar

way to the assignment at the individual level, we evaluated

the membership probability by comparing the likelihood of

a group to the distribution of likelihoods generated based on

1000 groups of each reference variety.

Results

Polymorphism of SSR loci in A. fistulosum

In A. altaicum or bulb onion, three SSR markers

(AFAT05F03, AFS099 and AFS103) could not be amplified

stably, whereas the other 30 markers could be amplified

well. A. altaicum and bulb onion-specific alleles were de-

tected at 21 and 19 loci, respectively (data not shown).

Within bunching onion, the number of alleles per locus

varied from 3 to 30 with an average of 10.4, and the size dif-

ference of amplified alleles at each SSR locus ranged from 4

to 80 bp with an average of 26.6 bp (Table 3). Sequence

analysis of PCR fragments verified that the differences in

size of PCR fragments were due to SSR repeats (data not

shown). Genomic SSRs, except for AFRT01F02 and

AFS111, were more polymorphic than bulb onion EST-

derived SSR markers (Table 3).

The total heterozygosity at 33 SSR loci in bunching onion

ranged from 0.25 (ACM096) to 0.98 (AFS017) with an av-

erage of 0.71 (Table 3). The within-variety heterogeneity

(HS), the among-variety variability (DST), and the among-

variety variability relative to the total variability (GST) ranged

from 0.22 to 0.73 (average 0.53), 0.02 to 0.42 (average

0.17), and 0.03 to 0.47 (average 0.23), respectively

(Table 3). The analysis of Molecular Variance (AMOVA)

revealed that 77% of molecular variance was within varie-

ties (variation among varieties was 23%).

Polymorphism within bunching onion varieties

The mean number of alleles per locus ranged from 2.1 to

5.3 with an average of 4.1 and that of genotypes within each

variety ranged from 2.8 to 8.7 with an average of 6.4

(Table 4). The average Pr% of each variety ranged from 31

to 66 (Table 4). Among the 990 loci (30 varieties × 33 SSR

loci), only 27 loci (2.7%) in nine varieties were considered

to be genetically uniform (data not shown). However, ten of

these were found in one variety (‘Motoharu-Bansei’, No. 29)

and six in another variety (‘Koshizu’ No. 22).

Classification of bunching onion

Among the 30 bunching onion varieties, the genetic dis-

tances between each pair of varieties ranged from 0.04 to

0.77 with an average 0.29. The minimum genetic distance

was found between ‘Tokyo-Fuyuguro-Ipponfuto’ (variety

No. 15) and ‘Omiyakuro’ (No. 16), and the maximum value

was shown between ‘Kiyotaki’ (No. 18) and ‘Shokyu’

(No. 30).

From a cluster analysis based on 30 SSR loci that could

be amplified well in A. altaicum and A. cepa, bunching

onion varieties were classified into three clusters. These

clusters corresponded to the expected variety groups, that

is, ‘Kaga’ (clusters A3 and B2), ‘Senju’ (clusters A2 and

B1) and ‘Kujo’ (clusters A3 and B3). An exception was

‘Iwatsuki-2’ (No. 10), which classified as a member of the

‘Kujo’ group (Fig. 2). In contrast, two related species,

A. altaicum and A. cepa , were located as outgroups (Fig. 2).

Assignment test

The 89.1% of individuals (637/715) showed the highest

likelihood in their original variety (Table 5). All individuals

Table 3. Polymorphism at 33 SSR loci among 30 bunching onion

varieties

Locus
Linkage

groupa

Size range 

(bp)
Alleles HT

b HS
c DST

d GST
e

AFS015 1a 316–384  (68) 13 0.93 0.60 0.33 0.36

AFS142 1a 240–253  (13) 8 0.89 0.50 0.39 0.44

AFS099 1b 210–263  (53) 19 0.96 0.68 0.27 0.29

AFB05H09 1b 266–274  (8) 5 0.53 0.42 0.11 0.20

AMS14 2a 116–164  (48) 21 0.79 0.62 0.17 0.21

AFAT00B05 2a 191–211  (20) 11 0.72 0.59 0.13 0.18

AFAT05F03 2a 213–237  (24) 13 0.82 0.69 0.13 0.16

AFS111 2b 229–233  (4) 3 0.43 0.37 0.05 0.13

AFC08G05 2b 284–305  (21) 8 0.64 0.55 0.09 0.14

ACM096 3a 270–276  (6) 3 0.39 0.29 0.10 0.25

AFC03G02 3a 153–177  (24) 8 0.60 0.49 0.10 0.17

AFS006 3b 282–308  (24) 13 0.78 0.62 0.16 0.21

AFB06E05 3b 127–155  (28) 10 0.75 0.61 0.14 0.19

AFS149 4a 191–213  (22) 12 0.74 0.57 0.17 0.23

AFS156 4a 208–222  (14) 8 0.66 0.57 0.09 0.14

AFRA04D09 4b 114–154  (40) 5 0.54 0.39 0.16 0.29

ACE010 5 165–171  (6) 4 0.49 0.35 0.13 0.28

AFA14G03 5 212–222  (10) 6 0.62 0.51 0.11 0.18

ACE044 6a 184–188  (5) 5 0.55 0.47 0.08 0.15

AFS039 6a 283–312  (29) 15 0.96 0.66 0.30 0.31

AFRA04B10 6b 284–300  (16) 7 0.77 0.57 0.20 0.26

AFAA03F01 7a 230–238  (8) 5 0.56 0.54 0.02 0.03

AFRT01F02 7a 220–224  (4) 3 0.47 0.35 0.12 0.25

AFA06A08 7b 142–198  (56) 13 0.85 0.64 0.21 0.25

AFS140 7b 191–246  (55) 18 0.97 0.66 0.30 0.31

AFA02F09 8 264–298  (34) 11 0.76 0.57 0.19 0.25

AFAT05G01 8 294–314  (20) 8 0.25 0.22 0.02 0.09

AFS017 8 189–269  (80) 19 0.98 0.68 0.30 0.30

AFS088 8 155–170  (15) 8 0.93 0.53 0.40 0.43

AFA01A08 X 296–322  (26) 14 0.84 0.73 0.10 0.12

AFA10A08 X 284–304  (20) 10 0.41 0.38 0.04 0.09

AFS131 X 154–166  (12) 7 0.89 0.47 0.42 0.47

AFS103 unmapped 198–262  (64) 30 0.97 0.73 0.24 0.25

Mean  (27) 10.4 0.71 0.53 0.17 0.24

a According to Tsukazaki et al. (2008). Each arabic numeral corre-

sponds to chromosome 1F–8F in bunching onion. X shows a linkage

group unknown for corresponding chromosome.
b Total heterozygosity.
c Within-variety heterogeneity.
d Variation among varieties.
e Relative differentiation among varieties.
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of five varieties (‘Choho’, ‘Nishida’, ‘Koshizu-Nebuka’,

‘Motoharu-Bansei’ and ‘Shokyu’) showed the highest likeli-

hood in their original variety. Most of the varieties showed a

high degree of correct assignment (over 80%), except for

five varieties: ‘Kujofuto-2’ (50.0%), ‘Omiyakuro’ (60.9%),

‘Kujofuto-1’ (66.7%), ‘Tokyo-Fuyuguro-Ipponfuto’

(70.8%) and ‘Yoshikura’ (79.2%). In ‘Omiyakuro’, five of

23 individuals were misassigned to ‘Yoshikura’. Four of

24 individuals in ‘Yoshikura’ were also misassigned to

‘Omiyakuro’. The genetic distance between these varieties

was considerably low, at 0.05. Similar results were found

in combinations with ‘Tokyo-Fuyuguro-Ipponfuto’ and

‘Kanehiko’, and ‘Kujofuto-2’ and ‘Wakamidori’, whose ge-

netic distances were 0.04 and 0.06, respectively. In Table 6,

we showed the proportion of individuals which showed the

membership probability more than 0.05 in each reference

variety. Most of individuals of the source varieties except for

‘Shokyu’ showed the membership probability more than

0.05 in multiple reference varieties. For example, more than

90% of individuals of ‘Choho’ showed the membership

probability more than 0.05 in ‘Yoshikura’, ‘Kachinanori’,

‘Tokyo-Fuyuguro-Ipponfuto’ and ‘Omiyakuro’ as well as in

itself. In contrast, ‘Shokyu’ showed the probability above

0.05 only in itself. As a result, the total number of varieties

which was not excluded as the possible origin, ranged from

one of ‘Shokyu’ to 17 of ‘Raitei-Shimonita’ and ‘Miyanegi’.

When the assignment was conducted based on the group

unit, the percentage of correct assignment was considerably

improved (99.3%; Table 7). All groups of 23 varieties

showed the highest likelihood in their original variety. Even

though the percentage of correct assignment of ‘Kujofuto-2’

was 50.0% at the individual level, the value reached 93.9%.

We showed the proportion of groups which showed the

membership probability more than 0.05 in each reference

variety in Table 8. The most prominent change was the

membership probability of ‘Asagikei-Kujo-2’ to ‘Kujofuto-

1’; despite all individuals of ‘Asagikei-Kujo-2’ showed the

probability more than 0.05 in ‘Kujofuto-1’ at the individual

level, no groups showed the values above 0.05. As a result,

the total number of varieties which was not excluded as the

possible origin, generally decreased as compared to the as-

signment at the individual level. In the four varieties

(‘Iwatsuki-1’, ‘Kiyotaki’, ‘Motoharu-Bansei’, ‘Shokyu’), all

groups showed the probability above 0.05 only in them-

selves.

Discussion

In the present study, we investigated DNA polymorphisms

within and/or among bunching onion varieties based on SSR

markers and attempted variety classification based on allele

frequencies at each locus. Within 30 bunching onion varie-

ties, the number of alleles per locus at each SSR loci ranges

from 3 to 30 with an average 10.4 (Table 3). Compared with

the polymorphisms at SSR loci reported in maize accessions

and inbred lines (alleles per locus range from 2 to 13 with an

average of 6.5, Labate et al. 2003) and in our previous study

using bunching onion F1 varieties (alleles per locus range

from 2 to 7 with an average of 3.1, Tsukazaki et al. 2006),

these results show that bunching onion varieties have a very

high degree of genetic diversity. The average value of

within-variety heterogeneity (HS, 0.53) was much higher

than that of the among-variety variability (DST, 0.17) in the

present study (Table 3). Estimates for within-population

variation obtained with SSR markers are almost three times

as high as the values with dominant (RAPD, AFLP) mark-

ers. Because of the high variability of SSRs, the values for

within-population variation are often much higher than that

for among-population variation (reviewed in Nybom 2004).

All varieties had a high degree of heterozygosity

Table 4. Polymorphism of 30 bunching onion varieties at 33 SSR loci

Variety

no.a

No. of alleles No. of genotypes Pr%b

Min. Max. Average Min. Max. Average Min. Max. Average

1 1 7 3.2 1 16 5.2 13 100 44

2 2 11 3.9 3 13 5.8 11 87 45

3 2 10 4.1 2 18 6.8 6 88 38

4 2 10 4.1 2 16 6.5 8 96 43

5 2 10 4.6 2 15 6.9 8 83 38

6 2 9 4.1 2 13 6.0 8 83 42

7 2 9 4.1 3 14 6.4 8 96 36

8 2 13 5.3 2 16 8.7 13 96 36

9 2 8 4.0 3 15 6.8 9 83 39

10 2 10 4.8 3 15 7.7 8 88 36

11 2 8 4.6 2 15 7.1 9 88 35

12 2 9 4.4 2 15 6.5 16 96 42

13 2 11 4.5 2 18 7.2 4 96 39

14 1 7 3.7 1 11 5.5 14 100 48

15 2 10 4.7 2 14 7.4 5 83 31

16 2 12 4.5 2 17 6.8 9 92 36

17 2 10 4.2 2 15 6.1 17 96 42

18 1 7 3.8 1 11 5.5 8 100 48

19 1 9 4.4 1 15 7.1 4 100 35

20 1 8 3.4 1 13 4.8 11 100 56

21 1 11 3.6 1 15 5.4 13 100 45

22 1 5 3.0 1 11 4.6 13 100 53

23 2 7 3.9 2 15 6.4 8 86 38

24 2 8 5.0 3 15 7.6 13 75 37

25 2 10 5.1 3 14 7.7 9 71 33

26 2 11 4.5 2 16 7.5 4 75 32

27 2 8 4.2 2 15 6.8 8 75 36

28 2 7 3.9 2 13 6.4 11 88 36

29 1 5 2.1 1 8 2.8 13 100 66

30 1 9 3.8 1 16 5.8 9 100 46

Mean 4.1 6.4 41

a Corresponding to Table 1.
b Calculated as follows:

Pr% = (No. of plants with prevailing genotype)/(No. of plants

genotyped) × 100.
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(Table 4). However, the morphological and ecological traits

are highly uniform within each variety (data not shown).

Bunching onion is usually propagated by open-pollination.

Therefore, this high heterogeneity at SSR loci within varie-

ties might be held through the generations. On the other hand,

nine varieties were estimated as highly uniform at between

one and 10 loci (data not shown). One reason for this may be

that these highly uniform SSR loci might not be tightly

linked to QTLs, but may still influence growth or reproduc-

tive traits, such as flowering time or seed productivity, and

expected or unexpected genetic selection for these markers

may have occurred during breeding or seed production. The

fixation of alleles can be also caused by random genetic drift

especially when population size is small. The relationship

between the SSR loci and these traits will be revealed with

the accumulation of data from genomic studies in the future.

Cluster analysis was effective for variety classification

(Fig. 3). The classification of bunching onion varieties was

in accordance with the traditional classification based on

morphological traits, for example, group ‘Kaga’ (Wako et

al. 2009, Fig. 1). Similar results were obtained for variety

classification based on molecular markers in bunching onion

using isozymes (Haishima et al. 1993) and AFLPs (Ohara et

al. 2005b). In contrast, our classification based on SSR

markers will have the advantage because the SSRs are

higher polymorphisms and more discriminative due to

codominant inheritance than these markers. The simple nucle-

otide polymorphism (SNP) and insertion-deletion (InDel)

markers are also informative markers. However, in bulb

onion, the phylogenic analysis of SSRs was consistent with

known pedigrees and previous marker evaluation, although

SNPs and Indels did not reveal clear relationships among

populations (Jakše et al. 2005). ‘Iwatsuki-2’ (variety No. 10)

was categorized as a member of the ‘Kujo’ group based on

cluster analysis using both UPGMA and NJ methods

(Fig. 2). This variety is also located near the ‘Kujo’ varieties

using PCA data based on nine morphological traits in our

previous study (Wako et al. 2009, Fig. 1). These data indi-

cate that ‘Iwatsuki-2’ might not belong to ‘Kaga’, and there-

fore, should be excluded from standard varieties of the

‘Kaga’ group as previously defined (Wako et al. 2009). As a

landrace, ‘Iwatsuki’ is traditionally classified as belonging

to the ‘Kaga’ group due to its dormancy in the winter season

(Kumazawa and Katsumata 1965, Aoba 1987). However,

Iwasaki (2007) reported that four ‘Iwatsuki’ varieties could

be divided into three groups by a cultivation test, and one of

these was considerably similar to a ‘Kujo’ variety. In addi-

tion, several ‘Iwatsuki’ varieties could not be explicitly dis-

tinguished from ‘Kujo’ varieties from PCA data based on

either morphological traits or growth habits (Wako et al.

Fig. 2. Dendrogram of 30 bunching onion varieties and two related species generated by UPGMA (left) and NJ (right) cluster analysis of genetic

distance based on 30 SSR loci. Varieties belonging to groups ‘Kaga’, ‘Senju’ and ‘Kujo’ are represented by circles, squares and diamonds, re-

spectively. Variety numbers corresponds to those in Table 1. Bootstrap values were shown when these were above 50%.



Tsukazaki, Honjo, Yamashita, Ohara, Kojima, Ohsawa and Wako146
T
a
b
le

 
5
.

R
es

u
lt

s 
o
f 

as
si

g
n
m

en
t 

te
st

a
 

S
o
u
rc

e 
v
ar

ie
ty

R
ef

er
en

ce
 v

ar
ie

ty
C

o
rr

ec
t

%
N

o
.

N
am

e
n

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

1
S

h
im

o
n
it

a
2
3

2
2

1
9
5
.7

2
A

ji
-I

p
p
o
n
fu

to
2
2

1
2
0

1
9
0
.9

3
R

ai
te

i-
S

h
im

o
n
it

a
2
4

1
2
2

1
9
1
.7

4
M

iy
an

eg
i

2
4

2
3

1
9
5
.8

5
A

m
ar

u
m

e-
Ip

p
o
n
fu

to
2
4

2
3

1
9
5
.8

6
M

at
su

m
o
to

-N
eb

u
k
af

u
to

2
4

1
2
3

9
5
.8

7
G

en
g
o

2
4

2
2

2
9
1
.7

8
Iw

at
su

k
i-

1
2
4

2
1

2
0

1
8
3
.3

9
Ji

o
n
ji

2
3

1
2
1

1
9
1
.3

1
0

Iw
at

su
k
i-

2
2
4

1
2
0

1
2

8
3
.3

1
1

Y
o
sh

ik
u
ra

2
4

1
9

1
4

7
9
.2

1
2

K
ac

h
in

an
o
ri

2
4

1
1

2
1

1
8
7
.5

1
3

C
h
o
h
o

2
4

2
4

1
0
0
.0

1
4

K
an

eh
ik

o
2
4

2
3

1
9
5
.8

1
5

T
o
k
y
o
-F

u
y
u
g
u
ro

-I
p
p
o
n
fu

to
2
4

1
1

1
7

5
7
0
.8

1
6

O
m

iy
ak

u
ro

2
3

1
5

1
2

1
4

6
0
.9

1
7

N
is

h
id

a
2
4

2
4

1
0
0
.0

1
8

K
iy

o
ta

k
i

2
4

1
2
3

9
5
.8

1
9

T
o
y
o
k
aw

af
u
to

2
4

1
2
3

9
5
.8

2
0

K
o
sh

iz
u
-A

ig
ar

ak
ei

2
4

2
3

1
9
5
.8

2
1

K
o
sh

iz
u
-N

eb
u
k
a

2
4

2
4

1
0
0
.0

2
2

K
o
sh

iz
u

2
4

1
2
3

9
5
.8

2
3

A
ji

y
o
sh

i
2
4

1
2
3

9
5
.8

2
4

K
u
jo

fu
to

-1
2
4

2
2

1
6

1
2

1
6
6
.7

2
5

K
u
jo

fu
to

-2
2
4

1
1

2
1
2

5
3

5
0
.0

2
6

W
ak

am
id

o
ri

2
4

2
2
2

9
1
.7

2
7

A
sa

g
ik

ei
-K

u
jo

-1
2
4

1
2
0

3
8
3
.3

2
8

A
sa

g
ik

ei
-K

u
jo

-2
2
4

1
1

2
2

9
1
.7

2
9

M
o
to

h
ar

u
-B

an
se

i
2
4

2
4

1
0
0
.0

3
0

S
h
o
k
y
u

2
4

2
4

1
0
0
.0

T
o
ta

l
7
1
5

8
9
.1

a
T

h
e 

n
u
m

b
er

 o
f 

in
d
iv

id
u
al

s 
w

h
ic

h
 s

h
o
w

ed
 t

h
e 

h
ig

h
es

t 
li

k
el

ih
o
o
d
 i

n
 t

h
e 

re
fe

re
n
ce

 v
ar

ie
ty

 i
s 

sc
o
re

d
.



Classification and identification of bunching onion varieties 147
T
a
b
le

 
6
.

T
h
e 

p
ro

p
o
rt

io
n
 o

f 
in

d
iv

id
u
al

s 
w

h
ic

h
 s

h
o
w

ed
 t

h
e 

m
em

b
er

sh
ip

 p
ro

b
ab

il
it

y
 m

o
re

 t
h
an

 0
.0

5
 i

n
 e

ac
h
 r

ef
er

en
ce

 v
ar

ie
ty

a
 

S
o
u
rc

e 
v
ar

ie
ty

R
ef

er
en

ce
 v

ar
ie

ty
T

o
ta

l 
N

o
. 
o
f 

v
ar

ie
ti

es
 n

o
t 

ex
cl

u
d
ed

 a
s 

o
ri

g
in

b

N
o
.

N
am

e
n

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

1
S

h
im

o
n
it

a
2
3

0
.9
5
7

0
.3

4
8

0
.6

9
6

0
0
.1

7
4

0
.0

4
3

0
0
.6

9
6

0
0

0
.1

7
4

0
.5

2
2

0
0

0
.2

6
1

0
.1

3
0

0
0

0
.1

3
0

0
0

0
0

0
.0

8
7

0
.0

4
3

0
0

0
0

0
1
3

2
A

ji
-I

p
p
o
n
fu

to
2
2

0
.0

9
1

1
.0
0
0

0
.5

9
1

0
0
.0

9
1

0
.0

4
5

0
.0

9
1

0
.6

8
2

0
0
.0

4
5

0
.3

1
8

0
.0

4
5

0
0

0
.2

7
3

0
.0

4
5

0
0

0
.1

3
6

0
0

0
0

0
.0

4
5

0
0

0
0

0
0

1
4

3
R

ai
te

i-
S

h
im

o
n
it

a
2
4

0
0
.4

1
7

0
.9
5
8

0
0
.1

6
7

0
.1

6
7

0
.0

8
3

0
.9

1
7

0
.0

4
2

0
.1

2
5

0
.2

5
0

0
.1

6
7

0
0

0
.3

7
5

0
.2

9
2

0
0

0
.1

2
5

0
0

0
0
.0

4
2

0
.2

9
2

0
.1

6
7

0
0
.0

4
2

0
0

0
1
7

4
M

iy
an

eg
i

2
4

0
0

0
.0

4
2

0
.8
7
5

0
.1

6
7

0
.1

6
7

0
0
.3

3
3

0
0
.1

2
5

0
.2

5
0

0
.2

9
2

0
.0

4
2

0
0
.4

5
8

0
.3

7
5

0
0

0
.2

0
8

0
0

0
0
.0

4
2

0
.0

8
3

0
.0

4
2

0
0
.0

4
2

0
.0

4
2

0
0

1
7

5
A

m
ar

u
m

e-

Ip
p
o
n
fu

to

2
4

0
0

0
.0

4
2

0
.0

8
3

0
.8
7
5

0
.7

9
2

0
.2

0
8

0
.7

5
0

0
0

0
.3

7
5

0
.2

9
2

0
.0

4
2

0
0
.5

0
0

0
.5

4
2

0
0

0
.3

7
5

0
0

0
0

0
.1

6
7

0
.1

2
5

0
0

0
0

0
1
4

6
M

at
su

m
o
to

-

N
eb

u
k
af

u
to

2
4

0
0

0
.0

8
3

0
.1

2
5

0
.8

7
5

0
.9
5
8

0
.2

5
0

0
.9

1
7

0
0

0
.3

7
5

0
.1

6
7

0
0

0
.6

2
5

0
.4

1
7

0
0

0
.2

5
0

0
0

0
0

0
.1

2
5

0
0

0
0

0
0

1
2

7
G

en
g
o

2
4

0
0

0
0

0
.0

4
2

0
0
.9
5
8

0
.8

7
5

0
0
.0

4
2

0
.2

0
8

0
.1

6
7

0
0

0
.4

1
7

0
.2

0
8

0
0

0
.1

2
5

0
0

0
0

0
.1

6
7

0
.0

4
2

0
0

0
.0

4
2

0
0

1
2

8
Iw

at
su

k
i-

1
2
4

0
0

0
.0

8
3

0
0
.0

8
3

0
.0

4
2

0
.0

4
2

0
.7
9
2

0
0
.0

4
2

0
.2

0
8

0
.2

5
0

0
0

0
.3

3
3

0
.2

0
8

0
0

0
.0

8
3

0
0

0
0

0
.0

8
3

0
.0

4
2

0
0

0
0

0
1
3

9
Ji

o
n
ji

2
3

0
0

0
0

0
0

0
0
.2

1
7

0
.9
1
3

0
0
.3

9
1

0
.0

8
7

0
0

0
.2

6
1

0
.1

7
4

0
0

0
.0

4
3

0
0

0
0

0
.1

3
0

0
0

0
0

0
0

8

1
0

Iw
at

su
k
i-

2
2
4

0
0

0
0

0
0

0
0
.2

9
2

0
.0

4
2

0
.8
7
5

0
.0

8
3

0
.1

6
7

0
0

0
.1

6
7

0
0

0
0
.0

8
3

0
0
.0

4
2

0
0
.2

0
8

0
.8

3
3

0
.6

6
7

0
.2

9
2

0
.3

3
3

0
.1

2
5

0
0

1
4

1
1

Y
o
sh

ik
u
ra

2
4

0
0

0
0

0
0

0
0
.5

4
2

0
0

0
.9
5
8

0
.8

7
5

0
.3

3
3

0
0
.9

1
7

0
.9

5
8

0
0

0
.3

3
3

0
0

0
0

0
.0

8
3

0
0

0
0

0
0

8

1
2

K
ac

h
in

an
o
ri

2
4

0
0

0
0

0
.0

4
2

0
0
.0

4
2

0
.5

0
0

0
0
.1

2
5

0
.9

1
7

1
.0
0
0

0
.2

5
0

0
0
.7

9
2

0
.8

3
3

0
.0

4
2

0
0
.3

7
5

0
0

0
0
.0

4
2

0
.1

6
7

0
.0

8
3

0
0
.0

4
2

0
0

0
1
5

1
3

C
h
o
h
o

2
4

0
0

0
0

0
0

0
0
.5

4
2

0
0

1
.0

0
0

0
.9

1
7

0
.9
5
8

0
0
.9

1
7

0
.9

5
8

0
0

0
.5

0
0

0
0

0
0

0
0

0
0

0
0

0
7

1
4

K
an

eh
ik

o
2
4

0
0

0
0

0
0
.0

4
2

0
.0

8
3

0
.3

3
3

0
0

0
.5

8
3

0
.3

7
5

0
0
.9
1
7

0
.6

6
7

0
.5

0
0

0
0

0
.1

6
7

0
0

0
0

0
0

0
0

0
0

0
9

1
5

T
o
k
y
o
-F

u
y
u
g
u
ro

-

Ip
p
o
n
fu

to

2
4

0
0

0
0

0
.0

4
2

0
.0

4
2

0
.0

4
2

0
.6

2
5

0
0

0
.9

5
8

0
.7

5
0

0
.3

3
3

0
1
.0
0
0

0
.9

1
7

0
0

0
.2

5
0

0
0

0
0

0
.0

4
2

0
0

0
0

0
0

1
1

1
6

O
m

iy
ak

u
ro

2
3

0
0

0
.0

8
7

0
0

0
0

0
.7

8
3

0
.0

4
3

0
.1

7
4

1
.0

0
0

1
.0

0
0

0
.6

9
6

0
1
.0

0
0

1
.0
0
0

0
.0

8
7

0
0
.6

5
2

0
0

0
0

0
.2

1
7

0
.0

4
3

0
0

0
0

0
1
3

1
7

N
is

h
id

a
2
4

0
0

0
0

0
0

0
0
.3

7
5

0
0

0
.6

6
7

0
.9

5
8

0
.2

5
0

0
0
.6

6
7

0
.7

9
2

0
.9
5
8

0
0
.2

9
2

0
0

0
0

0
0

0
0

0
0

0
8

1
8

K
iy

o
ta

k
i

2
4

0
0

0
0

0
0

0
0
.2

0
8

0
0

0
.2

5
0

0
.5

4
2

0
0

0
.2

0
8

0
.2

0
8

0
0
.9
1
7

0
.1

2
5

0
0

0
0

0
0

0
0

0
0

0
7

1
9

T
o
y
o
k
aw

af
u
to

2
4

0
0

0
0
.0

4
2

0
0

0
.0

4
2

0
.7

0
8

0
0
.1

2
5

0
.7

5
0

0
.7

0
8

0
.0

4
2

0
0
.7

0
8

0
.7

9
2

0
0

1
.0
0
0

0
0

0
0

0
.1

6
7

0
.0

8
3

0
0
.0

4
2

0
0

0
1
3

2
0

K
o
sh

iz
u
-A

ig
ar

ak
ei

2
4

0
0

0
0

0
0
.0

4
2

0
0
.0

8
3

0
0
.9

1
7

0
0
.4

1
7

0
0

0
0

0
0

0
.0

8
3

0
.9
1
7

0
.2

5
0

0
0
.4

1
7

1
.0

0
0

0
.8

3
3

0
.4

1
7

0
.2

5
0

0
.1

2
5

0
0

1
3

2
1

K
o
sh

iz
u
-N

eb
u
k
a

2
4

0
0

0
0

0
0

0
0
.2

9
2

0
0
.6

2
5

0
.0

4
2

0
.1

6
7

0
0

0
.0

8
3

0
.0

4
2

0
0

0
.0

4
2

0
1
.0
0
0

0
0

0
.6

6
7

0
.5

0
0

0
0
.0

8
3

0
0

0
1
1

2
2

K
o
sh

iz
u

2
4

0
0

0
0

0
0

0
0
.2

5
0

0
0
.8

7
5

0
0
.0

8
3

0
0

0
0

0
0

0
0
.5

4
2

0
.7

5
0

0
.9
1
7

0
.2

5
0

0
.9

5
8

0
.8

7
5

0
.3

3
3

0
.3

7
5

0
.0

8
3

0
0

1
2

2
3

A
ji

y
o
sh

i
2
4

0
0

0
0

0
0

0
0
.2

5
0

0
0
.6

6
7

0
0
.1

6
7

0
0

0
.0

4
2

0
0

0
0
.0

4
2

0
0

0
0
.9
5
8

0
.9

5
8

0
.6

2
5

0
.5

0
0

0
.2

5
0

0
.2

9
2

0
0

1
1

2
4

K
u
jo

fu
to

-1
2
4

0
0

0
0

0
0

0
0
.1

2
5

0
0
.5

4
2

0
0
.0

4
2

0
0

0
.0

8
3

0
.0

4
2

0
0

0
0

0
0

0
.2

9
2

1
.0
0
0

0
.6

2
5

0
.2

9
2

0
.4

1
7

0
.1

2
5

0
0

1
1

2
5

K
u
jo

fu
to

-2
2
4

0
0

0
0

0
0

0
0
.1

6
7

0
0
.4

5
8

0
0
.0

4
2

0
0

0
0

0
0

0
.0

4
2

0
0

0
0
.0

8
3

0
.8

3
3

0
.8
7
5

0
.6

2
5

0
.5

0
0

0
.2

9
2

0
0

1
0

2
6

W
ak

am
id

o
ri

2
4

0
0

0
0

0
0

0
0

0
0
.6

6
7

0
0

0
0

0
0

0
0

0
0

0
.0

4
2

0
0
.2

5
0

1
.0

0
0

0
.9

5
8

0
.9
5
8

0
.4

5
8

0
.1

2
5

0
0

8

2
7

A
sa

g
ik

ei
-K

u
jo

-1
2
4

0
0

0
0

0
0

0
0
.5

0
0

0
0
.9

5
8

0
.2

0
8

0
.2

5
0

0
0

0
.0

4
2

0
.0

4
2

0
0

0
.0

4
2

0
0
.0

4
2

0
0
.5

0
0

1
.0

0
0

0
.9

5
8

0
.7

0
8

1
.0
0
0

0
.7

0
8

0
0

1
4

2
8

A
sa

g
ik

ei
-K

u
jo

-2
2
4

0
0

0
0

0
0

0
0
.4

1
7

0
0
.8

3
3

0
.0

8
3

0
.2

5
0

0
0

0
.0

8
3

0
0

0
0

0
0
.0

4
2

0
0
.2

9
2

1
.0

0
0

0
.7

9
2

0
.4

5
8

0
.8

3
3

1
.0
0
0

0
0

1
2

2
9

M
o
to

h
ar

u
-B

an
se

i
2
4

0
0

0
0

0
0

0
0

0
0

0
0
.0

4
2

0
0

0
0

0
0

0
0

0
0

0
.0

4
2

0
.7

9
2

0
.3

7
5

0
0
.0

8
3

0
0
.9
1
7

0
6

3
0

S
h
o
k
y
u

2
4

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0
.9

5
8

1

a
T

h
e 

v
al

u
es

 i
n
 b

o
ld

fa
ce

 r
ep

re
se

n
t 

th
e 

p
ro

p
o
rt

io
n
 i

n
 t

h
e 

ca
se

 o
f 

se
lf

-a
ss

ig
n
m

en
t.

 T
h
e 

la
rg

es
t 

v
al

u
e 

o
th

er
 t

h
an

 t
h
e 

v
al

u
e 

to
 t

h
e 

o
ri

g
in

at
in

g
 v

ar
ie

ty
 i

s 
u
n
d
er

li
n
ed

.
b

T
h
e 

to
ta

l 
n
u
m

b
er

 o
f 

re
fe

re
n
ce

 v
ar

ie
ti

es
 t

h
at

 o
n

e 
o
r 

m
o
re

 i
n
d
iv

id
u
al

s 
o
f 

th
e 

so
u
rc

e 
v
ar

ie
ty

 s
h
o
w

ed
 t

h
e 

m
em

b
er

sh
ip

 p
ro

b
ab

il
it

y
 m

o
re

 t
h
an

 0
.0

5
.



Tsukazaki, Honjo, Yamashita, Ohara, Kojima, Ohsawa and Wako148

T
a
b
le

 
7
.

R
es

u
lt

s 
o
f 

as
si

g
n
m

en
t 

te
st

 b
as

ed
 o

n
 g

ro
u
p
s 

o
f 

fo
u
r 

in
d
iv

id
u
al

sa

S
o
u
rc

e 
v
ar

ie
ty

R
ef

er
en

ce
 v

ar
ie

ty
C

o
rr

ec
t 

%
N

o
.

N
am

e
n

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

1
S

h
im

o
n
it

a
1
0
0
0

1
0
0
0

1
0
0
.0

2
A

ji
-I

p
p
o
n
fu

to
1
0
0
0

1
0
0
0

1
0
0
.0

3
R

ai
te

i-
S

h
im

o
n
it

a
1
0
0
0

1
0
0
0

1
0
0
.0

4
M

iy
an

eg
i

1
0
0
0

1
0
0
0

1
0
0
.0

5
A

m
ar

u
m

e-
Ip

p
o
n
fu

to
1
0
0
0

1
0
0
0

1
0
0
.0

6
M

at
su

m
o
to

-N
eb

u
k
af

u
to

1
0
0
0

1
0
0
0

1
0
0
.0

7
G

en
g
o

1
0
0
0

1
0
0
0

1
0
0
.0

8
Iw

at
su

k
i-

1
1
0
0
0

1
0
0
0

1
0
0
.0

9
Ji

o
n
ji

1
0
0
0

1
9
9
9

9
9
.9

1
0

Iw
at

su
k
i-

2
1
0
0
0

1
0
0
0

1
0
0
.0

1
1

Y
o
sh

ik
u
ra

1
0
0
0

9
8
7

2
1
1

9
8
.7

1
2

K
ac

h
in

an
o
ri

1
0
0
0

1
0
0
0

1
0
0
.0

1
3

C
h
o
h
o

1
0
0
0

1
0
0
0

1
0
0
.0

1
4

K
an

eh
ik

o
1
0
0
0

1
0
0
0

1
0
0
.0

1
5

T
o
k
y
o
-F

u
y
u
g
u
ro

-I
p
p
o
n
fu

to
1
0
0
0

9
8
6

1
4

9
8
.6

1
6

O
m

iy
ak

u
ro

1
0
0
0

7
1

2
4

9
0
5

9
0
.5

1
7

N
is

h
id

a
1
0
0
0

1
0
0
0

1
0
0
.0

1
8

K
iy

o
ta

k
i

1
0
0
0

1
0
0
0

1
0
0
.0

1
9

T
o
y
o
k
aw

af
u
to

1
0
0
0

1
0
0
0

1
0
0
.0

2
0

K
o
sh

iz
u
-A

ig
ar

ak
ei

1
0
0
0

1
0
0
0

1
0
0
.0

2
1

K
o
sh

iz
u
-N

eb
u
k
a

1
0
0
0

1
0
0
0

1
0
0
.0

2
2

K
o
sh

iz
u

1
0
0
0

1
0
0
0

1
0
0
.0

2
3

A
ji

y
o
sh

i
1
0
0
0

1
0
0
0

1
0
0
.0

2
4

K
u
jo

fu
to

-1
1
0
0
0

2
9
8
9

3
2

4
9
8
.9

2
5

K
u
jo

fu
to

-2
1
0
0
0

5
9
3
9

5
5

1
9
3
.9

2
6

W
ak

am
id

o
ri

1
0
0
0

1
0
0
0

1
0
0
.0

2
7

A
sa

g
ik

ei
-K

u
jo

-1
1
0
0
0

8
1

9
8
4

7
9
8
.4

2
8

A
sa

g
ik

ei
-K

u
jo

-2
1
0
0
0

1
0
0
0

1
0
0
.0

2
9

M
o
to

h
ar

u
-B

an
se

i
1
0
0
0

1
0
0
0

1
0
0
.0

3
0

S
h
o
k
y
u

1
0
0
0

1
0
0
0

1
0
0
.0

T
o
ta

l
3
0
0
0
0

9
9
.3

a
T

h
e 

n
u
m

b
er

 o
f 

g
ro

u
p
s 

w
h
ic

h
 s

h
o
w

ed
 t

h
e 

h
ig

h
es

t 
li

k
el

ih
o
o
d
 i

n
 t

h
e 

re
fe

re
n
ce

 v
ar

ie
ty

 i
s 

sc
o
re

d
.



Classification and identification of bunching onion varieties 149

T
a
b
le

 
8
.

T
h
e 

p
ro

p
o
rt

io
n
 o

f 
g
ro

u
p
s 

w
h
ic

h
 s

h
o
w

ed
 t

h
e 

m
em

b
er

sh
ip

 p
ro

b
ab

il
it

y
 m

o
re

 t
h
an

 0
.0

5
 i

n
 e

ac
h
 r

ef
er

en
ce

 v
ar

ie
ty

a
 

S
o
u
rc

e 
v
ar

ie
ty

R
ef

er
en

ce
 v

ar
ie

ty
T

o
ta

l 
N

o
. 
o
f 

v
ar

ie
ti

es
 n

o
t 

ex
cl

u
d
ed

 a
s 

o
ri

g
in

b

N
o
.

N
am

e
n

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

1
S

h
im

o
n
it

a
1
0
0
0

0
.9
0
2

0
0
.2

0
3

0
0

0
0

0
.6

1
4

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

3

2
A

ji
-I

p
p
o
n
fu

to
1
0
0
0

0
0
.8
7
3

0
.4

4
6

0
0

0
0

0
.6

0
5

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

3

3
R

ai
te

i-
S

h
im

o
n
it

a
1
0
0
0

0
0

0
.8
4
2

0
0

0
0

0
.8

7
5

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

2

4
M

iy
an

eg
i

1
0
0
0

0
0

0
0
.8
9
5

0
0

0
0
.1

2
2

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

2

5
A

m
ar

u
m

e-

Ip
p
o
n
fu

to

1
0
0
0

0
0

0
0

0
.9
1
2

0
.1

6
2

0
0
.7

7
5

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

3

6
M

at
su

m
o
to

-

N
eb

u
k
af

u
to

1
0
0
0

0
0

0
0

0
.8

5
3

0
.9
0
6

0
0
.8

6
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

3

7
G

en
g
o

1
0
0
0

0
0

0
0

0
0

0
.8
7
9

0
.9

8
8

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

2

8
Iw

at
su

k
i-

1
1
0
0
0

0
0

0
0

0
0

0
0
.9
0
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

1

9
Ji

o
n
ji

1
0
0
0

0
0

0
0

0
0

0
0
.0

0
2

0
.7
2
6

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
2

1
0

Iw
at

su
k
i-

2
1
0
0
0

0
0

0
0

0
0

0
0
.0

3
6

0
.0

0
1

0
.8
9
8

0
0

0
0

0
0

0
0

0
0

0
0

0
0
.3

4
8

0
.0

7
8

0
0

0
0

0
5

1
1

Y
o
sh

ik
u
ra

1
0
0
0

0
0

0
0

0
0

0
0
.5

9
4

0
0

0
.9
0
9

0
.0

0
7

0
0

0
.4

7
6

0
.0

1
3

0
0

0
.0

0
1

0
0

0
0

0
0

0
0

0
0

0
6

1
2

K
ac

h
in

an
o
ri

1
0
0
0

0
0

0
0

0
0

0
0
.6

7
8

0
.0

0
1

0
.0

0
9

0
.3

6
0

0
.8
7
2

0
.0

0
9

0
.1

9
5

0
.0

0
4

0
0

0
.0

0
1

0
0

0
0

0
.0

0
1

0
.0

0
1

0
0

0
0

0
0

1
1

1
3

C
h
o
h
o

1
0
0
0

0
0

0
0

0
0

0
0
.4

2
0

0
0

0
.0

3
0

0
.0

1
4

0
.9
0
2

0
0
.0

9
2

0
.0

0
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

6

1
4

K
an

eh
ik

o
1
0
0
0

0
0

0
0

0
0

0
0
.0

1
1

0
0

0
0

0
0
.8
7
4

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

2

1
5

T
o
k
y
o
-F

u
y
u
g
u
ro

-

Ip
p
o
n
fu

to

1
0
0
0

0
0

0
0

0
0

0
0
.5

1
0

0
0

0
.1

2
0

0
0
.0

0
1

0
0
.9
0
9

0
.0

1
3

0
0

0
.0

0
2

0
0

0
0

0
0

0
0

0
0

0
6

1
6

O
m

iy
ak

u
ro

1
0
0
0

0
0

0
.0

0
4

0
.0

0
3

0
.0

0
6

0
0

0
.9

7
6

0
.2

0
7

0
.0

2
6

0
.9

8
8

0
.4

1
7

0
.4

2
5

0
0
.9

9
9

0
.9
1
2

0
.0

0
2

0
0
.2

9
1

0
0

0
0

0
.0

2
1

0
.0

1
8

0
0

0
0

0
1
5

1
7

N
is

h
id

a
1
0
0
0

0
0

0
0

0
0

0
0
.0

9
2

0
0

0
0

0
0

0
0

0
.8
9
6

0
0

0
0

0
0

0
0

0
0

0
0

0
2

1
8

K
iy

o
ta

k
i

1
0
0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0
.8
8
3

0
0

0
0

0
0

0
0

0
0

0
0

1

1
9

T
o
y
o
k
aw

af
u
to

1
0
0
0

0
0

0
0

0
0

0
0
.7

5
5

0
0

0
0

0
0

0
0

0
0

0
.8
9
9

0
0

0
0

0
0

0
0

0
0

0
2

2
0

K
o
sh

iz
u
-A

ig
ar

ak
ei

1
0
0
0

0
0

0
0

0
0

0
0
.0

0
1

0
0
.7

5
8

0
0

0
0

0
0

0
0

0
0
.9
0
0

0
0

0
0
.5

5
9

0
.4

4
1

0
.0

0
3

0
0

0
0

6

2
1

K
o
sh

iz
u
-N

eb
u
k
a

1
0
0
0

0
0

0
0

0
0

0
0
.4

2
0

0
0

0
.0

3
0

0
.0

1
4

0
0

0
.0

9
2

0
.0

0
1

0
0

0
0

0
.9
0
6

0
0

0
0

0
0

0
0

0
6

2
2

K
o
sh

iz
u

1
0
0
0

0
0

0
0

0
0

0
0

0
0
.2

9
1

0
0

0
0

0
0

0
0

0
0

0
0
.8
9
8

0
0
.0

0
2

0
.0

1
1

0
0

0
0

0
4

2
3

A
ji

y
o
sh

i
1
0
0
0

0
0

0
0

0
0

0
0
.0

0
4

0
0
.1

9
1

0
0

0
0

0
0

0
0

0
0

0
0

0
.9
0
6

0
.8

8
3

0
.1

0
6

0
0

0
0

0
5

2
4

K
u
jo

fu
to

-1
1
0
0
0

0
0

0
0

0
0

0
0
.0

1
2

0
0
.2

3
1

0
0

0
0

0
0

0
0

0
0

0
0

0
.0

0
1

0
.8
9
3

0
.4

5
0

0
.0

0
1

0
.0

0
3

0
0

0
7

2
5

K
u
jo

fu
to

-2
1
0
0
0

0
0

0
0

0
0

0
0
.0

0
2

0
0
.0

6
7

0
0

0
0

0
0

0
0

0
0

0
0

0
0
.4

6
0

0
.9
2
0

0
.0

4
4

0
.0

0
3

0
0

0
6

2
6

W
ak

am
id

o
ri

1
0
0
0

0
0

0
0

0
0

0
0

0
0
.2

7
8

0
0

0
0

0
0

0
0

0
0

0
0

0
0
.6

6
6

0
.8

7
9

0
.9
1
6

0
0

0
0

4

2
7

A
sa

g
ik

ei
-K

u
jo

-1
1
0
0
0

0
0

0
0

0
0

0
0
.1

9
0

0
0
.8

3
6

0
0

0
0

0
0

0
0

0
0

0
0

0
0
.9

8
7

0
.9

9
8

0
.2

2
8

0
.9
1
9

0
0

0
6

2
8

A
sa

g
ik

ei
-K

u
jo

-2
1
0
0
0

0
0

0
0

0
0

0
0
.4

2
0

0
0

0
.0

3
0

0
.0

1
4

0
0

0
.0
9
2

0
.0

0
1

0
0

0
0

0
0

0
0

0
0

0
0
.9

0
2

0
0

6

2
9

M
o
to

h
ar

u
-B

an
se

i
1
0
0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
.8
9
8

0
1

3
0

S
h
o
k
y
u

1
0
0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0
.8
8
8

1

a
T

h
e 

v
al

u
es

 i
n
 b

o
ld

fa
ce

 r
ep

re
se

n
t 

th
e 

p
ro

p
o
rt

io
n
 i

n
 t

h
e 

se
lf

-a
ss

ig
n
m

en
t.

b
T

h
e 

to
ta

l 
n
u
m

b
er

 o
f 

re
fe

re
n
ce

 v
ar

ie
ti

es
 t

h
at

 o
n

e 
o
r 

m
o
re

 g
ro

u
p
s 

o
f 

th
e 

so
u
rc

e 
v
ar

ie
ty

 s
h
o
w

ed
 t

h
e 

m
em

b
er

sh
ip

 p
ro

b
ab

il
it

y
 m

o
re

 t
h

an
 0

.0
5
.



Tsukazaki, Honjo, Yamashita, Ohara, Kojima, Ohsawa and Wako150

2009). Clarification of the classification of ‘Iwatsuki’ varie-

ties will require further investigations into their genetic back-

grounds. On the other hand, two related species, A. altaicum

and A. cepa, were distinctly different from all of the

bunching onion varieties since these species have specific

alleles at 21 and 19 loci, respectively (data not shown). It

was reported that A. fistulosum formed subclusters with

A. altaicum whereas it was distinct from A. cepa based on

both RFLPs of mt and cpDNAs (Yamashita et al. 2001).

In bulb onion, several studies of variety classification

based on RAPD markers have been reported (Wilkie et al.

1993, Le Thierry D’ennequin et al. 1997, Tanikawa et al.

2002). Tanikawa et al. (2002) reported 22 varieties that were

categorized into six groups by cluster analysis. Le Thierry

D’ennequin et al. (1997) also reported that the seed-

propagated shallot is more closely related to bulb onion than

to vegetatively propagated shallot. However, the chromo-

somal locations of the RAPD markers used in these studies

have not been determined, and the relationship between

clusters and various agronomic traits was also unclear. De-

spite the fact that some SSR-specific primers do not amplify

in closely related species, SSR loci are highly preserved

within species or genus. Hence, SSR markers will be a pow-

erful tool for the classification of Allium species. In the

present study, we evenly selected SSR markers from each

linkage group of our bunching onion map (Tsukazaki et al.

2008), thus, our variety classification based on these anchor

markers is considered to reflect genetic background of

bunching onion. However, as Virk et al. (2000) pointed out,

it is noticed that misleading information on genetic relation-

ships could be obtained if anchor markers were selected

from a linkage map of the population between closely

related genotypes. Thus, it might be more appropriate to use

unmapped markers for variety classification especially in

crops that their genetics remain relatively unstudied using

molecular-based approaches.

In the assignment test at the individual level (Table 5), the

percentage of correct assignments was 89.1%, which is

lower than that in an allogamous crop, perennial ryegrass

(100%; Kubik et al. 2001) and that in a partially allogamous

rape (99%; Tommasini et al. 2003). This relatively low value

of bunching onion was mainly due to the high level of mis-

assignment in several particular varieties. The percentages

of correct assignments were 50.0%, 60.9% and 66.7% in

‘Kujofuto-2’, ‘Omiyakuro’ and ‘Kujofuto-1’, respectively,

while most other varieties showed a relatively high percent-

age of correct assignment (i.e., greater than 90%). Varieties

with low correctness were genetically similar to several oth-

er varieties, as shown in the cluster analysis (Fig. 2). The cal-

culation of membership probability indicated that most of

individuals except for those of ‘Shokyu’ had several other

varieties which were not excluded as the origin (Table 6).

For example, although all individuals of ‘Choho’ showed

the highest likelihood in itself (Table 5), the probabilities of

membership were also above 0.05 in several other varieties

such as ‘Yoshikura’, ‘Kachinanori’, ‘Tokyo-Fuyuguro-

Ipponfuto’ and ‘Omiyakuro’ as well as in itself. This indi-

cates that individuals of ‘Choho’ could be judged as other

varieties such as above mentioned, if true source variety

(that is ‘Choho’) is not included in a reference dataset. How-

ever, the assignment test at the group level improved the

accuracy of the assignment. The percentage of correct as-

signment was considerably improved (99.3%; Table 7) and

the total number of varieties which was not excluded as the

origin decreased as compared to that at the individual level

(Table 8). These results suggest that an assignment test, es-

pecially based on a group level, will be effective for variety

identification in the allogamous bunching onions, which

contain large amount of genetic variation within a variety.

However, even in the assignment test at the group level, only

four varieties (‘Iwatsuki-1’, ‘Kiyotaki’, ‘Motoharu-Bansei’

and ‘Shokyu’) were perfectly excluded from other varieties

(Table 8). This suggests that sampling of true source varie-

ties will be fundamental in variety identification in bunching

onion to avoid misjudgment.

In the previous study, we proposed an “SSR-tagged

breeding” scheme to enhance the efficiency, ease and accu-

racy of variety identification and F1 purity testing (Tsukazaki

et al. 2006), and demonstrated the feasibility of this scheme

by using a bunching onion landrace (Tsukazaki et al. 2009).

This scheme is especially effective for F1 purity test with

investigating the degree of uniformity of designed hetero-

zygosity at selected SSR loci. However, it is necessary for

selecting plants homozygous at several SSR loci in the

foundation seed field in advance. We selected 26 double and

40 quadruple homozygotes selected from preselected indi-

viduals (108 and 147, respectively) by stand observation at

stock field (Tsukazaki et al. 2009). Thus, the SSR-tagged

breeding scheme, even with a very small number of markers,

is efficient for the identification of newly bred varieties, and

consequently for F1 purity tests, in allogamous crops. In con-

trast, high degree of the correct assignment rate was ob-

tained by assignment test based on groups of individuals.

The assignment test approach will be useful for variety iden-

tification not only in bunching onion but also any alloga-

mous crops. This will be also applicable for F1 varieties. In

addition, assignment tests combined with exclusion methods

can have an important role especially in conservation of

landraces or genetic resources. Therefore, the scheme for

variety identification in allogamous crops should be selected

by the purpose and situations.
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